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Introduction
1

Introduction
Selecting high-grade accessories is an important decision.

• Power Supply
LOGO!Power, SITOP

Ensure that all accessories you require meet the quality, innovation, and technology standards which you expect from the
products, services and solutions provided by Siemens..

• Machine Protection

This catalog provides an overview and descriptions of the accessories for the Digital Grid products – protection devices, station
automation equipment and devices for network quality and
measurement.

• Devices for Input/Output Signals

The catalog is broken down as follows:

• General accessories
Voltage and auxiliary current transformers, voltage controllers
and relays

• Communication
Fiber-optic cable, Ethernet-patch cable, star coupler,
converter, etc.

Miniature current transformer, 20-Hz generator/band-pass
filters, resistor units, etc.
Binary signal transmitter, SICAM I/O unit, SICAM AI unit

• Temperature Measurement
RTD units

• Test Equipment
Switches for testing protection devices

• Time Synchronization
SNTP master/server, bus cables and GPS time synchronization
system

[DG Produkte, 1, en_US]

Figure 1/1 Digital Grid Product Portfolio
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General
Voltage-Transformer Circuit Breaker – 3RV16
Description

2.1

The 3RV16 voltage-transformer circuit breaker protects the
secondary circuit of voltage transformers that are used to
connect protection devices to a voltage-dependent pickup. The
miniature circuit breaker is used for distance protection using
underimpedance pickup. Special auxiliary contacts reliably
prevent the underimpedance pickup from tripping the distance
protection if only one fault has occurred on the voltage transformer line.
The miniature circuit breaker for the voltage transformer can
also be used to reliably isolate the distance protection device
from the voltage transformer. In this case, the special auxiliary
contacts also prevent an uncontrolled trip of the distance
protection.
Other fuses are not necessary. A "Fuse Failure Monitor" (FFM) is
also not necessary.
The miniature circuit breakers are snapped onto a 35-mm DIN
rail as per EN 60715. The miniature circuit breakers can be
connected using plug-in terminals. The miniature circuit breaker
for voltage transformers also has 2 auxiliary contacts (usually
1 make contact + 1 break contact). When closing, contact is
made via the make contact of the control switch later than via
the main contacts. When opening, the auxiliary circuits open at
the same time as the main circuits, if not earlier. This setting
prevents generating an undesired trip command caused by the
opening of the miniature circuit breaker via the underimpedance pickup of the distance protection device. The auxiliary
voltage for blocking the voltage-dependent pickup (underimpedance) must always be routed via the make contacts 11 to 14.
Functions

• The auxiliary contact of the 3RV16 prevents the distance

protection from tripping via the underimpedance pickup in
the event of a fault in the voltage transformer circuits.

• The operate time of the electromagnetic overcurrent protection is as short as few milliseconds.

Applications
Protection of the secondary circuits of voltage transformers for
connecting protection devices with a voltage-dependent pickup.
Special features
The voltage-transformer circuit breaker is largely equivalent to
the miniature circuit breaker 3RV1, SIRIUS, size S00. In order to

[ph_3RV16, 1, --_--]

Figure 2.1/1 Voltage-Transformer Circuit Breaker – 3RV16

reliably prevent unwanted tripping of the distance protection,
two particular product features are taken into consideration.

• Auxiliary switch for blocking the distance protection
If the voltage-transformer circuit breaker trips or is switched
off, the main contacts of the miniature circuit breaker are
opened. The distance protection would interpret a low impedance incorrectly as a fault and this would lead to an immediate, undesired disconnection within a few milliseconds.
To avoid this unwanted tripping, special auxiliary contacts
with a time-based assignment to the main contacts of the
miniature circuit breaker (see Technical data) are required.
The distance protection is blocked via these auxiliary contacts
so that unwanted tripping is avoided.
The distance protection device is blocked via an auxiliary
switch with 1 change-over contact which is permanently
installed in the voltage-transformer circuit breaker. This
change-over contact can be used as 1 make contact (11 to 14)
or 1 break contact (11 to 12). These auxiliary contacts have a
high contact stability at minimum rated operating currents of
Ie/AC-15 ≥ 0.5 mA at 230 V, meaning that they are also suitable for today's electronic distance protection devices.
For indication functions, laterally attachable auxiliary switches
from the SIRIUS series may be used. However, these cannot
be used for blocking the distance protection device.

• Impedance via the main contacts
Only small currents flow via the main contacts of the voltagetransformer circuit breaker. To ensure reliable operation of
the distance protection, the resistance of the main contacts
must be minimal and remain virtually constant over the entire
service life of the miniature circuit breaker.
This is realized using suitable contacts and contact materials
for the voltage-transformer circuit breaker 3RV16.
Performance properties
The specified operate curves of the thermal overload release (a)
correspond to the average value of the scatter band when cold.
At operational temperature, these times are reduced to about
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General
Voltage-Transformer Circuit Breaker – 3RV16
25% of the specified values. The characteristic curves shown
below are basic principle drawings.

2.1

[dw_Time-diagram_auxCont_block_dis_Abb13-2, 1, en_US]

Figure 2.1/2 Timing Diagram for the Auxiliary Switch for blocking the Distance Protection

Connections

[dw_internal_connections, 1, en_US]

Figure 2.1/4 Inside Connections

[dw_typ-connections, 1, en_US]
[dw_characteristics_sip4_catalog, 1, en_US]

Figure 2.1/3 Characteristic Curves

Figure 2.1/5 Typical Connections

Note: When connecting the voltage-transformer circuit breaker
via the break contact, the binary input of the distance protection
(Siemens 7SAxx) should be set to "active without voltage." The
correct wiring is also monitored with this connection type.
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General
Voltage-Transformer Circuit Breaker – 3RV16 – Technical Data
Technical Data
Surface Mounting
Snap-on mounting to 35-mm DIN rail or screw mounting
2.1

Conductor cross sections, main circuits, 1 or 2 conductors
Type

3RV16111AG14

Terminal type

Screw terminal

Screw terminal

Prozidriv, size 2

Single-wire

2 × (0.5 to 1.5 mm2)

1CG14

1DG14

2 × (0.75 to 2.5 mm2)
(max. 4 mm2)
Fine wire with bootlace ferrule

2 × (0.5 to 1.5 mm2)
2 × (0.75 to 2.5 mm2)

Stranded wire

2 × (0.5 to 1.5 mm2)
2 × (0.75 to 2.5 mm2)
(max. 4 mm2)

Auxiliary switch for blocking the distance protection
With defined time-dependent assignment for blocking the distance protection

1 change-over contact, electronically compatible (suitable as 1 make
contact or 1 break contact)

Rated operating current IE/rated operating voltage VE

AC-14

0.5 A/VE 250 V

AC-14

1 A/VE 125 V

DC-13

0.27 A/VE 250 V

DC-13

0.44 A/VE 125 V

Short-circuit protection for the auxiliary circuit
Fuse, gL/gG

max. 10 A

Miniature circuit breaker, characteristic curve C

max. 6 A

General technical data
Type
Rated current
Permissible ambient temperature
Storage/transportation

3RV16111AG14

1CG14

1DG14

1.4

2.5

3

–50 to +80 °C
–20 to +60 °C (up to 70 °C possible with reduced current)

Operation
Rated operating voltage VE

400 V

Rated frequency

16.7 to 60 Hz

Rated insulation voltage VI

690 V

Short-circuit breaking capacity at 400 VAC, short-circuit proof up to

50 kA

Current setting for thermal overload release

1.4 A

2.5 A

3A

Pickup value of the instantaneous electromagnetic overcurrent protection

6 ± 20%

10.5 ± 20%

20 ± 20%

Operate time of the instantaneous electromagnetic overcurrent protection

6 ms at 12 A

6 ms at 20 A

6 ms at 40 A

Disconnection service life:
Short-circuit current Ip

Max. short-circuit disconnections

≤ 0.1 kA

≤ 10

0.1 to 2 kA

≤3

2 kA to 50 kA

1
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General
Voltage-Transformer Circuit Breaker – 3RV16 – Technical Data
General technical data
Internal resistance

> 0.25 Ω ± 6.5%

- when cold

> 0.30 Ω ± 6.5%

- when warm
Impact resistance according to IEC 60068, part 2-27

15 g

Degree of protection according to IEC 60529

IP 20

Protection against electric shock according to DIN VDE 0106 part 100

Finger-safe

Service life

Switching cycles

- mechanical

10,000

- electrical

10,000

Permissible position of use

any

Dimensioned Drawings

[dw_connection_3RV61_circuit-breaker, 1, en_US]

Figure 2.1/6 Voltage-Transformer Circuit Breaker – 3RV16

(1) Auxiliary switch, 2-pole, arranged laterally
(2) Auxiliary switch, 4-pole, arranged laterally
(3) Auxiliary release
(4) Auxiliary switch, transverse
(5) Connection for screw fixing
(6) Only with under-voltage release combined with a leading auxiliary switch
(7) Drilling diagram
(8) Can be interlocked with a lock in the OFF position, angular diameter: 3.5 to 4.5 mm

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 11

2.1

General
Voltage-Transformer Circuit Breaker – 3RV16 - Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Voltage-Transformer Circuit Breaker – 3RV16

2

10

11

12

3 R V 1 6 1 1 - 1 □ G

1

4

2.1

3

4

5

6

7

8

9

▲
with 1 auxiliary contact, 1 change-over contact

│
1.4/6 A

A

2.5/10.5 A

C

3/20 A

D

Laterally mountable auxiliary switch, 1 make contact/break contact

3 R V 1 9 0 1 - 1 A
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14

15

16

General
Auxiliary Current Transformer – 4AM
Description
The following 4AM auxiliary current transformers are available:

• Matching transformer
Multi-tap auxiliary current transformer for matching to
different current transformer ratios

• Input and matching transformers

2.2

Input and matching transformers for phase-segregated busbar
differential protection

• 3-phase cumulative input current transformer (summation
current transformer)

3-phase cumulative input current transformer for busbar
differential protection

• Auxiliary transformer for transformer-fed trip circuits
Auxiliary transformer for transformer-fed trip coils in stations
without battery supply.
Applications

[4AM, 1, --_--]

You can find additional information and product features of
transformers in Table 2.2/1.

Figure 2.2/1 Auxiliary Current Transformer 4AM – left image without
Varistor, right image with Varistor

Auxiliary Current Transformer 4AM
Application

Note

Climate requirements according to
previous standard
DIN 40040

Product features

Matching
transformer

Multi-tap auxiliary current transformer for matching to different current transformer
ratios

HKG

Several transformation
ratios may be selected
using terminal connections (next page) fN =
45 Hz to 60 Hz

4AM51 70-7AA: Standard version, primary for transformer differential protection
4AM52 72-2AA: Version with double thermal load rating, for example, for connecting
to wide-range transformer (rated data for uninterrupted duty: 2 × IN)
3-phase cumulative input
current transformer
(summation
current transformer)

HKG
HKG

3-phase cumulative input current transformer for busbar differential protection (for the HKG
7UT6, among others)
HKG
4AM51 20-3DA: For 1 A transformers
HKG
4AM51 20-4DA: For 5 A transformers
HKG
for line differential protection

fN = 45 Hz to 60 Hz with
varistor
fN = 45 Hz to 60 Hz with
varistor

4AM49 30-6DB: For 5 A
4AM49 30-7DB: For 1 A

Auxiliary trans- Auxiliary transformer for transformer-fed trip coils in stations without battery supply.
former for
4AM5065-2CB00: For 1 A transformers
transformerfed trip circuits 4AM5070-8AB00: For 5 A transformers
Suitable for trip coils with IN ≤ 0.5 A or 1 A, VN ≤ 40 V or 20 V, P ≤ 20 VA.

HKD
HKD

Unlike for transformers,
no defined rated power
or class accuracy is
required, fN = 45 Hz to
60 Hz

Climate requirements:
HKG = –25 °C to +125 °C, relative humidity: max. 75%; annual average < 65% on 60 days per year up to 85% (evenly distributed over the year); condensation not allowed
HKD = –25 °C to +125 °C, relative humidity: max. 90%; annual average < 80% on 30 days per year up to 100% (evenly distributed over the year); condensation allowed
Table 2.2/1 Overview Auxiliary Current Transformer
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General
Auxiliary Current Transformer – 4AM – Technical Data
Order No. and Technical Data
Order no.

Windings of the auxiliary current transformers

Weight, ca.

Number of windings

2.2

4AM49
30-6DB00-0AN2

Max. current, continuous A 28

28

28

28

6.5

0.2

Max. voltage

0.46

0.69

1.38

(5.6)

400

Max. current, continuous A 4.5

4.5

4.5

4.5

1.2

0.2

Max. voltage

V 1.15

2.3

3.5

7

(20)

400

Rated current IN 1)

A 5

5

5

1

5

5

5

1

Max. voltage

V 2

4

14

32

2

4

14

32

4AM52
72-2AA00-0AN2

Rated current IN 1)

A 10

10

10

2

10

10

10

2

Max. voltage

V 2

4

14

32

2

4

14

32

4AM50
65-2CB00-0AN2

Rated current IN 1)

A 1

1

1

1

V 0.23

1.9 kg

Number of windings

4AM49
30-7DB00-0AN2

2 kg

Number of windings
(relative to each other)
4AM51
70-7AA00-0AN2

3.6 kg
5.4 kg
2.9 kg

Primary side

Number of windings
Number of windings

Secondary circuit
4AM50
70-8AB00-0AN2

Rated current IN 1)

A

Rated current IN 1) (A)

A 5

1.25
5

1.25
5

5

Number of windings

2.9 kg
Primary side

Number of windings
Secondary circuit
Rated current IN

1)

A

1.25

1.25

Number of windings

4AM51
20-3DA00-0AN2

Max. current, continuous A 4

4

4

4

4

4

2

0.85

Max. voltage

2.4

3.6

7.2

9.6

14.4

36

200

Max. current, continuous A 17.5

17.5

17.5

17.5

17.5

17.5

8

0.85

Max. voltage

0.8

1.2

1.6

2.4

3.2

4.8

200

V 1.2

3.6 kg

Number of windings
4AM51
20-4DA00-0AN2
1)

V 0.4

Thermal rating with simultaneous load on all windings: 1.2 x IN/continuous; 10 x IN/10 s; 25 IN/1 s
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General
Auxiliary Current Transformer – 4AM – Technical Data
Winding Circuits

2.2

Table 2.2/2 Winding Circuits

Dimensioned Drawings
Type

a

b*)

c*)

d

e*)

f*)

4AM5065/

84/

99/

106/

86.5/

104.5/

105/

4AM5070

3.31

3.90

4.17

3.4

4.11

4.13

84/

99/

120/

86.5/

104.5/

105/

3.31

3.90

4.72

3.41

4.11

4.13

4AM5170

*) Maximum

Table 2.2/3 Auxiliary Transformers 4AM50, 4AM5170, 4AM52 without Varistor – Front View/Side View

(1) Terminal 8WA9200; SIEMENS cross-section: Single wire 0.5 mm2 to 6 mm2; fine wire 0.5 mm2 to 4 mm2; rated current: 21 A;
number of terminals depends on design
(2) Flat connector German Industry Norm 46244-A6.3-0.8
(3) Mounting frame for DIN rail mounting
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General
Auxiliary Current Transformer – 4AM – Technical Data

2.2

[dw_4AM_aux-curr-trans_with_varistor, 1, en_US]

Figure 2.2/2 Auxiliary Transformer 4AM5120 with Varistor – Front View/Side View

(1) Terminal 8WA9200; SIEMENS cross-section: Single wire 0.5 mm2 to 6 mm2; fine wire 0.5 mm2 to 4 mm2; rated current: 21 A;
number of terminals depends on design
(2) Flat connector German Industry Norm 46244-A6.3-0.8
(3) Mounting frame for DIN rail mounting

[dw_4AM4930_auxiliary-current-transformer, 1, en_US]

Figure 2.2/3 Auxiliary Transformer 4AM4930
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General
Auxiliary Current Transformer – 4AM – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Transformer

1

Auxiliary transformer for transformer-fed trip circuits
For circuit breaker tripping (for example, for
7SJ45)

Order no.
2

3

4

5

6

7

8

9

10

11

12

4 A M ☐ ☐ ☐ ☐ - ☐ ☐ ☐ 0

0

▲ ▲ ▲ ▲

▲ ▲ ▲

││││

││ │

For current transformers with Ir= 1 A

5 0 6 5

2 C B

For current transformers with Ir= 5 A

5 0 7 0

8 A B

Input and matching transformers

││││

││ │

For current transformers with IN=5 A, 1xIN, 2V
per winding

5 1 7 0

7 A A

For current transformers with IN=5 A, 2xIN, 2V
per winding

5 2 7 2

2 A A

3-phase cumulative input current transformer (summation current transformer)

││││

││ │

For line differential protection

For current transformers with Ir= 5 A

4 9 3 0

6 D B

For current transformers with Ir= 1 A

4 9 3 0

7 D B

For current transformers with Ir= 1 A

5 1 2 0

3 D A

For current transformers with Ir= 5 A

5 1 2 0

4 D A

For transformer differential protection (for
example, for 7UT6)

For busbar protection (for example, for 7UT6)

-

13

14

15

16

0

A

N

2
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2.2

General
Voltage Controller – 6GC61
Description

2.3

The digital voltage controller 6GC61 represents a series of
voltage controllers with a completely new design from Maschinenfabrik Reinhausen (MR). The product line TAPCON® performs
tasks such as measurement, control and voltage control, all in
one device. From simple control tasks to complicated open-loop
controls (for example, for phase shifter transformers), the
devices from the TAPCON® series are suited to all applications.
The voltage controllers combine comprehensive know-how with
maximum customer benefits, coupled with the reliability of all
MR products.
The basic equipment of the 6CG61 voltage controller includes a
clear display showing the power-system voltage and tap
changer position. With this, no other displays are necessary in
the control cabinet. All connections use terminal plug-in technology. The wiring and testing of the device is substantially
simplified.
Parallel control of transformers running in parallel according to
the principle of minimum circulating reactive current or running
in parallel according to the step synchronization method. By
using a digital bus system, 2 groups with up to 6 participants
can be controlled in parallel using the standard device without
additional devices. As an option, it is possible to measure the
system topology in a multi-busbar system. In this case, the
controllers automatically detect which transformers are running
in parallel operation. No additional devices are necessary for this
either. Programmable inputs and outputs can be connected or
assigned by the customer for further processing. This saves
wiring work.
Functions
The 6CG61 voltage controller assumes the control of motoroperated step transformers. Apart from control tasks, the
voltage controller provides additional functions such as:

• Linear and integral control response
• Individually adjustable time delay
• Variable bandwidth of 0.5 % to 9 %
• Operating modes:
– Local
– Remote

[ph_6GC61 - Voltage Controller, 1, --_--]

Figure 2.3/1 Voltage Controller 6GC61

• Additional displays using LEDs outside the display for freely
selectable functions

• Display of all measured values such as voltage, current, active
power, apparent power or reactive power, power factor
(cos φ)

• 3 different set point values can be selected:
– Per 4–20 mA analog signal
– Per analog signal using a series of transition contacts
– Per digital signal via binary, BCD, or Gray code

• Spring-loaded terminals facilitate cable connection
• Additional digital inputs and outputs for parameterization as
desired by the customer

• Parallel operation of up to 6 transformers in 2 groups using
the following methods:
– Master/Follower
– Minimizing Circulating Reactive Current

• NORMset mode for simple commissioning of the voltage
controller

• Control modes:

RS232
RS485
RJ45
ST
electrical electrical electrical connect
or,
optical

– Manual
– Automatic

• Option of telecontrol parameterization using Ethernet
(TAPCONTROL)

• Undervoltage and overcurrent blocking
• Fast step down mode in the event of overvoltage
• Compensation of voltage drops on the line (line drop compensation)

• Compensation of voltage variations in a meshed system (Z

TAPCONTROL

x

x

x

x

DNP3 (Level 2)

x

x

x

x

Modbus ASCII

x

x

Modbus RTU

x

x

IEC 60870-5-101

x

x

IEC 60870-5-103

x

x

IEC 61850

compensation)

• Digital inputs and outputs can be programmed individually by
the customer locally

18 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

LC
connect
or,
optical

x
x

x
x
x

x

x

General
Voltage Controller – 6GC61 - Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.

Basic/Pro/Expert

1

Digital controller 6GC61

6 G C 6 1 □□ - □□ □ □ □

Application: Voltage control of transformers
Functions: Integrated tap position display,
measuring functions (V, I, P, Q, S, cos φ,
φ, I sin φ, f), recorder function, statistics
function (total number of circuits, circuits
per stage), programmable inputs and
outputs, limit value monitoring (>V, <V,
>I), programmable rated values of V and I
Equipment: Display: 128x128 LCD
module, negative blue background, white
LED, 9 freely programmable LEDs, status
LED, life contact, navigation keys, function
keys, TAPCON-trol® parameterization software, USB converter for visualization/
parameterization

1
2

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Short code

□ □ □ □

▲ ▲

▲ ▲ ▲ ▲ ▲

▲ ▲ ▲ ▲

Housing, binary input and output

││

││ │ │ │

│ │ │ │

Sheet steel surface-mounting housing
with transparent cover; 8 BI, 7 BO, 1 life
contact

1│

││ │ │ │

│ │ │ │

Additional auxiliary voltage output AUX
DC OUT

│

││ │ │ │

│ │ │ │

Without

0

││ │ │ │

│ │ │ │

Additional auxiliary voltage 70 to 210 VDC
for signaling voltage 1

1

││ │ │ │

│ │ │ │

Supply voltage (power supply, signaling
voltage)

││ │ │ │

│ │ │ │

110 to 350 VAC/88 to 265 VDC (standard)

1││ │ │

│ │ │ │

Design structure (plug-in terminal connection “EASY cable”)

││ │ │

│ │ │ │

Panel flush mounting

A │ │ │

│ │ │ │

Wall mounting with flat iron surface
mounting

B │ │ │

│ │ │ │

DIN rail clip

2.3

C │ │ │

│ │ │ │

Region-specific default settings, function
versions and default language settings

│ │ │

│ │ │ │

German

A │ │

│ │ │ │

English

B │ │

│ │ │ │

French

C │ │

│ │ │ │

Spanish

D │ │

│ │ │ │

Russian

E │ │

│ │ │ │

Italian

F │ │

│ │ │ │

Portuguese

G │ │

│ │ │ │

Communication interfaces

│ │

│ │ │ │

No interface

0 │

│ │ │ │

CI map (communication interface)

9 │

│ │ │ │

L □ □

IEC-61850 board (communication interface) + tap position measurement

│

│ │ │ │

▲ ▲ ▲

No interface

0

│ │ │ │

│ │ │

IEC 61850, electrical RJ45 and optical
fiber LC connector 1310 nm2

1

│ │ │ │

Next
page

Measured value memory expansion

│ │ │ │

None

0 │ │ │

Tap position measurement

│ │ │

No function

A │ │

Digital signal via binary-coded decimal
code, Gray code, dual code

B │ │

Analog 4–20 mA signal

C │ │

Analog signal using a series of transition
contacts

D │ │

Row of make contacts (external module)
(definition of the tap position necessary)

Z │ │

P

1 Y

Pos. 7 can be ordered only if Pos. 14 = B or higher
Not available if Pos. 11 = 9
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General
Voltage Controller – 6GC61 - Selection and Ordering Data
Description

Versions

Order no.

TAPCON 230 Basic/Pro/Expert

1

Digital controller 6GC61

6 G C 6 1 □□ - □□ □ □ □

2

3

4

5

Remote setting of a set point values
No function

5

9

10

11

12

13

14

15

16

□ □ □ □

Short code

L □ □

▲

▲ ▲

▲ ▲

│

│ │

│ │

A │

│ │

B │

│ │

Series of transition contacts 3

│

C │

│ │

Accessories optical fiber adaptor cable

│

│

│ │

None

│

0

│ │

Adaptor cable for optical fiber connection
LC to ST

│

1

│ │

Communication interfaces

│

│ │

No interface

0

│ │

CI map (communication interface)

9

│ │
1 │

Electrical, RJ45/ Ethernet

2 │

Optical fiber SMA plug, 850 nm

3 │

Optical fiber SMA plug, 660 nm

4 │

Optical fiber ST connector, 850 nm

5 │

Optical fiber ST connector, 660 nm

6 │

Available communication protocols + tap
position measurement (Pos. 14)

│

IEC 60870-5-101 4

A

IEC 60870-5-103

3

8

│

3

Electrical, RS232/RS485

4

7

│

4 to 20 mA

2.3

6

4

B

DNP3

D

Modbus ASCII 4 5

E

Modbus RTU 5

F

TAPCON-trol® (visualization software)

G

Pos. 15 only in connection with digital tap position measurement, Pos. 14
Cannot be ordered with Pos. 11 L2x
Not Modbus TCP
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General
Voltage Controller – 6GC64
Description
The 6GC64 digital voltage controller represents the next generation of voltage controllers from Maschinenfabrik Reinhausen
(MR). The new TAPCON® voltage controller is based on the new
ISM® technology offering maximum flexibility even in terms of
future requirements.
Equipped with the latest features of communication engineering, the 6GC64 supports all the established protocols and
even offers the possibility of a redundant connection via
Ethernet.

2.3

In doing so, the increasing requirements related to operational
and data security were taken into consideration and are met by
the implementation of a role-based user authorization and
encrypted communication connections.
The innovative operating concept of the 6GC64 provides intuitive user guidance. Maximum support is provided by features
such as an integrated wizard for guided initial commissioning,
the 6GC64 Interactive Launch Assist (TILA).
The basic equipment of the 6GC6 voltage controller includes a
full graphic 5.7" color display, navigation via rotating wheel, and
web-based visualization according to the HTML 5 Standard, all
of which provide optimal user friendliness directly on the device
as well as remotely.
Besides simple control tasks, the 6GC64 also supports complex
special applications such as the control of three-winding transformers, transformer banks, phase shifters and shunt reactors.
The modular system allows you to precisely match the performance spectrum of the controller to your requirements.
Parallel control of transformers using the principle of minimum
circulating reactive current or running in parallel according to
the step synchronization method. Using a digital bus system or
IEC 61850 GOOSE communication.

[ph_6GC64_Voltage Controller, 1, --_--]

Figure 2.3/2 Voltage Controller 6GC64

– Power Factor parallel running method
Optional functions

• Customer-specific network topology
• Control of three-winding transformers
• Running a bank of single-phase transformers in parallel
• Contract specific programming
• Measurement data memory function with graphical representation

• Phase shifter applications (control of active power, reactive
power or phase angle)

• TAPCON Personal Logic Editor

Functions
The 6GC64 voltage controller assumes the control of motoroperated step transformers. Apart from control tasks, the
voltage controller provides additional functions such as:

• Operating modes:

Monitoring functions

• Bandwidth monitoring
• Switching interval monitoring (for higher, lower and total
switching operations)

• Function monitoring

– Local

• Switching direction control
• Adjustable tap limits
• Several adjustable limiting values for all analog values

– Remote

• Control modes:
– Manual
– Automatic

including hysteresis

• Tap position measurement

Communication

– Digital, analog

• IEC 60870-5-101/103 (optional), slave & master

– Voltage control

IEC 60870-5-104, server & client

– Line compensation (R-X or Z compensation)
– Parallel operation of up to 16 transformers (methods:
Master/Follower; Auto synchronization or circulating reactive current)

• DNP 3, slave & master Modbus ASCII/remote terminal unit/
TCP, server & client

• IEC 61850 edition 1 and 2, server & client
• Dual port Ethernet connection with redundancy protocols
RSTP and PRP (IEC 62439-3 edition 2.0, 2012-07)
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General
Voltage Controller – 6GC64
Security

• User management and access protection according to BDEW
or North American Electric Reliability Corporation

Programming tool

• Creation of individual functions (according to IEC 61131)
Interface languages

• German, English, French, Spanish, Italian, Portuguese,
2.3

Russian, Chinese, Korean
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General
Voltage Controller – 6GC64 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.

TAPCON ISM

1

Digital controller 6GC64

6 G C 6 4 □□ - □□ □ □ □

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

□ □ □ □

▲ ▲

▲ ▲ ▲ ▲ ▲

▲ ▲ ▲ ▲

Housing, binary input and output

││

││ │ │ │

│ │ │ │

Functions: 19“ rack,

19" housing 1/1 (84TE), 1ph measurement

1│

││ │ │ │

│ │ │ │

Standard: 1 set point value

19" panel flush mounting housing, 1/1
(84TE), 1ph measurement

2│

││ │ │ │

│ │ │ │

19" housing 1/1 (84TE), 3ph measurement

3│

││ │ │ │

│ │ │ │

19" panel flush mounting housing, 1/1
(84TE), 3ph measurement

4│

││ │ │ │

│ │ │ │

Auxiliary voltage (power supply, signaling
voltage; switching threshold of the binary
inputs)

│

││ │ │ │

│ │ │ │

85 to 265 VAC/VDC

1

││ │ │ │

│ │ │ │

23 to 63 VDC

2

││ │ │ │

│ │ │ │

85 to 265 VAC/VDC threshold Binary
inputs 170 V

3

││ │ │ │

│ │ │ │

23 to 63 VDC, threshold binary inputs
170 V

4

││ │ │ │

│ │ │ │

Application: Voltage control of transformers

User I/O, RJ45, RS232, RS485
Current transformer In:1/5 A (changeable
via software)

Analog inputs/outputs

││ │ │ │

│ │ │ │

No analog module

0││ │ │

│ │ │ │

Analog module 1

1││ │ │

│ │ │ │

Analog module 2

2││ │ │

│ │ │ │

Analog module 3

3││ │ │

│ │ │ │

Analog module 4

4││ │ │

│ │ │ │

Remote setting of a set point value via
digital and analog input

││ │ │

│ │ │ │

3 set point values digital

A │ │ │

│ │ │ │

5 set point values digital

B │ │ │

│ │ │ │

1 set point value analog *1

C │ │ │

│ │ │ │

TAPCON Dynamic Setpoint Control

D │ │ │

│ │ │ │

1 set point value digital

E │ │ │

│ │ │ │

Set point value in binary-coded decimal
code

F │ │ │

│ │ │ │

G │ │ │

│ │ │ │

Language setting/documentation

│ │ │

│ │ │ │

German

A │ │

│ │ │ │

English

B │ │

│ │ │ │

French

C │ │

│ │ │ │

Spanish

D │ │

│ │ │ │

Russian

E │ │

│ │ │ │

Italian

F │ │

│ │ │ │

Portuguese

G │ │

│ │ │ │

Korean

H │ │

│ │ │ │

Chinese

J │ │

│ │ │ │

Interface for telecontrol parameterization

│ │

│ │ │ │

None

│ 0

│ │ │ │

Electrical, RJ45/ Ethernet

│ 1

│ │ │ │

Optical fiber, 1310 nm

│ 2

│ │ │ │

│ 3

│ │ │ │

3x TAPCON Dynamic Setpoint Control
If Pos. 9=C then Pos. 8 must be at least =1

Optical fiber, 1310 nm
Only if communication interface Pos. 11 = L8

Short code
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General
Voltage Controller – 6GC64 – Selection and Ordering Data
Description

Versions

Order no.

TAPCON ISM

1

Digital controller 6GC64

6 G C 6 4 □□ - □□ □ □ □

2.3

6
8

3

4

5

6

7

8

9

10

11

12

13

14

15

16

□ □ □ □

Short code

L □ □

▲

▲ ▲ ▲ ▲

▲ ▲

Communication interfaces

│

│ │ │ │

│ │

No interface

0

│ │ │ │

│ │

CI map (communication interface)

9

│ │ │ │

│ │

Electrical, RS232

│ │ │ │

1 │

Electrical, RS485

│ │ │ │

2 │

Electrical RJ45/Ethernet

│ │ │ │

3 │

Optical fiber SMA plug, 850 nm

│ │ │ │

4 │

Optical fiber SMA plug, 660 nm

│ │ │ │

5 │

Optical fiber ST connector, 850 nm

│ │ │ │

6 │

Optical fiber ST connector, 660 nm

│ │ │ │

7 │

Optical fiber LC connector, 1310 nm

│ │ │ │

8 │

Optical fiber LC connector PRP protocol,
1310 nm

│ │ │ │

9 │

Optical fiber LC connector HSR protocol,
1310 nm

│ │ │ │

0 │

Available communication protocols

│ │ │ │

│

IEC 60870-5-101

│ │ │ │

A

IEC 60870-5-103

│ │ │ │

B

IEC 60870-5-104

│ │ │ │

D

DNP3

│ │ │ │

E

Modbus TCP

│ │ │ │

F

Modbus RTU

│ │ │ │

G

IEC 61850 Standard

│ │ │ │

H

IEC 61850 Expert + GOOSE

│ │ │ │

J

DNP3 mapping, configurable

│ │ │ │

K

IEC 61850 mapping, configurable

│ │ │ │

L

Tap position measurement

│ │ │ │

None

0 │ │ │

Digital binary-coded decimal code

1 │ │ │

Analog signal 4 to 20 mA 6

2 │ │ │

Analog signal 0 to 10 V 6

5 │ │ │

Series of transition contacts 6

6 │ │ │

Decadic row of contacts

7

2

7

7 │ │ │

DUAL

8 │ │ │

Row of make contacts (external module)
(definition of tap position is necessary)8

9 │ │ │

Measured value memory expansion

│ │ │

None

A │ │

With measured value memory

B │ │

An analog channel is present at Pos. 8
Constraint: Short-code L4-9 PRP switch/protocol converter or analog module can be selected
If Pos. 13 = 2 to 6, then Pos. 8 must be at least = 1
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General
Voltage Controller – 6GC64 – Selection and Ordering Data
Description

Versions

Order no.

TAPCON ISM

1

Digital controller 6GC64

6 G C 6 4 □□ - □□ □ □ □

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

□ □ □ □

Short code

L □ □

▲ ▲

9
10

Parallel operation

│ │

CAN-BUS including connector

A │

GOOSE

B │

Without parallel operation

C │

Parallel operation with UK TAPP Stagger
with tap-position-limits monitoring

D │

Parallel operation with UK TAPP Stagger
with tap-position-limits and switchinginterval monitoring

E │

Parallel operation with tap-position-limits
and switching-interval monitoring

F │

Special functions

│

None

1

Bank parallel operation 9 10

2

7

3

Three-winding transformer 910

4

TAPGUARD

5

BCD tap position output 9

6

Network topology master 9 (system
topology overview required)

7

Network topology client 9 (system
topology overview required)

8

TAPCON Personal Logic Editor

9

2.3

R 0 A

Constraint: Short-code L4-9 PRP switch/protocol converter or analog module can be selected
Constraint: Only in conjunction with IEC 61850 LxH
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General
Bistable Fast-Acting Lockout Relay – 7PA22
Description
7PA22 is a bistable fast-acting auxiliary relay with 8 change-over
contacts.
Due to their quality, reliability, and their structure, these relays
are suitable for applications requiring high reliability and availability, as for example power plants, switchgear, railroad systems
and industrial plants. Typical examples for this are the petrochemical industry, chemical industry, cement industry, and
rolling mills.
2.4

The relays comply with IEC, EN, IEEE standards (type testing and
routine testing) and bear the CE marking.
The sturdy switch contacts distinguish themselves with a high
switching capacity, overload capacity and continuous current
capacity which provides perfect insulation. The direct control of
high-voltage and medium-voltage systems is possible.
Their high degree of protection and the transparent cover
ensure reliable operation under tropical environmental conditions and/or use in salty sea air.
7PA22 Fast-Acting Relay with Suppressor Diode
Bistable fast-acting lockout relay with eight change-over
contacts, plugged into a flush-mounting frame of type
7XP9010-1 for cabling with screws at the rear, or in an assembly
frame of type 7XP9012-0 for cabling with screws at the front.

[ph_7PA22, 1, --_--]

Figure 2.4/1 Auxiliary Relay 7PA22

Benefits
Tested according to IEC, EN, IEEE standards and bearing the CE
marking.
No continuous internal consumption. Position display on the
front. Mechanical reset button.
Position memory with two stable positions (for example, open/
closed, automatic/manual, local/remote). Mechanically sturdy
contacts, high insulation resistance, high making and breaking
power, and a high continuous current enable direct switching in
high-voltage and medium-voltage systems. The high degree of
protection and the transparent cover ensure absolute reliability
during operation within a wide temperature range, and in a
tropical or salty environment.
Applications
The design, quality and high durability of the relays ensure reliable usability under highly demanding conditions such as in
power plants, generator stations, transformer stations and railroads. They are suitable for use in energy systems and process
control systems for large-scale industry applications, the petrochemical sector, steel and cement factories, and many more.
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Technical Data
Technical Data
The reset button may not be depressed for longer than
20 seconds when the auxiliary voltage is applied to the SET coil.
Rated voltage and internal consumption
VN (VDC)

Voltage range (VDC)

24

19 to 26

30

24 to 33

48

38.5 to 53

60

48 to 66

110

88 to 121

125

100 to 137

220

176 to 242

Internal consumption for switching

≤45 W
2.4

Pre-arcing time

< 10 ms

Contacts
Continuous current

10 A

Overload capability

80 A/200 ms
150 A/10 ms

Breaking power

40 A/0.5 s, 110 VDC

Breaking power for 105 switching cycles
Not inductive

Inductive, 40 ms

VDC

1 contact [A]

2 contacts in series [A]

1 contact [A]

2 contacts in series [A]

24

14.5

>20

9.7

>20

48

7.65

>20

3.5

>20

60

5.1

>20

2.3

>20

125

1.2

3.75

0.55

3.75

220

0.65

1.4

0.28

0.58

For details, refer to diagram

[dw_7PA22_curva, 1, en_US]

Figure 2.4/2 Diagram
Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-40 °C +70 °C
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Technical Data
Max. humidity
Seismic load according to IEEE501

93%/40 °C
3 g/33 Hz

ZPA
Design guidelines

2.4

Electrical tests according to

IEC 60255

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 2000 MOhm/500 VDC

Flame resistance

IEC 60692-2-1

Plastics

UL94: V0
IEC 60695: 850 ºC/30 s

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60255-7

Heat test

IEC 60068-2-2

- Relays in operation

+70 °C/96 h

- Relays not in operation

+55 °C/96 h

Air humidity, cyclical

IEC 60068-2-30: +55 °C/12 h

Cold test, 100 cycles

IEC 60068-2-1

Relays not in operation

-10 °C/2 h

Thermal aging

IEC 60255-7

At rated voltage (VN)

55 °C/1440 h

Weights and packaging
7PA22

600 g

7XP9010

400 g

Carton

150 x 124 x 84 mm

Dimensions and Connections

[dw_7pa22_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.4/3 Dimensions and Installation Dimensions
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Technical Data

2.4

[dw_7pa22_socket_for_surface-mounting, 1, en_US]

Figure 2.4/4 Surface-Mounting Base
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Technical Data

2.4

[dw_7pa22_socket_for_flush-mounting, 1, en_US]

Figure 2.4/5 Flush-Mounting Base
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Technical Data

2.4

[dw_7pa22_connection, 1, en_US]

Figure 2.4/6 Connections 7PA22 – Contacts shown in RESET Position
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General
Bistable Fast-Acting Lockout Relay – 7PA22 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Bistable fast-acting auxiliary relay with 8 change-over contacts

2

4

5

6

7

8

9

10

11

12

A Y

R

:

13

14

E 2

9

7 P A 2 2 □ 1 - □

Rated voltage

2.4

3

▲

▲

│

│

DC 24 V

1

│

DC 60 V

2

│

DC 110 V

3

│

DC 220 V

4

│

DC 125 V

5

│

DC 30 V

6

│

DC 48 V

8

Base

│
│

Without base

0

With 7XP9010-1 base

1

Base as spare part

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

Installation

7 X P 9 0 1 0 - 1

Surface Mounting

7 X P 9 0 1 2 - 0
. . . . . . . .
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General
Bistable Fast-Acting Lockout Relay – 7PA23
Description
7PA23 is a bistable fast-acting auxiliary relay with 4 change-over
contacts.
Due to their quality, reliability, and their structure, these relays
are suitable for applications requiring high reliability and availability, as for example power plants, switchgear, railroad systems
and industrial plants. Typical examples for this are the petrochemical industry, chemical industry, cement industry, and
rolling mills.
The relays comply with IEC, EN, IEEE standards (type testing and
routine testing) and bear the CE marking.

2.4

The sturdy switch contacts distinguish themselves with a high
switching capacity, overload capacity and continuous current
capacity which provides perfect insulation. The direct control of
high-voltage and medium-voltage systems is possible.
Their high degree of protection and the transparent cover
ensure reliable operation under tropical environmental conditions and/or use in salty sea air.

[ph_7PA23, 1, --_--]

Benefits

Figure 2.4/7 Auxiliary Relay 7PA2351

Tested according to IEC, EN, IEEE standards and bearing the CE
marking.

Applications

No continuous internal consumption. Position display on the
front. Mechanical reset button.
Position memory with two stable positions (for example, open/
closed, automatic/manual, local/remote). Mechanically sturdy
contacts, high insulation resistance, high making and breaking
power, and a high continuous current, enable direct switching
in high-voltage and medium-voltage systems. The high degree
of protection and the transparent cover ensure absolute reliability during operation within a wide temperature range, and in
a tropical or salty environment.

The design, quality and high durability of the relays ensure reliable usability under highly demanding conditions such as in
power plants, generator stations, transformer stations and railroads. They are suitable for use in energy systems and process
control systems for large-scale industry applications, the petrochemical sector, steel and cement factories, and many more.
Technical Data
The reset button may not be depressed for longer than 20
seconds when the auxiliary voltage is applied to the SET coil.

Rated voltage and internal consumption
VN (VDC)

Voltage range (VDC)

24

19 to 26

30

24 to 33

48

38.5 to 53

60

48 to 66

110

88 to 121

125

100 to 137

220

176 to 242

Internal consumption for switching

≤17 W

Pre-arcing time

< 10 ms

Contacts
Continuous current

10 A

Overload capability

80 A/200 ms
150 A/10 ms

Switching power

40 A/0.5 s, 110 VDC

Breaking power for 105 switching cycles
Not inductive
VDC

1 contact [A]

2 contacts in series [A]

Inductive, 40 ms
1 contact [A]

2 contacts in series [A]
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Bistable Fast-Acting Lockout Relay – 7PA23 – Technical Data
Breaking power for 105 switching cycles
24

14.5

>20

9.7

>20

48

7.65

>20

3.5

>20

60

5.1

>20

2.3

>20

125

1.2

3.75

0.55

3.75

220

0.65

1.4

0.28

0.58

For details, refer to diagram

2.4

[dw_7PA22_curva, 1, en_US]

Figure 2.4/8 Diagram
Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-40 °C +70 °C

Max. humidity

93%/40 °C

Seismic load according to IEEE501

3 g/33 Hz

ZPA
Design guidelines
Electrical tests according to

IEC 60255

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 2000 MOhm/500 VDC

Flame resistance

IEC 60692-2-1

Plastics

UL94: V0
IEC 60695: 850 ºC/30 s

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60255-7

Heat test

IEC 60068-2-2

- Relays in operation

+70 °C/96 h

- Relays not in operation

+55 °C/96 h

Air humidity, cyclical

IEC 60068-2-30: +55 °C/12 h

Cold test, 100 cycles

IEC 60068-2-1

Relays not in operation

-10 °C/2 h

Thermal aging

IEC 60255-7

At rated voltage (VN)

55 °C/1440 h
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Weights and packaging
7PA23

300 g

7XP9011

300 g

Carton

145 x 79 x 84 mm

Dimensions and Connections

2.4

[dw_7pa23_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.4/9 Dimensions and Installation Dimensions

[dw_7pa23_27_30-1phs_socket_for_surface-mounting, 1, en_US]

Figure 2.4/10 Surface-Mounting Base
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2.4

[dw_7pa23_socket_for_flush-mounting, 1, en_US]

Figure 2.4/11 Flush-Mounting Base

[dw_7pa23_connection, 1, en_US]

Figure 2.4/12 Connections 7PA23 – Contacts shown in RESET Position
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Bistable Fast-Acting Lockout Relay – 7PA23 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Bistable fast-acting auxiliary relay with 4 change-over contacts
Rated voltage

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

7 P A 2 3 □ 1 - □
▲

▲

│

│

DC 24 V

1

│

DC 60 V

2

│

DC 110 V

3

│

DC 220 V

4

│

DC 125 V

5

│

DC 30 V

6

│

DC 48 V

8

Base

2.4

│
│

Without base

0

With 7XP9011-1 base

1

Base as spare part

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

Installation

7 X P 9 0 1 1 - 1

Surface Mounting

7 X P 9 0 1 3 - 0
. . . . . . . .

A Y

R

:

E 3

1
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General
Monostable Relay – 7PA26
Description
7PA26 is a monostable relay with 8 change-over contacts.
The relay has been tested according to IEC and EN standards and
has the CE marking.
Benefits
Mechanically sturdy contacts, high insulation resistance, high
making and breaking power, and a high continuous current
enable direct switching in high-voltage and medium-voltage
systems.
Applications
2.5

The design, quality and high durability of the relays ensure reliable usability under highly demanding conditions such as in
power plants, generator stations, transformer stations and railroads.
They are suitable for use in energy systems and process control
systems for large-scale industry applications, the petrochemical
sector, steel and cement factories, and many more.

[ph_7PA26, 1, --_--]

Figure 2.5/1 Auxiliary Relay 7PA2642

Technical Data
Rated voltage and internal consumption 7PA26 ☐20
VN (VDC)

Voltage range (VDC)

Internal consumption (mA)

Excitation voltage (VDC)
between 1)

De-excitation voltage (VDC)
between 1)

24/30

17 to 37

288

8.4 and 13.2

3.6 and 9

48

33.6 to 60

144

16.8 and 26.4

7.5 and 17

60

42 to 75

115

21 and 33

9 and 21

110/125

77 to 156

63

38.5 and 60.5

16.5 and 38.5

220

154 to 275

31

77 and 121

33 and 77

(1) Excitation and de-excitation voltages for the 7PA26*20 are specified for an ambient temperature of 23 °C and a cold relay. These
values change with temperature.
Rated voltage and internal consumption 7PA26 ☐21
VN (VDC)

Voltage range (VDC)

Internal consumption (mA)
Standard [mA]

Peak
0.8 A/20 ms

24/30

19 to 33

66

48

38.4 to 52.8

32

60

48 to 66

28

110/125

88 to 137

13

220

176 to 242

8

Excitation voltage (VDC)
between 1)

De-excitation voltage (VDC)
between 1)

16 and 19

9 and 14

23.8 and 33.6

14.4 and 21.6

0.3 A/20 ms

36 and 42

18 and 27

66 and 77 V

38 and 42 V

132 and 154

66 and 99

(1) Excitation and de-excitation voltages for the 7PA26*21 are specified for an ambient temperature of 23 °C and a cold relay. These
values change with temperature.
Pre-arcing time
For excitation
7PA26 ☐20

<20 ms

7PA26 ☐21

<10 ms

For de-excitation

< 40 ms

Contacts
Continuous current

10 A

Overload capacity

80 A/200 ms
200 A/10 ms

Switching power

40 A/0.5 s, 110 VDC
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Breaking power for 105 switching cycles
Not inductive

Inductive, 40 ms

VDC

1 contact [A]

2 contacts in series [A]

1 contact [A]

2 contacts in series [A]

24

18

>20

8.1

>20

48

6.9

>20

3.3

18

60

3.4

>20

1.85

13

125

0.9

4

0.47

2

220

0.55

1.5

0.24

0.43

For details, refer to diagram

2.5

[dw_7PA26_27_curva, 1, en_US]

Figure 2.5/2 Diagram
Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-25 °C +70 °C

Storage temperature

-40 °C +85 °C

Max. humidity

93%/40 °C

Weights and packaging
7PA26

500 g

Carton

150 x 124 x 84 mm

7XP9010-3

400 g

7XP9012-0

225 g

Design guidelines
Electrical tests according to

IEC 60255-27

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 100 MΩ/500 VDC

Flame resistance
Plastics

UL94: V0

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60068-2

Dry cold, in operation

-25 ºC
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Design guidelines
Dry heat, in operation

+70 ºC

Storage and transportation

-25 ºC + 85 ºC

EMC Tests
High-frequency test:

EN 60255-22-1

Test level: 1 MHz, 400 imp/s, 2 s
Common mode: 2.5 kV
Differential mode: 1 kV
Fast transient bursts

EN 61000-4-4

Test level: 4 kV, 2.5 kHz, 1 min•2 kV, 5 kHz, 1 min
2.5

Energy surge voltages

EN 61000-4-5

8/20 μs. (current) - 1.2/50 μs. (voltage) - 8/20 μs. (current)
Common mode: 2 kV - differential mode: 1 kV
Radiated HF field interference,

EN 61000-4-3

amplitude-modulated: Test level: 80-1000 MHz, 10 V/m, 80% AM (1 kHz)
Radiated HF field interference, pulse-modulated:

EN 61000-4-3

Test level: 900 ±5 MHz, 10 V/m, 50% (200 Hz) 1.89 GHz ±10 MHz, 10 V/m,
50% (200 Hz)
Line-conducted HF

EN 61000-4-6

amplitude-modulated: Test level: 0.15-80 MHz, 10 V, 80% AM (1 kHz)
Electrostatic discharge test: Test level:

EN 61000-4-2

Contact ±15 kV, air mode ±15 kV
Magnetic Field with Energy Frequency

EN 61000-4-8

Test level: 100 A/m 1 min•1000 A/m 1 s.
Emitted interference tests: Test level: Cover:

EN 55011 Class A

30-230 MHz, 40 dB (μV/m) (quasi peak) - 10 m
230-1000 MHz, 47 dB (μV/m) (quasi peak) - 10 m
Power supply:
0.15-0.5 MHz, 79 dB (μV) (quasi peak)/66 dB average
0.5-5 MHz, 73 dB (μV) (quasi peak)/60 dB average
5-30 MHz, 73 dB (μV) (quasi peak)/60 dB average

Dimensions and Connections

[dw_7pa26_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.5/3 Dimensions and Installation Dimensions
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[dw_7pa26_socket_for_surface-mounting, 1, en_US]

Figure 2.5/4 Surface-Mounting Base – 7XP9012-0
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[dw_7pa26_socket_for_flush-mounting, 1, en_US]

Figure 2.5/5 Flush-Mounting Base – 7XP9010-3
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[dw_7pa26_connection, 1, en_US]

Figure 2.5/6 Connections 7PA26
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Selection and Ordering Data
Description

Versions

Order no.
1

Monostable relay with 8 change-over contacts

2

10

11

12

13

7 P A 2 6 □ 2 - □ A A

4

5

6

7

8

9

0

0

- □

▲

▲

▲

│

│

│

DC 24/30 V

1

│

│

DC 60 V

2

│

│

DC 110/125 V

3

│

│

DC 220 V

4

│

│

DC 48 V

8

│

│

Standard, 20 ms

0

│

Fast-acting, 10 ms

1

│

Rated voltage

2.5

3

Base

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

14

│
Without base

0

With base 7XP9010-3 (flush mounting)

1

With base 7XP9012-0 (surface mounting)

2
. . . . . . . .
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General
Monostable Relay – 7PA27
Description
7PA27 is a monostable relay with 4 change-over contacts.
The relay has been tested according to IEC and EN standards and
has the CE marking.
Applications
The design, quality and high durability of the relays ensure reliable usability under highly demanding conditions such as in
power plants, generator stations, transformer stations and railroads.
They are suitable for use in energy systems and process control
systems for large-scale industry applications, the petrochemical
sector, steel and cement factories, and many more. Mechanically sturdy contacts, high insulation resistance, high making
and breaking power, and a high continuous current enable
direct switching in high-voltage and medium-voltage systems.

2.5

[ph_7PA27, 1, --_--]

Figure 2.5/7 Monostable Fast-Acting Relay 7PA2732

Technical Data
Rated Voltage and Internal Consumption
VN (VDC)

Voltage Range (VDC)

Internal Consumption (mA)
Standard [mA]

Peak
1 A/20 ms

24/30

19 to 36

42

48

38.4 to 52.8

32

60

42 to 72

18

110/125

77 to 150

8

220

154 to 264

6

Excitation Voltage (VDC)
between 11

De-Excitation Voltage (VDC)
between 11

16 and 19

9 and 14

28.8 and 33.6

14.4 and 21.6

0.3 A/20 ms

36 and 42

18 and 27

65 and 77

38 and 55

132 and 154

66 and 99

Pre-Arcing Time
For excitation

<8 ms

For de-excitation

<40 ms

Contacts
Continuous current

<10 A

Overload capability

80 A/200 ms
200 A/10 ms

Switching power

40 A/0.5 s, 110 VDC

Breaking Power for 105 Switching Cycles
Not inductive

Inductive, 40 ms

VDC

1 contact (A)

2 contacts in series (A)

1 contact (A)

2 contacts in series (A)

24

18

>20

8.1

>20

48

6.9

>20

3.3

18

60

3.4

>20

1.85

13

125

0.9

4

0.47

2

220

0.55

1.05

0.24

0.43

For details, refer to Figure 2.5/8

11

Excitation and de-excitation voltages for the 7PA26*20 are specified for an ambient temperature of 23°C and cold relay. These values change with
temperature.
Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 45

General
Monostable Relay – 7PA27 – Technical Data

2.5

[dw_7PA26_27_curva, 1, en_US]

Figure 2.5/8 Diagram
Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-25 °C +55 °C

Storage temperature

-40 °C +85 °C

Max. humidity

93 %/40 °C

Weights and Packaging
7PA27

250 g

Carton

125 x 79 x 84 mm

7XP9011-2

300 g

7XP9013-0

110 g

Design guidelines
Electrical tests according to

IEC 60255-27

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 100 MΩ/500 VDC

Flame resistance
Plastics

UL94: V0

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60068-2

Dry cold, in operation

-25 ºC

Dry heat, in operation

+70 ºC

Storage and transportation

-25 ºC + 85 ºC

EMC Tests
High-frequency test:

EN 60255-22-1

Test level: 1 MHz, 400 imp/s, 2 s
Common mode: 2.5 kV
Differential mode: 1 kV
Fast transient bursts

EN 61000-4-4

Test level: 4 kV, 2.5 kHz, 1 min•2 kV, 5 kHz, 1 min
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EMC Tests
Energy surge voltages

EN 61000-4-5

8/20 μs. (current) - 1.2/50 μs. (voltage) - 8/20 μs. (current)
Common mode: 2 kV - differential mode: 1 kV
Radiated HF field interference,

EN 61000-4-3

amplitude-modulated: Test level: 80-1000 MHz, 10 V/m, 80% AM (1 kHz)
Radiated HF field interference, pulse-modulated:

EN 61000-4-3

Test level: 900 ±5 MHz, 10 V/m, 50% (200 Hz) 1.89 GHz ±10 MHz, 10 V/m,
50% (200 Hz)
Line-conducted HF

EN 61000-4-6

amplitude-modulated: Test level: 0.15-80 MHz, 10 V, 80% AM (1 kHz)
Electrostatic discharge test: Test level:

EN 61000-4-2

Contact ±15 kV, air mode ±15 kV
Magnetic Field with Energy Frequency

EN 61000-4-8

Test level: 100 A/m 1 min•1000 A/m 1 s.
EN 55011 Class A

Emitted interference tests: Test level: Cover:
30-230 MHz, 40 dB (μV/m) (quasi peak) - 10 m
230-1000 MHz, 47 dB (μV/m) (quasi peak) - 10 m
Power supply:
0.15-0.5 MHz, 79 dB (μV) (quasi peak)/66 dB average
0.5-5 MHz, 73 dB (μV) (quasi peak)/60 dB average
5-30 MHz, 73 dB (μV) (quasi peak)/60 dB average

Dimensions and Connections

[dw_7pa27_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.5/9 Dimensions
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[dw_7pa23_27_30-1phs_socket_for_surface-mounting, 1, en_US]

Figure 2.5/10 Surface-Mounting Base
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[dw_7pa27_socket_for_flush-mounting, 1, en_US]

Figure 2.5/11 Flush-Mounting Base

[dw_7pa27_connection, 1, en_US]

Figure 2.5/12 Connections 7PA27
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Selection and Ordering Data
Description

Versions

Order No.
1

Monostable quick-operating relay with 4 change-over contacts

2

10

11

12

13

7 P A 2 7 □ 2 - 0 A A

4

5

6

7

8

9

0

0

- □

▲

▲

│

│

DC 24/30 V

1

│

DC 60 V

2

│

DC 110/125 V

3

│

DC 220 V

4

│

DC 48 V

8

│

Rated voltage

2.5

3

Base

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

14

│
Without base

0

With base 7XP9011-2 (flush mounting)

1

With base 7XP9013-0 (surface mounting)

2
. . . . . . . .
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General
Trip-Circuit Supervision Relay – 7PA30 1-phase
Description
The 7PA30 1-phase relay is used to monitor the trip circuit of
circuit breakers with 1 trip coil.
The trip circuit wiring is supervised from the positive supply to
the negative supply whilst the circuit breaker is open or closed.
Applications
Due to the design and quality of the relays, their high durability
and functional reliability, the relays are ideally suited for application in critical control systems and ensure proper monitoring of
the entire trip circuit.
The high degree of protection ensures absolute reliability during
operation within a wide temperature range, even in harsh environmental conditions.
2.6

The relay has been tested according to IEC, EN and IEEE standards. It bears the CE marking.
The monitoring current is always less than 1.4 mA and ensures
that there can be no failure of the trip coil. Proper operation is
signaled via a green LED.

[ph_7PA30-1, 1, --_--]

Figure 2.6/1 1-Phase Trip-Circuit Supervision Relay 7PA3032

Technical Data
Rated Voltage and Internal Consumption
VN (VDC)

Voltage range (VDC)

24/30

18 to 33

48

38.5 to 52.5

60

45 to 66

110/125

82.5 to 137.5

220

165 to 242

Pre-arcing time for excitation

Internal consumption (mA)

Impedance per phase (kΩ)

De-excitation voltage (VDC)
between

20

12 and 18

32

44
18
13

24 and 34
30 and 42

94

55 and 77

200

110 and 154

> 500 ms

Contacts
Continuous current

8A

Overload capability

15 A

Switching power

15 A/4 s/ 110 VDC

Breaking power

0.3 A/110 VDC

Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-10 ºC +55 ºC

Storage temperature

-30 ºC +70 ºC

Max. humidity

93%/40 ºC

Weights and packaging
7PA30 1-phase

100 g

Carton

145x78x71 mm.

7XP9011-0

300 g

7XP9013-0

110 g

Design guidelines
Electrical tests according to

IEC 60255-27

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs
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Design guidelines
Insulation resistance

> 100 MΩ/500 VDC

Flame resistance
Plastics

UL94: V0

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60068-2

Dry cold, in operation

-10 ºC

Dry heat, in operation

+55 ºC

Storage and transportation

-30 ºC +70 ºC

EMC Tests
2.6

High-frequency test:

EN 60255-22-1

Test level: 1 MHz, 400 imp/s, 2 s
Common mode: 2.5 kV
Differential mode: 1 kV
Fast transient bursts

EN 61000-4-4

Test level: 4 kV, 2.5 kHz, 1 min•2 kV, 5 kHz, 1 min
Energy surge voltages

EN 61000-4-5

8/20 μs. (current) - 1.2/50 μs. (voltage) - 8/20 μs. (current)
Common mode: 2 kV - differential mode: 1 kV
Radiated HF field interference,

EN 61000-4-3

amplitude-modulated: Test level: 80-1000 MHz, 10 V/m, 80% AM (1 kHz)
Radiated HF field interference, pulse-modulated:

EN 61000-4-3

Test level: 900 ±5 MHz, 10 V/m, 50% (200 Hz) 1.89 GHz ±10 MHz, 10 V/m,
50% (200 Hz)
Line-conducted HF

EN 61000-4-6

amplitude-modulated: Test level: 0.15-80 MHz, 10 V, 80% AM (1 kHz)
Electrostatic discharge test: Test level:

EN 61000-4-2

Contact ±15 kV, air mode ±15 kV
Magnetic Field with Energy Frequency

EN 61000-4-8

Test level: 100 A/m 1 min•1000 A/m 1 s.
Emitted interference tests: Test level: Cover:

EN 55011 Class A

30-230 MHz, 40 dB (μV/m) (quasi peak) - 10 m
230-1000 MHz, 47 dB (μV/m) (quasi peak) - 10 m
Power supply:
0.15-0.5 MHz, 79 dB (μV) (quasi peak)/66 dB average
0.5-5 MHz, 73 dB (μV) (quasi peak)/60 dB average
5-30 MHz, 73 dB (μV) (quasi peak)/60 dB average
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Dimensions and Connections

2.6
[dw_7pa30-1phs_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.6/2 Dimensions and Installation Dimensions

[dw_7pa23_27_30-1phs_socket_for_surface-mounting, 1, en_US]

Figure 2.6/3 Surface-Mounting Base
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[dw_7pa30-1phs_socket_for_flush-mounting, 1, en_US]

Figure 2.6/4 Flush-Mounting Base
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[dw_7pa30-1phs_connection, 1, en_US]

Figure 2.6/5 Connections – Contacts for a de-energized Relay
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Trip-Circuit Supervision Relay – 7PA30 1-phase – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

1-phase Trip-circuit supervision relay with 2 change-over contacts

2

3

4

5

6

7

10

11

12

13

7 P A 3 0 □ 2 - □ A A

9

0

0

- □

▲

▲

▲

│

│

│

DC 24/30 V

1

│

│

DC 60 V

2

│

│

DC 110/125 V

3

│

│

DC 220 V

4

│

│

DC 48 V

8

│

│

│

│

1

│

Rated voltage

Number of phases
1-phase
2.6

8

Base

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

14

│
Without base

0

With base 7XP9011-0 (flush mounting)

1

With base 7XP9013-0 (surface mounting)

2
. . . . . . . .
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General
Trip-Circuit Supervision Relay – 7PA30 3-phase
Description
The 7PA30 3-phase relay is used to monitor the trip circuit of
circuit breakers with 3 phase-segregated trip coils.
The trip circuit wiring is supervised from the positive supply to
the negative supply whilst the circuit breaker is open or closed.
Applications
Due to the design and quality of the relays, their high durability
and functional reliability, the relays are ideally suited for application in critical control systems and ensure proper monitoring of
the entire trip circuit.
The high degree of protection ensures absolute reliability during
operation within a wide temperature range, even in harsh environmental conditions.
2.6

The relay has been tested according to IEC, EN and IEEE standards. It bears the CE marking.
The monitoring current is less than 1.4 mA and ensures that
there can be no failure of the trip coil.

[ph_7PA30-3, 1, --_--]

Figure 2.6/6 3-Phase Trip-Circuit Supervision Relay 7PA3042-3AA00

Proper operation is signaled via a green LED.
Technical Data
Rated Voltage and Internal Consumption
VN (VDC)

Voltage range (VDC)

Internal consumption (mA)

Impedance per phase (kΩ)

De-excitation voltage (VDC)
between

24/30

18 to 33

32

20

12 and 18

48

36 to 52.8

35

44

29 and 34

60

45 to 66

18

44

36 and 42

110/125

82.5 to 137.5

18

94

66 and 77

220

165 to 242

13

200

132 and 154

Pre-arcing time for excitation

> 500 ms

Contacts
Continuous current

8A

Overload capability

15 A

Switching power

15 A/4 s/ 110 VDC

Breaking power

0.3 A/110 VDC

Vmax, open-circuited contact

250 VDC/400 VAC

Mechanical endurance

107 switching cycles

Operating temperature

-10 ºC +55 ºC

Storage temperature

-30 ºC +70 ºC

Max. humidity

93%/40 ºC

Weights and packaging
7PA30 3-phase

165 g

Carton

150x124x84 mm

7XP9010-4

400 g

7XP9012-0

225 g

Design guidelines
Electrical tests according to

IEC 60255-27

Insulation

2 kV/50 Hz/1 min
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Trip-Circuit Supervision Relay – 7PA30 3-phase – Technical Data
Design guidelines
Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 100 MΩ/500 VDC

Flame resistance

2.6

Plastics

UL94: V0

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60068-2

Dry cold, in operation

-10 ºC

Dry heat, in operation

+55 ºC

Storage and transportation

-30 ºC +70 ºC

EMC Tests
High-frequency test:

EN 60255-22-1

Test level: 1 MHz, 400 imp/s, 2 s
Common mode: 2.5 kV
Differential mode: 1 kV
Fast transient bursts

EN 61000-4-4

Test level: 4 kV, 2.5 kHz, 1 min•2 kV, 5 kHz, 1 min
Energy surge voltages

EN 61000-4-5

8/20 μs. (current) - 1.2/50 μs. (voltage) - 8/20 μs. (current)
Common mode: 2 kV - differential mode: 1 kV
Radiated HF field interference,

EN 61000-4-3

amplitude-modulated: Test level: 80-1000 MHz, 10 V/m, 80% AM (1 kHz)
Radiated HF field interference, pulse-modulated:

EN 61000-4-3

Test level: 900 ±5 MHz, 10 V/m, 50% (200 Hz) 1.89 GHz ±10 MHz, 10 V/m,
50% (200 Hz)
Line-conducted HF

EN 61000-4-6

amplitude-modulated: Test level: 0.15-80 MHz, 10 V, 80% AM (1 kHz)
Electrostatic discharge test: Test level:

EN 61000-4-2

Contact ±15 kV, air mode ±15 kV
Magnetic Field with Energy Frequency

EN 61000-4-8

Test level: 100 A/m 1 min•1000 A/m 1 s.
Emitted interference tests: Test level: Cover:

EN 55011 Class A

30-230 MHz, 40 dB (μV/m) (quasi peak) - 10 m
230-1000 MHz, 47 dB (μV/m) (quasi peak) - 10 m
Power supply:
0.15-0.5 MHz, 79 dB (μV) (quasi peak)/66 dB average
0.5-5 MHz, 73 dB (μV) (quasi peak)/60 dB average
5-30 MHz, 73 dB (μV) (quasi peak)/60 dB average
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2.6
[dw_7pa30-3phs_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.6/7 Dimensions and Installation Dimensions

[dw_7pa30-3phs_socket_for_surface-mounting, 1, en_US]

Figure 2.6/8 Surface-Mounting Base
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[dw_7pa30-3phs_socket_for_flush-mounting, 1, en_US]

Figure 2.6/9 Flush-Mounting Base
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[dw_7pa30-3phs_connection, 1, en_US]

Figure 2.6/10 Connections - Contacts shown for a De-Energized Relay
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Trip-Circuit Supervision Relay – 7PA30 3-phase – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

3-phase Trip-Circuit Supervision Relay with 2 change-over contacts

2

3

4

5

6

7

10

11

12

13

7 P A 3 0 □ 2 - □ A A

9

0

0

- □

▲

▲

▲

│

│

│

DC 24/30 V

1

│

│

DC 60 V

2

│

│

DC 110/125 V

3

│

│

DC 220 V

4

│

│

DC 48 V

8

│

│

│

│

3

│

Rated voltage

Number of phases
3-phase
2.6

8

Base

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

14

│
Without base

0

With base 7XP9010-4 (flush mounting)

1

With base 7XP9012-0 (surface mounting)

2
. . . . . . . .
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General
Signal Relay – 7TS16
Description
7TS16 is a versatile signal relay with 4 inputs for signals. It has 4
local LED displays and 4 output contacts with auto-reset that can
be used in SCADA control systems. In addition, there are 2 diode
circuits.
A local or remote-control reset is possible via a separate input.
The reset must not be permanently switched.
Benefits

• High durability and functional guarantee
• Tests according to the latest standards: IEC, EN and with the
CE marking.

2.7
[ph_7TS16, 1, --_--]

Figure 2.7/1 Signal Relay 7TS16

Technical Data
Rated voltage and internal consumption
VN (VDC)

Voltage range (VDC)

Excitation voltage (VDC)

De-excitation voltage (VDC)

24/30

17 to 33

13.5 to 17

>6

110/125

77 to 137.5

60 to 77

> 35

220

154 to 242

103 to 154

> 65

Operating temperature

-10 °C +55 °C

Storage temperature

-30 °C +70 °C

Max. humidity

93%/40 °C

Pre-arcing time

<5 ms

Internal consumption
VN

Per switching procedure

During monitoring

For permanent, continuous
switching

For set LEDs

24/30

1 A/3 ms

0.5

21

1

110/125

3 A/3 ms

2

8

3

220

4 A/3 ms

3.5

6.5

5

Display

4 LEDs, stored until reset

Inputs

4 alarm/switch inputs
Input for remote reset
Push-button for local reset

Monostable outputs:

A direct output via diode, 2.5 A

Each for alarm/switch input:

An isolated change-over contact
An isolated make contact
A common output via diode (2.5 A; Vmax 220 VDC)

Contacts
Continuous current

8A

Overload capacity

15 A
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Contacts
Switching power ON

15 A/4 s/110 VDC

Switching capacity OFF

0.3 A/110 VDC

Weights and packaging
7TS16

165 g

Carton

150x124x84 mm

7XP9010-2

400 g

7XP9012-0

225 g

Design guidelines
Electrical tests according to

IEC 60255-27

Insulation

2 kV/50 Hz/1 min

Surge immunity

5 kV/1.2/50 μs

Insulation resistance

> 100 MΩ/500 VDC

Flame resistance
2.7

Plastics

UL94: V0

Protection class

IEC 60529, EN60529

Relays

IP40

Flush-mounting base

IP10

Surface-Mounting Base

IP10

Environmental conditions

IEC 60068-2

Dry cold, in operation

-10 ºC

Dry heat, in operation

+55 ºC

Storage and transportation

-30 ºC +70 ºC

EMC Tests
EMC tests

Standard

Immunity, industrial environment

IEC 61000-6-2
EN 61000-6-2

1 MHz immunity test

IEC 60255-22-1 / 1 kV / 2.5 kV

Emitted interference, industrial environment

IEC 61000-6-4
EN 61000-6-4
EN 55011/Class A

Dimensions and Connections

[dw_7ts16_dimensions_and_panel-mounting-cutout, 1, en_US]

Figure 2.7/2 Dimensions
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[dw_7pa30-3phs_socket_for_surface-mounting, 1, en_US]

Figure 2.7/3 Surface-Mounting Base
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[dw_7pa30-3phs_socket_for_flush-mounting, 1, en_US]

Figure 2.7/4 Flush-Mounting Base
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[dw_contact_without_aux_voltage, 1, en_US]

Figure 2.7/5 Connection Diagram – Contacts shown without Auxiliary
Voltage in the Relay
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Selection and Ordering Data
Description

Versions

Order No.
1

Signal relay with 4 LEDs

2

3

4

5

6

7

8

9

10

11

12

13

7 T S 1 6 □ 2 - 0 A A

0

0

- □

▲

▲

│

│

DC 24/30 V

1

│

DC 110/125 V

3

│

DC 220 V

4

│

Rated voltage

Base

2.7

5 x retaining bracket for auxiliary relay with
surface mounting base (1 required for each
relay/surface mounting base)

14

│
Without base

0

With base 7XP9010-2 (flush mounting)

1

With base 7XP9012-0 (surface mounting)

2
. . . . . . . .
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General
Isolating Transformer – 7XR95
Description
7XR95 is an isolating transformer for pilot wire differential
protection.
The isolating transformer provides galvanic separation between
the pilot wires and the relay.
Climate requirements according to previous standard DIN
40040:
HKG = -25 °C to +125 °C, relative air humidity: max. 75%; annual
average < 65 % on 60 days per year up to 85 % (evenly distributed over the year); condensation not permitted

[ph_7XR95, 1, --_--]

Figure 2.8/1 Isolating Transformer 7XR9516 (left), Isolating Transformer 7XR9515 (right)
Order no.

Isolating transformer

7XR9 513

for line differential protection
with 1 pair of pilot wires

Windings of the auxiliary current transformers
Isolating transformer 1:1, max. 550 V

Weight, ca.
5 kg

0.4 A continuous, 3 A 10 s, 10 A 1 s
Test voltage 20 kV, 50 Hz, 1 min
HKG

7XR9 515

for differential power protection with 1 pair of pilot wires

Isolating transformer 1:1, max. 450 V

2 kg

Test voltage 5 kV, 50 Hz, 1 min
HKG

7XR9 516

for communication converter
(for 7SA and 7SD, among
others)

Isolating transformer 1:1,

1.4 kg

max. test voltage: 20 kV, 50 Hz, 1 min

Table 2.8/1 Overview of the Isolating Transformer
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Isolating Transformer – 7XR95 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

2

3

4

5

6

7

8

9

10

11

Isolating transformer
For line differential protection
For communication converters 7XV5662-0AC00; for
example for 7SD61, 7SD52, 7SA6, 7SA522

Insulation voltage: 20 kV

7 X R 9 5 1 3

Insulation voltage: 5 kV

7 X R 9 5 1 5

Insulation voltage: 20 kV

7 X R 9 5 1 6

Dimensioned Drawings

2.8

[dw_7xr9516_isolating_transformer, 1, en_US]

Figure 2.8/4 Isolating Transformer 7XR9516 – Side View/Top View

[dw_7xr9513_isolating_transformer, 1, en_US]

Figure 2.8/2 Isolating Transformer 7XR9513

[dw_7xr9515_isolating_transformer, 1, en_US]

Figure 2.8/3 Isolating Transformer 7XR9515 – Side View/Top View
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Communication
Fiber-Optic Cables – 6XV8100/6XV8200
Overview

• Plastic fiber-optic duplex indoor cable (6XV8100-0DA)
• Glass fiber-optic duplex outdoor cable (6XV8100-0BD)
• Glass fiber-optic duplex indoor cable (6XV8100-0BE)
• Glass fiber-optic duplex outdoor cable for MTRJ connectors
(6XV8100-0BF)

• Glass fiber-optic duplex indoor cable for MTRJ connectors
(6XV8100-0BG)

• Glass fiber-optic duplex indoor cable (6XV8100-0CF)
• Fiber-optic set (6XV8200-0AA)
Applications
These fibre-optic cables are intended for use in industrial
systems and not for general/public buildings. They have not
been evaluated in terms of the Construction Products Regulation
(EU No. 305/2011).
You can find the selection and order data for fiber-optic cables
in the following tables.

[6XV8100, 1, --_--]

Figure 3.1/1 Example of a Fiber-Optic Cable

3.1
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Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

Plastic optical fiber duplex indoor cable

2

3

4

5

6

7

8

9

10

11

12

6 X V 8 1 0 0 - 0 D A ☐ 1

13

-

0

14

15

16

A ☐ ☐

▲

▲ ▲ ▲

Fiber type PMMA S980/1000

Connectors

│

│ │ │

PE wire sheath D0=2.2MM SW

FSMA connectors at each end

2

│ │ │

Petrol and alkalis

ST connectors at each end

4

│ │ │

One end, FSMA connectors; other end, ST
connectors

5

│ │ │

For simple mechanical loading
(84B00100S000, V-2x 1S980/1000PE by the
meter; weight: 8 g/m + 10 g each end with
connector)

│ │ │
10 meter lengths

│ │ │

Length: 0 m +

A │ │

Length: 10 m +

B │ │

Length: 20 m +

C │ │

Length: 30 m +

D │ │

Length: 40 m +

E │ │

Length: 50 m +

F │ │
│ │

Length: 0.5 m

A

5

Length: 1.0 m

B

0

Length: 1.5 m

B

5

Length: 2.0 m

C

0

Length: 2.5 m

C

5

Length: 3.0 m

D

0

Length: 3.5 m

D

5

Length: 4.0 m

E

0

Length: 5.0 m

F

0

Length: 6.0 m

G

0

Length: 7.0 m

H

0

Length: 8.0 m

J

0

Length: 9.0 m

K

0
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Selection and Ordering Data
Description

Versions

Order no.
1

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6 X V 8 1 0 0 - 0 B D ☐ ☐ - ☐ ☐ ☐ ☐

Glass optical fiber duplex outdoor cable

▲ ▲

▲ ▲ ▲ ▲

2 breakout elements,

Connectors

│ │

│ │ │ │

Fiber type: glass, 62.5/125 um,

Without

0

1

│ │ │ │

Halogen-free and flame-resistant,

1 end pre-assembled with an FSMA connector

1

1

│ │ │ │

Both ends pre-assembled with FSMA connectors

2

1

│ │ │ │

Pre-assembled with ST and LC connectors

3

1

│ │ │ │

Both ends pre-assembled with ST connectors

4

1

│ │ │ │

Prefabricated with FSMA and ST connectors

5

1

│ │ │ │

Suitable for indoor and outdoor use

Both ends prefabricated with LC connectors

6

1

│ │ │ │

(Base material: AT-VHBH 2G62,5/125)

Both ends prefabricated with FC/PC connectors

7

1

│ │ │ │

Length selection:

1 end prefabricated with FC/PC connector, other end
with LC connector

8

1

│ │ │ │

1 end prefabricated with ST connector, other end with
SC connector

1

2

│ │ │ │

Nonmetallic rodent protection,
Outer diameter: 9.2 mm, black,
Inner diameter: 2.5 mm, orange,

Increment is 10 m up to 490 m
Increment is 50 m from 500 m on
Custom lengths upon request from the
supplier

3.1

2

1)For

this version, add the short identifier
“N1A” to the order number.

100 meter lengths

│ │ │ │

Length: 0 m +

0 │ │ │

Length: 100 m +

1 │ │ │

Length: 200 m +

2 │ │ │

Length: 300 m +

3 │ │ │

Length: 400 m +

4 │ │ │

Length: 500 m +

5 │ │ │

Length: 600 m +

6 │ │ │

Length: 700 m +

7 │ │ │

Length: 800 m +
Length: 900 m +

8 │ │ │
1)

9 │ │ │

10 meter lengths

│ │ │

Length: 0 m +

A │ │

Length: 10 m +

B │ │

Length: 20 m +

C │ │

Length: 30 m +

D │ │

Length: 40 m +

E │ │

Length: 50 m +

F │ │

Length: 60 m +

G │ │

Length: 70 m +

H │ │

Length: 80 m +

J

Length: 90 m +

K │ │

│ │

1 meter lengths

│ │

Length: 0 m +

A │

Length: 1 m +

B │

Length: 2 m +

C │

Length: 3 m +

D │

Length: 4 m +

E │

Length: 5 m +

F │

Length: 6 m +

G │

Length: 7 m +

H │

Length: 8 m +

J

Length: 9 m +

K │

│

1000 meter lengths

│

Length: 0 m +

0

Length: 1000 m +

1

Length: 2000 m +

2
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Selection and Ordering Data
Description

Versions

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

6 X V 8 1 0 0 - 0 B E ☐ ☐ - ☐ ☐ ☐ 0

Glass optical fiber duplex indoor cable

▲ ▲

▲ ▲ ▲

2 breakout elements,

Connectors

│ │

│ │ │

Fiber type: glass, 62.5/125 um,

Without

0

1

│ │ │

Halogen-free and flame-resistant,

1 end pre-assembled with an FSMA connector

1

1

│ │ │

Outer diameter: 2.8 x 4.5 mm, orange

1 end prefabricated with FSMA connector,
other end with SC connector

1

2

│ │ │

Inner diameter: 1.7 mm, orange, number
printing

1 end prefabricated with FSMA connector,
other end with LC connector

1

3

│ │ │

For indoor use

Both ends prefabricated with LC connectors

1

4

│ │ │

(Base material: I-VHH 2x1xG62.5/125)

1 end prefabricated with FSMA connector,
other end with FC/PC connector

1

5

│ │ │

1 end prefabricated with ST connector, other
end with SC connector

1

6

│ │ │

1 end prefabricated with ST connector, other
end with LC connector

1

7

│ │ │

1 end prefabricated with ST connector, other
end with E2000 connector

1

8

│ │ │

Length selection:
Increment is 1 m up to 49 m
Increment is 10 m from 50 m on
Custom lengths upon request from the
supplier
1) Please

note: For this version, add the short
identifier “N1A” to the order number.

│ │

│ │ │

Both ends pre-assembled with FSMA connectors

2

1

│ │ │

1 end pre-assembled with ST connector

3

1

│ │ │

Both ends pre-assembled with ST connectors

4

1

│ │ │

1 end prefabricated with FSMA connector,
other end with ST connector

5

1

│ │ │

1 end prefabricated with FSMA/K connector,
other end with ST connector

6

1

│ │ │

Both ends prefabricated with FSMA/K connectors

7

1

│ │ │

8

Both ends prefabricated with FC/PC connectors

1

│ │ │

│ │

│ │ │

Both ends pre-assembled with SC connector,
crossed

2

2

│ │ │

Both ends prefabricated with E2000 connectors

2

3

│ │ │

1 end prefabricated with FC/PC connector,
other end with LC connector

2

4

│ │ │

1 end prefabricated with SC connector, other
end with LC connector

2

5

│ │ │

1 end prefabricated with ST connector, other
end with FC/PC connector

2

6

│ │ │

Both ends prefabricated with ST connectors
and angled optical fiber

2

7

│ │ │

100 meter lengths

│ │ │

Length: 0 m +

0 │ │

Length: 100 m +

1 │ │

Length: 200 m +

2 │ │

Length: 300 m +

3 │ │

Length: 400 m +

4 │ │

Length: 500 m +

5 │ │

Length: 600 m +

6 │ │

Length: 700 m +

7 │ │

Length: 800 m +
Length: 900 m +
Continued on next page

16

8 │ │
1)

9 │ │
│ │
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3.1

Communication
Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Description

Versions

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Continued

▲ ▲
│ │

3.1

16

6 X V 8 1 0 0 - 0 B E ☐ ☐ - ☐ ☐ ☐ 0

Glass optical fiber duplex indoor cable

10 meter lengths

│ │

Length: 0 m +

A │

Length: 10 m +

B │

Length: 20 m +

C │

Length: 30 m +

D │

Length: 40 m +

E │

Length: 50 m +

F │

Length: 60 m +

G │

Length: 70 m +

H │

Length: 80 m +

J

Length: 90 m +

K │

│

1 meter lengths

│

Length: 0 m +

A

Length: 1 m +

B

Length: 2 m +

C

Length: 3 m +

D

Length: 4 m +

E

Length: 5 m +

F

Length: 6 m +

G

Length: 7 m +

H

Length: 8 m +

J

Length: 9 m +

K
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Communication
Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Glass optical fiber duplex outdoor cable for MTRJ connectors

2

3

4

5

6

7

8

9

10

6 X V 8 1 0 0 - 0 B F

11

12

☐ 1

13

14

15

16

- ☐ ☐ ☐ ☐

▲

▲ ▲ ▲ ▲

Optical fiber duplex outdoor cable for data,

Connectors

│

│ │ │ │

2 breakout elements, fiber Glass, 62.5/125
um,

1 end prepared for MTRJ connector, other end
for FSMA/K connector

1

│ │ │ │

Halogen-free and flame-resistant,

1 end prepared for MTRJ connector, other end
for ST connector

2

│ │ │ │

Both ends prepared for MTRJ connectors

3

│ │ │ │

Nonmetallic rodent protection,
Outer diameter: 8.3 mm, black,

│ │ │ │

Inner diameter: 1.8 mm, orange,

100 meter lengths

│ │ │ │

Suitable for indoor and outdoor use

Length: 0 m +

0 │ │ │

(Base material: AT-VHBH 2G62.5/125)

Length: 100 m +

1 │ │ │

Length: 200 m +

2 │ │ │

Length: 300 m +

3 │ │ │

Length: 400 m +

4 │ │ │

Length: 500 m +

5 │ │ │

Length: 600 m +

6 │ │ │

Length: 700 m +

7 │ │ │

Length selection:
Increment is 10 m up to 490 m
Increment is 50 m from 500 m on
Custom lengths upon request from the
supplier
1) Please

note: For this version, add the short
identifier “N1A” to the order number.

Length: 800 m +
Length: 900 m +

8 │ │ │
1)

9 │ │ │

10 meter lengths

│ │ │

Length: 0 m +

A │ │

Length: 10 m +

B │ │

Length: 20 m +

C │ │

Length: 30 m +

D │ │

Length: 40 m +

E │ │

Length: 50 m +

F │ │

Length: 60 m +

G │ │

Length: 70 m +

H │ │

Length: 80 m +

J

Length: 90 m +

K │ │

│ │

1 meter lengths

│ │

Length: 0 m +

A │

Length: 1 m +

B │

Length: 2 m +

C │

Length: 3 m +

D │

Length: 4 m +

E │

Length: 5 m +

F │

Length: 6 m +

G │

Length: 7 m +

H │

Length: 8 m +

J

Length: 9 m +

K │

│

1000 meter lengths

│

Length: 0 m +

0

Length: 1000 m +

1

Length: 2000 m +

2
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3.1

Communication
Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Glass optical fiber duplex indoor cable for MTRJ connectors

3

4

5

6

7

8

9

10

11

12

6 X V 8 1 0 0 - 0 B G ☐ 1

13

14

15

▲ ▲ ▲

Connectors

│

│ │ │

Fiber type: glass, 62.5/125 um,

1 end prepared for MTRJ connector, other end
for FSMA/K connector

1

│ │ │

1 end prepared for MTRJ connector, other end
for ST connector

2

│ │ │

Both ends prepared for MTRJ connectors,
physically crossed

3

│ │ │

1 end prepared for MTRJ connector, other end
for SC connector

4

│ │ │

1 end prepared for MTRJ connector, other end
for LC connector

5

│ │ │

Both ends prepared for MTRJ connectors,
physically uncrossed

6

│ │ │

Outer diameter: 2.8 x 4.5 mm, orange
Inner diameter: 1.8 mm, orange,
Inner diameter: 1.7 mm, orange,
number printing. For indoor use
(Base material: I-VHH 2x1xG62.5/125)
Length selection:
Increment is 1 m up to 49 m
Increment is 10 m from 50 m on
Custom lengths upon request from the
supplier
1) Please

note: For this version, add the short
identifier “N1A” to the order number.

│ │ │
100 meter lengths

│ │ │

Length: 0 m +

0 │ │

Length: 100 m +

1 │ │

Length: 200 m +

2 │ │

Length: 300 m +

3 │ │

Length: 400 m +

4 │ │

Length: 500 m +

5 │ │

Length: 600 m +

6 │ │

Length: 700 m +

7 │ │

Length: 800 m +
Length: 900 m +

8 │ │
1)

9 │ │

10 meter lengths

│ │

Length: 0 m +

A │

Length: 10 m +

B │

Length: 20 m +

C │

Length: 30 m +

D │

Length: 40 m +

E │

Length: 50 m +

F │

Length: 60 m +

G │

Length: 70 m +

H │

Length: 80 m +

J

Length: 90 m +

K │

1 meter lengths

│

Length: 0 m +

│

A

Length: 1 m +

B

Length: 2 m +

C

Length: 3 m +

D

Length: 4 m +

E

Length: 5 m +

F

Length: 6 m +

G

Length: 7 m +

H

Length: 8 m +

J

Length: 9 m +

K
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16

- ☐ ☐ ☐ 0

▲
2 breakout elements,
Halogen-free and flame-resistant,

3.1

2

Communication
Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

2

3

4

5

6

7

8

9

10

6 X V 8 1 0 0 - 0 C F

Glass optical fiber duplex indoor cable

11

12

13

14

15

☐ ☐ - ☐ ☐ ☐ 0
▲ ▲

▲ ▲ ▲

2 breakout elements,

Connectors

│ │

│ │ │

Fiber type: glass, E9/125 um,

Without

0

1

│ │ │

Halogen-free and flame-resistant,

1 end pre-assembled with ST connector, other
end with SC connector

1

1

│ │ │

1 end prefabricated with ST connector, other
end with LC connector

1

2

│ │ │

For indoor use/differential protection

1 end prefabricated with FC/PC connector,
other end with SC connector

2

1

│ │ │

(Base material: I-VHH 2x1xE9/125)

1 end pre-assembled with ST connector

3

1

│ │ │

Both ends pre-assembled with ST connectors

4

1

│ │ │

Both ends prefabricated with LC connectors

5

1

│ │ │

1 end pre-assembled with FC/PC connector

6

1

│ │ │

Both ends prefabricated with FC/PC connectors

7

1

│ │ │

1 end pre-assembled with FC/PC connector,
other end with ST connector

8

1

│ │ │

Outer size diameter = 3.9 x 6.8 mm, yellow,
Inner size diameter = 2.8 mm, red + green,
number printing

Length selection:
Increment is 1 m up to 49 m
Increment is 10 m from 50 m on
Custom lengths upon request from the
supplier
1) Please

note: For this version, add the short
identifier “N1A” to the order number.

│ │

│ │ │

1 end pre-assembled with E2000 connector

1

3

│ │ │

1 end prefabricated with E2000 connector,
other end with ST connector

1

4

│ │ │

1 end prefabricated with E2000/APC 8°
connector, other end with ST connector

1

5

│ │ │

1 end prefabricated with FC/PC connector,
other end with LC connector

1

6

│ │ │

1 end prefabricated with SC connector, other
end with LC connector

1

7

│ │ │

1

Both ends prefabricated with SC connectors

8

│ │ │

│ │

│ │ │

1 end prefabricated with DIN connector, other
end with LC connector

2

2

│ │ │

1 end prefabricated with SC/APC 9° connector,
other end with LC connector

2

3

│ │ │

1 end prefabricated with SC/APC 9° connector,
other end with ST connector

2

4

│ │ │

1 end prefabricated with E2000/APC 8°
connector, other end with ST connector

2

5

│ │ │

100 meter lengths

│ │ │

Length: 0 m +

0 │ │

Length: 100 m +

1 │ │

Length: 200 m +

2 │ │

Length: 300 m +

3 │ │

Length: 400 m +

4 │ │

Length: 500 m +

5 │ │

Length: 600 m +

6 │ │

Length: 700 m +

7 │ │

Length: 800 m +
Length: 900 m +
Continued on next page

16

8 │ │
1)

9 │ │
│ │

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 79

3.1

Communication
Fiber-Optic Cables – 6XV8100/6XV8200 – Selection and Ordering Data
Description

Versions

Order no.
1

2

3

4

5

6

7

8

9

10

6 X V 8 1 0 0 - 0 C F

Glass optical fiber duplex outdoor cable

11

12

13

14

15

16

☐ ☐ - ☐ ☐ ☐ 0

Continued

▲ ▲
│ │

3.1

10 meter lengths

│ │

Length: 0 m +

A │

Length: 10 m +

B │

Length: 20 m +

C │

Length: 30 m +

D │

Length: 40 m +

E │

Length: 50 m +

F │

Length: 60 m +

G │

Length: 70 m +

H │

Length: 80 m +

J

Length: 90 m +

K │

│

1 meter lengths

│

Length: 0 m +

A

Length: 1 m +

B

Length: 2 m +

C

Length: 3 m +

D

Length: 4 m +

E

Length: 5 m +

F

Length: 6 m +

G

Length: 7 m +

H

Length: 8 m +

J

Length: 9 m +

K

Selection and Ordering Data
Description

Versions

Order no.
1

Optical fiber set

2

10

11

12

6 X V 8 2 0 0 - 0 A A

0

0

For connecting devices with FSMA
Connector sockets to existing optical fiber structures with ST sockets.
Contains: GLASS FIBER-OPTIC DUPLEX indoor cable (1 m) 6XV8100-0BE51-0AB0 FSMA/ST and
2 FSMA/FSMA bus couplers
For devices of the old hardware version with FSMA connector sockets
Application for optical components:

• 7XV5450 mini star coupler
• 7XV5550 active mini star coupler
• 7XV5652 optical fiber RS232
• 7XV5650/51 optical fiber RS485

And applications for SIMEAS components 7KE6000-8A:

• SIMEAS HUB
• SIMEAS sync transceiver with FSMA connection
• SIMEAS Ethernet transceiver with FSMA connection
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3

4

5

6

7

8

9

-

13

14

15

16

0

A

A

0

Communication
Ethernet Patch Cable – 7KE6000
Description
Ethernet patch cable 7KE6000, double shielded (SFTP) and LAN
connector at both ends.
Cable Overview

• Ethernet Y-adaptor cable (7KE6000-8GD)
• Connecting cable for current channels (7KE6000-8GA)
• Connecting cable for voltage channels (7KE6000-8GB)
• Connecting cable for binary inputs (7KE6000-8GC)
• Ethernet patch cable, double shielded (SFTP), with LAN
connector at both ends (7KE6000-8GD)

• Ethernet patch cable, double shielded (SFTP), crossed, LAN
connector at both ends (7KE6000-8GE)

You can find the selection and order data for Ethernet patch
cables on the following pages.

[ph_7KE6000, 1, --_--]

Figure 3.2/1 Example of an Ethernet Patch Cable

3.2
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Communication
Ethernet Patch Cable – 7KE6000 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1 2 3 4 5 6 7

Ethernet Y-adaptor

8 9

10

11

12

13

14

15

16

Short code

7 K E 6 0 0 0 - 8G D

0

0 - 0

B

A

2

7 K E 6 0 0 0 - 8G A

0

0 - 0 ☐ ☐ ☐ - ☐ ☐ ☐

1 LAN connector – 2 LAN sockets
0.2 m for cascading devices with integrated switch function, for example, 7XV567
Connecting cable for current channels

▲ ▲ ▲

▲ ▲ ▲

A │ │

│││

With end sleeves on one end

B │ │

│││

With end sleeves on both ends

C │ │

│││

│ │

│││

Line, 8-wire, 2.5 mm2
For 4 current channels
Please note:
Minimum order length: 2 m

3.2

Without packaging

Without core marking and tagging

A │

│││

With core marking and tagging

B │

│││

│

│││

Length: 2 m

2

│││

Length: 3 m

3

│││

Length: 4 m

4

│││

Length: 5 m

5

│││

Length: 6 m

6

│││

Length: 7 m

7

│││

Length: 8 m

8

│││

Length: 9 m

9

R 1 A

Special lengths (specify length in
plain text)

9

R 1 Y

Connecting cable for voltage channels

7 K E 6 0 0 0 - 8G B

For 4 voltage channels
Please note:
Minimum order length: 2 m

0

0 - 0 ☐ ☐ ☐ - ☐ ☐ ☐
▲ ▲ ▲

▲ ▲ ▲

A │ │

│││

With end sleeves on one end

B │ │

│││

With end sleeves on both ends

C │ │

│││

│ │

│││

Line, 8-wire, 0.75 mm2
Without packaging

Without core marking and tagging

A │

│││

With core marking and tagging

B │

│││

│

│││

Length: 2 m

2

│││

Length: 3 m

3

│││

Length: 4 m

4

│││

Length: 5 m

5

│││

Length: 6 m

6

│││

Length: 7 m

7

│││

Length: 8 m

8

│││

Length: 9 m

9

R 1 A

Special lengths (specify length in
plain text)

9

R 1 Y
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Communication
Ethernet Patch Cable – 7KE6000 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1 2 3 4 5 6 7

Connecting cable for binary inputs

8 9

1

1

1

1

1

1

1

0

1

2

3

4

5

6

7KE6000 - 8G C 0 0 - 0 ☐ ☐ ☐ - ☐☐☐

Line, 32-wire, 0.25 mm2
Please note: Minimum order length: 2 m

Without packaging

▲ ▲ ▲

A ││

│││

B ││

│││

With end sleeves on both ends

C ││

│││

││

│││

Without core marking and
tagging

A │

│││

With core marking and tagging

B │

│││

│

│││

Length: 2 m

2

│││

Length: 3 m

3

│││

Length: 4 m

4

│││

Length: 5 m

5

│││

Length: 6 m

6

│││

Length: 7 m

7

│││

Length: 8 m

8

│││

Length: 9 m

9

R 1 A

Special lengths (specify length
in plain text)

9

R 1 Y

7KE6000 - 8G D 0 ☐ - ☐ A A ☐
▲

▲

▲

Length: 0.5 m

0

0

5

Length: 1 m

0

1

0

Length: 2 m

0

2

0

Length: 3 m

0

3

0

Length: 5 m

0

5

0

Length: 10 m

1

0

0

Length: 15 m

1

5

0

Length: 20 m

2

0

0

SIMEAS ↔ HUB

Ethernet patch cable, double shielded (SFTP), crossed, LAN connector at both ends
HUB ↔ HUB
SIMEAS R ↔ PC

▲ ▲ ▲
With end sleeves on one end

Ethernet patch cable, double shielded (SFTP), LAN connectors at both ends
HUB ↔ PC

Short code

7KE6000 - 8G E 0 ☐ - ☐ A A ☐
▲

▲

▲

Length: 0.5 m

0

0

5

Length: 1 m

0

1

0

Length: 2 m

0

2

0

Length: 3 m

0

3

0

Length: 5 m

0

5

0

Length: 10 m

1

0

0

Length: 15 m

1

5

0

Length: 20 m

2

0

0
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3.2

Communication
Serial DIGSI Cable – 7XV5100
Description/Overview
Serial RS232 communication cables (wire/optical fiber)

• 7XV5100-0/BB – PC/PG, 25-pole, to the 25-pole protection

device
The serial connecting cable connects a serial 25-pole PC interface (for example, COM1) or a PG 685 interface to a protection device with a 25-pole user interface.

• 7XV5100-1 – PG 750 to 25-pole protection device

The serial connecting cable connects a serial 25-pole PG 750
interface with a connector plug to a protection device with a
25-pole user interface.

• 7XV5100-2 – PC/PG to 25-pole protection device

The serial connecting cable connects a serial 9-pole PC interface with a male connector (for example, COM1) or a PG
interface to a protection device with a 25-pole user interface.

• 7XV5100-3 – PG 750 (COM2) to the 1604 plotter

The serial connecting cable connects a serial 9-pole PG 750
interface COM2 to a 1604 plotter with HP emulation with a
25-pole connector plug.

• 7XV5100-4 – (/BB) PC/PG, 9-pole, to the 9-pole protection

3.3

device (DIGSI 4 cable)
The serial connecting cable (DIGSI 4 cable) connects a serial 9pole PC interface with a male connector (for example, COM1)
or a PG interface to a protection device with a 9-pole user
interface.
The following devices have such an interface: 7SJ531, 7SJ602
and all SIPROTEC 4 devices such as 7SA522, 7SA6x,
7SJ61/62/63, and 6MD6x
The shielding has been changed in the 7XV5100-0 cable,
version/BB. The cable shield is no longer connected to “GND"
but instead to the connector housings at both ends.

• 7XV5100-4 – (/BB) Other applications

The following devices have the same pin assignment as the
protection device with the 9-pole interface and can also be
connected to a PC or laptop computer using this cable:
– (Mini) star coupler 7XV5300, 7XV5450
– Active mini star coupler 7XV5550

– RS232-optical fiber converter 7XV5652

• 7XV5100-8H – 9/25-pole adaptor to the 7XV5100-4 cable

If this 9/25-pole adaptor is connected to the 9-pole male
connector of the 7XV5100-4 (/BB) cable, protection devices
with a 25-pole user interface can also be connected to the PC/
laptop computer using this cable.

• 7XV5100-4A – PC/PG, 9-pole, to the local interface of the

7XV5500 channel switch
The serial connecting cable connects the PC to the local interface of the 7XV5500 channel switch.

[ph_7XV5100, 1, --_--]

Figure 3.3/1 7XV5100 Serial DIGSI 4 Cable

• 7XV5100-5 – PC / PG, 25-pole, to the 9-pole protection device

The serial connecting cable connects a serial 25-pole PC interface with a male connector (for example, COM1) to a protection device with a 9-pole user interface. The following devices
have such an interface: 7SJ531, 7SJ602 and all SIPROTEC 4
devices, for example the 7SA522, 7SA6x, 7SJ61/62/63, and
6MD6x.

• 7XV5100-6 – serial RS232 cable with galvanic separation via

the fiber-optic cable
These cables connect the PC to the protection device in an
isolated manner with extremely high noise immunity via fiberoptic cables. The RS232 level is converted to light using what
are known as "self-sufficient units" without an additional
power supply by using the auxiliary voltage from the data
signals. To do this, the interface of the connected device
(even a laptop computer running on batteries) must supply at
least +/- 5 V signals. Baud rates up to 115 kB are then possible.

Applications
Application note for the 7XV5100-4 – (/BB) PC/PG, 9-pole, to the
9-pole protection device (DIGSI 4 cable)
If the 9/25-pole adaptor is connected to the 9-pole male
connector of the 7XV5100-4 cable, protection devices with a
25-pole user interface can also be connected to the PC/laptop
computer using this cable.

84 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

Communication
Serial DIGSI Cable – 7XV5100 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

Copper connecting cable between
Laptop computer/PC/9-pole socket and protection
device/25-pole plug, length: 3 m

7 X V 5 1 0 0 - 2

Laptop computer/PC/9-pole socket and protection
device/9-pole plug, length: 3 m

7 X V 5 1 0 0 - 4

Laptop computer/PC/25-pole socket and protection
device/9-pole plug, length: 3 m

7 X V 5 1 0 0 - 5

RS232/RS485 converter/25-pole connector and
protection device/single wire ring cable protection,
length: 1 m

7 X V 5 1 0 0 - 7

Plug adaptor, 9-pole socket/25-pole connector to the
DIGSI 7XV5100-4 cable (9-pole) for the protection
7 X V 5 1 0 0 - 8 H
unit with 25-pole interface at the front

3.3
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Communication
RS485 Bus System – 7XV5103
Description
The RS485 bus is a cost-effective half-duplex communications
bus that is not only used for the monitoring and control of
industrial plants, but, thanks to its high immunity, is also
increasingly employed by utilities for SCADA and protection
applications in switchgear. Protocols such as DIGSI,
IEC 60870-5-103, DNP3, and Modbus up to 115 Kbps are used
between one master and up to 31 slave devices, using a
shielded twisted-pair cable (STP). Under ideal conditions, the
bus can be up to 1000 m long. This requires the correct bus
configuration, the use of suitable cables and connections, and
the right bus termination. Devices with different termination
methods require special adaptors to achieve the maximum
possible immunity. The RS485 bus systems 7XV5103 are optimized in this respect for our instrumentation, control, and
power-system protection product family.
There are a 2 different RS485 bus systems under the order identifier 7XV5103.
When assembling the required components for an RS485 bus,
the respective application examples in this document can be
used as a guide.
The bus system with 9-pole D-sub connectors has long been
used in systems with SIPROTEC protection devices, 7XV5
converters, and central units. The individual devices are
connected directly using a special Y-cable or a suitable adaptor
cable for devices with different termination methods. The bus
terminates in a 9-pole D-sub bus termination plug with an integrated 220-ohm resistor.
3.4

In some SIPROTEC devices, the serial signals are routed to the
RJ45 sockets on the communication module, as, for example, in
the case of the redundant IEC 60870-5-103 module. There, the
bus is constructed using double-shielded CAT 5 patch cables.
The individual devices are connected to the 2 redundant buses
using 2 special Y-adaptor cables each. The buses terminate at
one RJ45 bus termination connector each with a 120-ohm
resistor.
Using the 7XV5103-2BA00 Y-adaptor cable, it is also possible to
combine both bus systems with the different device interfaces
or to combine the two systems.
Benefits

• For data transmission up to 115 Kbps

(for example, DIGSI 4, IEC 60870-5-103, DNP3)

• Variable bus topology with shielded cables of different
lengths

• Metalized, shielded connector housings with reduced flushmounting depth and strain relief

• Bus termination with terminators and integrated resistor
• Connection of the SIPROTEC 4 protection device to the redun-

[ph_7XV5103_RS485, 1, --_--]

Figure 3.4/1 RS485 Bus Cable System 7XV5103

• It is possible to combine both bus systems.
• The maximum length of the bus within one common
grounding system is 1000 m.

Keep in mind that this system may not be used for PROFIBUS DP.
This has its own bus system using components suitable for
PROFIBUS.
Applications
The bus system with 9-pole D-sub connector plugs
The bus system with 9-pole D-sub bus termination plugs has
long been used in systems with SIPROTEC protection devices,
7XV5 converters, and central units from Siemens. Individual
devices and devices with different connection types are
connected directly via special Y-cables or suitable adaptor
cables. The bus terminates in a 9-pole D-sub bus termination
plug with an integrated 220-ohm resistor.
Application Examples
Example 1: SIPROTEC Protection Devices on the RS485 Bus
The 9-pole male connector of the S1 Y-bus cable always comes
from the master and connects to the slaves via a 1, 3, 5 or 10 m
long cable and a 9-pole S2 male connector. The S2 connector is
equipped with a 20-centimeter long cable and a 9-pole B3
socket to extend the bus. The compact protection devices are
directly connected with the B2 socket or an RS485 adaptor
7XV5103-3AA00 via the adaptor cable 7XV5103-2AA00. After
the last device, a terminator 7XV5103-5AA00 is connected using
a B3 plug to terminate the bus.

dant IEC 60870-5-103 interface via a Y-adaptor cable and
RJ45 plug

• Connection of the SIPROTEC 4 protection devices to the RS485
interface and D-sub connector plug directly or via a Y-adaptor
cable

• Connection to miscellaneous RS485 converters, for example,
the 7XV5650/51
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• Adaptors/cables for compact protection devices
• Metalized plug housings with strain relief of the cable connections

• Compact plugs
• Data transmission up to 115 Kbps (for example, DIGSI,
IEC 60870-5/Association of German Power Plants)

• Maximum extension of the bus to 800 m within one common
ground system

• Bus termination with terminators and integrated 120-ohm
resistor

• Connection to the fiber-optic RS485 converter 7XV5650 or
the bus system with D-sub connector plugs via Y-adaptors.

Notes on configuring the RS485 bus system (see Application
examples 2 and 3)

[dw_SIP4_Prot-device_RS485-Bus_Abb13-36, 1, en_US]

Figure 3.4/2 SIPROTEC Protection Devices on the RS485 Bus

Bus System with RJ45 Patch Cables
The bus system with RJ45 plugs has been developed specifically
for SIPROTEC devices for communication modules with serial
RJ45 plugs and is made using cost-effective double shielded CAT
5 patch cables.
The individual devices are connected to the 2 redundant buses
via 2 special Y-adaptor cables each. The buses terminate with
one RJ45 bus termination plug having an integrated 120-ohm
resistor.

The housings of all devices connected to the bus must be rigidly
grounded via one common ground to prevent hazardous ground
currents from flowing via the cable shields
Longer distances, especially into a different building with its
own grounding system, should be handled preferably using
fiber-optic cables via converters (for example, 7XV5650/51).
The RS485 bus must be linear. This means that there must be no
feeders from the bus (for example, a terminal block) to the
connected bus devices. This would create a star topology and
have a negative effect on functionality.
Only double-shielded CAT 5 patch cables (for example,
7KE6000) can be used as bus cables. The maximum bus length
must not exceed 800 m.
The bus must be terminated at the first device (usually the
master) and at the last device using a bus load resistor to avoid
interference due to reflection. No other load resistors can be
installed between these terminations.
Since all devices, a maximum of 32 (including the master), pick
up everything on the RS485 bus, all these devices on the bus
must be set to the same baud rate and the same data format. All
slaves must have different device addresses.
Within the system, only one master can be active at a time in
each bus and only one slave can respond.

[7XV5103_mo_ad, 1, --_--]

Figure 3.4/3 Bus System with RJ45 Patch Cables

Technical Data

• Cost-effective bus topology using shielded patch cables (CAT
5) with RJ45 plugs

• Cable lengths from 0.5 to 20 m (7KE6000-8G)
• Connecting SIPROTEC 4 protection devices to redundant

IEC 60870-5-103 interfaces using Y-adaptor with RJ45 plugs

• Connecting SIPROTEC 4 protection devices to RS485 interface
via a Y-cable to the D-sub connector plug

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 87

3.4

Communication
RS485 Bus System – 7XV5103
Example 2: Connection of a SIPROTEC 4 to a (Redundant)
Control System

Example 3: Central Operation of SIPROTEC 4 Devices with
DIGSI 4

[dw_central-operating-sip4-dev-with-digsi4, 1, en_US]

Figure 3.4/5 Central Operation of SIPROTEC 4 Devices with DIGSI 4

[dw_SIP4_control-system_redundant, 1, en_US]

Figure 3.4/4 Connection of a SIPROTEC 4 to a (Redundant) Control
System

3.4

The RS485 bus cable system using patch cables (CAT 5) was
developed as a cost-effective alternative to the earlier 7XV5103
systems with D-sub connector plugs. The advantages are the
global use of patch cables and the compact dimensions of the
RJ45 plug. This allows a redundant IEC 60870-5-103 interface
with a single interface module within a SIPROTEC 4 device.
Two different Y-adaptors make it possible to implement an
RS485 bus using patch cables and connection to devices with
RS485 interfaces and different types of interface connections.
Both Y-adaptors have 2 parallel RJ45 sockets to implement the
buses. The approx. 20 cm long connecting cable to the device
has either one RJ45 or one D-sub connector plug.
Devices with D-sub connector plugs (for example, master RTU,
7XV5650/51, SIPROTEC 4 devices with D-sub are connected
using the 7XV5103-2BA00 Y-adaptor. Devices with RJ45 plugs,
such as the SIPROTEC 4 with redundant IEC 60870-5-103 interface, are connected using the 7XV5103-2CA00 Y-adaptor. For
the redundant bus system, 2 Y-adaptors are necessary for each
SIPROTEC 4 device.

The RS485 bus cable system using patch cables (CAT 5) was
developed as a cost-effective alternative to the earlier 7XV5103
systems with D-sub connector plugs. The advantages are the
global use of patch cables and the compact dimensions of the
RJ45 connector.
The 7XV5103-2BA00 Y-adaptor makes it possible to implement
an RS485 bus using patch cables and to connect various
SIPROTEC devices with RS485 interfaces. The Y-adaptors have 2
parallel RJ45 sockets to implement the buses. The approx.
20 cm long connecting cable to the device has one RJ45 plug
with the corresponding pin assignment.
Devices with an RS485 interface and D-sub connector plugs
(7XV5650/51, SIPROTEC 4 devices with D-sub) are connected
using the 7XV5103-2BA00 Y-adaptor.
Devices with an RS485 interface on screw plugs require an additional adaptor for 9-pole D-sub connector plugs to singleconductor cables, for example, 7XV5103-2AA00 or
7XV5103-3AA00.
After the last device, the bus is terminated using a
7XV5103-5BA00 bus termination plug.

After the last device, the bus is terminated using a
7XV5103-5BA00 bus termination plug. For the redundant bus
system, a bus load resistor is needed for each bus.
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Example 4: Connecting two 7XV5103 Bus Systems

[dwserma1-030211-04.tif, 1, en_US]

Figure 3.4/7 Cabling Example SIPROTEC 4 and SIPROTEC 5, Communication with a Single Master Using an RS485 Bus

Technical Data and Summary

• Direct connection to SIPROTEC 4 protection devices with
RS485 interface via an RS485 optical fiber converter
7XV5650/51

[dw_terminal_2_busy-system-7xv5103, 1, en_US]

Figure 3.4/6 Connecting two 7XV5103 Bus Systems

The 7XV5103-2BA00 Y-adaptor makes it possible to configure
an RS485 bus using RJ45 patch cables and to connect SIPROTEC
devices with an RS485 interface via a D-sub connector plug.
Using an additional gender-changer (socket-socket) makes it
possible to connect a RS485 bus using a 7XV5103-0AAxx Y bus
cable instead of a SIPROTEC device.
Example 5: Connecting the SIPROTEC 5 Series to Devices
from the SIPROTEC 4 Series
Serial electrical RS485 connections of devices in the SIPROTEC 5
series can be cabled with low-cost Ethernet patch cables. Special
bus cables and adaptors are not needed.
Pay attention to the following if you include devices from the
SIPROTEC 4 series in the connection:

• Adaptors/cables for compact protection devices with RS485
interface to terminals

• 4 cable lengths from 1 to 10 m
• Shielded twisted-pair cable (STP) with 9-pole D-SUB connector
plug

• Metalized, shielded connector housings with reduced flushmounting depth and strain relief

• Data transmission up to 115 Kbps (for example, DIGSI,
IEC 60870-5/Association of German Power Plants)

• The maximum length of the bus within one common
grounding system is 1000 m.

• Bus termination with terminators and integrated 220-ohm
resistor

The RS485 interface in devices of the SIPROTEC 4 series is a Dsub 9 connection with a connected terminal resistor. If you
connect devices from the SIPROTEC 5 series with devices from
the SIPROTEC 4 series, then use a Y adaptor with the order
designation 7XV5103-2BA00. Complete the connection on the
last device with a terminal resistor. For the SIPROTEC 5 device,
use a terminal resistor with the order designation RS485 terminator 7XV5103-5BA00.
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Selection and Ordering Data
Description

Versions

Order No.

7XV5103 cables and adaptors are not suitable for PROFIBUS applications or PROFIBUS cabling

1

9

10

11

12

RS485-Y copper connecting cable

7 X V 5 1 0 3 - 0 A

A

For connecting a device with 9-pole D-sub plug
(socket) and extension of the bus (9-pole socket), 2wire, shielded

2

3

4

5

6

7

8

☐

☐

Length: 1 m

0

1

Length: 3 m

0

3

Length: 5 m

0

5

Length: 10 m

1

0

☐

☐

Length: 10 m

1

0

Length: 20 m

2

0

Length: 30 m

3

0

Length: 40 m

4

0

Length: 50 m

5

0

0

0

☐

☐

▲

▲

Length: 5 m

0

5

Length: 25 m

2

5

Length: 50 m

5

0

0

3

RS485 bus extension cable

7 X V 5 1 0 3 - 1 A

Adaptors

A

7 X V 5 1 0 3 - ☐ ☐ A
▲ ▲

RS485 adaptor
Y-adaptor cables

3.4

RS485 adaptor

RS485-bus termination

for devices with RS485 interface on screw terminals
to 9-pole D-sub connector plug (socket), 2-wire,
shielded, length: 0.3 m

2 A

for devices with RS485 interface and D-sub
connector plug to 2 x RJ45 socket for flush-mounting
sockets of an RS485 bus with patch cables, 2-wire,
twisted, shielded 1 x D-sub male, 9-pole, to 2 x RJ45
socket, 8-pole, length: 0.3 m

2 B

for devices with RS485 interface and RJ45 connector
plug to 2 x RJ45 socket plugs to build an RS485 bus
with patch cables, 2 x 2-wire, twisted, shielded
1 x RJ45 male, 8-pole, to 2 x RJ45 socket, 8-pole,
length: 0.3 m

2 C

For compact protection devices for terminal installation from screw terminals to 9-pole D-sub plug
(socket)

3 A

With an internal 220-ohm resistor between pins 3
and 8

5 A

With an internal 120-ohm resistor between pins 1
and 2, 1 x RJ45 male plug, 8-pole

5 B

RS485 copper cable
For the connection between the 7XV5662-xAD10
RTD unit and SIPROTEC 4 devices (port C or port D
with RS485 interface) 7UT6, 7SJ6, 7UM62
RS485 copper connecting cable
for connecting the 7XV5662-xAD10 RTD unit to
SIPROTEC 5

7 X V 5 1 0 3 - 7 A

2-wire, shielded, with RJ45 bus coupler, socket/
socket
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10 dB Attenuator – 7XV5107
Description
Attenuators are components connected in the signal path to
reduce the amplitude of the signal.
Applications
If 7SA or 7SD SIPROTEC devices with protection-interface
communication are used over distances (s) shorter than specified in the Technical Data, the transmission power must be
reduced with optical attenuators. The same applies to the
7XV5461-0Bx00 devices.
To continue using the duplex LC plug, both attenuators are
installed at one end of the optical wide area network connection.

[ph_7XV5107, 1, --_--]

Figure 3.5/1 10 dB Attenuator 7XV5107

Distance

Module/device

Attenuator required

24 km

C53207A 351D655 1 / 7XV5461-0BG00

No

60 km

C53207A 351D656 1 / 7XV5461-0BH00

At s < 25 km

100 km

C53207A 351D657 1 / 7XV5461-0BJ00

At s < 50 km

170 km

No module / 7XV5461-0BM00

At s < 100 km

Comments
No constraint
Required or damage to the optical receivers

Selection and Ordering Data
Description

Versions

Order no.
1

Optical attenuators (minimum order: 2 pc)

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 1 0 7 - 0 A

A

0

0

7 X V 5 1 0 7 - 0 B

B

0

0

2 optical attenuators for single-mode optical fibers
for the protection interface of 7SD/7SA or 7XV5461
repeater. 10-dB optical attenuation to avoid overdriving over short distances. LC duplex connection
Connection kit for optical fiber infrastructure

3.5

For connecting EN100-O (+) with LC duplex plugs to
existing optical fiber structures with ST plugs.
Contains: 2 patch cables with LC/ST connectors,
62.5 μm/125 µm, length: 1 m, 4 ST/ST couplers
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Description
The 7XV5450 mini star coupler multiplies one optical signal
received at its input to up to 4 outputs. A signal received at one
of the outputs is transmitted via the input interface to a central
controller or to an upstream mini star coupler or converter.
As the mini star coupler does not transmit selectively to individual outputs, data is transmitted using protocols with unambiguous DTE addressing so that all devices can "hear" a central
query but only the addressed device response to the query (for
example, IEC 60870-5-103 or DIGSI 4). Furthermore, various
time synchronization information can be transmitted to
SIPROTEC devices.
Data is transmitted transparently in full-duplex operation. An
RS232 interface is provided on each mini star coupler for direct
serial communication with DTEs. As long as this interface is
used, the optical input interface to the central controller is
blocked.
Cascading several mini star couplers replaces the 7XV5300 star
coupler.
Benefits

• 1 optical input and up to 4 optical outputs
• Maximum distance: 1.5 km at 62.5/125 µm, multimode

[ph_7XV5450_W3, 1, --_--]

Figure 3.6/1 7XV5450 Mini Star Coupler

Application Examples

optical fiber

• Several mini star couplers can be cascaded.
• RS232 interface for local access
• Baud rate for optical fiber: max. 1.5 mBd, Baud rate for RS232:
max. 115 kBd

3.6

• Protocol transparency
• Non-flickering light: Can be switched to light ON/light OFF
• Wide-range Power Supply Unit with Self Monitoring and
Signaling Contact

• Optical ST connector
Applications
SIPROTEC devices can be queried by a central operator or
remotely queried via optical interfaces with DIGSI 4 using the
mini star coupler. The component may be cascaded so that star
topologies or ring topologies can be configured. A ring structure
ensures that all 4 outputs are used. The mini star coupler has a
local RS232 socket. By connecting a PC via this interface and
using the 7XV5100-4 cable, the optical input is separated to
avoid a data collision due to a local access and remote access at
the same time.

[dw_star-topology_with_mini-star-coupler, 1, en_US]

Figure 3.6/2 Star Topology using Mini Star Couplers

[dw_ring-topology_with_mini-star-coupler, 1, en_US]

Figure 3.6/3 Ring Structure using Mini Star Couplers
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Technical Data
Auxiliary voltage
Rated input voltage

• Direct Voltage
• Alternating voltage

AC 60 V to 230 V ± 20 % / 40 to 65 Hz

Internal fuse

1.25 A slow-blow (soldered)

Protection class

III

Power consumption

For rated voltage (typical value)

• Direct Voltage
• Alternating voltage

3.5 VA

DC 24 V to 250 V ± 20 %

3W

LEDs
3 LEDs
Green

Operating voltage OK

Yellow

Receiving data

Yellow

Transmitting data

Connector plug
Power supply

2-pole Phoenix screw terminal

Fiber-Optic Cables

Multimode optical fiber with ST connectors

RS232

9-pole D-sub socket

Signaling contact

2-pole Phoenix screw terminal

Non-flickering light
Can be switched to light ON/OFF

Using jumpers

Housing
Plastic case, EG90, dark gray; 90×75×105 mm (W×H×D) for snap-on mounting to 35-mm DIN rail according to EN 60715

You can find additional technical data in the manual at:
www.siemens.com/accessories

voltage can be provided via screw connections. The fiber-optic
cables are connected using ST connectors. The device contains
no silicone or halogen and is very flame-resistant.

Surface Mounting
The 7XV5450 mini star coupler has a housing for snap-on
mounting to a 35-mm DIN rail according to EN 60715. Auxiliary
Selection and Ordering Data
Description

Versions

Order no.
1

Optical mini star coupler

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 4 5 0 - 0 B

A

0

0

For centrally operating 4 Siemens V3/V4 protection
devices with DIGSI V3/V4, as well as For the transmission of serial communication and time synchronization information for V3/V4/V5.
1 optical input and 4 optical outputs, can be
cascaded, auxiliary voltage: 24 to 250 VDC and
110 to 220 VAC with fault alarm relay, connection of
protection devices, PC or modem using optical fiber,
820 nm, ST connectors, for DIN rail mounting.
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2-Channel Serial Optical Repeater – 7XV5461 up to 40 km
Description
The optical repeater 7XV5461 exchanges serial optical signals
via 1 singlemode fiber-optic cable only over long distances. It
converts serial optical 820 nm signals at port 1 and port 2 in the
range of 300 bit/s up to 4.096 Mbps up to 1300/1550 nm for
1 singlemode fiber-optic cable.
Synchronous or asynchronous signals can be connected to port
1/2. In this way, 2 independent, serial 820 nm inputs with ST
connectors are available and these can be multiplexed onto
port 3. 2 devices with an optical 820 nm interface, such as the
line differential protection devices of the SIPROTEC 4/5 series or
the 7XV5652 RS232/820 nm converter, can be connected to
ports 1 and 2 via multimode fiber-optic cables for distances of
up to 1.5 km. These signals are transmitted to port 3 via the
single LC connector in the wavelengths of 1300 nm/1550 nm
for connection of singlemode fiber-optic cables of up to 40 km.
The device can be connected to DC battery voltages or AC
voltage sources. To support commissioning, loops can be activated for port 1/2 so that the input signals are reflected at each
port to support commissioning of the optical fiber connections.
Benefits

• 2 independent multiplexed 820 nm ports 1/2 with ST connectors for max. 1.5 km over 50/125 µm and 62.5/25 µm multimode fiber-optic cables

• Transmission rate of the serial ports 1/2 of 300 bit/s up to

4.096 Mbps. Automatic baud rate matching to synchronous
and asynchronous serial signals; no settings necessary

• Powerful 1300 nm/1550 port with single LC plug for distances
up to 40 km using a singlemode fiber-optic cable at 9/125 µm

[ph_7XV5461_W3, 1, --_--]

Figure 3.7/1 Optical Repeater with Integrated Multiplexer with
1300 nm/1550 nm Wavelength for 1 Singlemode FiberOptic Cable

grated wavelength multiplexer, one fiber-optic cable is sufficient.
Substation automation technology, telecontrol engineering, or
additional protection data transmissions can be connected via
port 2. As a result, the long-distance optical fiber is put to
optimal use for 2 separate serial connections to transmit serial
data between 300 bit/s and 4.096 Mbps.

• Wide-range power supply of DC 24 V to 250 V and AC 115
V to 230 V with alarm relay

3.7

• Display of the data traffic via LED
• Integrated commissioning aids
Applications
The typical application area for the FO repeater is the protection-interface communication for SIPROTEC 4/5 differential and
distance protection devices. Furthermore, serial data of the
7XV5 device series can be transmitted over long distances.
The connection to the protection device is provided interference-proof via a fibre-optic connection. The maximum transmission distance between the protection device and the FO
repeater is specified at 1.5 km when using a 62.5/125 μm fiberoptic cable or a 50/125 μm fiber-optic cable.
The FO repeater supports easy commissioning of the entire
communication path. For commissioning, loops can be activated
for port 1/2 so that the input signals are reflected at the respective port. The FO repeater has a relay contact to issue a “device
ok” indication (DOK), and is equipped with a wide-range power
supply unit that covers the entire normal DC and AC auxiliary
voltage range.
Until now, 2 fiber-optic cables were needed for the bidirectional
transmission of protection signals. Using the repeater with inte-
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2-Channel Serial Optical Repeater – 7XV5461 up to 40 km
Application Example with SIPROTEC 5 and DIGSI 5
Figure 3.7/2 shows the interference-free data exchange of
SIPROTEC 5 protection devices, e.g. differential protection 7SD8

or distance protection 7SL8, is via single mono-mode Fiber Optic
cable up to a max. distance of 40 km and the DIGSI 5 access via
Ethernet.

[dw_SIP5_prot-data transm_40km, 1, en_US]

Figure 3.7/2 Transfer of Protection Data Signals of SIPROTEC 5 Devices via Single Mono-Mode FO Cable and DIGSI 5 Access via Ethernet (Note: Devices
7XV5461-0BK00 and 7XV5461-0BL00 must be Used in Pairs)

3.7
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2-Channel Serial Optical Repeater – 7XV5461 up to 40 km
Application Example with SIPROTEC 4 and DIGSI 4
(see Figure 3.7/3)
Two protection devices, for example, differential protection
7SD52/7SD610 or distance protection 7SA52/7SA6, exchange
information via port 1 (Po1). Data is exchanged interferencefree using an optical singlemode fiber-optic cable covering a
distance of up to 40 km. A protection remote control with DIGSI

4 is connected to port 2 of the repeater using a mini star coupler
7XV5450. A serial connection to other switchgear is established
via this port using a PC with DIGSI 4 installed. The remote
protection devices can be queried remotely via port 2.
The baud rate is optimally set to 57.6 Kbps so that there are no
differences from local control. When commissioning and during
operation, the data of the devices can be changed or read from
the other switchgear.

3.7

[dw_prot-data transm_and_integration_fiber-optic-cable, 1, en_US]

Figure 3.7/3 Protection Data Transmission and Remote Control/Integration using one Singlemode Fiber-Optic Cable (Note: The 7XV5461-0BK00 and
7XV5461-0BL00 Devices must be used in Pairs.)

(1) Multimode fiber-optic cable with ST connectors (6XV8100)
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2-Channel Serial Optical Repeater – 7XV5461 up to 40 km – Technical Data
Technical Data
Connections
Ports 1 / 2

ST connectors for 820 nm, for 50/125 µm and for 62.5/125 µm multimode
fiber-optic cable

Port 3

Single LC connector for 1300 nm/1550 nm, for 9/125 µm singlemode fiberoptic cable

Screw terminals

2-pole screw terminals for auxiliary voltage
3-pole make contact/break contact for an alarm relay

Housing
Interference-resistant aluminum housing, 188 x 56 x 120 mm for mounting to 35-mm DIN rail according to EN 50032.
Weight: 0.8 kg. Degree of protection according to EN 60529: IP41
Power supply
Wide-range: 24 to 250 VDC or 115 / 230 VAC
Displays
4 LEDs
Green

Power supply

Red

Alarm relay

2 × yellow

Data traffic display

Selection and Ordering Data
Description

Versions

Order No.
1

Optical repeater for asynchronous and synchronous coupling

10

11

12

7 X V 5 4 6 1 - 0 B ☐

2

3

4

5

6

7

8

9

0

0

▲
For converting/amplifying multimode optical fiber,
50/125 µm or 62.5/125 µm (820 nm), to singlemode
optical fiber, 9/125 µm, for serial data from 300 bit/s
to 4.096 Mbps
2 independent serial optical input channels with ST
connectors for 820 nm and multimode optical fiber

1550 nm/LC single connector/permissible attenuation: 25 dB (0.45 dB/km) for radii up to 40 km via a
fiber-optic cable

K

1300 nm/LC single connector/permissible attenuation: 25 dB (0.45 dB/km) for radii up to 40 km via a
fiber-optic cable

L

3.7

1 optical output at 1300 nm or 1550 nm with an LC
connector for singlemode optical fiber
Permissible path attenuation of the 820 nm multimode connection is 8 dB (approx. 1.5 km).
Permissible path attenuation of the 1300 nm or
1550 nm singlemode connection: see order option
Wide-range voltage supply/auxiliary voltage: 24 to
250 VDC or 115/230 VAC
1 fault signaling contact for auxiliary voltage faults
or loss of data connection
LEDs for display of data transmission
Data transmission in 2 directions from 2 optical ports
using singlemode optical fiber
Note: The -0BK00 and -0BL00 versions must be used in pairs.
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2-Channel Serial Optical Repeater – 7XV5461 up to 170 km
Description
The optical repeater 7XV5461 using a duplex singlemode fiberoptic cable transmits serial optical signals over long distances. It
converts serial optical 820 nm signals at port 1 and port 2 in the
range of 300 bit/s up to 4.096 Mbps. Synchronous and asynchronous signals can be connected. In this way, 2 independent,
serial 820 nm inputs with ST connectors are available and these
can be multiplexed onto port 3. 2 devices with an optical
820 nm interface, such as the line differential protection devices
of the SIPROTEC 4/5 series or the 7XV5652 RS232/820 nm
converter, can be connected to ports 1 and 2 via duplex multimode optical fiber for distances of up to 1.5 km. These signals
are transmitted to port 3 via the single duplex LC plug in wavelengths of 1300 nm/1550 nm for the connection of a duplex
singlemode fiber-optic cable. Using port 3, there are 3 options
for max. 25 km (1300 nm)/60 km (1300 nm) and 100 km/
170 km (1550 nm) optical fiber lengths. The device can be
connected to all battery voltages and AC voltage sources. To
support commissioning, loops can be activated for port 1/2 so
that the input signals are reflected at the respective port.
Benefits

[ph_7XV5461_W3, 1, --_--]

Figure 3.7/4 Optical Repeater with Wide-range Power Supply Unit

• 2 independent multiplexed 820 nm ports with ST connectors
for max. 1.5 km via 50/125 µm and 62.5/125 µm duplex
multimode fiber-optic cables

• Transmission rate of the serial ports 1/2 of 300 bit/s up to

4.096 Mbps. Automatic baud rate matching to synchronous
and asynchronous serial signals; no settings necessary

• Powerful 1300 nm/1550 nm port with duplex LC plug for

distances up to 24 km/60 km/100 km/170 km using a duplex
singlemode fiber-optic cable at 9/125 µm

• Wide-range power supply of DC 24 V to 250 V and
AC 115 V to 230 V with alarm relay

• Display of the data traffic via LED
3.7

• Integrated commissioning aids

Applications
The typical application area for the FO repeater is protectioninterface communication for SIPROTEC 4/5 differential and
distance protection. Furthermore, serial data from the 7XV5
device series can be transmitted over long distances.
The conntection to the protection device is provided interference-proof with a fibre-optic connection. The maximum transmission distance between the protection device and the FO
repeater is specified at 1.5 km when using a 62.5/125 μm fiberoptic cable or a 50/125 μm fiber-optic cable.
The FO repeater supports easy commissioning of the entire
communication path. For commissioning, loops can be activated
for port 1/2 so that the input signals are reflected at the respective port. The FO repeater has a relay contact to issue a “device
ok” indication (DOK), and is equipped with a wide-ranging
power supply unit that covers the entire normal DC and AC
auxiliary voltage range.
Power system control or additional protection-data transmissions can be connected via port 2. As a result, the long-distance
optical fiber is put to optimal use for 2 separate serial connections to transmit data between 300 bit/s and 4.096 Mbps.
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2-Channel Serial Optical Repeater – 7XV5461 up to 170 km
Application Example with SIPROTEC 5 and DIGSI 5
Figure 3.7/5 shows the interference-free data exchange of
SIPROTEC 5 protection devices, e.g. line differential protection

7SD8 or distance protection 7SL8, via duplex mono-mode Fiber
Optic cable up to a distance of 170 km and the DIGSI 5 access
via Ethernet.

[dw_SIP5_prot-data transm_170km, 1, en_US]

Figure 3.7/5 Transfer of Protection Data Signals of SIPROTEC 5 Devices via Duplex-Mono-Mode FO Cable and DIGSI 5 Access via Ethernet

3.7
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2-Channel Serial Optical Repeater – 7XV5461 up to 170 km
Application
The protection devices (for example, differential protection
7SD5/7SD6 or distance protection 7SA52/7SA6) exchange information via port 1. Data is exchanged interference-free using an
duplex mono mode fiber-optic cable covering a distance of
170 km. A protection remote control with DIGSI 4 is connected
to port 2 of the repeater using a mini star coupler 7XV5450. A

serial connection to other switchgear is established via this port
using a PC with DIGSI 4 installed. The protection devices of the
remote switchgear can be queried from a distance via port 2.
The baud rate is optimally set to 57.6 Kbps so that there are no
differences from local control.
When commissioning and during operation, the data of the
device can be changed or read from the other switchgear.

3.7

[dw_prot-data transm_and_integration_optical_DFÜ-connection, 1, en_US]

Figure 3.7/6 Protection Data Transmission and Remote Control of Switchgear via an optical dial-up Network Connection

(1) Multimode fiber-optic cable with ST connectors (6XV8100)
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2-Channel Serial Optical Repeater – 7XV5461 up to 170 km – Technical Data
Technical Data
Connections
Ports 1/2

ST connectors for 820 nm, for 50/125 µm and for 62.5/125 µm multimode
fiber-optic cable

Port 3

Duplex LC plug for 1300 nm, for 50/125 µm/62.5/125 µm multimode fiberoptic cable

Screw terminals

2-pole screw terminals for auxiliary voltage
3-pole make contact/break contact for an alarm relay

Housing
Aluminum housing, 188 x 56 x 100 mm for mounting to 35-mm DIN rail according to EN 50032.
Weight: 0.8 kg. Degree of protection according to EN 60529: IP41
Power supply
Wide range 24 to 250 VDC, without switch-over 115/230 VAC
Displays
4 LEDs
Green

Power supply

Red

Alarm relay

2 × yellow

Data exchange

Selection and Ordering Data
Description

Versions

Order No.
1

Optical repeater for singlemode optical fiber

10

11

12

7 X V 5 4 6 1 - 0 B ☐

2

3

4

5

6

7

8

9

0

0

▲
1300 nm/for transmission distances up to 24 km
For converting/amplifying multimode optical fiber,
50/125 µm or 62.5/125 µm (82 nm), to singlemode 1300 nm/LC connector/for transmission distances up
optical fiber, 9/125 µm, for serial data from 300 bit/s to 60 km
to 4.096 Mbps
1550 nm/LC connector/for transmission distances up
2 independent serial optical input channels with ST
to 100 km
connectors and 820 nm for multimode optical fiber, 1550 nm/LC connector/for transmission distances up

G
H
J
M

permissible path attenuation of the 820 nm path is 8 to 170 km
dB (approx. 1.5 km with 62.5/125 µm fiber).
Wide-range power supply, DC 24 V to 250 V and AC
115/230 AC
1 fault signaling contact for auxiliary voltage faults
or loss of data connection
Note: Repeaters can only be used in pairs.
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Communication
2-Channel Serial Optical Repeater – 7XV5461 up to 8 km
Description
The optical repeater 7XV5461 duplex multimode fiber-optic
cable transmits serial optical signals over long distances via a
duplex multimode fiber-optic cable. It converts serial optical
820 nm signals at port 1 and port 2 in the range of 300 bit/s up
to 1.5 Mbps up to 1300 for duplex multimode fiber-optic cable.
Synchronous and asynchronous signals can be connected. In
this way, 2 independent, serial 820 nm inputs with ST connectors are available and these can be multiplexed onto port 3. It
supports a transmit signal (Tx) and a receive signal (Rx) (no
RTS/CTS handshake signals).
2 devices with an optical 820 nm interface, such as the line
differential protection device of the SIPROTEC 4/5 series or the
7XV5652 RS232/820 nm converter, can be connected to ports 1
and 2 via multimode fiber-optic cables for distances of up to
1.5 km. These signals are transmitted to port 3 via the single
duplex LC plug in wavelengths of 1300 nm for the connection of
a duplex multimode fiber-optic cable. There are 2 options for
port 3 for fiber-optic cable lengths of a maximum of 4 km
(1300 nm) and 8 km (1300 nm). The device can be connected
to all battery voltages and AC voltage sources. To support
commissioning, loops can be activated for port 1/2 so that the
input signals are reflected at the respective port.
Benefits

• 2 independent multiplexed 820 nm ports with ST connectors

[ph_7XV5461_W3, 1, --_--]

Figure 3.7/7 Optical Repeater with Wide-range Power Supply Unit

Power-system control or additional protection data transmissions can be connected via port 2. As a result, the long-distance
optical fiber is put to optimal use for 2 separate serial connections to transmit data between 300 bit/s and 4.096 Mbps.

for max. 1.5 km via 50/125 µm and 62.5/125 µm duplex
multimode fiber-optic cables

• Transmission rate of the serial ports 1/2 of 300 bit/s up to

1.5 Mbps. Automatic baud rate matching to synchronous and
asynchronous serial signals; no settings necessary

• Powerful 1300 nm port with duplex LC plug for distances of
up to 4 km/8 km using 50/125 µm/61.5/125 µm

• Wide-range power supply of DC 24 V to 250 V and AC 115
3.7

V to 230 V with alarm relay

• Display of the data traffic via LED
• Integrated commissioning aids with loop test option.
Applications
The typical application area for the FO repeater is the protection-interface communication for SIPROTEC 4/5 differential and
distance protection devices. Furthermore, serial data from the
7XV5 device series can be transmitted over long distances.
The connection to the protection device is provided interference-proof via a fibre-optic connection. The maximum transmission distance between the protection device and the FO
repeater specified at 1.5 km when using a 62.5/125 μm fiberoptic cable or a 50/125 μm fiber-optic cable.
The FO repeater supports easy commissioning of the entire
communication route. For commissioning, loops can be activated for port 1/2 so that the input signals are reflected at the
respective port. The FO repeater has a relay contact to issue a
“device ok” indication (DOK), and is equipped with a wideranging power supply that covers the entire normal DC and AC
auxiliary voltage range.
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2-Channel Serial Optical Repeater – 7XV5461 up to 8 km
Application Example with SIPROTEC 5 and DIGSI 5
Figure 3.7/8 shows the interference-free data exchange of
SIPROTEC 5 protection devices, e.g. line differential protection

7SD8 or distance protection 7SL8, via duplex multi-mode Fiber
Optic cable up to a distance of 4 km to 8 km and the DIGSI 5
access via Ethernet.

[dw_SIP5_prot-data transm_8km, 1, en_US]

Figure 3.7/8 Transfer of Protection Data Signals of SIPROTEC 5 Devices via Duplex-Multi-Mode FO Cable and DIGSI 5 Access via Ethernet

3.7
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2-Channel Serial Optical Repeater – 7XV5461 up to 8 km
Application Example with SIPROTEC 4 and DIGSI 4
Two protection devices (for example, differential protection
7SD52/7SD610 or distance protection 7SA52/7SA6) exchange
information via port 1. Data is exchanged interference-free
using an optical duplex multimode fiber-optic cable up to a
distance of 4 to 8 km. A protection remote control with DIGSI 4
is connected to port 2 of the repeater using a mini star coupler
7XV5450. A serial connection to the other switchgear is established via this port using a PC with DIGSI 4 installed. The protection devices of the remote switchgear can be queried from a

distance via port 2. The baud rate is optimally set to 57.6 Kbps
so that there are no differences from local control.
When commissioning and during operation, the data of the
device can be changed or read from the other switchgear. As an
alternative, substation automation technology or additional
protection data transmissions can be connected via port 2. As a
result, the long-distance optical fiber is put to optimal use for
two separate serial connections to transmit data between
300 bit/s and 4.096 Mbps.

3.7

[dw_prot-data transm_and_integration_optical_DFÜ-connection_8km, 1, en_US]

Figure 3.7/9 Protection Data Transmission and Remote Control of Switchgear via an optical dial-up Network Connection
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2-Channel Serial Optical Repeater – 7XV5461 up to 8 km – Technical Data
Technical Data
Connections
Ports 1/2

ST connectors for 820 nm, for 50/125 µm and for 62.5/125 µm multimode
fiber-optic cable

Port 3

Duplex LC plug for 1300 nm, for 50/125 µm / 62.5/125 µm multimode fiberoptic cable

Screw terminals

2-pole screw terminals for auxiliary voltage
3-pole make contact/break contact for an alarm relay

Housing
Aluminum housing, 188 x 56 x 100 mm for mounting to 35-mm DIN rail according to EN 50032.
Weight: 0.8 kg. Degree of protection according to EN 60529: IP41
Power supply
Wide range 24 to 250 VDC, without switch-over 115 to 230 VAC
Displays
4 LEDs
Green

Power supply

Red

Alarm relay

2 × yellow

Data traffic display

Selection and Ordering Data
Description

Versions

Order No.
1

Optical repeater for multimode optical fiber

10

11

12

7 X V 5 4 6 1 - 0 B ☐

2

3

4

5

6

7

8

9

0

0

▲
For converting/amplifying multimode optical fiber,
50/125 µm or 62.5/125 µm (820 nm), to multimode
optical fiber for serial data from 300 bit/s to 1.5
Mbps

1300 nm/LC connector/4 km, multimode

F

1300 nm/LC connector/8 km, multimode

E

2 independent serial optical input channels with ST
connectors and 820 nm for multimode optical fiber,
3.7

permissible path attenuation of the 820 nm path is 8
dB (approx. 1.5 km with 62.5/125 µm fiber).
Wide-range power supply, DC 24 V to 250 V and AC
115/230 V
1 fault signaling contact for auxiliary voltage faults
or loss of data connection
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RS485 Optical Fiber Converter – 7XV5650/51
Description
The RS485 optical fiber converter 7XV5650/51 makes it possible
to connect up to 31 devices via a bus-capable electrical RS485
interface. It creates an optical connection to a central controller
or a star coupler.
Benefits

• Baud rate: 9.6 to 115 kBd
• Topologies:

7XV5650: Optical star structure
7XV5651: Optical linear structure

• Protocol transparency
• Non-flickering light:

Can be switched to light ON/light OFF

• Radius: 1.5 km at 62.5/125 µm, fiber-optic cable
• 120 Ω load resistor for the RS485 bus, activated/deactivated
via DIP switches

• Wide-range power supply with self monitoring and alarm
relay

Applications
The converter was developed for use in switchgear for interference-free transmission of serial data with transmission rates
between 9.6 and 115.2 kBd via multimode fiber-optic cable.
The 7XV5651 converter is designed to operate as a T-coupler.
That is, data can be distributed linearly allowing cost-effective
optical bus systems to be built. The 7XV5650 version was
designed for star topologies via optical fiber connections.
Optical Fiber Converter 7XV565x-0CA00
The following improvements are12 for the functional follow-up
model ... 0CA00:

• Increased EMC (incl. new standards), adaptation for SIPROTEC

[ph_7XV5650_51, 1, --_--]

Figure 3.8/1 RS485 Optical Fiber Converter

• Additional UL approval
• Metal housing (KU-2M basis) in place of plastic
• Other form factor; converter size the same as CC-2M
• Grounded housing
• Switchable signal relay/GOK (3 terminals)
• Ring redundancy expansion for 2-channel version
• Additional LED to display power/error
Application
The converters can be used in an optical linear structure or in an
optical star structure. Use in an optical linear structure allows
interference-free connection of devices using fiber-optic cables;
for indoor installation, a cost-effective RS485 bus may be used.

5

3.8

• Higher temperature ranges

12

planned for 09/2019
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RS485 Optical Fiber Converter – 7XV5650/51

[dw_line-structure_rs485-bus, 1, en_US]

Figure 3.8/2 Optical linear Structure with connected RS485 Interfaces

3.8

[dw_connec_optical-interface_rs485-bus, 1, en_US]

Figure 3.8/3 Connecting Optical Interfaces to an RS485 Bus
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RS485 Optical Fiber Converter – 7XV5650/51
Several devices with an optical interface and DIGSI or
IEC 60870-5-103 protocol can be connected to an existing

RS485 bus topology. Within one system, the data format and
the baud rate must be set to the same values.

[dw_optical_star-coupler_with_RS485_interface, 1, en_US]

Figure 3.8/4 Optical Star Structure with connected RS485 Interfaces

3.8
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RS485 Optical Fiber Converter – 7XV5650/51

[dw_connec_optical-interface_rs485-bus_01, 1, en_US]

Figure 3.8/5 Connecting Optical Interfaces to an RS485 Bus

3.8
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Communication
RS485 Optical Fiber Converter – 7XV5650/51 – Technical Data
Surface Mounting

provided via screw connections. The fiber-optic cables are
connected using ST connectors. The device contains no silicone
or halogen and is very flame-resistant.

The converter has a housing for snap-on mounting to a 35-mm
DIN rail according to EN 60715. Auxiliary voltage can be
Technical Data
Auxiliary Voltage
Rated input voltage

• Direct voltage
• Alternating voltage

AC 60 V to 230 V ± 20 % / 45 to 65

Internal fuse

1.25 A slow-blow (soldered)

Protection class

III

Power consumption

For rated voltage (typical value)

• Direct voltage
• Alternating voltage

2.5 W; 3.5 VA

DC 24 V to 250 V ± 20 %

3W

LEDs
3 LEDs
Green

Operating voltage OK

Yellow

Data reception via optical fiber channel 1

Yellow

Data reception via optical fiber channel 2 (7XV5651 only) Transmitting data

Connector Plug
Power supply

2-pole Phoenix screw terminal

Fiber-optic cables

820 nm, ST connector

RS485

9-pole D-sub socket
2-pole Phoenix screw terminal

Signaling contact

2-pole Phoenix screw terminal

Non-Flickering Light
Can be switched to light ON/OFF
Housing
Plastic case, EG90, dark gray; 90×75×105 mm (W×H×D) for snap-on mounting to 35-mm DIN rail according to EN 60715
3.8

You can find additional technical data in the manual at:
www.siemens.com/accessories
Selection and Ordering Data
Description

Versions

Order No.
1

Converter, optical fiber 820 nm to RS485

9

10

11

12

7 X V 5 6 5 ☐ - 0 B

2

3

4

5

6

7

A

0

0

Converter with one RS485 interface and 2 optical
fiber ST sockets (receive and transmit)

▲
1-channel

0

Not suitable for PROFIBUS

2-channel

1

Linear structure from 9.6 Kbps to 115 Kbps
Auxiliary voltage, DC 24 V to 250 V and AC
110/230 V without switchover
Connecting protection devices with an RS485 interface using 9-pole D-sub connector plugs or screw
terminals
Connecting PC via modem, via optical fiber 820 nm,
via ST connectors for optical fiber 62.5/125 µm
for DIN rail mounting, plastic case
Follow-up model…-0CA00 in planning
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Communication
RS232 Optical Fiber Converter – 7XV5652
Description
The RS232 optical fiber converter 7XV5652 converts serial
RS232 full duplex signals to optical fiber transmission signals. It
has one optical fiber channel each for the transmit and receive
directions and an RS232 interface isolated for 2 kV. As a result,
the converter can be connected directly to the serial interface of
SIPROTEC devices.
Benefits

• Serial baud rates up to 115 kBd
• Not necessary to set the baud rate
• Protocol transparency
• Non-flickering light: Can be switched to light ON/OFF
• Radius: 3 km at 62.5/125 µm, fiber-optic cable
• Wide-range power supply with self monitoring and signaling
contact

• Supports the serial TxD and RxD lines of the RS232 interface.
Handshake lines are not supported.

Applications
It is designed for use in switchgear and enables the galvanically
separated, interference-free transmission of serial signals to a
central controller, a star coupler, or a PC.
The converter supports the conversion of serial TxD (transmit)
and RxD (receive) signals to an optical output. Handshake
signals are not supported.

[ph_7XV5652, 1, --_--]

Figure 3.9/1 RS232 Optical Fiber Converter

an optical 820 nm interface to connect the device to other
optical components for central and remote queries using DIGSI.
Another application is the coupling between a line differential
protection and a communication network having electrical
RS232 inputs. The connection between the communication
space containing the converter and the protection device is
established in an interference-free manner via multimode fiberoptic cable.

Application
Using the serial RS232 optical fiber converter, an existing RS232
interface on a SIPROTEC protection device can be upgraded to

3.9
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RS232 Optical Fiber Converter – 7XV5652

[dw_remote-interrogation_with_RS232-interface, 1, en_US]

Figure 3.9/2 Remote Query with the RS232 Interface

• Metal housing (KU-2M basis) in place of plastic
• Other form factor; converter size the same as CC-2M
• Grounded housing
• Switchable signal relay/GOK (3 terminals)
• Ring redundancy expansion for 2-channel version
• Additional LED to display power/error

Optical Fiber Converter 7XV565x-0CA00
The following improvements
model ... 0CA00:

are13

for the functional follow-up

• Increased EMC (incl. new standards), adaptation for SIPROTEC
5

• Higher temperature ranges
• Additional UL approval
Technical Data
3.9

Auxiliary voltage
Rated input voltage

• Direct voltage
• Alternating voltage

AC 60 V to 230 V ± 20 % / 45 to 65

Protection class

III

Power consumption

For rated voltage (typical value)

•
• Alternating voltage

2.5 W; 3.5 VA

Direct voltage

DC 24 V to 250 V ± 20 %

3W

LEDs
1 LED
Green

Operating voltage OK

Connector Plug
Power supply

2-pole Phoenix screw terminal

Fiber-optic cables

820 nm, ST connector

13

planned for 09/2019
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RS232 Optical Fiber Converter – 7XV5652 – Technical Data
Connector Plug
RS232

9-pole D-sub socket

Signaling contact

2-pole Phoenix screw terminal

Non-Flickering Light
Can be switched to light ON/OFF

Using jumpers

Housing
Plastic case, EG90, dark gray; 90×75×105 mm (W×H×D) for snap-on mounting to 35-mm DIN rail according to EN 60715

You can find additional technical data in the manual at:
www.siemens.com/accessories
Dimensioned Drawing

[dw_Dimension_7XV5652-0AA00, 1, en_US]

Figure 3.9/3 Converter Device for DIN Rail Mounting

Surface Mounting
The converter has a housing for snap-on mounting to a 35-mm
DIN rail according to EN 60715. Auxiliary voltage can be

provided via screw connections. The fiber-optic cables are
connected using ST connectors. The device contains no silicone
or halogen and is very flame-resistant.

Selection and Ordering Data
Description

3.9
Versions

Order No.
1

RS232 Optical Fiber Converter – 7XV5652

9

10

11

12

7 X V 5 6 5 2 - 0 B

2

3

4

5

6

7

8

A

0

0

Auxiliary voltage, DC 24 V to 250 V and
AC 110/220 V with alarm relay
Connection for RS232 interface via 9-pole D-sub
connector plug, signals up to 115 kBd
Connection, optical fiber 820 nm, via ST connector
For DIN rail mounting
Follow-up model…-0CA00 in planning
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Communication Converter – 7XV5662-0AA
Description
The communication converter for interfacing to a communication network is a peripheral device connected to the protection
device via optical fiber. This peripheral device enables serial data
exchange between 2 protection devices. This exchange takes
place via a digital communication network. The electrical interfaces for the access of the communication converter to the
communication device are optionally X.21 (64 Kbps, 128 Kbps,
256 Kbps or 512 Kbps) or G.703.1 (64 Kbps). The data is
converted at the partner by a second communication converter,
such that they can be read by the second device. Using the
communication converters, 2 protection devices can communicate synchronously with each other and, while doing so,
exchange a large amount of data over long distances. Typical
applications are serial protection interfaces of differential
protection and of distance protection in the SIPROTEC 4 devices
7SD52/53, 7SD61, 7SA52, 7SA6, and all SIPROTEC 5 devices
such as the 7SD8, 7SA8, and 7SL8, where 7XV5662-0AA00 must
be used.
If asynchronous serial data of the differential protection 7SD51
or the 7XV5653/7XV5673 binary signal transducer are to be
transmitted, the 7XV5662-0AA00 device is to be used (asynchronous, from 300 bit/s to 115.2 Kbps, depending on the baud
rate of the X.21 or G.703.1 interface).
The protection device is connected in an interference-free
manner via a multimode fiber-optic cable pre-assembled at the
communication converter with ST connectors. The maximum
optical transmission distance is 1.5 km. The 7XV5662-0AA00 is
to be mounted or installed near the communication device or
data circuit terminating equipment in the same cabinet or at
least in the same room. The maximum electrical transmission
distance should be kept as short as possible, a few meters are
favorable.
The data transfer between the protection devices represents a
point-to-point connection that is bit-transparent. The data
exchange must take place via reserved communication channels
in the same communications system.
Benefits

• Optical interface with ST connector for connection to the
protection device

3.10

• Radius: 1.5 km at 62.5/125 µm and 50/125 µm multimode
fiber-optic cable between the communication converter and
protection device/serial device
• Electrical interface to the communication device via D-sub

connector plugs (X.21, 15-pole, automatic setting to 64, 128,
256 or 512 Kbps or G.703.1, 9-pole, 64 Kbps)

• Synchronous and asynchronous data exchange mode can be
selected in one device by push-button

• Synchronous data exchange with the SIPROTEC 4 devices
7SD52/53, 7SD61, 7SA52, 7SA6, and all SIPROTEC 5 devices
such as the 7SD8, 7SA8, and 7SL8

[ph_7XV5662-0AA00, 1, --_--]

Figure 3.10/1 Communication Converter 7XV5662-0AA00 for X.21/
RS422 and G.703.1

• Monitoring of:
– Auxiliary voltage,
– X21: Clock signal of the communication network;
G703.1: Receive data is present and corresponds to the
standard pulse mask
– and internal logic

• Alarm relay (1 change-over contact, SIPROTEC standard)
• Loop test can be selected via push-button
• Wide-range power supply unit of DC 24 V to 250 V and AC
115 V to 230 V with alarm relay

Functions
The protection device is optically connected to the communication converter, which enables interference-free data transmission between the communication converter and the protection
device. The communication converter is located close to the
communication device. It matches the optical active interface of
the protection device to the electrical data of the communication network interface. The interface types – optionally X.21/
RS422 or G.703.1 – can be set with a push-button on the enclosure cover.
The device detects the necessary transmission rate automatically.
The data between the protection devices is transmitted on the
basis of a point-to-point connection; in addition, a synchronous,
bit-transparent transmission is possible via the communication
network.

• Asynchronous data exchange for the protection device

7SD51, binary signal transducer, 7XV5653/7XV5673 or other
devices with an asynchronous interface
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Communication Converter – 7XV5662-0AA
Applications
Synchronous serial data exchange between two devices of the
same type:

• SIPROTEC 4: Distance protection with a binary permissive

overreach transfer trip scheme and differential protection
(7SA52/6,7SD52/53/61); devices must be equipped with the
optical module LWL5.

• SIPROTEC 5: All device types are possible (such as 7SD8/A8/
L8); devices must be equipped with the optical module
USART-AD-1FO or USART-AE-2FO.

Asynchronous serial data exchange between 2 devices of the
same type:

• SIPROTEC 3: Differential protection (7SD51).
• Binary Signal Transducer, SICAM I/O unit (7XV5653,

7XV5673): Point-to-point transmission of binary signals, for
example, for serial permissive overreach transfer trip scheme
logic in distance protection.

Application Examples

[dw_connec_2-device_via_comm-network_synch_or_asynch, 1, en_US]

Figure 3.10/2 Connection of Two Protection Devices via a Communication Network linked with 7XV5662-0AA00 in Synchronous or Asynchronous Mode

3.10

[dw_Wirkkom-IEEE-interface-lwl-anschl, 2, en_US]

Figure 3.10/3 Protection Communication via a Communication
Network with X21 or G703.1 (64 kbps / G703.6 (2Mbit))
Interface
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Communication Converter – 7XV5662-0AA – Technical Data
Technical Data
Rated auxiliary voltage
24 to 250 VDC

± 20%

115 V to 230 VAC

± 20%

Consumption

approx. 2.5 W; < 9.5 VA

4 LEDs
LED 1

Red: Error or loop mode

LED 2

LED 2 “TxD” signals the transmit data coming from the network interfaces and transmitted
to the protection device as optical fiber-T.
Operation color “green”: Device is operating in synchronous mode
Operation color “yellow”: Device is operating in asynchronous mode

LED 3

LED 3 “RxD” signals the receive data (optical fiber-R) coming from the protection device and
to be transmitted to the network interface.
Operation color “green”: Device is operating in synchronous mode
Operation color “yellow”: Device is operating in asynchronous mode

LED 4

The “Power On” LED signals that the auxiliary voltage is connected.
Operation color “green”: The device communicates via the G703 interface.
Operation color “yellow”: The device communicates via the X21 interface.

Connections
Power supply

2-pole screw terminal

Signaling/standby contact

3-pole make contact/break contact

Serial G.703.1 interface

9-pole D-SUB socket for the 4-pole receive and transmission line

X.21 interface

15-pole D-SUB connector plug for the electrical X.21/RS422 interface

Fiber-Optic Cables

820 nm, 2 ST connectors for T×D and R×D for 62.5/125 μm multimode optical fiber (max.
distance to the protection device: 1.5 km)

Housing
Sheet steel housing

Dimensions: 188×55×120 mm (W×H×D)

Weight

About 0.8 kg

Degree of protection

according to EN 60529: IP41

for snap-on mounting

to 35-mm DIN rail according to EN 60715

Operating modes of the communication converter 7XV5662-0AA00
Synchronous operation with

7SA52/6,7SD52/53/61; and all SIPROTEC 5 device types such as the 7SD8/A8/L8
G.703.1: Interface selectable by push-button

3.10

Settings in the protection device

Automatic settings in the CC-XG

64 Kbps per parameter

64 Kbps

X.21/ RS422: Interface selectable by push-button
Settings in the protection device

Automatic settings in the CC-XG

64 Kbps per parameter

64 Kbps

128 Kbps per parameter

128 Kbps

256 Kbps per parameter

256 Kbps

512 Kbps per parameter

512 Kbps
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Communication Converter – 7XV5662-0AA – Technical Data
Operating modes of the communication converter 7XV5662-0AA00
Asynchronous operation with

7SD51, 7XV5653/7XV5673 and devices with asynchronous serial interface (handshake not supported,
only serial TxD and RxD signals are supported)
G.703.1: Interface selectable by push-button
Settings in the protection device

Automatic settings in the CC-XG

max. 19.2 Kbps

64 Kbps

X.21/ RS422: Interface selectable by push-button
Settings in the protection device

Automatic settings in the CC-XG

max. 19.2 Kbps asynchronous

64 Kbps

max. 38.4 Kbps asynchronous

128 Kbps

max. 57.6 Kbps asynchronous

256 Kbps

max. 115.2 Kbps asynchronous

512 Kbps

Dimensioned Drawing

[dw_Dimensions_7XV5662-0AA00-GG, 1, en_US]

Figure 3.10/4 Dimensions of the Communication Converter, Front and Side View

Selection and Ordering Data
Description

Versions

Order no.
1

Communication converter for X.21/RS422/G.703.1
Converter for synchronous or asynchronous serial
coupling of protection devices with optical input
Output to communication devices with electrical
X.21/RS422 or G.703.1 interface

9

10

11

12

7 X V 5 6 6 2 - 0 A

2

3

4

5

6

7

8

A

0

0

For synchronous operation with
7SA52,7SA6,7SD52/53/61, all SIPROTEC 5 device
types possible, like the 7SD8/A8/L8

For asynchronous operation with 7SD51, 7XV5653,
7XV5673 and other devices with an asynchronous
Connection to protection devices via fiber-optic cable
serial interface
at 62.5/125 µm and 820 nm wavelength, max.
distance: 1.5 km

3.10

ST connector, electrical with X.21/RS422 (15-pole DSUB connector) or G.703.1 (9-pole D-SUB connector)
Automatic baud rate detection,
Synchronous or asynchronous operation selectable
via push-button
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Communication
Communication Converter – 7XV5662-0AC
Description
The communication converter, copper (KU-KU) is a peripheral
device connected to the protection device, which enables serial
data exchange between 2 line differential protection devices.
For this, one single pair of copper wires (pilot wires) is used. It
can be part of a telecommunication cable or another suitable
symmetrical communication cable (not a Pupin cable). The data
is converted at the partner by a second communication
converter such that they can be read by the second protection
device. Using the communication converters (master/slave), 2
protection devices can communicate synchronously with each
other and, while doing so, exchange a large amount of data
over long distances.
Typical applications are the serial protection interfaces of differential protection and of distance protection in the SIPROTEC 4/5
device series, where 7XV5662-0AC00 must be used (128 kBit/s
synchronous connection). If asynchronous serial data of the
7SD5 differential protection or the 7XV5653 binary signal transducer is to be transmitted, the 7XV5662-0AC01 device is to be
used (asynchronous, from 300 bit/s to 38.2 Kbps).
The protection device is connected in an interference-free
manner via a multimode fiber-optic cable pre-assembled with
ST connectors at the CC-CC end. The maximum optical transmission distance is 1.5 km. The data transfer between the protection devices represents a point-to-point connection that is bittransparent. The data exchange must operate over reserved
pilot wires, not via central offices.
Benefits

Using jumpers, one device is defined as the Master and the
other device as the Slave In a "training" session during commissioning, the electrical properties of the pilot wires are measured
by pressing a push-button and the communication converters
are set to these properties.

• Optical interface with ST connectors for connection to the
protection device
• Radius: 1.5 km at 62.5/125 µm, multimode fiber-optic cable
between CC-CC and the protection device

• Pilot wire radius: typically: 12 km; cascaded: 12 km +
12 km = 24 km

• Electrical interface to the pilot wire (line) with 2 screw terminals; 5 kV insulated

• Synchronous data exchange with the SIPROTEC 4 devices
3.10

[ph_7XV5662-0AC00, 1, --_--]

Figure 3.10/5 Communication Converter 7XV5662-0AC00 for Pilot
Wires

7SD52, 7SD53, 7SD61, 7SA52, 7SA6, and all SIPROTEC 5
devices such as the 7SD8, 7SA8, and 7SL8 to pilot wire (CC-CC
version -0AA00)

• Asynchronous data exchange for the 7SD51, 7XV5653 or

other devices with an asynchronous interface (CC-CC version
-0AA01)

• Loop test function can be selected using jumpers in the CC-CC
• Master or slave operation of the CC-CC can be selected using a
jumper (1 master and 1 slave device and the end of the pilot
wire required; default setting: Master operation)

• Wide-range power supply unit with self-monitoring and
signaling contact

Functions
The protection device is optically connected to the communication converter, which enables interference-free data transmission between the communication converter and the protection

device. The communication converter is located close to the
pilot wire It converts serial data from the protection device into
a frequency-modulated signal. This signal is transmitted via a
pair of copper wires of a pilot wire/communication line (bidirectional, full duplex).

The measured properties are used as parameters that must be
maintained for optimal data transmission. The digital data transmission enables a low degree of insulation on the pilot wires
because no high voltages are created on the pilot wires under
short-circuit conditions.
The data between the protection devices is transmitted on the
basis of a point-to-point connection; in addition, it is a synchronous, bit-transparent transmission. Thanks to the telegrambuffered data exchange, an operating error cannot occur.
Applications
The communication converter can be used for 2 applications.
One application is synchronous, serial data exchange (converter
version: 0AA00) between SIPROTEC 4/5 differential protection
devices (7SD52, 7SD6, 7SD8, and 7SL8) and/or serial permissive
overreach transfer trip scheme logic between SIPROTEC 4/5
distance protection devices (7SA6, 7SA52, and 7SA8). The
protection devices must be equipped with an optical 820 nm
“optical fiber 5” plug-in module.
Another application is the transmission of asynchronous serial
data via pilot wires to the line differential protection device
7SD51 or the binary signal transmitter 7XV5653. Other serial
devices can also be used.
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Communication
Communication Converter – 7XV5662-0AC
Application Examples

[dw_appl_synchon-serial-data-exchange, 1, en_US]

Figure 3.10/6 Application Example 1: Typical design of a communication path

If the maximum distance between protection devices is greater
than can be spanned by two CC-CCs, the converters can be
cascaded (see application example 2). A power supply is needed
between the two master devices. If the insulation degree is
greater than 5 kV (through the pilot wire inputs of the devices),
external isolating transformers can be used at both ends. These
isolating transformers provide 20 kV of isolation voltage and
help to avoid dangerously high voltages at the inputs of the CCCCs that could be caused by a short circuit of a parallel highpower line.

[dw_appl_synchon-serial-data-exchange_01, 1, en_US]

Figure 3.10/7 Application Example 2: Cascading of communication
converters

3.10
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Communication Converter – 7XV5662-0AC – Technical Data
Technical Data
Rated auxiliary voltage
24 to 250 VDC

± 20%

115 V to 230 VAC

± 20% without switchover

4 LEDs
LED 1

Red: Line activation

LED 2

Yellow: Line transparent

LED 3

Yellow: Data Transfer

LED 4

Green: Voltage ON

Connections
Power supply

2-pole screw terminal

Signaling/standby contact

3-pole make contact/break contact

Pilot wire

2-pole for the pilot wire connection
5-kV insulated inputs

Fiber-Optic Cables

820 nm, 2 ST connectors for T×D and R×D for 62.5/125 μm multimode fiber-optic cables
(max. distance to the protection device: 1.5 km)

Push-button
Measurement and "training" of the parameters for the pilot wire
Housing
Cast aluminum housing

Dimensions: 188×56×120 mm (W×H×D)

Weight

About 0.8 kg

Degree of protection

according to EN 60529: IP41

for snap-on mounting

to 35-mm DIN rail according to EN 60715

Operating mode
Synchronous operation with

7XV5662-0AC00 for the 7SD52, 7SD6, 75A52 and 7SA6
Settings in the protection device: 128 Kbps per parameter
Settings in the CC-CC: 128 Kbps No setting required

Asynchronous operation with

7XV5662-0AC01 for the 7SD51, 7XV5653 and devices with asynchronous serial interface (handshake
not supported, only serial TxD and RxD signals are supported)
max. baud rate for the protection device: 38.4 Kbps
max. baud rate for the CC-CC: 128 Kbps
No setting required

Max. distance with pilot wire
3.10

AWG 22/0.32 mm2/51.7 Ω/km: max. 8 km
AWG 19/0.65 mm2/27 Ω/km: max. 12.1 km
Shielded twisted pair (STP) recommended. Max. loop impedance: 1400 Ω
Attenuation < 40 dB at 80 Hz
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Communication Converter – 7XV5662-0AC – Technical Data
Dimensioned Drawing

[dw_Dimensions_7XV5662-0AC01, 1, en_US]

Figure 3.10/8 Dimensions of the CC-CC

Selection and Ordering Data
Description

Versions

Order no.
1

Communication converter for pilot wires

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 6 6 2 - 0 A

C

0

☐
▲

Converter for synchronous or asynchronous serial
For synchronous operation with
coupling of protection devices with optical input and 7SA52,7SA6,7SD52/53/61, all SIPROTEC 5 device
types possible, like the 7SD8/A8/L8
ST connectors.
For conventional two-wire control lines
5-kV isolation of the devices' analog outputs from
the two-wire control lines.

For asynchronous operation with 7SD51, 7XV5653,
7XV5673 and other devices with an asynchronous
serial interface

3.10
0
1

Connection to the protection device via fiber-optic
cable at 62.5/125 µm and 820 nm wavelength
max. distance: 1.5 km, ST connectors
synchronous serial transmission rate: 128 Kbps
Asynchronous serial transmission rate: max.
38.4 Kbps
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Communication Converter – 7XV5662-0AD
Description
The communication converter KU-2M is used for serial data
transmission over long distances via a communication network.
It converts synchronous or asynchronous serial signals from an
optical 820 nm input to the inputs LWL1 and LWL2 to a network
interface and transmits these signals back via the interfaces of
the remote terminal unit. LWL1 and LWL2 can have their parameters set independently for either synchronous or asynchronous
operation. However, both ends must be set to the same operating mode.
In synchronous operation, the interface should be used only for
the exchange of protection data from the SIPROTEC 4/5 differential protection 7SD5/7SD6/7SD8 or the SIPROTEC 4/5 distance
protection 7SA52/7SA6/7SA8/7SL8. Their default setting is for
512 Kbps.
In asynchronous operation, the interface can be used for
connecting devices with baud rates between 1.2 and
115.2 Kbps. Another asynchronous electrical RS232 interface is
available for a maximum of 115.2 Kbps. It is used to connect a
serial PC interface with DIGSI and thus as the operational interface to SIPROTEC devices at the opposite end.

[ph_7XV5662-0AD00, 1, --_--]

Figure 3.10/9 Communication Converter 7XV5662-0AD00 – G.703.6

The G.703.6 network interface is designed as a 4-pole screw
terminal and can be configured as a 2-Mbps interface according
to the European format E1 or as a 1.544-Mbps interface in the
American format T1.
All device settings are made using jumpers so that no special PC
software is necessary.
Benefits

• Interference-free protection data transmission from 2 inde-

pendent serial data signals, selectable either in synchronous
or asynchronous operation.

• PC interface for device operation at the opposite end
• Network interface in format E1 or T1 for connection to a
multiplexer

• Wide-range power supply of DC 24 V to 250 V and AC 115 V
to 230 V with fail-safe relay

3.10

• Display of data exchange via an LED
• Integrated commissioning aid (loop test)
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Communication Converter – 7XV5662-0AD – Technical Data
Technical Data
Connections
Optical fiber 1/2

ST connector / 820 nm for 50 / 125 µm or 62.5 / 125 µm multimode fiber-optic cable (max.
1.5 km)

RS232

for asynchronous connection from 1.2 to 115.21 Kbps

Power supply

2-pole screw terminal

Fail-safe relay

3-pole screw terminal with break contact/make contact

Network E1/T1

4-pole screw terminal or BNC connector

Housing
Aluminum housing

188×56×120 mm for mounting to 35-mm DIN rail according to EN 50032

Weight

0.8 kg

Degree of protection

according to EN 60529: IP41

Power supply
Wide-range Power Supply Unit, 24 to 250 VDC and 115/230 VAC, 50/60 Hz
4 LEDs
Green

Power supply

Red

Fault display

2 × yellow

Data Transfer

Dimensioned Drawing

3.10

[dw_Dimensions_7XV5662-0AD00-DD, 1, en_US]

Figure 3.10/10 Dimensions: Communication Converter 7XV5662-0AD
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Communication Converter – 7XV5662-0AD – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

2-channel serial communication converter

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 6 6 2 - 0 A

D

0

☐
▲

2 independent serial optical input channels with ST
connectors for 820 nm, for multimode optical fiber,
for max. 512/115.2 Kbps for synchronous/asynchronous data.

Connection from the multiplexer to the E1/T1
network interface via 4-pole screw terminal

0

Connection from the multiplexer to the E1/T1
network interface via BNC connector

1

1 electrical serial RS232 interface with max. 115.2
Kbps designed as 9-pole D-SUB socket for connection
to DIGSI cable 7XV5100
Wide-range Power Supply Unit, 24 to 250 VDC and
115/230 VAC
1 current signaling contact for auxiliary voltage
faults or loss of data connection
LED for data transmission display
All settings via jumpers in the device (configured for
E1) and synchronous serial optical fiber inputs
For synchronous operation with
7SA52,7SA6,7SD52/53/61, all SIPROTEC 5 device
types possible, like the 7SD8/A8/L8
For asynchronous operation with 7SD51, 7XV5653,
7XV5673 and other devices with an asynchronous
serial interface

3.10
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USB-RS485 Converter Cable – 7XV5710
Description
The USB converter cable 7XV5710 with its special pin assignment, enables the temporary connection of up to 31 Siemens
protection devices with an electrical RS485 interface to a PC
with a USB interface for direct or central control using DIGSI 4.
The converter is connected directly to the PC via the standard
USB connector (type A). The RS485 connector (9-pole D-sub
male) can be connected directly to SIPROTEC 4 devices with
RS485 interface modules. To connect individual compact
devices with the RS485 interface to terminals, the adaptor
7XV5103-2AA00 or -3AA00 is needed. The converter can also be
connected to the bus system 7XV5103 using the included
gender changer (Bu-Bu) enabling communication with all
devices connected to the bus. As the cable has a switchable bus
termination, it can be connected at one of the ends or even in
the middle of the bus. The converter is supplied with power via
the USB interface of the PC.
Benefits

[ph_7XV5710, 1, --_--]

• Compact connector housing
• USB 2.0/1.1 interface type A
• RS485 interface 9-pole D-sub
• Max. bus length: 800 m
• Load resistors, connectible
• Baud rates: 300 Bd to 115 kBd
• Data Transfer Display (Data LED)
• Protocol transparency (not for PROFIBUS)
• Power supply via the USB connector (no galvanic separation)
• Compatible with the 7XV5103 bus system (with the 9-pole

Figure 3.11/1 USB RS485 Converter Cable 7XV5710

Bu/Bu gender changer)

3.11
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USB-RS485 Converter Cable – 7XV5710 – Applications
Applications

[dw_connection-diagram_PRS485-bus_with_USB-converter, 1, en_US]

Figure 3.11/2 RS485 Bus with USB Converter Cable 7XV5710 and several SIPROTEC Devices (Block Diagram)

3.11

Data Transfer

Connecting the RS485 Bus

Before using the converter cable for the first time, a USB driver
must be installed from the included CD. The driver creates a new
virtual COM port that can then be selected in the application
used, for example, DIGSI 4. The converter works on the master/
slave principle in the half-duplex process.

The RS485 bus is a two-conductor bus (half-duplex) and up to
32 devices (participants) can exchange their data on the bus
according to the master/slave principle. All devices are
connected to the bus in series (not in the star or ring topology).
A 220-ohm load resistor is connected to the first and last device
between Pin 3 (A) and Pin 8 (B), regardless of whether this is a
master or slave device.

In the idle state, the USB interface is inactive and the RS485
interface is set to receive. For communication, the PC, operating
as the master, sends its data to the USB interface which, in turn,
sends the data from the converter to the RS485 interface to the
protection device (slave). After this, the RS485 interface is again
set to receive. Data coming from the protection are now transferred by the converter in the other direction to the USB interface and to the PC. A data LED indicates when data transmission
is active.
Connection of the Compact Devices using Terminals
(without the Bus Cable 7XV5103)
A shielded and twisted cable (STP) is to be used for the RS485
bus. The conductor cross-section must be suitable for terminating with ring-type lugs or D-SUB connectors. The protection
devices are connected to the bus in series (not in star or ring
topology). The individual wires protruding from the screen
should be kept as short as possible.
The screen is to be connected at both ends to the housing
ground. A 220-ohm load resistor is connected to the last protection device between the data circuits A and B.

The SIPROTEC protection devices are preferably connected to
the bus has slave devices downstream of a master, for example,
RS484 converter 7XV5710 or 7XV5650/51. With these
converters (1st device), the load resistor can be implemented
using DIL switches (S1, S2) via additional pull-up/pull-down
resistors. The low-resistance pull-up/pull-down resistors are
absolutely necessary in various SIPROTEC bus applications, that
is, the use of other converters might cause problems.
In the protection devices, the load resistor may only be activated
in the last device on the bus and, to do this, the specially
provided jumpers are to be used. If this is not possible in the
device, an external load resistor, for example, 7XV5103-5AA00,
is to be inserted after the last device (see Figure 3.11/2).
In this example, the load resistors of the converter cable are
active (factory setting); the load resistors which some of the
protection devices have remain inactive. The bus is terminated
after the last device using the bus termination connector
7XV5103-5AA00 or an external resistor (220 ohms). If the last
protection device has a load resistor that can be connected, this
can also be activated to terminate the bus.
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Application Example

[dw_central_operation_via_RS485-Bus, 1, en_US]

Figure 3.11/3 Central Operation via the RS485 Bus

Several SIPROTEC 3 and 4 protection devices can be centrally
operatedvia their interface with DIGSI using the USB converter
cable 7XV5710. There are corresponding cables and adaptors
for SIPROTEC devices for the various connection types. You can
find additional information in catalog sheet 7XV5103. SIPROTEC
4 devices with an RS485 interface can be directly connected and
operated with DIGSI 4.
To connect individual compact protection devices with the
RS485 interface to terminals, the adaptor cable 7XV5103-2AA00
or the adaptor 7XV5103-3AA00 is needed (see Figure 3.11/3).
The converter cable may only be used temporarily because it
lacks galvanic separation. For permanent use, the optical fiber
converters7XV5652 and 7XV5650/51 should be used. The
optical fiber conductor provides complete galvanic separation
between the PC and the SIPROTEC devices. You will find appropriate applications under: www.siprotec.com/accessories/7XV56

3.11
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USB-RS485 Converter Cable – 7XV5710 – Technical Data
Technical Data
Product

USB converter cable 7XV5710-0AA00

Driver

on the included CD or on the Internet under: www.siprotec.com/accessories/7XV5710

Installation

Plug & Play

Cable length

1.8 m

USB interface

virtual COM port

Connection 1

USB 2.0 (1.1) plug A

Connection 1 Pin-assignment

Connector type A, Pin 1 – Vcc
Pin 2 – DPin 3 – D+
Pin 4 – GND

Connection 2

D-SUB 9-pole male connector with fastening screws

Connection 2 Pin-assignment

Pin 3 – Tx / Rx (A)
Pin 5 – GND
Pin 8 – Tx / Rx+ (B)
All other pins are not connected (nc)

Load resistor

Connection 2 protection

Selectable (S1, S2 ON = load resistor selected)
+5V

– Pin 3 = 390 Ω

Pin 3

– Pin 8 = 220 Ω

Pin 8

– Pin 5 = 390 Ω

Receiver:

± 15 kV Human Body Model
± 6 kV IEC 1000-4-2, contact discharge
± 12 kV IEC 1000-4-2, air discharge

Permitted:

up to 128 receivers on the bus, true fail-safe receiver, -7 V to +12 V common mode
operation

Driver:

± 9 kV Human Body Model rise rate limited for healthy data transmission, –7 V to
+12 V common mode operation

Temperature protection against an output short circuit

Current limiting
Thermal disconnection for driver overload protection
Handshake

No

TX / RX-switchover

automatic

Serial data transmission

half-duplex 2-wire

Power supply

+5 V via the USB (max. 80 mA)
The module logs in to the USB at 96 mA
max. 38 mA ready (converter on, no data transmission)
max. 80 mA full-duplex, 4-wire operation (max. transmission rate)

3.11

Serial transmission rates

300, 1200, 2400, 4800, 9600, 19,200, 38,400, 57,600, 115,200 bits/s

Status display

Tx and Rx – 3 mm LED red

Operating temperature

–5 to +70 °C

Driver software

Windows 98, Windows 98 State Estimator, Windows 2000, ME, XP, Vista 32 / 64, Windows 7 32 /
64. No administrator rights required

Approval

CE compliant / RoHS compliant

Application

No permanent installation for SIPROTEC devices

[7XV5710_USB Kabel, 1, en_US]

Figure 3.11/4 USB Converter Cable with Plug. Factory Setting: S1 + S2
ON = Load Resistor active Dimensions: 75 × 32 × 15 (L ×
W × H)
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Selection and Ordering Data
Description

Versions

Order no.
1

USB – RS485 converter cable

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 7 1 0 - 0 A A

0

0

13

14

15

16

1.8 m (without galvanic separation) for
connecting up to 31 SIPROTEC 4 devices with
RS485 interface to PC/laptop computer with
USB 1.1/2.0 interface, also for SICAM P

3.11
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Wide-Range Power Supply Unit – 7XV5810
Description
The primary switch mode wide-range power supply unit offers
an extremely broad input voltage range and is thus suitable for
universal applications. The power supply unit is used for low
power consumers (output power: 6 W) that require a power
failure stored-energy time in excess of 50 ms. The output is
short-circuit-proof and stable at no load.
Output power

• 7XV5810-0BA: Output power 6 W
• 7XV5810-0CA: Output power to 3 W
The output voltage is monitored and displayed using an indicator LED. If the output voltage drops by 10 %, a relay contact
opens and the LED goes out.
Benefits

• Universal supply voltage

7XV5810-0BA: DC 48 V to 250 V ±20 %, AC 60 V to 230 V ±
20 %
7XV5810-0CA:DC 26 V to 250 V ±20 %, AC 60 V to 230 V ±
20 %

• Monitored output voltage with LED and isolated relay
• The output is short-circuit-proof and stable at no load
• Power system failure bridging (t > 50 ms)
• Overvoltage category III

[ph_7XV5810, 2, --_--]

Figure 3.12/1 Wide-Range Power Supply Unit

Functions
The wide-range power supply unit in the plastic case is a permanently wired and tested functional unit. It has a snap-on
fastener for a 35-mm DIN rail according to DIN EN 60715. The
auxiliary power supply, the electrical consumer, and the supervisory relay can be connected at the screw terminals. The devices
contain no silicone, are halogen-free and flame-resistant (UL94V0).
Applications
The wide-range power supply unit is designed for use in industrial applications and in residential areas (residences, businesses
and commercial areas, small enterprises) and meets the
following requirements:
Field of Application
3.12

Requirements
Emitted Interference

Immunity

Industry

EN 60255-26

EN 60255-26

Residential area

EN 60255-26

EN 60255-26
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Wide-Range Power Supply Unit – 7XV5810 – Technical Data
Technical Data
Power supply 7XV5810 0BA00 (24 V)
Input
Power supply (Vaux) – Direct-current voltage (DC)
24 V to 250 V (±20 %)
Ripple allowed for the DC input voltage

15 %

Maximum inrush current at ≤ 110 V

< 15 A

Maximum inrush current at 220 V to 300 V

≤ 22 A; after 250 μs: < 5 A

Power input

12 W

Degree of efficiency

> 50 % at nominal load

Power supply (Vaux) – Alternative current (AC)
60 V to 230 V (±20 %),
45 Hz to 65 Hz
Higher harmonics allowed

2 kHz

Maximum inrush current at ≤ 115 V

< 15 A

Maximum inrush current at 230 V

≤ 22 A; after 250 μs: < 5 A

Power input

25 VA

Output
Connection rated output voltage

2-pole terminal

Rated output current

Max. 250 mA

Behavior in case of short-circuit

Permanent

Power supply failure

Min. 50 ms at nominal load

Status display of the output voltage

1 green operating LED

Rated output voltage

DC 24 V; Imax = 125 mA (at Uaux = DC 24 V to 35 V)
DC 24 V; Imax = 250 mA (at Uaux = DC 35 V to 250 V or AC 60 V to 230 V)

Power supply 7XV5810 0CA00 (5V)
Input
Power supply (Vaux) – Direct-current voltage (DC)
24 V to 250 V (±20 %)
Ripple allowed for the DC input voltage

15 %

Maximum inrush current at ≤ 110 V

< 15 A

Maximum inrush current at 220 V to 300 V

≤ 22 A; after 250 μs: < 5 A

Power input

8W

Degree of efficiency

> 50 % bei Nennlast

Power supply (Vaux) – Alternative current (AC)
60 V to 230 V (±20 %),
45 Hz to 65 Hz
Higher harmonics allowed

2 kHz

Maximum inrush current at ≤ 115 V

< 15 A

Maximum inrush current at 230 V

≤ 22 A; after 250 μs: < 5 A

Power input

12 VA

3.12

Output
Connection rated output voltage

2-pole terminal

Rated output current

250 mA

Behavior in case of short-circuit

permanent

Power supply failure

Min. 50 ms at nominal load
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Wide-Range Power Supply Unit – 7XV5810 – Technical Data
Output
Status display of the output voltage

1 green operating LED

Rated output voltage

DC 5 V; Imax = 600 mA

Combined specifications
Environmental conditions (operate only in rooms)
Ambient Temperatures
Temperature recommended during the operation

-5 °C to +55 °C (23 °F to 131 °F)

Temperature during the transport and the storage

-25 °C to +70 °C (-13 °F to 158 °F)

Humidity
Mean value per year

≤ 75 %

Maximum value per year

95 % relative humidity on 30 days per year

Condensation during operation

Not allowed

Condensation during transport and storage

Allowed

Other environmental indications
Maximum height over sea level

2000 m

Degree of pollution

2

Class of protection according to IEC 60529

IP 20

Overvoltage category

III

Dimensions

[7XV8510_Dimension, 1, --_--]

Figure 3.12/2 Dimension and Layout of the Wide-Range Power Supply (in mm)

Selection and Ordering Data
Description

Versions

3.12

Order no.
1

Wide-range Power Supply Unit

10

11

12

7 X V 5 8 1 0 - 0 ☐ A

2

3

4

5

6

7

8

9

0

0

24 V / 6 W

B

5V/3W

C
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RS900 Managed
Description
The RUGGEDCOM RS900 is a rugged, small form factor Layer 2
Fast Ethernet switch. Designed to operate reliably in electrically
harsh and climatically demanding environments, it provides a
high level of immunity to electromagnetic interference and
heavy electrical surges typical of the environments found in
electric substations, on plant floors, or in curbside and wayside
control cabinets.
Benefits

• Field proven, cost effective compact switch reduces acquisi-

tion based CAPEX, as well as OPEX through the very low rate
of unscheduled maintenance visits.

• Opex costs further reduced due to elimination of planned

maintenance requirements through a design that uses no
moving parts or fans.

• Use any available or planned fiber infrastructure with flexible
uplink options.

[P_RCM0_XX_00041P, 1, --_--]

Functions

• 3 factory configurable ports supporting Fast Ethernet copper

Figure 3.13/1 RUGGEDCOM RS900

or 100 Mbit fiber optic interface options (MTRJ, SC, ST, LC
connectors)

• 6 Copper (10/100BASE-TX, RJ45) ports
• Fully integrated power supply
– Universal high-voltage input: AC 85 V to 264 V /DC 88 V to
300 V
– Medium-voltage DC input: DC 48 V Nennspannung
(DC 36 V to 72 V)
– Low-voltage DC input DC 24 V nominal voltage (DC 10 V
to36 V)

• Non-blocking store and forward switching
• For use at ambient temperatures from –40°C to +85°C
without the use of fans

Application Example

3.13

[G_RCM0_XX_00101P, 1, --_--]

Figure 3.13/2 RUGGEDCOM RS900G in a fiber optic ring connecting
multiple field devices
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RS900 Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RS900

2

3

10

11

12

6 G K 6 0 9 0 - 0 A S

2

.

RUGGEDCOM RS900 is a 9-port, industrially
hardened, fully managed Ethernet switch
supporting 6 Fast Ethernet RJ45 ports and up
to 3 Fast Ethernet Fiber ports available over
multiple fiber connector types and distances.
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/1 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RS900G Managed
Description
The RUGGEDCOM RS900G is a rugged, small form factor Layer 2
Fast Ethernet switch with Gigabit uplinks. Designed to operate
reliably in electrically harsh and climatically demanding environments, it provides a high level of immunity to the electromagnetic interference and heavy electrical surges typical of environments found in electric substations, on plant floors, or in curbside and wayside control cabinets.
Benefits
Cost effective, highly reliable, field proven compact switch
reduces CAPEX costs on initial acquisition and OPEX costs by
very low rate of unscheduled maintenance visits.
Functions

• 2 factory configurable ports supporting SFPs or an array of
Gigabit fiber optic interfaces

• 8 Copper (10/100BASE-TX, RJ45) ports
• Fully integrated power supply

[RS900G, 1, --_--]

– Universal high-voltage input: AC 100 V to 240 V / DC 100 V
to 300 V

Figure 3.13/3 RUGGEDCOM RS900G

– Medium-voltage DC input: DC 48 V Nennspannung
(DC 36 V to 72 V )
– Low-voltage DC input : DC 24 V Nennspannung (DC 10 V to
36 V)

• Non-blocking store and forward switching
• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

Application Example

[G_RCM0_XX_00101P, 1, --_--]

Figure 3.13/4 RUGGEDCOM RS900G in a fiber optic ring connecting
multiple field devices
3.13
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RS900G Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RS900G

2

3

10

11

12

6 G K 6 0 9 0 - 0 G S

2

.

The RUGGEDCOM RS900G is a rugged, fully
managed Ethernet switch providing dual fiber
optic Gigabit Ethernet ports and 8 Fast
Ethernet copper ports; 2 Fiber Optic Gigabit
Ethernet Ports (1000BaseX); 8 Fast Ethernet
Ports (10/100BaseTX); Multiple fiber
connector types (LC, SC, SFP Pluggable
Optics); Bi-directional single strand fiber
support; Long haul optics allow Gigabit
distances up to 70 km
Selection and ordering data for RUGGEDCOM accessories:http://www.siemens.com/ruggedcom-selector
Table 3.13/2 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RS900GP Managed
Description
The RUGGEDCOM RS900GP is a rugged, small form factor
Layer 2 switch with Power-over-Ethernet (PoE) capability.
Designed to operate reliably in electrically harsh and climatically
demanding environments, it provides a high level of immunity
to the electromagnetic interference and heavy electrical surges
typical of environments found on plant floors or in curbside and
wayside control cabinets.
Benefits

• High PoE port density to meet the growing demand for

Ethernet in roadside and wayside cabinets without the need
for multiple devices.

• Power over Ethernet ports (PoE+) reduce cabling costs and

simplify camera, radio and peripheral device connectivity by
supplying power and Ethernet in one cable.

• Use any available or planned fiber infrastructure with flexible
uplink options.

[P_RCM0_XX_00043, 1, --_--]

Functions

• 2 factory configurable ports supporting SFP, copper RJ-45,

Figure 3.13/5 RUGGEDCOM RS900GP

Micro-D, and an array of Gigabit fiber optic interfaces

• 8 Copper (10/100BASE-TX, RJ45) ports each supporting PoE+
(30 Watts per port) per IEEE 802.3at

• Powered by the external PoE supply (DC 45 V to 57 V) for a
streamlined power configuration
• Non-blocking store and forward switching
• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

Application Example

3.13

[G_RCM0_00003P, 1, en_US]

Figure 3.13/6 RUGGEDCOM RS900GP connecting devices in transportation networks
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG900C Managed
Description
The RUGGEDCOM RSG910C and RSG908C are compact all
Gigabit, IEEE 1588 compatible Ethernet switches. The RSG910C
supports 4 Gigabit SFP uplink ports and 6 10/100/1000TX
copper ethernet ports while the RSG908C supports 4 Gigabit SFP
uplink ports and 4 multimode fiber 100FX ports with LC connectors. Both products come with an integrated DIN rail mount and
front-facing interfaces for easy installation in space-limited
areas. They offer redundant power inputs for both DC and high
voltage AC/DC applications, eliminating a single point of failure.
Designed to operate in harsh environments with widely varying
climatic and environmental conditions, these devices can be
used for precise time synchronization in the Electric Power
industry; for high-bandwidth applications such as video
streaming in the Transportation industry and for time-critical
applications such as drilling automation, SCADA (Supervisory
Control and Data Acquisition) and RTU (Remote terminal unit)
solutions for wellhead automation, pipeline monitoring,
compression or pumping stations in the oil & gas industry.
Benefits

• Reduce maintenance costs by combining precision timing

information and data communications onto a single network
due to the support of IEEE 1588.

[RSG910C, 1, --_--]

Figure 3.13/7 RUGGEDCOM RSG910C and RSG908C

Application Examples

• SFP uplink ports allow for in-field modification at any time

allowing deployment flexibility for varying customer needs.

• The redundant power supply inputs allow for continuous safe
and reliable operations even during single power supply failures, diminishing the risk of revenue and data loss.

Features

• 4 Fiber optic (100BASE-FX, LC) or 6 Copper
(10/100/1000BASE-X, RJ45) ports

• Industry standard connectors: SFP, LC and/or RJ45
• Fully integrated power supply with redundant power inputs
– Universal high-voltage dual inputs: AC 100 V to 240 V /
DC 100 V to 300 V
– Universal low-voltage DC dual inputs with nominal
voltages: DC 12 V, DC 24 V, DC 48 V (DC 10 V to 60 V)

[G_RCM0_00196P, 1, en_US]

Figure 3.13/8 RUGGEDCOM RSG908C and RSG910C provides a mix of
fiber optic and copper ports for IEDs and other edge
equipment

• Non-blocking store and forward switching
• For use at ambient temperatures from –40 °C to +85 °C;
without the use of fans

Product Variants

• RUGGEDCOM RSG910C
3.13

– The RUGGEDCOM RSG910C is a compact Gigabit IEEE 1588
compatible Ethernet switch, providing 4 Gigabit SFP ports
and 6 Gigabit copper ports.

• RUGGEDCOM RSG908C
– The RUGGEDCOM RSG908C is a compact Gigabit IEEE 1588
compatible Ethernet switch, providing 4 Gigabit SFP ports
and 4 100FX multimode fiber optic ports with LC connectors.

[G_RCM0_00186P, 1, en_US]

Figure 3.13/9 RUGGEDCOM HSR Coupling Switch with IEEE1588
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG900C Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RSG908C

11

12

13

14

15

16

6 G K 6 4 9 0 - 8 C B

2

3

4

5

6

7

8

9

10

.

.

-

.

.

.

.

6 G K 6 4 9 1 - 0 C B

.

.

-

.

.

.

.

RUGGEDCOM RSG908C is an 8 port rugged
fully managed Ethernet switch featuring integrated IEEE 1588 support for use in harsh
industrial environments. The product has 4x
1 Gbit/s SFP slots and 4x 100 Mbit/s multimode LC ports (max 2 km). -40 °C to +85 °C
operating temperature (fanless).
RUGGEDCOM RSG910C
RUGGEDCOM RSG910C is a 10 port rugged
fully managed Ethernet switch featuring integrated IEEE 1588 support for use in harsh
industrial environments. The product has 4x
1 Gbit/s SFP slots and 6x 10/100/1000 Mbit/s
RJ45 Ethernet ports. -40 °C to +85 °C operating temperature (fanless).
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/3 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG920P Managed
Description
The RUGGEDCOM RSG920P is a rugged, high density, small form
factor Layer 2 switch with Power-over-Ethernet (PoE) capability
for cabinets with high Ethernet port and bandwidth requirements, specifically designed to operate reliably in electrically
harsh and climatically demanding environments. It provides a
high level of immunity to electromagnetic interference and
heavy electrical surges typical of environments found on plant
floors or in curbside and wayside control cabinets.
Benefits

• High port density to meet the growing demand for Ethernet in
roadside and wayside cabinets without the need for multiple
devices.

• Power over Ethernet ports (PoE+) reduce cabling costs and

simplify camera, radio and peripheral device connectivity by
supplying power and Ethernet in one cable.

• Small form factor provides the capacity of a 19” switch in
space constrained environments.

[RSG920P, 1, --_--]

• USB console & MicroSD Card slot for easy in field configura-

Figure 3.13/10 RUGGEDCOM RSG920P

• Use any available or planned fiber infrastructure with flexible

Application Example

tion and upgrade.

uplink options

• Use Fast Ethernet or Gigabit Ethernet based on need.
Features

• 4 SFP uplink ports supporting 100 Megabit and 1 Gigabit
speeds

• 16 Copper (10/100/1000BASE-X, RJ45) ports
• 4 PoE+ ports supporting up to 30 Watts per port
(IEEE 802.3at)

• Low power (DC 9 V to 60 V), or high-power (DC 100 V to

300 V/ AC 88 V to 264 V) options for worldwide operability

• Non-blocking store and forward switching
• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

[G_RCM0_XX_00062P, 1, --_--]

Figure 3.13/11 RUGGEDCOM RSG920P connecting devices in multimodal transportation networks

3.13
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG920P Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RSG920P

2

3

4

5

6

7

8

9

10

11

12

6 G K 6 0 9 2 - 0 P S

2

.

-

13

14

15

16

0

.

A

.

RUGGEDCOM RSG920P is a fully managed
Ethernet switch with 20 non-blocking Gigabit
Ethernet ports; support for 4 SFP modules and
4 PoE ports; -40 °C to +85 °C operating
temperature (fanless)
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/4 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG2100 Managed
Description
The RUGGEDCOM RSG2100, RSG2100P and M2100 are utility
grade, fully managed, modular Ethernet switches, specifically
designed to operate reliably in electrically harsh and climatically
demanding utility substation and industrial environments.
Benefits

• Its utility grade design helps with immunity against EMI and

heavy electrical surges which allows the devices to be used in
harsh electric power, transportation and industrial applications.

• The Build-to-order design ensures flexibility in tailoring the
device configuration to unique needs which allows for
reduced capital expenses .

• Suitable for usage in harsh environments with the minimal

risk of mechanical failures due to an operating temperature
from -40 °C to +85 °C without fans.

• Dual redundant power supplies ensure a reliable and maintenance-free connection to power, reducing downtime
(RSG2100 only).

Features

• Up to 3 Gigabit Ethernet ports and 16 Fast Ethernet ports -

[P_RCM0_XX_00250P, 1, --_--]

Figure 3.13/12 RUGGEDCOM RSG2100

Application Example

copper and/or fiber

• 2 port modules for tremendous flexibility
• Store and forward switching
• Supports many types of fiber (multimode, single mode) with
multiple connector types (ST, MTRJ, LC, SC, SFP)

• Fully integrated, dual-redundant (optional) high-voltage and
low-voltage power supplies

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans
• RSG2100P version consists of 4 fixed 10/100BaseTX 802.3af
(PoE) compliant Ethernet ports

• M2100 version has MIL-STD ratings
Product Variants

• RUGGEDCOM RSG2100

[G_RCM0_EN_00028P, 1, --_--]

Figure 3.13/13 RSTP Ring with the RUGGEDCOM RSG2100

– 19-port modular managed Ethernet switch with Gigabit
uplinks

• RUGGEDCOM RSG2100P
– Modularer Managed Ethernet-Switch mit 19 Ports, GigabitUplinks und festen 10/100BaseTX / 802.3af-konformen PoEfähigen Ethernet-Ports
3.13

• RUGGEDCOM M2100
– 19-port modular MIL-STD managed Ethernet switch with
Gigabit uplinks
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RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG2100 Managed
Selection and Ordering Data
Description

Variants

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

RUGGEDCOM RSG2100NC (is not subject to
export controls)

6 G K 6 0 2 1 - 0 A S

1

.

-

.

.

.

.

RUGGEDCOM RSG2100 (is subject to export
controls)

6 G K 6 0 2 1 - 0 A S

2

.

-

.

.

.

.

RUGGEDCOM RSG2100PNC (is not subject to
export controls)

6 G K 6 0 2 1 - 0 P S

1

.

-

.

.

.

.

RUGGEDCOM RSG2100P (is subject to export
controls)

6 G K 6 0 2 1 - 0 P S

2

.

-

.

.

.

.

RUGGEDCOM M2100NC (is not subject to
export controls)

6 G K 6 0 2 1 - 0 M S

1

.

-

.

.

.

.

RUGGEDCOM M2100 (is subject to export
controls)

6 G K 6 0 2 1 - 0 M S

2

.

-

.

.

.

.

RUGGEDCOM RSG2100
The RUGGEDCOM RSG2100NC is a utility
grade, fully managed Ethernet switch; up to
3-Gigabit Ethernet ports copper and/or fiber;
up to 16-Fast Ethernet ports copper and/or
fiber; 2 port modules for tremendous flexibility; non-blocking, store and forward
switching; supports many types of fiber
(multimode, single-mode, bi-directional single
strand); long haul optics allow Gigabit
distances up to 115 km; multiple connector
types (ST, MTRJ, LC, SC, RJ45, Micro-D)
RUGGEDCOM RSG2100P
The RUGGEDCOM RSG2100P is a utility grade,
Power-Over-Ethernet (PoE) enabled, fully
managed, modular Ethernet switch; PoE: 4 x
10/100baseTX 802.3af compliant ports; up to
3-Gigabit Ethernet ports copper and/or fiber;
up to 16-fast Ethernet ports copper and/or
fiber; 2 port modules for tremendous flexibility; non-blocking, store and forward
switching; supports many types of fiber
(multimode, single-mode); multiple connector
types (ST, MTRJ, LC, SC, RJ45, Micro-D)
RUGGEDCOM M2100
The RUGGEDCOM M2100 is a MIL-STD hardened, fully managed, modular, Ethernet
switch; up to 3-Gigabit Ethernet ports copper
and/or fiber; up to 16-fast Ethernet ports
copper and/or fiber; 2 port modules for
tremendous flexibility; non-blocking, store
and forward switching; supports many types
of fiber (multimode, single-mode, bi-directional single strand); long haul optics allow
Gigabit distances up to 115 km; multiple
connector types (ST, MTRJ, LC, SC, RJ45,
Micro-D)
Table 3.13/5 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG2488 Managed
Description
The RUGGEDCOM RSG2488 is utility grade, field upgradable,
non-blocking 28 Gigabit port layer 2 switch with hot-swappable
dual redundant power supplies.
Benefits

• Suitable for usage in electric power, transportation and industrial applications due to a utility grade design with immunity
against EMI and heavy electrical surges.

• Field replaceable modules and build-to-order design ensures

seamless servicing and tremendous flexibility in tailoring the
device configuration, reduces both upfront capital expenses
and maintenance costs.

• Future-proof due to support of modern IEEE 1588 time

synchronization features and modular design which allows
the device to accommodate network growth and technology
changes.

• Suitable for usage in harsh environments with minimal risk of
failures due to an operating temperature from -40 °C to
+85 °C without fans.

• Hot swappable, cable-free dual redundant smart power

supplies ensure a convenient, reliable and maintenance free
connection to power, reducing MTTR and therefore maintenance expense.

[P_RCM0_XX_00038P, 1, --_--]

Figure 3.13/14 RUGGEDCOM RSG2488

Product Variants

• RUGGEDCOM RSG2488
– 28-port modular managed Gigabit switch

Features

• Up to 28 Gigabit Ethernet ports – copper and/or fiber in 19"

Application Example

1U rack-mount

• Fully modular with 2/4 port field-replaceable media modules
for tremendous flexibility

• Support for media modules with 100FX or 1000SX fiber-optic
ports

• Optional PTP Module provides GPS time source and IRIG-B
in/out

• Supports IEEE 1588 (PTP), SNTP, IRIG-B. It can convert time
between all of these formats

• Non-blocking, store and forward switching
• Supports many types of fiber (multimode, single-mode, bidirectional single strand) with multiple connector types (LC, SC,
SFP, ST)

• Hot swappable, dual-redundant (optional), load sharing, highvoltage and low-voltage power supplies

• For use at ambient temperatures from –40 °C bis +85 °C;

[G_RCM0_00013P, 1, --_--]

Figure 3.13/15 IEEE 1588v2 time synchronization with RUGGEDCOM
RSG2488 as Master Clock/Boundary Clock and Transparent Clock

without the use of fans

3.13

144 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RSG2488 Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RSG2488

2

3

4

5

6

7

8

9

10

11

12

6 G K 6 0 2 4 - 8 G S

2

.

-

13

14

15

16

.

.

.

.

The RUGGEDCOM RSG2488NC is a rugged
rated fully managed Ethernet switch; up to
28 non-blocking ports; configured as:
10/100/1000TX copper, 100FX or 1000SX
fiber; support six 4-port modules plus two 2port modules; mixture of fiber-optic or copper
Gigabit ports with up to 28 Gig Ethernet ports;
–40 °C to +85 °C operating temperature
(fanless)
Selection and ordering data for the modules and for the accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/6 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RST2228 Managed
Description
The RUGGEDCOM RST2228 and RST2228P are high port density
field modular 19“ Layer 2 rack switches with 10 Gbit/s uplinks
and support for IEEE 1588. The RST2228P supports power-overEthernet according to IEEE 802.3at/bt (draft).
Benefits

• Future-proof Ethernet switch with high port density to minimize capital expense by reducing the number of layer 2
switching devices needed.

• Field-modular media modules with RJ45, FastConnect, Powerover-Ethernet, LC & SFP interfaces and build-to-order design
ensures seamless servicing and tremendous flexibility in
tailoring the device configuration resulting in lower operating
expenses.

• Suitable for usage in electric power, transportation and oil &
gas applications due to a utility grade design with immunity
against EMI and heavy electrical surges.

• Future-proof due to support of modern IEEE 1588 time

synchronization features and modular construction that
allows network traffic growth to be accommodated by
changing only the modules.

• Suitable for usage in harsh environments with the minimal

[RST2228, 1, --_--]

Figure 3.13/16 RUGGEDCOM RST2228 and RUGGEDCOM RST2228P

Application Example

risk of mechanical failures due to an operating temperature
from -40 °C to +85 °C without fans.

Features

• Up to 28 Ethernet ports – 4 x 1000BASE-X/10GBASE-X integrated uplinks and up to 24 x 10/100/1000BASE-X ports

• 6 slots for 4-port Media Modules for tremendous flexibility
• Media modules with 4 x 10/100/1000 Mbit/s RJ45, Siemens
FastConnect cabling system support, 100/1000 Mbit/s SFP
interfaces and 100FX LC interfaces supporting multimode
fiber optics up to 2 kilometers

• Support for up to 24 Power-over-Ethernet (PoE) interfaces

according to IEEE 802.3at/bt (draft) with up to 60W/port and a
total power budget of 500W distributed over all PoE ports

[G_RCM0_XX_00174P, 1, --_--]

Figure 3.13/17 RUGGEDCOM RST2228 with IEEE 1588 V2 and hardware
time stamping

• Supports precision timing according to IEEE 1588 (transparent
clock)

• Non-blocking, store and forward switching
• Dual-redundant (optional), load sharing power supplies
• For use at ambient temperatures from –40 °C to +85 °C;
without the use of fans

3.13

Product Variants

• RUGGEDCOM RST2228
– 28-port field modular managed layer 2 Gbit/s switch with
10 Gbit/s uplinks supporting IEEE 1588

• RUGGEDCOM RST2228P
– 28-port field modular managed layer 2 Gbit/s switch with
10 Gbit/s uplinks supporting IEEE 1588 and Power-overEthernet according to IEEE 802.3at/bt (draft)
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Communication
RUGGEDCOM Ethernet Switches – Layer 2 – RUGGEDCOM RST2228 Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RST2228

2

3

4

5

6

7

8

9

10

11

12

6 G K 6 2 2 2 - 6 A B

.

.

6 G K 6 2 2 2 - 6 P B

.

.

13

14

15
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-

.

.

.

.

-

.

.

.

.

RUGGEDCOM RST2228 is a field modular, fully
managed Layer 2 Ethernet switch with 4 x
1/10 Gbit/s and 24 x 100/1000 Mbit/s nonblocking ethernet ports. Support for up to six
4-port media modules with RJ45, SFP or LC
interfaces; -40 °C ... +85 °C operating temperature (fanless)
RUGGEDCOM RST2228P
RUGGEDCOM RST2228P is a field modular,
fully managed Layer 2 Ethernet switch with 4
x 1/10 Gbit/s and 24 x 100/1000 Mbit/s nonblocking ethernet ports supporting Powerover-Ethernet. Support for up to six 4-port
media modules with RJ45, SFP or LC interfaces; -40 °C ...+85 °C operating temperature
(fanless)
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/7 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector

3.13
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Communication
RUGGEDCOM Ethernet Switches – Layer 3 – RUGGEDCOM RX1500 Managed
Description
The RUGGEDCOM RX1500 product family is a utility grade multiservice platform available in various 19” rack-mounted and DIN/
panel mounted form factors. The RUGGEDCOM RX1500 family’s
design using hot swappable line modules and power supplies,
allows customers to select among WAN, serial and Ethernet
options even after the product has been deployed in the
network. This, along with extended temperature range operation and enhanced immunity to surge voltages, electrostatic
discharge and electromagnetic interference, make it ideally
suited for electric power utilities, industrial control networks,
railways and traffic control systems.
Benefits

• Enables integration of all new and legacy network functions
with universal connectivity: Ethernet, T1, E1, 2G, 3G, LTE.

• Provides fastest time to repair and re-configure, with its
modular, hot-swappable design.

• Universal networking feature-set, including security, routing,
and switching, all in in one platform.

• One design for all installations: Five form factors for different
installation environments.

• Seamless integration with RUGGEDCOM APE, providing
advanced additional network security and processing.

Figure 3.13/18 RUGGEDCOM RX1500 Model Series

• RUGGEDCOM RX1512:
– Up to 12 ports 100FX
– Up to 12 ports10/100TX

Feataures

– Up to 6 ports10FL/100SX

• General device features:

– Up to 4 ports Gigabit Ethernet

– Hot swappable, field replaceable line modules and power
supplies

• RUGGEDCOM RX1500:

– Up to 12 serial ports

• WAN port options
– Up to 4 ports T1/E1 (channelized)

– Up to 24 ports 100FX

– Up to 4 ports E1 75 Ohms via BNC

– Up to 24 ports 10/100TX

– Cellular, 2G, 3G, and 4G/LTE with dual-SIM support

– Up to 12 ports 10FL/100SX
– Up to 8 portsGigabit Ethernet
– Up to 24 serial ports

• RUGGEDCOM RX1501:
– Up to 36 ports 100FX
– Up to 36 ports 10/100TX

• Power supply
– RUGGEDCOM RX1500, RX1510:
– Modular dual and hot-swappable power supply
– Input voltage range of DC 24 V, DC 48 V, DC 88 V to
300 V and AC 85 V to 264 V for worldwide operability
– RUGGEDCOM RX1501, RX1511:

– Up to 18 ports 10FL/100SX

– Modular single power Supply

– Up to 4 ports Gigabit Ethernet

– Input voltage range of DC 24 V, DC 48 V, DC 88 V to
300 V and AC 85 V to 264 V for for worldwide operability

– Up to 36 serial ports

• RUGGEDCOM RX1510:
– Up to 24 ports 100FX
3.13

[P_RCM_XX, 1, --_--]

– Up to 24 ports 10/100TX
– Up to 12 ports 10FL/100SX

– RUGGEDCOM RX1512:
– Input voltage range of DC 11 V to 72 V
– - Fully integrated power supply (no external adaptors)
– - CSA/UL 60950 safety approved to +85 °C on all units

– Up to 8 ports Gigabit Ethernet
– Up to 24 serial ports

• RUGGEDCOM RX1511:
– Up to 12 ports 100FX
– Up to 12 ports 10/100TX
– Up to 6 ports10FL/100SX
– Up to 4 ports Gigabit Ethernet
– Up to 12 serial ports
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Communication
RUGGEDCOM Ethernet Switches – Layer 3 – RUGGEDCOM RX1500 Managed

• RUGGEDCOM RX1511

• Cyber-Security

– Modular utility grade layer 2 and layer 3 switch and router
in a compact form factor

– Integrated router/firewall/VPN
– Stateful firewall with NAT

• RUGGEDCOM RX1512

– Full IPsec Virtual Private Networking
– VPN with 3DES, AES128, AES256 support
– RUGGEDCOM CROSSBOW for NERC CIP Cyber Security
compliance
– RADIUS centralized password management

– Modular utility grade layer 2 and layer 3 switch and router
in a compact form factor
Application Examples

– Multi-level passwords
– SSH/SSL encryption
– Enable/disable ports, MAC based port security
– VLAN (802.1Q) to segregate and secure network traffic
– SNMPv3 encrypted authentication and access security
– Optional Check Point Firewall and IPS (See RUGGEDCOM
APE Module)

• WAN Protocols
– Frame relay RFC 1490 or RFC 1294
– PPP RFC 1661, 1332, 1321, 1334, PAP, CHAP Authentication
– GOOSE messaging Support

• IP
– Routing: OSPF, BGP, IS-IS, RIPv
– VRRP redundancy with one-second failover
– Traffic and access control

[G_RCM0_EN_00033P, 1, --_--]

– NTP Client and Server

Figure 3.13/19 Use case: Substation all-in-one switch/router/gateway

– IP Multicast Routing
– DCHP Agent (Option 82 Capable)
– MPLS edge routing

• Reliability in harsh environments
– Immunity to EMI and high voltage electrical transients
– Meets IEEE 1613 (electric utility substations)
– Exceeds IEC 61850-3 (electric utility substations)
– Exceeds IEC 61800-3 (variable speed drive systems)
– Exceeds IEC 61000-6-2 (generic industrial environment)
– Exceeds NEMA TS-2 (traffic control equipment)
– 40 °C to +85 °C operating temperature (no fans)
– Fail-safe output relay: for critical failure or error alarming
– 18 AWG galvanized steel enclosure and 19" rack-mount
adapter
Product Variants

• RUGGEDCOM RX1500
– Modular utility grade 19” rack layer 2 and layer 3 switch and
router

3.13

• RUGGEDCOM RX1501
– Modular utility grade 19” rack layer 2 and layer 3 switch and
router

• RUGGEDCOM RX1510
– Modular utility grade layer 2 and layer 3 switch and router
in a compact form factor
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RUGGEDCOM Ethernet Switches – Layer 3 – RUGGEDCOM RX1500 Managed
Selection and Ordering Data
Description

Order no.
1

RUGGEDCOM RX1500

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6 G K 6 0 1 5 - 0 A M 2

.

-

.

.

.

.

6 G K 6 0 1 5 - 0 B M 2

.

-

.

.

.

.

6 G K 6 0 1 5 - 1 A M 2

.

-

.

.

.

.

6 G K 6 0 1 5 - 1 B M 2

.

-

.

.

.

.

6 G K 6 0 1 5 - 1 C M 2

.

-

.

.

.

.

The RUGGEDCOM RX1500 series is a utility grade layer 2 and layer 3 switch and router. 2 x
power supply (hot swappable); field replaceable line modules; up to 24 ports 100FX; up to 24ports 10/100TX; up to 8-ports Gigabit Ethernet; up to 12 ports 10FL / 100SX, up to 4 T1/E1
ports , Cellular (EVDO / HSPA/4G/LTE; up to 24 RS232/422/485
RUGGEDCOM RX1501
The RUGGEDCOM RX1501 series is a utility grade layer 2 and layer 3 switch and router. 1 x
power supply field replaceable line modules; up to 36-ports 100FX; up to 36-ports 10/100TX;
up to 4-ports Gigabit Ethernet; up to 18 ports 10FL / 100SX, up to 4 T1/E1 ports; cellular
(EVDO / HSPA/4G/LTE); up to 36 RS232/422/485
RUGGEDCOM RX1510
The RUGGEDCOM RX1500 series is a utility grade layer 2 and layer 3 switch and router. 2 x
power supply (hot swappable); field replaceable line modules; up to 24-ports 100FX; up to 24ports 10/100TX; up to 8-ports Gigabit Ethernet; up to 12 ports 10FL / 100SX, up to 4 T1/E1
ports , Cellular (EVDO / HSPA/4G/LTE); up to 24 RS232/422/485
RUGGEDCOM RX1511
The RUGGEDCOM RX1511 series is a utility grade layer 2 and layer 3 switch and router in a
compact form factor. 1 x power supply; field replaceable line modules; up to
12 10/100BaseTx; up to 4 Gigabit ports; up to 12 100BaseFx ports; up to 6 ports 10FL / 100SX;
pluggable optics (SFP); up to 4 T1/E1 ports; cellular (EVDO / HSPA/4G/LTE); up to
12 RS232/422/485
RUGGEDCOM RX1512
The RUGGEDCOM RX1512 series is a utility grade layer 2 and layer 3 switch and router in a
compact form factor. 1 x fixed 11-72VDC power supply; field replaceable line modules; up to
12 10/100BaseTx, up to 4 Gigabit ports; up to 12 100BaseFx Ports; up to 6 ports 10FL / 100SX;
pluggable optics (SFP); up to 4 T1/E1 ports; cellular (EVDO / HSPA/4G/LTE); up to 12
RS232/422/485
Selesction and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.13/8 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Ethernet Switches – Layer 3 – RUGGEDCOM RX5000/MX5000
Description
The RUGGEDCOM RX5000 and MX5000 are high-density
Ethernet routing and switching platforms designed to operate in
harsh environments. These integrated switch and routers can
withstand high levels of electromagnetic interference, radio
frequency interference, and a wide temperature range of –40 °C
to +85 °C. This platform is designed to meet the challenging
climatic and environmental demands found in utility, industrial,
and military grade networks.
Benefits

• RUGGEDCOM RX5000:
– Up to two 10 Gigabit uplinks
– Up to 26 Gigabit ports
– Up to 96 10/100TX copper ports
– Up to 48 100FX optical ports
– Long-reach optics for distances up to 90 km

• RUGGEDCOM MX5000:

[P_RX5000, 1, --_--]

– Up to 48x 10/100TX MicroD copper ports

Figure 3.13/20 RUGGEDCOM RX5000 and RUGGEDCOM MX5000

– Up to 48x 100FX optical ports
– Up to 2 Gigabit Ethernet ports

Application Example

– Long-reach optics for distances up to 90 km

• Power supplies
– Modular, redundant power supplies
– Universal high voltage ranges: DC 88 V to 300 V or AC 85 V
to 264 V

• Reliability in harsh environments
– Immunity to EMI and high voltage electrical transients
– Meets IEEE1613 (electric utility substations)
– Exceeds IEC61850-3 (electric utility substations)
– Exceeds IEC61800-3 (variable speed drive Systems)
– Exceeds IEC61000-6-2 (generic industrial Environment)
– Exceeds NEMA TS-2 (traffic control Equipment)

• -40 °C to +85 °C operating temperature (no fans)
• Conformal coated printed circuit boards (optional)

[G_RCM0_00037P, 1, en_US]

Figure 3.13/21 The RUGGEDCOM Multi-service platform is used to
connect IEDs with a Wide Area Network (WAN)

Product Variants

• RUGGEDCOM RX5000
– Modular high-density routing and switching platform

• RUGGEDCOM MX5000
– Modular high-density routing and switching platform,
designed to operate in the most demanding environments

• RUGGEDCOM MX5000RE

3.13

– Rugged enclosure with modular high-density routing and
switching platform, designed to operate in the most
demanding environments
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Communication
RUGGEDCOM Ethernet Switches – Layer 3 – RUGGEDCOM RX5000/MX5000
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RX5000

2

3

4

5

6

7

8

9

10

11

12

13

14

15

6 G K 6 0 5 0 - 0 A M 2

.

-

.

.

.

6 G K 6 0 5 0 - 0 M M 2

.

-

.

.

.

16

The RUGGEDCOM RX5000 is a high-density
routing and switching platform. Up to
96 10/100TX + 2 10/100/1000T copper ports;
up to 48 100FX optical ports; up to 2 Gigabit
Ethernet ports; long-reach optics for distances
of up to 90 km
RUGGEDCOM RM5000
The RUGGEDCOM MX5000 is an MIL-STD
high-density routing and switching platform,
designed to operate in the most demanding
environments. The RUGGEDCOM MX5000 can
withstand high levels of electromagnetic
interference, radio frequency interference and
a wide temperature range of -40 ºC to +85 ºC;
up to 48 10/100TX MicroD Up to 96 10/100TX
RJ45 ports; up to 48 100FX optical ports; up
to 2 Gigabit Ethernet ports; long-reach optics
for distances of up to 90 km
Further files for assembly kits, power supplies, modules,...: http://www.siemens.com/ruggedcom-selector
Table 3.13/9 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Redundancy Box (HSR/PRP) – RUGGEDCOM RS900 Managed
Description
The RUGGEDCOM RSG907R and RSG909R are compact Gigabit
IEEE 1588 compatible Ethernet switches supporting High Availability Seamless Redundancy (HSR) and Parallel Redundancy
Protocol (PRP) according to IEC 62439-3. The RSG907R supports
3 RNA(Redundant Network Access) ports (SFP) and 4 SAN
(Singly Attached Node) fiber optic ports (LC). The RSG909R
supports 3 RNA ports (SFP) and 6 SAN copper ports (RJ45).
Benefits

• Avoid revenue loss by mitigating the risk of communication
disruptions and downtime with a redundant fault tolerant
network supporting HSR and/o PRP.

• SFP ports allow for in-field modification at any time allowing
deployment flexibility for varying customer needs.

• The redundant power supply inputs allow for continuous safe
and reliable operations even during single power supply failures, diminishing the risk of revenue and data loss
• Reduce maintenance costs by combining precision timing

information and data communications onto a single network
due to the support of IEEE 1588.

[P_RSG900R, 1, --_--]

Figure 3.14/1 RUGGEDCOM RSG907R and RSG909R

Application Example

Features

• Support of HSR and PRP according to IEC 62439-3
• 3 x RNA Ethernet ports according to IEC 62439-3 (1000BASEX)

• 4 Fiber optic (100BASE-FX, LC) or 6 Copper
(10/100/1000BASE-X, RJ45) SAN ports

• Industry standard connectors: SFP, LC and/or RJ45
• Fully integrated power supply with redundant power input
– Universal high-voltage dual inputs: AC 100 V to 240 V /
DC 100 V to 300 V
– Universal low-voltage DC dual inputs with nominal
voltages: DC 12 V, DC 24 V, DC 48 V (DC 10 V to 60 V)

• Supports precision timing according to IEEE 1588 (transparent
clock, ordinary clock)

[G_RCM0_00186P, 1, en_US]

Figure 3.14/2 Two RUGGEDCOM RSG907R / RSG909R in each HSR bay
ring for redundant coupling with PRP station level LANs

• Non-blocking store and forward switching
• For use at ambient temperatures from –40 °C to +85 °C;
without the use of fans

Product Variants

• RUGGEDCOM RSG907R
– A 7-port compact high density switch with 3 RNA ports
supporting HSR and PRP according to IEC 62439-3 and
4 SAN fiber optic ports.

• RUGGEDCOM RST2228P
– A 9 port compact high density switch with 3 RNA ports
supporting HSR and PRP according to IEC 62439-3 and
6 SAN copper ports.

3.14
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Communication
RUGGEDCOM Redundancy Box (HSR/PRP) – RUGGEDCOM RS900 Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RSG907R

2

3

4

5

6

7

8

9

10

11

12

6 G K 6 4 9 0 - 7 R B

.

.

6 G K 6 4 9 8 - 0 R B

.

.

13

14

15

16

-

.

.

.

.

-

.

.

.

.

RUGGEDCOM RSG907R is a 7 port industrially
hardened, fully managed Ethernet switch
featuring an integrated HSR/PRP RedBox for
use in harsh industrial environments. The
product has 3x 1 Gbit/s SFP slots and 4x 100
Mbit/s multimode LC ports (max 2 km). -40 °C
to +85 °C operating temperature (fanless).
RUGGEDCOM RSG909R
RUGGEDCOM RSG909R is a 9 port industrially
hardened, fully managed Ethernet switch
featuring an integrated HSR/PRP RedBox for
use in harsh industrial environments. The
product has 3x 1 Gbit/s SFP slots and 6x
10/100/1000 Mbit/s RJ45 Ethernet ports. -40
°C to +85 °C operating temperature (fanless).
Selection and ordering data for RUGGEDCOM Accessories: http://www.siemens.com/ruggedcom-selector
Table 3.14/1 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Redundancy Box (HSR/PRP) – RUGGEDCOM RS950G Managed
Description
The RUGGEDCOM RS950G is an IEC 62439-3 Redundancy Box
(RedBox), supporting both High Availability Seamless Redundancy (HSR) and Parallel Redundancy Protocol (PRP). The
RS950G provides the ultimate in network reliability from any
network fault. This is achieved by simultaneously transmitting
duplicate packets on independent routes through the network
to provide complete path redundancy at the data link layer.
Benefits

• Prevents downtime during fault situations by providing
complete redundancy of data communication.

• Support for different power sources and extended voltage

ranges save power input conversion costs and infrastructure.

• SFP support allows different distances without changing
products or even cables in some situations.

Features

• 3 configurable copper or fiber ports
• SFP pluggable fiber transceiver with 100FX or 1000LX/SX
options

[P_RS950G, 1, --_--]

Figure 3.14/3 RUGGEDCOM RS950G

• Fully integrated power supply
– Universal high-voltage input: AC 100 V to 240 V / DC 100 V
to 300 V
– Medium-voltage DC input: DC 48 V nominal voltage
(DC 36 V to DC 72 V)
– Low-voltage DC input : DC 24 V nominal voltage (DC 10 V to
DC 36 V)

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

Application Example

[G_RCM0_XX_90014P, 1, --_--]

Figure 3.14/4 RUGGEDCOM RS950G providing redundant access to IEDs
via PRP
3.14
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Communication
RUGGEDCOM Redundancy Box (HSR/PRP) – RUGGEDCOM RS950G Managed
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RS950G

2

3

10

11

12

6 G K 6 0 9 5 - 0 G S

2

.

RUGGEDCOM RS950GNC is an industrially
hardened PRP/HSR redundancy box (RedBox)
providing 3 Gigabit Ethernet combo ports
(100FX/1000LX/1000 SX or 10/100/1000TX),
2 HSR/PRP redundant ports and 1 regular
access port (SAN) for standard Ethernet
devices.
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.14/2 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Cellular Routers – RUGGEDCOM RX1400
Description
The RUGGEDCOM RX1400, thanks to its compact form factor
and multi-function capability, offers a cost saving solution for
large scale deployments by avoiding the need for multiple
devices to achieve the needed interface, switching, routing and
application hosting capabilities.
Benefits

• CAPEX avoidance: through using a single box solution to

replace multiple functionalities such as an L2 switch, L3
router, serial server, WLAN Access Point, WLAN client, LTE/3G
modem, Fiber optic converter, firewall, MPLS end point, hardened PC, cloud interface and GPS location devices.

• OPEX avoidance: by having multiple functionalities housed in
a single box, training and operating expenses are reduced.

• CAPEX avoidance: the LTE (4G) Interface with Rollback to 3G
provides a high bandwidth, reliable interface that allows
customers to avoid/defer expensive fiber installations.

• Its utility grade design helps with immunity against EMI and

heavy electrical surges which allows the devices to be used in
harsh electric power, transportation and industrial applications.

• Suitable for usage in harsh environments with the minimal

risk of failure due to an operating temperature from -40 °C bis
+85 °C without fans.

Features

• 4 copper Fast Ethernet ports and 2 Gigabit or 100Mbps Small
Form-Factor Pluggable (SFP) slots

• Support for multimode and single-mode SFPs for distances
ranging from 500 meters up to 100 km

• Optional GPS input available
• Optional 3G / LTE-Modems for Europe, North America and
Asia Pacific

• Fully integrated, DC +/-12 V to 24 V, DC +/- 48 V or HI power
supplies

• Available WLAN option (WiFi Access Point or Client) with
variety of international wireless approvals

• Built-in Virtual Processing Engine (VPE) for edge computing
(application hosting)

• Optional Integrated CloudConnect software to allow secure

[P_RCM0_XX_00327P, 1, --_--]

Figure 3.15/1 RUGGEDCOM RX1400

– RADIUS centralized password management
– Multi-level passwords
– SH/SSL encryption
– VLAN (802.1Q) to segregate and secure network traffic
– SNMPv3 encrypted authentication and access security

• WAN-Protocols
– Frame relay RFC 1490 or RFC 1294
– PPP RFC 1661, 1332, 1321, 1334, PAP, CHAP Authentication
– GOOSE messaging Support

• IP
– Routing: OSPF, BGP, IS-IS, RIPv
– VRRP redundancy with one-second failover
– NTP Client and Server
– Traffic and access control
– IP Multicast Routing
– DCHP Agent (Option 82 Capable)
– MPLS edge routing

direct connection to MindSphere and other cloud offerings

• Reliable operation at ambient temperatures from -40 C to +85
C without the use of fans

• Two antenna connectors for reliable LTE or 3G cellular
connections
• Serial interface to support backward compatibility with
deployed devices Cyber Security

3.15

– Integrated router/firewall/VPN
– Stateful firewall with NAT
– Full IPSec Virtual Private Networking
– VPN with 3DES, AES128, AES256 support
– RUGGEDCOM CROSSBOW SAC for NERC CIP Cyber Security
compliance
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RUGGEDCOM Cellular Routers – RUGGEDCOM RX1400
Product Variants

• RUGGEDCOM RX1400
– Small form-factor industrial Ethernet-switch and TCP/IP
router with LTE and fiber optic WAN options
Application Examples

[G_RCM0_EN_00052P, 1, --_--]

Figure 3.15/2 The RUGGEDCOM RX1400 with LTE-support provides a
high bandwidth connection for the large amounts of
Smart Meter data

[G_RCM0_00054P, 1, en_US]

Figure 3.15/3 Redundant connection to end-devices used in conjunction with signaling and monitoring when wireline backhaul is combined with cellular connectivity. Serial ports
ensure legacy device support

3.15
[G_RCM0_00046P, 1, en_US]

Figure 3.15/4 Using the serial ports of the RUGGEDCOM RX1400 to
connect to serial gauges enables communication with
the Control Center via fiber optics and a cellular network
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Communication
RUGGEDCOM Cellular Routers – RUGGEDCOM RX1400
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RX1400

2

3

4

5

6

7

8

9

10

11

6 G K 6 0 1 4 - 0 A M 2

12

.

-

13

14

15

16

.

.

.

.

The RUGGEDCOM RX1400 is a rugged small
form-factor industrial Ethernet-switch and
TCP/IP router with 4 copper Gigabit Ethernet
ports, 2 DB9 serial ports and 2 SFP-Slots.
Optionally equipped with LTE modem, WLAN
AP or Client, SFPs and GPS/GLONASS support
Selection and ordering data for RUGGEDOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.15/1 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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RUGGEDCOM Cellular Routers – RUGGEDCOM RM1224
Description
The RUGGEDCOM RM1224 is a small form-factor industrial 4G
cellular router with integrated switch, which enables secure and
cost effective connections to and from remote applications.
Benefits

• Economical industrial graded cellular modem designed for
space-saving integration in the cabinet

• Two antenna connectors for reliable wireless transmission
• Supports SINEMA Remote Conntent
• Built-in Digital I/O which enables push-button VPN connectivity

• Robust plastic housing which fulfills a critical safety require-

ment in order to avoid using grounding in Mid & Low Voltage
installations

Features

• 4 copper fast Ethernet ports
• Available with LTE-Modem for Europe and North America
• 2 SMA antenna connectors for MIMO and diversity
• Digital in/out (I/O)
• Redundant Power Supply Inputs 24 VDC
• For use at ambient temperatures from –40 °C to +70 °C

[P_RCM0_XX_00390P, 1, --_--]

Figure 3.15/5 RUGGEDCOM RM12224

without the use of fans

Product Variants

• RUGGEDCOM RM1224
– Small form-factor industrial Ethernet-switch and TCP/IP
router with LTE WAN option

3.15
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Communication
RUGGEDCOM Cellular Routers – RUGGEDCOM RM1224
Application Examples

[G_RCM0_XX_90040P, 1, --_--]

Figure 3.15/6 RUGGEDCOM RM1224 with LTE-support provides a high
bandwidth connection for large amounts of Smart Meter
data

[G_RCM0_XX_90041P, 1, --_--]

Figure 3.15/7 Redundant connection to end-devices used in conjunction with signaling and monitoring when wireline backhaul is combined with cellular connectivity.

3.15
[G_RCM0_XX_90042P, 1, --_--]

Figure 3.15/8 Mobile wireless connection of intelligent secondary distribution substations (Ring Main Units) and modern smart
apparatus to control centers for monitoring, remote
control and power-flow control.
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RUGGEDCOM Cellular Routers – RUGGEDCOM RM1224
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RM1224

11

12

6 G K 6 1 0 8 - 4 A M 0

2

3

4

5

6

7

8

9

10

0

13

-

15

16

2 ☐ A

14

2

The RUGGEDCOM RM1224 is a small formfactor industrial Ethernet-switch and TCP/IP
router with 4 copper Ethernet ports, 1 digital
I/O, and cellular LTE modem.
RUGGEDCOM RM1224-EU

RUGGEDCOM RM1224-EU 4G ROUTER for
wireless IP-communication from Ethernet
based devices via LTE(4G)- mobile radio, optimized for use in Europa, VPN, firewall, NAT 4port switch 2x SMA antenna Connectors,
MIMO technology 1 x digital input, 1 x digital
output

B

Please note national approvals!
RUGGEDCOM RM1224-NAM

RUGGEDCOM RM1224-NAM 4G ROUTER for
wireless IP-communication from Ethernet
based devices via LTE(4G)- mobile radio, optimized for use in North America, VPN, firewall,
NAT 4-port switch 2x SMA antenna Connectors, MIMO technology 1 x digital input, 1 x
digital output
Please note national approvals!

Selection and ordering data for RUGGEDOCM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.15/2 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Media Converter – RUGGEDCOM RMC40 Unmanaged
Description
The RUGGEDCOM RMC40 is a 4-port unmanaged Ethernet
switch that provides both copper-to-fiber media conversion as
well as 10Mbps to 100Mbps speed conversion. The
RUGGEDCOM RMC40 can be used in place of traditional copperto-fiber media converters with the added ability to convert
speed from 10Mbps to 100Mbps. With dual fiber optics, daisy
chaining of Ethernet enabled devices can easily be accomplished. For the most demanding of systems, a dual-redundant
fiber optic connection can be created for a device that only
offers a single 10/100TX port.
Benefits

• IEC 61850-3 and IEEE 1613 standards compliant to support
communications in mission critical verticals such as electric
power substations.

• Saving CAPEX thanks to the media conversion capability
between existing infrastructures.

• Reduced OPEX due to simple plug and play unmanaged operations.
• Product designed to address harsh environments with
extended temperature ranges.

• No need for external power supply, reducing CAPEX for worldwide applications.

[P_RCM0_XX_00089P, 1, --_--]

Figure 3.16/1 RUGGEDCOM RMC40

Product Variants

• RUGGEDCOM RMC40
– 4-port Ethernet media and speed converter

Features
Application Example

• Multiple port configurations available
– 2x 10/100TX-Port + 1x 100FX-Port (SC/ST)
– 2x 10/100TX-Port + 2x 100FX-Port (MTRJ/LC)
– 4x 10/100TX-Ports

• Multimode and single-mode optical transceivers including

long-haul optics supporting distances from 20 km to 90 km.

• Industry standard fiber-optic connectors: LC, SC, ST, MTRJ
• Non-blocking, store and forward switching with only 10 µs
latency for high network throughput

• DC 24 V, DC 48 V, or high-power (DC 88 V to 300 V/ AC 85 V
to 264 V) options for worldwide operability
• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

[G_RCM0_xx_00010P, 1, --_--]

Figure 3.16/2 The RUGGEDCOM RMC40 is used to provide speed
conversion at the device level.
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RUGGEDCOM Media Converter – RUGGEDCOM RMC40 Unmanaged
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RMC40

2

3

10

11

12

6 G K 6 0 0 4 - 0 A C

0

.

The RUGGEDCOM RMC40 is a 4-port unmanaged Ethernet switch that provides both
copper-to-fiber media conversion as well as
10 Mbps to 100 Mbps speed conversion;
configurations: 2 ports 10/100TX + 1 port
100FX (SC/ST); 2 ports 10/100TX + 2 ports
100FX (MTRJ/LC) or 4 ports 10/100TX
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.16/1 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Media Converter – RUGGEDCOM RMC8000
Description
The RUGGEDCOM RMC8388 is a utility-grade time converter that
has been specifically designed to operate in electrically harsh
and climatically demanding environments. The RUGGEDCOM
RMC8388 offers time conversion between IEEE 1588 and IRIG-B.
Simple and intuitive network based configuration using either
the built in Web or Telnet server makes setup a breeze.
The RUGGEDCOM RMC8388 offers the following time conversion modes:

• IEEE 1588 V2 -> IRIG-B TTL/PPS, IRIG-B AM
• IRIG-B AM -> IEEE 1588 V2
This product helps lower cabling and maintenance costs by
allowing customers to migrate to Ethernet based timing distribution thereby allowing modernization of the data and timing
network but still accommodating IRIG-B based source or destination devices. It is compatible with existing RUGGEDCOM 1588
products such as the RSG2288, RSG2488, RST2228, RSG910C,
RSG909R, RSG908C and the RSG907R.
[P_RMC8000, 1, --_--]

Benefits

Figure 3.16/3 RUGGEDCOM RMC8388

• Capital cost avoidance by allowing continued use of non 1588
compatible IEDs after the transition to a 1588 based timing
solution.

• Designed in reliability in harsh environments reduces the

Product Variants

• RUGGEDCOM RMC8388
– Utility-grade time converter

need for expensive service visits.

• Elimination of dedicated timing networks reduces mainte-

Application Example

nance costs and increases timing availability.

• Common operating system (ROS) with other RUGGEDCOM
layer 2 products reduces/eliminates the need for retraining
technical personnel.
• No need for external power supply, reducing CAPEX for worldwide applications.

Features

• Cyber security functions to protect communications
• IRIG-B Formats Supported: B000 – B007, B120 – B127
• Ethernet Ports Options: 100TX (RJ45) or 100FX (LC)
• PPx: Allows a configurable PPS timer to trigger a signal once
every x seconds up to once in 24 hours

• Provides flexible power supply options, including

DC 24 V,DC 48 V or high-power (DC 88 V to 300 V/ AC 85 V to
264 V) for worldwide operability

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

• Multiple management interfaces : Web-based, Telnet, CLI
management interfaces

[G_RCM0_XX_00071P, 1, --_--]

Figure 3.16/4 The RUGGEDCOM RMC8388 enables legacy IEDs to
connect to a modern Ethernet network supporting IEEE
1588v2 without the need for a separate PPS time
synchronization network.
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RUGGEDCOM Media Converter – RUGGEDCOM RMC8000
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RMC8388

2

3

4

5

6

7

8

9

10

11

12

6 G K 6 0 8 3 - 8 A C

2

.

-

13

14

15

16

.

.

.

.

Accessories
Console Cable

Cable DB-9 Female to Male, 2 m

6 G K 6 0 0 0 - 8 D U

0

0

-

0

A

A

0

Power Cable w/o lugs

Power cable with NEMA 5-15P plug without
lugs for pluggable terminal blocks, 6 ft.

6 G K 6 0 0 0 - 8 B B

0

0

-

0

A

A

0

DIN Mounting Kit

6 G K 6 0 0 0 - 8 H U

0

0

-

0

A

A

0

Panel Mounting Kit

6 G K 6 0 0 0 - 8 M G

0

0

-

0

A

A

0

6 G K 6 0 0 0 - 8 H T

0

1

-

0

C

A

0

RJ45 Dust Covers Kit

8 RJ45 Dust covers for RUGGEDCOM Products

Table 3.16/2 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Serial Device Servers – RUGGEDCOM RS400
Description
The RUGGEDCOM RS400 is a utility grade, serial device server
with an integrated, fully managed Ethernet switch, designed to
operate reliably in electrically harsh and climatically demanding
environments. Featuring an integrated 4-port serial server, a 4port managed Ethernet switch, and an optional V.90 modem,
the RUGGEDCOM RS400 is able to interconnect multiple types of
intelligent electronic devices (IEDs) that have different methods
of communication. Using the RUGGEDCOM RS400 results in
fewer connectivity devices, reducing overall system costs, and
also extends the useful life of existing legacy IEDs, minimizing
capital expenditure for new equipment.
Benefits

• Reduced CAPEX resulting from fewer connectivity devices to
be deployed.

• Protected CAPEX due to extended useful life of legacy IEDs
when transitioning to Ethernet based communications.

• Managed switch supports features to support a full array of
intelligent functionality for high network availability and
manageability.

• Product designed to address harsh environments with
extended temperature ranges.

• No need for external power supply, reducing CAPEX for worldwide applications with HI and LO options.

[P_RCM0_XX_00103P, 1, --_--]

Figure 3.17/1 RUGGEDCOM RS400

Product Variants

• RUGGEDCOM RS400
– Serial device server with integrated fully managed Ethernet
switch with 256-bit encryption

Features

• Fully compliant EIA/TIA RS485, RS422, RS232 serial ports

Application example

(software selectable)

• DB9-, RJ45-, Phoenix style connectors
• Integrated Ethernet switch – up to 4 ports
• 10/100BaseTX, 10BaseFL, 100BaseFX options
• Transmit serial data over an IP network
• Non-blocking, store and forward switching
• DC 24 V, DC 48 V, or high-power (DC 88 V to 300 V/ AC 85 V
to 264 V) options for worldwide operability

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

[G_RCM0_00009P, 1, en_US]

Figure 3.17/2 Intelligent Traffic Systems - wayside infrastructure using
the RUGGEDCOM RS400 to connect legacy devices to an
Ethernet infrastructure

3.17

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 167

Communication
RUGGEDCOM Serial Device Servers – RUGGEDCOM RS400
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RS400

2

3

10

11

12

6 G K 6 0 4 0 - 0 A T

2

.

The RUGGEDCOM RS400 is a utility grade,
serial device server with an integrated, fully
managed, Ethernet switch, designed to
operate reliably in electrically harsh and
climatically demanding environments; 4 port
serial server, 4 port managed Ethernet switch
and an optional V.90 modem
Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.17/1 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Serial Device Servers – RUGGEDCOM RS910
Description
The RUGGEDCOM RS910 is a utility grade, serial device server
with an integrated, fully managed Ethernet switch, designed to
operate reliably in electrically harsh and climatically demanding
environments. The RUGGEDCOM RS910 is able to interconnect
multiple types of intelligent electronic devices (IEDs) that have
different methods of communication. Using the RUGGEDCOM
RS910 results in fewer connectivity devices, reducing overall
system costs, and also extends the useful life of existing legacy
IEDs, minimizing capital expenditure for new equipment.
Benefits

• Reduced CAPEX resulting from fewer connectivity devices to
be deployed.

• CAPEX avoidance due to extending useful life of legacy IEDs
while transitioning to an Ethernet based communications
network.

• Managed switch features support a full array of intelligent

functionality for high network availability and manageability.

[P_RS910, 1, --_--]

• Product designed to address harsh environments with

Figure 3.17/3 RUGGEDCOM RS910

• No need for external power supply, reducing CAPEX for world-

Product Variants

extended temperature ranges.

wide applications with HI and LO options.

Features

• Serial device server with 2 serial port interfaces RS485/RS422/
RS232 (DB9 or RJ45 connectors)
• Optional fiber serial interface with ST connectors
• Support for Modbus TCP, DNP3, TIN serial protocols
• Integrated managed Ethernet switch – up to 3 ports, fiber

• RUGGEDCOM RS910
– Compact serial device server with 2 serial ports and
3 Copper or Fiber Fast Ethernet ports; managed Ethernet
switch and 256-bit encryption
Application Example

and/or copper

• Supports many types of fiber (multimode, single-mode) with
multiple connector types (ST, MTRJ, LC, SC)

• Enables transmitting serial data over an IP network
• DC 24 V, DC 48 V, or high-power (DC 88 V to 300 V/AC 85 V
to264 V) options for worldwide operability

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

[G_IK10_DE_50714P, 1, en_US]

Figure 3.17/4 Intelligent Traffic Systems - wayside infrastructure using
the RUGGEDCOM RS910 to connect legacy devices to an
Ethernet infrastructure
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RUGGEDCOM Serial Device Servers – RUGGEDCOM RS910
Selection and Ordering Data
Description

Variants

Order no.
1

RUGGEDCOM RS910

2

3

10

11

12

6 G K 6 0 9 1 - 0 A T

2

.

The RUGGEDCOM RS910 is a utility grade
serial device server with an integrated, fully
managed, Ethernet switch, designed to
operate reliably in electrically harsh and
climatically demanding environments; 2 serial
ports (RS485/ RS422/RS232) and/or up to 3
Ethernet ports (copper or fiber); multimode,
single-mode; multiple connector types (ST,
MTRJ, LC, SC)
Selection and Ordering Data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.17/2 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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Communication
RUGGEDCOM Serial Device Servers – RUGGEDCOM RMC30
Description
The RUGGEDCOM RMC30 is a utility grade, 2-port Serial-toEthernet server that has been specifically designed to operate in
electrically harsh and climatically demanding environments. The
RUGGEDCOM RMC30 offers both an RS232 port and an
RS485/422 port simultaneously via a solid screw down terminal
block. The 10Base-T Ethernet port supports both auto-negotiation and auto-crossover detection and simplifies cabling. Simple
and intuitive network based configuration using either the built
in Web or Telnet server makes setup a breeze.
Benefits

• IEC 61850-3 and IEEE 1613 standards compliant to support
communications in mission critical verticals such as electric
power substations.

• Saving CAPEX thanks to the media conversion capability
between existing infrastructures.

• Reduced OPEX thanks to simple plug and play operations.
• Product designed to address harsh environments with

[P_RCM0_XX_00088P, 1, --_--]

extended temperature ranges.

Figure 3.17/5 RUGGEDCOM RMC30

• No need for external power supply, reducing CAPEX for worldwide applications.

Application Example

• Multiple port options available to provide customers great
flexibility for a variety of use scenarios.

Features

• Serial ports: 1x RS232 and 1x RS422/485 port
• Ethernet ports: 1x 10BaseTX
• Transmit serial data over an IP network
• Support for Modbus TCP, DNP 3, TIN serial protocols
• DC 24 V, DC 48 V, or high-power (DC 88 V to 300 V/ AC 8

V to

264 V) options for worldwide operability

• For use at ambient temperatures from –40 °C to +85 °C
without the use of fans

• Multiple management interfaces : Web-based, Telnet, CLI
management interfaces

Product Variants

• RUGGEDCOM RMC30
– Serial device server, export controlled version

• RUGGEDCOM RMC30NC

[G_RCM0_XX_00165P, 1, --_--]

– Serial device server, non export controlled version

Figure 3.17/6 Using the RMC30 that allows communicating virtually
any serial device with Ethernet in a simple and reliable
network connectivity.
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RUGGEDCOM Serial Device Servers – RUGGEDCOM RMC30
Selection and Ordering Data
Description

Variants

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

RUGGEDCOM RMC30NC

6 G K 6 0 0 3 - 0 A C

1

.

RUGGEDCOM RMC30

6 G K 6 0 0 3 - 0 A C

2

.

13

14

15

16

-

.

.

.

.

-

.

.

.

.

RUGGEDCOM RMC30
RUGGEDCOM RMC30NC 2-port Serial-toEthernet server

Selection and ordering data for RUGGEDCOM accessories: http://www.siemens.com/ruggedcom-selector
Table 3.17/3 Selection and Ordering Data

Further information
To assist in selecting the right RUGGEDCOM products as well as
configuration of variants, the RUGGEDCOM Selector is available
at: http://www.siemens.com/ruggedcom-selector
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RUGGEDCOM Software – RUGGEDCOM CROSSBOW
Description
RUGGEDCOM CROSSBOW is an enterprise level solution for
managing and securing remote maintenance access to field
devices in compliance with the NERC CIP standards.
RUGGEDCOM CROSSBOW provides cyber-secure local and
remote user access and management of all Intelligent Electronic
Devices and their associated files.

• Automate user login
• Manage device passwords and configurations
• Compare device configurations and firmware against known
approved versions

• Automated file retrieval and storage
• Control, log, and report user access and activity
Application Example

Benefits

• Provides a strong foundation to enable compliance to NERC
CIP & IEC-62443 in the areas of remote IED access, activity
logging and data privacy.

• Secure remote access capabilities saves costly field visits and
truck rolls.

• User access can be revoked in external strong authentication
system (AD, RSA, Radius), no need for costly and time
consuming password changes in all devices.

• Labor intensive automated tasks can be automated saving

time and expense, such as password, firmware, and configuration management.

• Device event records can be extracted and stored without the

need for additional substation hardware and associated maintenance and patching requirements.

• Optional Asset Discovery & Management automates network
asset discovery saving time and expense associated with
device inventory.

Features

• Secure, role based remote access
• Authenticate users against IT systems

[G_RCM0_00017P, 1, en_US]

Figure 3.18/1 RUGGEDCOM CROSSBOW – System Architecture

Selection and Ordering Data
Description

Order no.

CROSSBOW Software-Installer

6 G K 6 0 0 0 - 2 B A ☐ 0

1

RUGGEDCOM CROSSBOW Server/CAM Software

Software installers for CROSSBOW Server,
Client, and CAMs

RUGGEDCOM CROSSBOW SAC Software

Software installers for CROSSBOW Station
Access Controller (both Windows and ROX
variants)

2

3

4

5

6

7

8

9

10

11

12

-

13

14

15

16

0

A

A

0

0

1

Selection and ordering data for licenses: http://www.siemens.com/ruggedcom-selector
Table 3.18/1 Selection and Ordering Data
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RUGGEDCOM Software – RUGGEDCOM VPE
Description
The RUGGEDCOM VPE1400 provides a virtualized environment
to run a guest Linux operating system and third party applications on the RX1400, enabling intelligence at the network edge.
Virtualization allows a full Linux image (with dedicated storage
and I/O ports) to run in parallel with the RUGGEDCOM ROXII,
using a Linux KVM (Kernel Virtual Machine) based solution. The
KVM ensures that the guest OS and third party applications can
run without impacting RUGGEDCOM RX1400 core services
running on the system. Debian 9 Linux images are available
from RUGGEDCOM Support to assist in application development.
Benefits

• Rugged cost effective hardware for 3rd party applications

time diagnostics and event reporting on system health status.
This includes monitoring of all peripherals and remote control.
The RX1400 LTE capability is used to backhaul video data when
an event has been triggered with GPS location, time and date
stamp information.
Benefits:

• Enabling integrators to move away from expensive, custom
designed equipment by using a standards based hardware
platform from Siemens

• Wide availability of applications and utilities that can be run
on the VPE

• Long lasting solution with 10+ year service life and continuous product support

eliminates hardware NRE costs and reduces time to market for
application developers.

• Applications at the network edge reduce the need for centralized collection and storage of network operational data,
reducing data transmission costs.

• Distributed intelligence increases network stability by
reducing control system latency.

• Standard Linux based development platforms means no

special toolsets or training required for developers, reducing
development related expenses.

Application Example
Portable security trailers fully equipped with video and thermal
imaging, LTE, GPS location services, solar power and automated
system diagnostics for superior reliability. The RUGGEDCOM
RX1400 + VPE1400 forms the system backbone by connecting
all components and backhauling data to the central control
center. The VPE running a micro version of Linux performs real-

[G_RCM0_XX_00094P, 1, --_--]

Figure 3.18/2 Example Use Case: Portable Security Trailer

Selection and Ordering Data
Description

Ordering no.
13

14

15

RUGGEDCOM VPE1400 Factory Option

Includes RX1400 with VPE license

6 G K 6 0 1 4 - 0 A M 2

1

2

-

Z

V

0

1

RUGGEDCOM VPE1400 Field upgrade option

Electronic File Transfer of VPE license

6 G K 6 0 1 4

0

-

0

A

A

Selection and ordering data: http://www.siemens.com/ruggedcom-selector
Table 3.18/2 Selection and Ordering Data
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Communication
RUGGEDCOM Software – RUGGEDCOM CloudConnect

• Data filtering options enable pre-processing of data which

Description
The RUGGEDCOM RX1400 with CloudConnect is an all-in-one
solution for plug-and-play connectivity to all common Cloud
solutions e.g. Siemens MindSphere, Amazon Web Services,
Microsoft Azure and other Cloud solutions. This solution
provides the combined capabilities of data acquisition, conversion and communication with MindSphere or other Cloud solutions.

reduces operating expenses due to reduced bandwidth needs
and Cloud provider costs.

• A wide range of device connectivity options (Wireless LAN,

fiber optic and copper Ethernet, serial and LTE) reduce costs
due to standardized training and spare parts based on a single
box solution.

Applications
Benefits

• All-in-one solution for communication, Cloud connectivity and
data acquisition reduces capital expenses and provides
increased reliability.
• Options for redundant connectivity to Cloud through LTE,

Fiber Optic and copper communication paths results in higher
reliability and reduced operating expenses based on reduced
ad-hoc maintenance.

• Ability to operate in harsh environments reduces capital and
operating expenses due to elimination of the need for environmental control equipment.

The RX1400 with CloudConnect is targeted towards situations
where a number of IIOT devices need connectivity to a cloud
based application. The ability of the RX1400 to function in
harsh, non-environmentally controlled locations with LTE
connectivity makes it ideal for outdoor enclosures in environments such as those found in industries like mining, oil & gas,
electric power, and transportation (highways, rail wayside, etc).
Product Variants

• RUGGEDCOM RX1400 with CloudConnect Factory Install
• RUGGEDCOM RX1400 with CloudConnect Field Upgrade

Selection and Ordering Data
Description

Variants

Order no.

Factory Option

Includes RX1400 with CloudConnect application on Linux image, microSD card and VPE
license

6 G K 6 0 1 4 - 0 A M 2

-

Z

Field upgrade option

Electronic File Transfer of VPE application on
Linux image and VPE

6 G K 6 0 1 4 - 0 A V

0

-

RUGGEDCOM RX1400 with CloudConnect

0

0

V

0

2

A

B

0

Selection and ordering data for licences: http://www.siemens.com/ruggedcom-selector
Table 3.18/3 Selection and Ordering Data
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Communication
SCALANCE X204RNA – HSR
Description
The Managed Industrial Ethernet Switches SCALANCE X-200RNA
(Redundant Network Access) with HSR functionality (High-availability Seamless Redundancy protocol according to IEC 62439-3)
are used to connect up to two non- HSR-capable terminal
devices or network segments to a ringshaped HSR network
structure. They can also be used for the simple and redundant
transition from HSR to PRP (Parallel Redundancy Protocol)
network structures.

• Participant or network connection depending on the port
characteristic of the devices, electrical or optical

• Media redundancy by transmitting telegrams twice in ring
networks

• High system availability thanks to simultaneous transmission
of telegrams via two paths in the ring

• No reconfiguration times of the ring network in the event of

an error thanks to double transmission of the telegrams in the
ring

[ph_SCALANCE X204RNA HSR, 1, --_--]

• Simple and redundant coupling of HSR and PRP network struc-

Figure 3.19/1 SCALANCE X204RNA HSR

• Redundant DC 24 V voltage supply or wide-range power
supply unit, depending on the device model

Product Versions:

tures

• SNMP access, integrated web server and automatic e-mail

send function for remote diagnostics and signaling over the
network

Benefits

• Ideal solution for building Industrial Ethernet networks with

high network availability (seamless media redundancy due to
parallel data transmission in parallel network structures)

• Seamless data transmission in ring network structures for

high-availability systems (for example, process automation)

• Fast, simple diagnosis via the LED on the device, using an
integrated web server or using the signaling contact

• Integration of the SCALANCE X-200RNA switches into existing
network management systems (e.g. SINEMA Server or SINEC
NMS) using SNMP access
• Simple commissioning without mandatory configuration
• Device replacement without PG by using the removable

storage medium C-PLUG for saving the configuration data

Applications
The Industrial Ethernet Switches SCALANCE X-200RNA with HSR
functionality facilitate the cost-effective connection of non-HSRcapable terminal devices to ring networks requiring high availability. The devices with IP 20 degree of protection are designed
for use in the control cabinet.

• Industrial Ethernet Switches in plastic case with electrical
ports

– SCALANCE X204RNA
for connection of up to two non-HSR-capable terminal
devices to ring networks with four electrical ports

• Industrial Ethernet Switches in a metal case with electrical and
optical ports and a wide-range power supply unit for use in
extended environmental conditions

– SCALANCE X204RNA EEC
for connection of up to two non-HSR-capable terminal
devices to ring networks with two electrical terminal-device
ports and two optical/electrical combination ports for
network connection
– SCALANCE X204RNA EEC
with configurable functionality (PRP or HSR) for connection
of up to two non-HSR-capable terminal devices to ring
networks with two electrical terminal-device ports and two
optical/electrical combination ports for network connection
Features:

• Device diagnosis via LED (power, link status, data traffic)
• Remote diagnostics via signaling contact (signal mask can be

set on-site via push-button), SNMP protocol and web browser
possible

• The SCALANCE X204RNA EEC with its expanded environ-

mental conditions is suitable for use in power switching and
distribution systems (IEC 61850-3, IEEE 1613)

3.19
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Communication
SCALANCE X204RNA – HSR
Additional information
Other devices and versions in the Industry Mall.
You will find more information about Redundant Network
Access under http://www.siemens.com/rna
For support in selecting SCALANCE network components the
SIMATIC NET Selection Tool and the TIA Selection Tool are available:

• http://www.siemens.com/snst-standalone
• http://www.siemens.com/tia-selection-tool

[G_IK10_DE_10343P, 1, en_US]

Figure 3.19/2 Seamless Ring Network with HSR Redundancy Method

Selection and Ordering Data
Description

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

SCALANCE X204RNA for PRP networks

6 G K 5 2 0 4 - 0 B A

0

0

SCALANCE X204RNA EEC for PRP networks

6 G K 5 2 0 4 - 0 B S

0

0

SCALANCE X204RNA EEC for HSR and PRP networks

6 G K 5 2 0 4 - 0 B S

0

0

13

14

15

16

-

2

M

B

2

-

2

N

A

3

-

3

P

A

3

SFP pluggable transceiver
SFP991-1 (multimode, glass up to 3 km)

6 G K 5 9 9 1 - 1 A D

0

0

-

8

A

A

0

SFP991-1LH+ (single mode, glass up to 70 km, LH+)

6 G K 5 9 9 1 - 1 A E

0

0

-

8

A

A

0

SFP991-1LD (single mode, glass up to 26 km)

6 G K 5 9 9 1 - 1 A F

0

0

-

8

A

A

0

IE FC RJ45 plug connector 180

6 G K 1 9 0 1 - 1 B B

1

0

-

2

A

☐

0

RJ45 plug connector for Industrial Ethernet with sturdy metal case and integrated cutting
terminal contacts for connecting industrial Ethernet FC installation cables, with 180° cable
output for network components and CPs/CPUs with industrial Ethernet connection
1 package = 1 unit

A

1 package = 10 unit

B

1 package = 50 unit

E

Table 3.19/1 Selection and Ordering Data
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Communication
SCALANCE X204RNA – PRP
Description
The Managed Industrial Ethernet network access points
SCALANCE X-200RNA (Redundant Network Access) with PRP
functionality (Parallel Redundancy Protocol according to IEC
62439-3) are used to connect up to two non-PRP-capable
terminal devices or network segments to parallel networks.

• Participant or network connection depending on the port
characteristic of the devices, electrical or optical

• Media redundancy due to double transmission of telegrams
into two parallel separate networks

• High system availability thanks to telegram transmission via
two separate networks at the same time.

• Reconfiguration times in a partial network do not affect the

propagation time because the telegrams are transmitted into
two separate networks (seamless redundancy)

• Redundant DC 24 V voltage supply or wide-range power
supply unit, depending on the device model

• SNMP access, integrated web server and automatic e-mail
send function for remote diagnostics and signaling over the
network
Benefits

• Ideal solution for building Industrial Ethernet networks with

high network availability (seamless media redundancy due to
parallel data transmission in parallel network structures)

• The reconfiguration time of a partial network does not affect
the telegram transmission

• Fast, simple diagnosis via the LED on the device, using an
integrated web server or using the signaling contact

• Integration of the SCALANCE X-200RNA switches into existing
network management systems (e.g. SINEMA Server or SINEC
NMS) using SNMP access

• Simple commissioning without mandatory configuration
• Device replacement without PG by using the removable

storage medium C-PLUG for saving the configuration data

Applications
The Industrial Ethernet Switches SCALANCE X-200RNA facilitate
the cost-effective connection of non-PRPcapable terminal
devices to parallel, separate networks requiring high availability.
The devices with IP 20 degree of protection are designed for use
in the control cabinet.

[ph_SCALANCE X204RNA PRP, 1, --_--]

Figure 3.19/3 SCALANCE X204RNA PRP

Product Versions

• Industrial Ethernet Switches in plastic case with electrical
ports

– SCALANCE X204RNA
for connection of up to two non-PRP-capable terminal
devices to redundant networks with four electrical ports

• Industrial Ethernet Switches in a metal case with electrical and
optical ports and a wide-range power supply unit for use in
extended environmental conditions

– SCALANCE X204RNA EEC
for connection of up to two non-PRP-capable terminal
devices to redundant networks with two electrical terminaldevice ports and two optical/electrical combination ports for
network connection
– SCALANCE X204RNA EEC
with configurable functionality (PRP or HSR) for connection
of up to two non-HSR-capable terminal devices to ring
networks with two electrical terminal-device ports and two
optical/electrical combination ports for network connection
Features:

• Device diagnosis via LED (power, link status, data traffic)
• Remote diagnostics via signaling contact (signal mask can be

set on-site via push-button), SNMP protocol and web browser
possible

• The SCALANCE X204RNA EEC with its expanded environ-

mental conditions is suitable for use in power switching and
distribution systems (IEC 61850-3, IEEE 1613)
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Communication
SCALANCE X204RNA – PRP
Additional information
Other devices and versions in the Industry Mall
Cable system technology:
You will find more information on the SIMATIC NET cable system
family underwww.siemens.com/fastconnect
Selection Tool:
For support in selecting SCALANCE network components the
SIMATIC NET Selection Tool and the TIA Selection Tool are available:

• http://www.siemens.com/snst-standalone
• http://www.siemens.com/tia-selection-tool

[G_IK10_DE_10344P, 1, en_US]

Figure 3.19/4 Redundant Transition from Ring HSR Networt Structure to
Parallel PRP Network Structure using SCALANCE X204RNA

Selection and Ordering Data
Description

Order no.
10

11

12

13

14

15

16

SCALANCE X204RNA for PRP networks

6 G K 5 2 0 4 - 0 B A

0

0

-

2

K

B

2

SCALANCE X204RNA EEC for PRP networks

6 G K 5 2 0 4 - 0 B S

0

0

-

3

L

A

3

SCALANCE X204RNA EEC for HSR and PRP networks

6 G K 5 2 0 4 - 0 B S

0

0

-

3

P

A

3

1

2

3

4

5

6

7

8

9

SFP pluggable transceiver
SFP991-1 (multimode, glass up to 3 km)

6 G K 5 9 9 1 - 1 A D

0

0

-

8

A

A

0

SFP991-1LH+ (single mode, glass up to 70 km, LH+)

6 G K 5 9 9 1 - 1 A E

0

0

-

8

A

A

0

SFP991-1LD (single mode, glass up to 26 km)

6 G K 5 9 9 1 - 1 A F

0

0

-

8

A

A

0

CP 443-1RNA

6 G K 7 4 4 3 - 1 R X

0

0

-

0

X

E

0

IE FC RJ45 plug connector 180

6 G K 1 9 0 1 - 1 B B

1

0

-

2

A

☐

0

RJ45 plug connector for Industrial Ethernet with sturdy metal case and integrated cutting
terminal contacts for connecting industrial Ethernet FC installation cables, with 180° cable
output for network components and CPs/CPUs with industrial Ethernet connection
1 package = 1 unit

A

1 package = 10 unit

B

1 package = 50 unit

E

Table 3.19/2 Selection and Ordering Data
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SOFTNET-IE RNA
3.20

Description

• SOFTNET-IE RNA (Redundant Network Access) is the software
for connecting a PC to PRP-capable (Parallel Redundancy
Protocol according to IEC 62439-3)

• High system availability by transmitting telegrams twice in
two parallel separate networks

• Reconfiguration times in a partial network do not affect the

propagation time because the telegrams are transmitted into
two separate networks (seamless redundancy)

• Integration into network management systems with SNMP
support

• Configuration tools are part of the scope of supply of the
communication software
Benefits

• Increases the availability of the PC application by building

Industrial Ethernet networks with high network availability
(seamless media redundancy due to parallel data transmission
in parallel networks)

[SOFTNET-IE RNA, 1, --_--]

Figure 3.20/1 SOFTNET-IE RNA

• High availability of the entire system
• No additional programming effort required on the PC
• Secures investments by using existing applications and
offering flexible application options

• Simple integration into existing network management

systems thanks to diagnostic data access via SNMP as a
standard interface

Applications
The software package SOFT-IE RNA facilitates the cost-effective
connection of PCs with two network interfaces to parallel separate networks requiring high availability.

[G_IK10_DE_10333P, 1, en_US]

Figure 3.20/2 Parallel PRP Network Structure with SOFTNET-IE RNA and
SCALANCE X204RNA
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Communication
SOFTNET-IE RNA – Selection and Ordering Data
Selection and Ordering Data

3.20

Description

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6 G K 1 7 1 1 - 1 E W

1

5

-

0

A

A

0

6 G K 1 7 1 1 - 1 E W

0

0

-

3

A

L

0

6 G K 1 7 1 1 - 1 E W

0

0

-

3

A

E

0

SOFTNET-IE RNA software for connecting PCs to PRP-capable networks with integrated SNMP,
runtime software, software and electronic manual on CD-ROM, license key on a USB stick,
Class A
SOFTNET-IE RNA V15
for 64-Bit Windows 7 Professional/Ultimate SP1;
for 64-Bit Windows 10 Professional/Enterprise;
for Windows Server 2008 R2 SP1, Server 2012 R2 and Server 2016

• Single license for one installation
Software Update Service
for one year, with automatic extension;
Prerequisite: current software version
Upgrade
FromV8.1 to newest version

• Single license for one installation
Table 3.20/1 Selection and Ordering Data
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SCALANCE M87x Mobile Wireless Router
Overview

• EDGE/HSPA+/LTE router for wireless IP communication of
3.21

Industrial Ethernet-based automation devices using cellular
networks

• Integrated security functions with firewall
• NAT/network applications/1:1 NAT
• Both VPN servers and VPN clients
• A variety of tunnel protocols available: IPsec, OpenVPN
• User-specific login
Benefits

• Monitoring and control of wirelessly connected telecontrol
substations with low investment and operating costs

• Reducing travel costs or telephone fees using remote

programming and remote diagnostics via mobile wireless
service

• Convenient diagnostics via terminal clients and short download times due to the high speed of HSPA+/LTE

• High security thanks to IPsec-based VPN functionality and firewall

• Can be used globally with GSM Quadband technology and

UMTS as well as LTE Pentaband technology (keep the countryspecific approvals in mind!)

Functions
Interfaces

• 1 digital input and 1 digital output each for signaling faults
and outages

• 2/4 Ethernet ports for Industrial Ethernet
• Diagnostics LEDs for modem status, field strength, connection
check, VPN status, and DI/DO channels

[ph_SCALANCE_M87x, 1, --_--]

Figure 3.21/1 SCALANCE M 874-2 / SCALANCE M874-3 / SCALANCE
M876-3 / SCALANCE M876-4

Applications

• The SCALANCE M874/M876 can be used universally. Due to its
type of construction and electrical properties, the router is
primarily suited to use in the industrial sector

• Worldwide remote programming and maintenance via mobile
wireless

• Energy-saving designs of systems, for example, by statusde-

pendent rotational speed control of pumps in satellite stations

• Control and monitoring of
– Wastewater treatment plants, water treatment
– Oil and gas supplies
– District heating

• 1x SMA antenna connection for 2G/3G/4G antenna

– Power distribution

Mobile wireless standards supported

– Pump stations

• 874-2: 2G (GSM, GPRS, EDGE)
• 874-3: 2G (GSM, GPRS, EDGE) / 3G (UMTS, HSPA+)
• 876-3: 2G (GSM, GPRS, EDGE) / 3G (UMTS, HSPA+,

– Traffic and transportation

CDMA2000, EV-DO)

• 876-4: 2G (GSM ,GPRS, EDGE) / 3G (UMTS, HSPA+) / 4G (LTE)

– Buildings
– Wind power and photovoltaic systems

• Connecting mobile participants, with central monitoring and
control

Management

• Web interface for configuration and management
• CLI for configuration and management
• SNMP and MIBs, TRAPS are supported
Security and Routing

• Secure data transmission using encryption and secure identification (authentication) of the communication users by the
application of VPN (IPsec, OpenVPN). Several VPN tunnels are
possible at the same time.

• Login and firewall function for specific assignment and
checking of access rights.

• Routing and port forwarding by NAT, NAPT and 1:1 NAT are
supported.
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SCALANCE M87x Mobile Wireless Router – Selection and Ordering Data
Country approvals:
You can always find the current country approvals and countryspecific constraints at the following link: http://
www.siemens.com/mobilenetwork-approvals

3.21

Cable system technology:
You will find more information on the SIMATIC NET cable system
family under: www.siemens.com/fastconnect
Selection Tool:

[G_IK10_DE_30374P, 1, en_US]

Figure 3.21/2 Transparent Transportation of Telecontrol Protocols, for
example, IEC 60870-5-104, in the Energy Automation
Environment

The SIMATIC NET Selection Tool and the TIA Selection Tool are
available to provide support in selecting SCALANCE M devices
and configuring the modular versions:

• http://www.siemens.com/snst-standalone
• http://www.siemens.com/tia-selection-tool

Additional information
You can find additional information on remote networks here:
http://siemens.com/remote-networks
Selection and Ordering Data
Description

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

SCALANCE M874-2

6 G K 5 8 7 4 - 2 A A

0

0 -

2

A

A

2

SCALANCE M874-3

6 G K 5 8 7 4 - 3 A A

0

0 -

2

A

A

2

SCALANCE M876-3

6 G K 5 8 7 6 - 3 A A

0

2 -

2

B

A

2

SCALANCE M876-4 EU

6 G K 5 8 7 6 - 4 A A

0

0 -

2

B

A

2

SCALANCE M876-4 NAM

6 G K 5 8 7 6 - 4 A A

0

0 -

2

D

A

2

IE FC RJ45 plug connector 180

6 G K 1 9 0 1 - 1 B B

1

0 -

2

A

☐

0

RJ45 plug connector for Industrial Ethernet with sturdy metal case and integrated cutting
terminal contacts for connecting industrial Ethernet FC installation cables, with 180° cable
output for network components and CPs/CPUs with industrial Ethernet connection
1 package = 1 unit

A

1 package = 10 unit

B

1 package = 50 unit

B

Table 3.21/1 Selection and Ordering Data
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PROFIBUS/MPI Router SCALANCE M804PB
Description

3.22

The SCALANCE M804PB is a compact Industrial Ethernet router
with 1x RS 485 interface for a cost-effective and reliable connection of PROFIBUS/MPI systems. The protection against unauthorized access and the security of the data transfer are increased by
the integrated security functions firewall and VPN (IPsec and, for
connecting to SINEMA Remote Connect, OpenVPN).
Widely distributed PROFIBUS/MPI-based plant segments and
terminal devices can be generically accessed via the
SCALANCE M804PB. In addition, access to PROFIBUS/MPI
programmable controllers is also possible from the local
Ethernet interface. The devices can be connected via the TIA
Portal or SIMATIC STEP 7. The PROFIBUS/MPI interface is activated using the free TIA Portal Cloud Connector software and is
then available in the TIA Portal as of V15 and SIMATIC STEP 7 as
of V5.6. Please note that a TIA Portal Cloud Connector version
>= 1.1 SP2 is required for this. As of TIA Portal Version 15 SP1, a
more current version of the TIA Portal Cloud Connector is
installed which is also compatible with the SCALANCE M804PB.
The SCALANCE M804PB is suitable for use in remote programming and remote diagnostics, as well as remote maintenance
(Teleservice) and network segmentation. The connection to
SINEMA RC via the autoconfiguration interface (can be enabled
with the KEY-PLUG SINEMA RC) also allows the easy configuration of a connection to SINEMA Remote Connect.

[P_IK10_XX_02399, 1, --_--]

Figure 3.22/1 SCALANCE M804PB

functionality. The SCALANCE M804PB has IP20 degree of protection and also has a redundant power supply connection.

The KEY-PLUG is inserted in the PLUG slot of the
SCALANCE M804PB. It also supports the tried-and-tested C-PLUG
Selection and Ordering Data
Description

Variants

Order no.
1

SCALANCE

10

11

12

6 G K 5 8 0 4 - 0 A P

0

0

Removable data storage medium for simple
replacement of devices in the event of a fault;
for storing configuration or engineering and
6 G K 1 9 0 0 - 0 A B
application data; can be used for SIMATIC NET
products with C-PLUG slot

1

0

Removable data storage medium for enabling
connection to SINEMA Remote Connect for
simple device replacement if a fault occurs,
and for storing configuration data

6 G K 5 9 0 8 - 0 P B

0

0

SCALANCE M-800 desktop pedestal for table
mounting for SCALANCE M812 / M816 /
M874-x / M876-x / S615

6 G K 5 8 9 8 - 8 M D

0

0

M804PB14

2

3

4

5

6

7

8

9

Compact Industrial Ethernet router with 1x RS 485 interface for the cost-effective and reliable
connection of PROFIBUS/MPI systems; with integrated firewall and VPN with IPsec (OpenVPN
for connecting SINEMA RC); 2 x RJ45 ports, 1x RS 485 interface PROFIBUS/ MPI
Accessories
C-PLUG

KEY-PLUG SINEMA RC

SCALANCE M desktop pedestal

Table 3.22/1 Selection and Ordering Data
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Please note country approvals under: http://www.siemens.com/mobilenetwork-approvals
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-

13

14

15

16

2

A

A

2

Communication
Mobile Wireless Antennas
Description
Mobile wireless antennas are used to individually adjust wireless
coverage for the application. With that the reliability of mobile
wireless connections is increased by optimizing receiving and
transmission of the signals.

• Use for routers, modems and communication processors for

3.23

the mobile wireless standards GSM/GPRS (2G), UMTS (3G),
LTE (4G)

• Coordinated assortment of antennas as well omnidirectional
as directed for different applications, both indoors and
outdoors

Benefits

• Cost-effective connection to devices in remote, difficult to
access or volatile environments

• Building a reliable mobile wireless infrastructure using remote
antennas, even if mobile wireless devices are installed, for
example, in the control cabinet

[P_IK10_XX_01554P, 1, --_--]

Figure 3.23/1 Mobile Wireless Antennas

Examples:

• Telecontrol applications, for example, in water treatment and
wastewater treatment plants, oil and gas applications, railroad use or public transportation

• Teleservice applications, for example, in machine manufacturing

• Additional applications, for example, automation of energy
distribution networks (Smart Grid), video surveillance

Selection and Ordering Data
Description

Order no.
1

2G/3G/4G antenna ANT896-4MA

2

3

4

5

6

7

8

9

10

11

12

6 G K 5 8 9 6 - 4 M A

0

0

6 G K 5 8 9 6 - 4 M E

0

0

6 N H 9 8 6 0 - 1 A A

0

0

6 N H 9 8 7 0 - 1 A A

0

0

13

14

15

16

-

0

A

A

3

-

0

A

A

0

Omnidirectional antenna for GSM (2G), UMTS (3G) and LTE (4G) networks; omnidirectional
characteristic; can be rotated radially with additional joint; with SMA connector for direct
mounting on the device; antenna gain 2dBi; IP54
2G/3G/4G antenna ANT896-4ME
Omnidirectional antenna for GSM (2G), UMTS (3G) and LTE (4G) networks; omnidirectional
characteristic; with N-Female connector for remote installation indoors and outdoors; antenna
gain 3dBi; IP66
2G/3G/4G antenna ANT794-4MR
Rod mobile wireless antenna for 2G/3G/4G EU, GSM/UMTS/ LTE EU networks, omnidirectional;
weatherproof for indoors and outdoors; 5 m Connection cable permanently connected to the
antenna; SMA connector; incl. mounting bracket, screws, screw anchor
GSM/GPRS antenna ANT794-3M
Flat panel antenna for GSM (2G) networks, for triband with 900/1800/1900 MHz; weatherresistant for indoor/outdoor use; 1.2 m connecting cable permanently connected to antenna;
SMA connector; incl. assembly adhesive tape
Table 3.23/1 Selection and Ordering Data
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Mobile Wireless Antennas – Antenna Accessories
Accessories for Antennas
Description

Variants

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

SIMATIC NET Antenna N-Connect Male/Male Flexible Connection Cable
3.23

Flexible connecting cable for connecting an
RCoax cable or antenna to a SCALANCE W/M
device; pre-assembled with two N-Connect
male connections

6 X V 1 8 7 5 - 5 A ☐ ☐ 0
▲ ▲
1m

H

1

2m

H

2

5m

H

5

10 m

N

1

Flexible connecting cable for connecting an
RCoax cable or antenna to a SCALANCE W/M
device; pre-assembled with two N-Connect
1m
male connections, suitable for railway applica2m
tions
5m

6 X V 1 8 7 5 - 5 S H ☐ 0
▲
1
2
5

SIMATIC NET Antenna N-Connect/SMA Male/Male Flexible Connection Cable
Flexible connecting cable for connecting an
external antenna to a SCALANCE M-800; preassembled with two N-Connect male and SMA
0.3 m
male connections
1m

6 X V 1 8 7 5 - 5 L ☐ ☐ 0
▲ ▲
E

3

H

1

2m

H

2

5m

H

5

Flexible connecting cable for connecting an
external antenna to a SCALANCE M-800; preassembled with two N-Connect male and SMA
1m
male connections, suitable for railway applica2m
tions
5m

6 X V 1 8 7 5 - 5 U H ☐ 0

SIMATIC NET Antenna QMA/N-Connect Male/Female Flexible Connection Cable

6 X V 1 8 7 5 - 5 V H

1

0

6 G K 5 7 9 8 - 2 L P

0

0 -

2

A

A

6

6 G K 5 7 9 8 - 2 P P

0

0 -

2

A

A

6

6 G K 5 7 9 8 - 0 C P

0

0 -

1

A

A

0

6 G K 5 8 9 8 - 1 C V

0

0 -

4

A

A

0

▲
1
2
5

Flexible adaptor cable, pre-assembled with one QMA male and one N-Connect female
connector, 1 m
Lightning Protector LP798-1N
Lightning protection with N/N female/female connection, IP67 (-40 to +85°C), frequency
range: 0 to 6 GHz
SIMATIC NET N-Connect/N-Connect Female/Female Panel Feedthrough
Cabinet feedthrough for wall thicknesses up to a maximum of 4.5 mm, two N-Connect female
connections
SIMATIC NET N-Connect Male/Male Coupler
HF coupling; two N-Connect male connections
SIMATIC NET SMA/SMA Angle Adapter
Angle adapter, SMA/SMA male/female
We offer a wide range of accessories for different applications. An overview of further products you find here: https://mall.industry.siemens.com/
mall/de/WW/Catalog/Products/10022025?tree=CatalogTree
Table 3.23/2 Selection and Ordering Data
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Industrial Security Appliances SCALANCE S
Description
The SCALANCE S Industrial Security Appliances are used for
protecting devices and networks in automation engineering and
industrial communication.
They are distinguished, for example, by the following features:

• Implementation of a cell protection concept and support in

implementing the Siemens Defense in Depth security concept

• Checking and filtering of data traffic by integrated firewall

3.24

and thus:

– Protection against operator mistakes
– Prevention of unauthorized access
– Prevention of faults and communications overload

• Authentication of communication partners and encryption of
transmitted data via VPN, thus protecting communication
against espionage and manipulation

• Robust, industry-compatible device design
• Easy and clear configuration:

The TIA Portal can be used to configure and diagnose all
SIMATIC NET security products from a central point

• Communication protection is protocol-agnostic independently
of the protocol (e.g. PROFINET or other Ethernet-based
fieldbus solutions)

• Secured remote access via the Internet possible without
restrictions and with any provider

Benefits

• Protection of industrial automation networks against unauthorized access and setup of a DMZ (demilitarized zone)
possible to permit data exchange with other networks
without having to grant direct access to the production
network

• Implementation of a flexible cell protection concept ensures:
– Protection of any Ethernet-based programmable controllers
and automation systems which do not have their own
security functions
– Protecting several devices simultaneously

[P_IK10_XX_2327, 1, --_--]

Figure 3.24/1 SCALANCE S

Applications
The Industrial Security Appliances of the SCALANCE S range can
be used to protect all devices of an Ethernet network against
unauthorized access. SCALANCE S also protects the data transmission between devices or network segments (e.g. automation
cells) against data manipulation and espionage; they can also be
used for secured remote access over the Internet.
Industrial Security Appliances can be operated not only in bridge
mode but also in router mode, and can thus also be used direct
at IP subnet boundaries.
Secured remote access over the Internet or 2G/3G/4G is possible
with the SCALANCE M-800 series 2G/3G/4G routers.
SCALANCE S is optimized for use in automation and industrial
environments, and meets the specific requirements of automation systems, such as easy upgrades of existing systems, simple
installation and minimal downtimes in the event of a fault.

– Reduced risk of network faults and unauthorized network
access by forming protected communication islands
(network segmenting)
– Securing of communication to and from the automation
cells

• System-wide network diagnostics thanks to integration into IT
infrastructures and network management systems by means
of SNMP

• Securing of remote access via the Internet. Dynamic IP
addresses can also be used with PPPoE and DDNS

• Trouble-free integration into existing networks without

repeated configuration of terminal nodes or setting up new IP
subnets

• Module replacement without the need for a programming

device, using the C-PLUG removable data storage medium for
backing up the configuration data

• Direct integration into FO networks possible (SCALANCE
SC632-2C, SC636-2C, SC642-2C, SC646-2C)
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Industrial Security Appliances SCALANCE S – Product Versions
Product Variants
Industrial Firewall Appliances:

• SCALANCE SC632-2C
– Uses Stateful Inspection Firewall to protect network
segments against unauthorized access

3.24

For support in selecting SCALANCE network components the
SIMATIC NET Selection Tool and the TIA Selection Tool are available

• http://www.siemens.com/snst-standalone
• http://www.siemens.com/tia-selection-tool

– Connection via 2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optically with SFPs (100 Mbps or
1000 Mbps)
– Firewall data throughput up to 600 Mbps
– Connection to SINEMA Remote Connect via VPN

• SCALANCE SC636-2C
– Uses Stateful Inspection Firewall to protect network
segments against unauthorized access
– Connection via 4x port, electrical with RJ45 (10/100/1000
Mbps) and 2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optical with SFPs (100 Mbps or
1000 Mbps)
– Firewall data throughput up to 600 Mbps
– Connection to SINEMA Remote Connect via VPN
Industrial VPN Applicances:

• SCALANCE S615
– Uses Stateful Inspection Firewall to protect network
segments against unauthorized access
– Simultaneous operation of up to 20 VPN tunnels possible
– Connection via 5x port electrical with RJ45 (10/100 Mbps)
– Firewall data throughput up to 100 Mbps
– VPN data throughput up to 35 Mbps
– Connection to SINEMA Remote Connect via VPN

• SCALANCE SC642-2C
– Uses Stateful Inspection Firewall to protect network
segments against unauthorized access
– Simultaneous operation of up to 200 VPN tunnels possible
– Connection via 2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optically with SFPs (100 Mbps or
1000 Mbps)
– Firewall data throughput up to 600 Mbps
– VPN data throughput up to 120 Mbps
– Connection to SINEMA Remote Connect via VPN

• SCALANCE SC646-2C
– Uses Stateful Inspection Firewall to protect network
segments against unauthorized access
– Simultaneous operation of up to 200 VPN tunnels possible
– Connection via 2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optically with SFPs (100 Mbps or
1000 Mbps)
– Firewall data throughput up to 600 Mbps
– VPN data throughput up to 120 Mbps
– Connection to SINEMA Remote Connect via VPN
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Industrial Security Appliances SCALANCE S – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

SCALANCE SC632-2C

2

3

4

5

6

7

8

9

10

11

12

6 G K 5 6 3 2 – 2 G S

0

0

–

13

14

15

16

2

A

C

2

Industrial Security Appliance; for protecting
devices and networks in discrete manufacturing and the process industry for securing
industrial communication with firewall; additional functions: Address translation (NAT/
NAPT); 2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optically with SFPs
(100 Mbps or 1000 Mbps)
SCALANCE SC636-2C

3.24

6 G K 5 6 3 6 – 2 G S

0

0

–

2

A

C

2

6 G K 5 6 4 2 – 2 G S

0

0

–

2

A

C

2

6 G K 5 6 4 6 – 2 G S

0

0

–

2

A

C

2

C-PLUG

Removable data storage medium for simple
6 G K 1 9 0 0 - 0 A B
replacement of devices in the event of a fault;
for storing configuration or engineering and
application data; can be used for SIMATIC NET
products with C-PLUG slot

1

0

KEY-PLUG SINEMA RC

Removable data storage medium for enabling
connection to SINEMA Remote Connect for
simple device replacement if a fault occurs,
and for storing configuration data

0

0

-

8

A

A

0

Industrial Security Appliance; for protecting
devices and networks in discrete manufacturing and the process industry for securing
industrial communication with firewall; additional functions: Flexible security zones,
address translation (NAT/NAPT); 4x electrical
with RJ45 (10/100/1000 Mbps) and 2x combo
port, electrical with RJ45 (10/100/1000 Mbps)
or optical with SFPs (100 Mbps or 1000 Mbps)
SCALANCE SC642-2C
Industrial Security Appliance; for protecting
devices and networks in discrete manufacturing and the process industry for securing
industrial communication with firewall and
VPN; additional functions: Address translation
(NAT/NAPT); 2x combo port, electrical with
RJ45 (10/100/1000 Mbps) or optically with
SFPs (100 Mbps or 1000 Mbps)
SCALANCE SC646-2C
Industrial Security Appliance; for protecting
devices and networks in discrete manufacturing and the process industry for securing
industrial communication with firewall and
VPN; additional functions: Flexible security
zones, address translation (NAT/NAPT); 4x
electrical with RJ45 (10/100/1000 Mbps) and
2x combo port, electrical with RJ45
(10/100/1000 Mbps) or optical with SFPs
(100 Mbps or 1000 Mbps)
Accessories

SFP plug-in transceiver

6 G K 5 9 0 8 - 0 P B

6 G K 5 9 9 1 - 1 ☐ ☐ ☐ 0
SFP991-1, 1x 100 Mbps LC port, optical
(multimode, glass), up to 5 km

A D

0

SFP991-1LD, 1x 100 Mbps LC port, optical
(single-mode, glass), up to 26 km

A F

0

SFP991-1LH+, 1x 100 Mbps LC port, optical
(single-mode, glass), up to 70 km

A E

0

SFP991-1ELH200, 1x 100 Mbps LC port,
optical (single-mode, glass), up to 200 km

A E

3
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Industrial Security Appliances SCALANCE S – Selection and Ordering Data
Description

3.24

Variants

Order no.

SFP992-1, 1x 1000 Mbps LC port, optical
(multimode, glass), up to 750 km

A L

0

SFP992-1+, 1x 1000 Mbps LC port, optical
(multimode, glass), up to 2000 m

A G

0

SFP992-1LD 1x 1000 Mbps optical LC port
(single-mode, glass), up to 10 km

A M 0

SFP992-1LH, 1x 1000 Mbps optical LC port
(single-mode, glass), up to 40 km

A N

0

SFP992-1LH+, 1x 1000 Mbps LC port, optical
(single-mode, glass), up to 70 km

A P

0

SFP992-1ELH 1x 1000 Mbps optical LC port
(single-mode, glass), up to 120 km

A Q

0

Table 3.24/1 Selection and Ordering Data
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Communication
SINEMA Remote Connect
Description
The management platform for remote networks, SINEMA
Remote Connect, is a server application for secure connection
establishment between users, widely distributed systems and
machines. SINEMA Remote Connect facilitates the management
and establishment of tunnel connections (VPN). Secure remote
maintenance can then be performed via the TIA portal, for
example. Direct access to the company network incorporating
the machine to be maintained is avoided. The participants who
are to communicate with one another "meet" at a neutral location, the SINEMA Remote Connect. There, the identity of the
participants is determined using certificate exchange before
they can access the company network.

3.25

Additional features of SINEMA Remote Connect are:

• Address book function with SINEMA RC client
• Simple to issue rights via the user-friendly web interface
• Auto configuration of Siemens routers and for the SINEMA RC
client

[ph_SINEMA Remote Connect, 1, --_--]

Figure 3.25/1 SINEMA Remote Connect

Benefits

• Low investment and operating costs for operator control and
monitoring of remotely connected substations

• Secured and simple dialup into the plants from any location in
the world

• Simple and low-cost migration from classical remote communication to IP-based remote communication
• Wide range of applications from remote service to remote
control on the basis of transparent IP communication

• Easy integration into existing infrastructure
• Extremely simple connection of terminal devices via auto

configuration (e.g. SCALANCE S615, M-800, SC-600 and
selected SIMATIC CPs) and SINEMA Remote Connect Client
(minimal IT expertise required)

• More flexible assignment of rights, avoidance of operating

errors during remote maintenance by unauthorized personnel
due to individual access restriction

– User-defined access rights for dedicated access to specific IP
addresses in subnetworks
KEY-PLUG SINEMA RC

• Connecting SINEMA RC and support during commissioning:
– Auto configuration interface for simple connection configuration of industrial routers SCALANCE M oder S615
SINEMA Remote Connect Client

• Supported operating systems:
– Windows 7 SP1 (32/64 Bit)
– Windows 8.1 (64 Bit)
– Windows 10 PRO (64 Bit)
– Windows Server 2012 RS (64 Bit)
– Windows Server 2016 (64 Bit)

• Address book:
– List view of all devices assigned to one user

• SIMATIC Teleservice

Functions

– Selection of a device to perform a teleservice in the SIMATIC
environment

SINEMA Remote Connect

• Proxy server:

• Management of devices and users:
– User management with the configuration of rights
– Device and user management with group administration

• Connection management:
– Establishing of encrypted connections using OpenVPN
– Establishing of permanent or event-based connections
(using wake-up SMS or a signal at the digital input)

• Connecting subnetworks downstream of the industrial routers
(e.g. SCALANCE S or M)
– Routing support

– For communication with networks behind a proxy server
infrastructure

• Support of HTTPS and SOCKS proxy servers
• Auto configuration interface:
– For simple configuration of a connection to SINEMA Remote
Connect

• Tunnel encryption:
– OpenVPN

– NAT support for mapping locally identical subnetworks

Applications

– NAT support for mapping dedicated local IP addresses

SINEMA Remote Connect is suitable for use in industrial and
industry-oriented areas:

– Support of multiple subnetworks behind an industrial router
SCALANCE M or an Industrial Security Appliance S615 or
SC-600
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SINEMA Remote Connect – Product Versions
Global remote programming and maintenance (Remote Service)
for example of:

• Plant and machine building
• Power distribution/substations (municipal utility)
• Logistics/harbor logistics
• ITS/transport companies
• Water & waste water (municipal utility, etc.)
Product Variants
3.25

The SINEMA Remote Connect management platform is divided
into the following products:

• SINEMA Remote Connect Virtual Appliance
– The SINEMA RC Virtual Appliance contains the basic software package SINEMA RC for establishing 4 VPN connections. It also contains the SINEMA RC Client software.

• SINEMA Remote Connect upgrade-license
– With the SINEMA RC upgrade licenses, the number of available VPN connections for users and devices can be
increased.

• SINEMA Remote Connect Client
– The SINEMA Remote Connect Client is an open VPN client
for optimal connection to SINEMA RC.

• KEY-PLUG SINEMA RC
– With the KEY-PLUG SINEMA RC, connecting to the SINEMA
RC via the auto configuration interface of the industrial
routers SCALANCE M and S615 is enabled. In this way, the
configuration of the connections of these devices to the
SINEMA Remote Connect is simple and quick.

• Supported hardware
– Industrial routers SCALANCE M, Industrial Security Appliances SCALANCE S615 and SC-600 and selected
SIMATIC CPs.
Additional information
You can find more information on the topic of remote networks
on the Internet at: http://www.siemens.com/remote-networks
You can find more information on the topic of industrial security
on the Internet at: http://www.siemens.com/industrialsecurity
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SINEMA Remote Connect – Selection and Ordering Data
Selection and Ordering Data Accessories
Description

Order no.
1

SINEMA RC Virtual Appliance

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6 G K 1 7 2 0 - 1 A H

0

1

-

0

B

V

0

6 G K 1 7 2 2 - 1 J H

0

1

-

0

B

V

0

6 G K 1 7 2 2 - 1 M H

0

1

-

0

B

V

0

6 G K 1 7 2 2 - 1 Q H

0

1

-

0

B

V

0

6 G K 1 7 2 1 - 1 X G

0

1

-

0

A

A

0

6 G K 5 6 1 5 - 0 A A

0

0

-

2

A

A

2

6 G K 5 9 0 8 - 0 P B

0

0

Up to 4 VPN connections including SINEMA RC Client; documentation on DVD, license key on a
USB stick; 2 languages (German, English); single license for one installation
SINEMA RC UPGRADE 64
Upgrade by 64 VPN connections; license only, no software
SINEMA RC UPGRADE 256
Upgrade by 256 VPN connections, license only, no software
SINEMA RC UPGRADE 1024

3.25

Upgrade by 1024 VPN connections; license only, no software
SINEMA RC Client
OpenVPN client for connection to SINEMA Remote Connect; documentation on DVD, license key
on a USB stick; 2 languages (German, English); single license for one installation
Accessories
SCALANCE S615
Industrial security module for protecting devices and networks in automation technology and
for securing industrial communication using VPN and firewall; address translation (NAT/NAPT);
connection to SINEMA RC; 5-port switch; 1 x digital input, 1 x digital output
KEY-PLUG SINEMA RC
Removable medium for enabling connection to SINEMA Remote Connect for industrial routers,
for simple device replacement in the event of a fault and adopting configuration data
Table 3.25/1 Selection and Ordering Data Accessories
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Industrial Ethernet – Cable System Technology
Description
The communication networks are of utmost importance for
automation solutions. SIMATIC NET stands for a diverse range of
modular blocks which contribute to efficiently solving your
pending communications task.
Passive network components - cabling

3.26

The basis for efficient automation are powerful and integrated
communication networks. Industrial Ethernet is the proven technology for meeting these challenges. SIMATIC NET from
Siemens is based on Industrial Ethernet and encompasses everything you need to build highly efficient industrial networks and
bus systems: powerful, future-proof network components for
reliable use in harsh industrial environments, a cabling system
for fast assembly on site, high-speed redundancy for fail-safety,
and a signaling concept for constant monitoring of the network
components.
Stringent demands are placed on the installation of cables in an
industrial environment. Siemens offers FastConnect, a system
that meets all these requirements: On-site assembly – quick,
easy, and error-free.

[P_IK10_XX_02103, 1, --_--]

Figure 3.26/1 Industrial Ethernet – Cabling Technology

FastConnect - the complete system
For quick and error-free installation or changes on site, with
FastConnect, Siemens has developed a sophisticated quickassembly system with cables, plug connectors and assembly
tools. FastConnect is available for Industrial Ethernet/PROFINET
and PROFIBUS, for RJ45, M12, or sub-D/RS 485. And now also for
fiber-optic cables: ST/BFOC, SC, SC RJ and LC in various lengths.
With FastConnect FO, the impossible is now possible!
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Industrial Ethernet – Cable System Technology – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

Installation components for 4-core cables (2 x 2)

2

3

4

5

6

7

8

9

10

11

12

6 X V 1 8 4 0 - 2 A

H

1

0

0

4-core, shielded TP installation cable for connection to IE FC Outlet RJ45/IE FC RJ45 Plug. Sold by the meter:
Max. quantity 1000 m, minimum order: 20 m
IE FC TP Standard Cable GP 2 x 2 (Type A)
Rigid TP cable for universal use, sold by the meter

6 X V 1 8 4 0 - 2 A ☐

☐

20 m

H

2

50 m

N

5

100 m

T

1

200 m

T

2

500 m

T

5

U

1

H

1

0

H

1

0

1000 m
IE FC TP Flexible Cable GP 2 x 2 (Type B)

Flexible cable for occasional movement, sold by the
meter

3.26

6 X V 1 8 7 0 - 2 B

IE FC TP Trailing Cable GP 2 x 2 (Type C)

For use on cable carriers, sold by the meter

6 X V 1 8 7 0 - 2 D

IE FC TP trailing cable GP preassembled with two
IE FC RJ45 Plug-180

Length 1 m, other lengths on request

6 X V 1 8 7 1 - 5 B

IE FC TP robust standard cable GP 2 x 2 (type A)

TPE outer sheath, fixed installation for connection to
FC RJ45 Plug/FC Outlet RJ45

6 X V 1 8 4 1 - 2 A

IE FC TP Robust Flexible Cable GP 2 x 2 (Type B)

TPE outer sheath, with flexible core, for connection
to FC RJ45 Plug/FC Outlet RJ45

6 X V 1 8 4 1 - 2 B

IE TP torsion cable 2 x 2 sold by the meter (Type
C)

TP installation cable, 4-core, for use in highly flexible
applications (torsion)

6 X V 1 8 7 0 - 2 F

Note: M12 connecting cables, see
www.siemens.com/fastconnect

IE ground cable 2 x 2 sold by the meter

Underground cable, 4-core, shielded

6 X V 1 8 7 1 - 2 G

IE FC TP Robust Food Cable GP 2 x 2 (Type C)

TP installation cable for use in the food, beverages
and tobacco industries, 4-core

6 X V 1 8 8 1 - 2 A

IE FC TP Marine Cable 2 x 2 (Type B)

Marine certification, sold by the meter

6 X V 1 8 4 0 - 4 A

Marine certification, sold by the meter

TP installation cable for use in the food and beverages industry, sold by the meter, max. quantity
1000 m

6 X V 1 8 7 1 - 2 L

IE FC TP Festoon Cable 2 x 2

(PROFINET TYPE B), TP installation cable for hanging
in festoons, min. 5 mill. bending cycles, sold by the
meter, max. quantity 1000 m

6 X V 1 8 7 1 - 2 S

IE FC TP FRNC Cable GP 2 x 2

(PROFINET TYPE B), shielded, halogen-free TP installation cable for connection to IE FC Outlet RJ45/IE FC
RJ45 Plug for occasional movement, sold by the
meter; max. length 1000 m IE FC Outlet RJ45/IE FC
RJ45 Plug for occasional movement, sold by the
meter; max. length 1000 m

6 X V 1 8 7 1 - 2 F

IE TP Torsion Cable 2 x 2 (Type C)

Highly flexible cable for use with robots, sold by the
meter

6 X V 1 8 7 0 - 2 F

IE Ground Cable 2 x 2

Underground cable, 2-core, shielded; sold by the
meter; max. delivery unit 1000 m, minimum order
quantity: 20 m

6 X V 1 8 7 1 - 2 G

Table 3.26/1 Extract from Selection and Ordering Data
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Selection and Ordering Data
Description

Variants

Order no.
1

Network components for 8-core cables (4 x 2)

3.26

2

3

4

5

6

7

8

9

10

11

12

H

2

0

H

3

0

H

5

0

6 X V 1 8 7 8 - 2 ☐

IE FC TP Standard Cable 4 x 2 (AWG24)

8-core, rigid FC TP installation cable (CAT 6) for
universal use, sold by the meter, max. length
1000 m, minimum order quantity: 20 m

A

IE FC TP Flexible Cable 4 x 2 (AWG24)

Flexible cable for occasional movement, sold by the
meter

B

IE FC TP Trailing Cable GP 4 x 2, CAT6A

AWG 24, for connection to IE FC RJ45 plug 4x 2,
AWG24, sold by the meter, Delivery unit max.
1000 m Minimum order: 20 m

C

IE ground cable 4 x 2 sold by the meter

Ground extension cable, CAT6A, 8-core shielded,
cable for connection to IE FC RJ45 plug 4x 2, AWG24,
sold by the meter, Delivery unit max. 1000 m
Minimum order 20m

G

IE Connecting Cable RJ45-180/RJ45-180

6 X V 1 8 7 8 - 5 B

Prefabricated IE FC trailing cable 4 x 2 with two IE FC IE FC Trailing Cable 4 x 2, 2 m
RJ45 plugs
IE FC Trailing Cable 4 x 2, 3 m
180 4 x 2
IE FC Trailing Cable 4 x 2, 5 m
Lengths: 2 m to 30 m

IE FC Trailing Cable 4 x 2, 10 m

N

1

0

Note: For M12-cables see Industry Mall

IE FC Trailing Cable 4 x 2, 15 m

N

1

5

IE FC Trailing Cable 4 x 2, 20 m

N

2

0

IE FC Trailing Cable 4 x 2, 25 m

N

2

5

IE FC Trailing Cable 4 x 2, 30 m

N

3

0

You will find further information on additional cables (such as PCF, POF, or glass fiber-optic cables, industrial twisted pair cables, power cables) – sold by
the meter or preassembled – and matching plug connectors at http://www.siemens.com/fastconnect
Table 3.26/2 Selection and Ordering Data
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4
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Power Supply
LOGO!Power
Description
The miniature power supply units in the same design as the
LOGO!8 modules offer great performance in the smallest space.
Efficiency has been improved across the entire load range, and
the low power losses in no-load operation ensure efficient operation. The wide-range input for single-phase networks as well as
connection with direct voltage networks, the wide operating
temperature range, comprehensive certifications as well as
switch-on behavior optimized for capacitive loads makes them
suitable for universal use. These reliable power supplies with
their flat, stepped profile can be used extremely flexibly in
numerous applications such as in distribution boards, for
example.
To further increase 24 V availability, the 24 V LOGO!Power
power supply units can be combined with DC-UPS, redundancy
and selectivity modules.
4.1

Benefits

• Low structural width with minimum of 18 mm to maximum of
72 mm, thus requiring very little space in the control cabinet
or distribution board

[P_KT01_XX_01789P, 1, --_--]

Figure 4.1/1 LOGO!Power, 1-phase, 24 V, 0,6 A

• Gesteigerte Energieeffizienz durch hohen Wirkungsgrad bis zu
90 % über den gesamten Leistungsbereich und ERP-konforme
Leerlaufverlustleistung von < 0,3 W

• Global use due to operating temperature range from -25 °C to
+70 °C and international certificates

• Load monitoring thanks to real-time measurement of the

output current without disconnecting the cable, i.e. without
interrupting the DC supply

• Flexible mounting with standard rail or wall mounting in
different installation positions

• Broad portfolio including 11 devices with DC 5 V, 12 V, 15 V
and 24 V up to 100 watts (new: 12 V/0.9 A and 24 V/0.6 A)

• Flexible operation in all standard single-phase supply

networks thanks to wide-range input of AC 100 V to 240 V
without switchover and operation on DC networks with
DC 110 V to 300 V

• Reliability due to problem-free connection of loads with high
inrush currents thanks to power reserve when starting up as
well as constant current in the event of overload
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Power Supply
LOGO!Power – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

6 E P 3 3 1 ☐ - 6 S B

0

0

0

0

13

14

15

16

-

0

A

Y

0

-

0

A

Y

0

LOGO!Power, 1-phase
LOGO!POWER 5 V
3 A Stabilized power supply

0

Input: AC 100 V to240 V
Output: DC 5 V/3 A
6.3 A Stabilized power supply

1

Input: AC 100 V to 240 V
Output: DC 5 V/6.3 A
LOGO!POWER 12 V

6 E P 3 3 2 ☐ - 6 S B
0.9 A Stabilized power supply

0

Input: AC 100 V to 240 V
4.1

Output: DC 12 V/0.9 A
1.9 A Stabilized power supply

1

Input: AC 100 V to 240 V
Output: DC 12 V/1.9 A
4.5 A Stabilized power supply

2

Input: AC 100 to 240 V
Output: DC 12 V/4.5 A
LOGO!POWER 15 V

6 E P 3 3 2 ☐ - 6 S B
1.9 A Stabilized power supply

1

0

-

0

A

Y

0

0

0

-

0

A

Y

0

1

Input: AC 100 V to 240 V
Output: DC 15 V/1.9 A
4 A Stabilized power supply

2

Input: AC 100 V to 240 V
Output: DC 15 V/4 A
LOGO!POWER 24 V

6 E P 3 3 3 ☐ - 6 S B
0.6 A Stabilized power supply

0

Input: AC 100 V to 240 V
Output: DC 24 V/0.6 A
1.3 A Stabilized power supply

1

Input: AC 100 V to 240 V
Output: DC 24 V/1.3 A
2.5 A Stabilized power supply

2

Input: AC 100 V to 240 V
Output: DC 24 V/2.5 A
4 A Stabilized power supply

3

Input: AC 100 V to 240 V
Output: DC 24 V/4 A
For further devices and designs, see Catalog KT 10.1.
Table 4.1/1 Selection and Ordering Data

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 199

Power Supply
SITOP PSU – PSU6200
Description
The SITOP PSU6200 product family is the new standard power
supply for customers with high technical requirements
regarding reliability, efficiency and integration. It is suitable for
many fields of application, particularly in the industrial environment, including series machine building. The SITOP PSU6200
represents the state-of-the-art and takes the prized SITOP design
to new dimensions of efficiency.
The stabilized 1-phase power supplies with a wide input range
of AC 100 V to 240 V and DC 100 V to 250 V are available with
an output voltage of 12 V in three performance classes and with
an output voltage of 24 V in six performance classes.
The premium design of the PSU6200 series, in connection with
the push-in terminals, represents effective wiring. The modules
in this product family are all-rounders featuring a long service
life and absolute reliability.

4.2

The high level of efficiency across the entire load range, as well
as the minimal no-load losses, result in lower overall energy
consumption. New levels of convenience during commissioning
and service are offered for modules of 240 W or more by the
diagnostic monitor with LED indicators for DC o.k., utilization
and service life, as well as the diagnostics interface for reporting
status information. For power supplies with an output of more
than 240 W, the DC o.k. status is also equipped with glitch
recognition that detects even the smallest supply voltage failures.

[P_KT01_XX_01890, 1, --_--]

Figure 4.2/1 SITOP PSU6200, 1-phase, 24 V/10 A

For power supply modules up to 120 W, a diagnostic LED indicates the DC o.k. state. This information is additionally reported
by means of a relay.

Selection and Ordering Data
Description

Variants

Order no.
1

SITOP PSU6200, 1-phase

2

3

4

5

6

7

8

9

10

11

12

6 E P 3 3 ☐ ☐ - 7 ☐ B

0

0

13

-

14

15

16

☐ A

X

0

DC 12 V/2 A

2 1

S

0

DC 12 V/7 A

2 3

S

0

DC 12 V/12 A

2 4

S

3

DC 24 V/1.3 A

3 1

S

0

DC 24 V/2.5 A

3 2

S

0

DC 24 V/3.7 A

3 3

L

0

DC 24 V/5 A

3 3

S

0

DC 24 V/10 A

3 4

S

3

DC 24 V/20 A

3 6

S

3

Table 4.2/1 Selection and Ordering Data
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Power Supply
SITOP PSU – PSU8200
Description
The single-phase, two-phase and three-phase SITOP modular
units are the technology power supplies for demanding solutions. They offer maximum functionality for use in complex
plants and machines. The wide-range input allows a connection
to almost any electrical power system worldwide and ensures a
high degree of safety even if there are large voltage fluctuations. They offer outstanding overload characteristics: Power
boost delivers up to three-times the rated current for short
periods of time, and with extra power of 150 %, loads with high
power consumption can be connected without any problems.
And in the event of an overload, you can choose between
constant current or automatic restart. The extremely high efficiency keeps energy consumption and heat buildup in the
control cabinet low, and the compact metal enclosure also saves
space.
To further increase the 24 V availability, the SITOP smart power
supplies can be combined with buffer, DC UPS, redundancy
and selectivity modules.
[P_KT01_XX_01551P, 1, --_--]

Benefits

Figure 4.2/2 SITOP PSU8200, 1-phase, 24 V/5 A

• 1-phase, DC 24 V/5 A, 10 A, 20 A, 40 A
• 1- and 2-phase, DC 24 V/5 A, 10 A
• 3-phase, DC 24 V/20 A, 40 A, 36 V/13 A and 48 V/10 A, 20 A
• Extremely slim design – no lateral installation clearances
required

• Power boost with 3 times rated current (for 25 ms) for tripping protective devices

• Extra power with 1.5 times rated current (5 s/min) for brief
functional overload

• Selectable short-circuit response between constant current
and restart

• Symmetrical load distribution can be selected for parallel
operation
• Operating state on 3 LEDs
• Extremely high efficiency up to 94 %
• Wide temperature range from -25 °C to +70 °C
• Comprehensive certifications, such as cULus, ATEX, IECex and
DNV GL
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4.2

Power Supply
SITOP PSU – PSU8200 – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6 E P 3 3 3 3 - 8 S B

0

0

-

0

A

Y

0

6 E P 3 3 3 4 - 8 S B

0

0

-

0

A

Y

0

6 E P 1 3 3 6 - 3 B A

1

0

6 E P 3 3 3 7 - 8 S B

0

0

-

0

A

Y

0

6 E P 1 3 3 3 - 3 B A

1

0

6 E P 1 3 3 6 - 3 B A

1

0

-

8

A

C

0

6 E P 1 3 3 4 - 3 B A

1

0

6 E P 1 3 3 4 - 3 B A

1

0

-

8

A

B

0

6 E P 3 4 ☐ ☐ - 8 S B ☐ 0

-

0

A

Y

0

SITOP PSU8200
24 V/5 A Stabilized power supply
Input: AC 120/230 V
Output: DC 24 V/5 A
24 V/10 A Stabilized power supply
Input: AC 120/230 V
Output: DC 24 V/10 A
24 V/20 A Stabilized power supply
Input: AC 120 V/230 V
Output: DC 24 V/20 A
24 V/40 A Stabilized power supply
Input: AC 120/230 V
4.2

Output: DC 24 V/40 A
SITOP PSU200M
24 V/5 A Stabilized power supply
Input: AC 120 V to 230 V/230 V to 500 V
Output: DC 24 V/5 A
24 V plus 5 A Stabilized power supply
Input: AC 120 V to 230 V/230 V to 500 V
Output: DC 24 V/5 A Option for with protective varnish
24 V/10 A Stabilized power supply
Input: AC 120 V to 230 V/230 V to 500 V
Output: DC 24 V/10 A
24 V plus 10 A Stabilized power supply
Input: AC 120 V to 230 V/230 V to 500 V
Output: DC 24 V/10 A Option for with protective varnish
SITOP PSU8200
24 V/20 A Stabilized power supply

3 6

0

3 7

0

4 6

1

4 6

0

4 7

0

Input: 3 AC 400 V to 500 V
Output: DC 24 V/20 A
24 V/40 A Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 24 V/40 A
36 V/13 A Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 36 V/13 A
48 V/10 A Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 48 V/10 A
48 V/20 A Stabilized power supply
Input: 3 AC 400 V to 500 V
Outputto: DC 48 V/20 A
Table 4.2/2 Selection and Ordering Data
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Power Supply
SITOP PSU – PSU8600
Description
As a unique power supply system with network integration,
SITOP PSU8600 sets new standards in industrial power supplies.
It can be fully integrated into Totally Integrated Automation
(TIA) and networked via OPC UA and SITOP Manager with automation systems from different manufacturers.
The comprehensive functions offer new possibilities, and the
online diagnostics increase the reliability of the power supply.
Voltage and current response thresholds can be set individually
for each output of the power supply system, and selective monitoring of each output for overload allows fast fault location.
Depending on requirements, more modules from the modular
system can be added without wiring work, for example to buffer
against power failures in the second, minute or hour range, or
for increasing the number of outputs.
SITOP PSU8600 can be easily configured in the TIA Portal: From
the product selection through the network integration to the
parameter assignment.
Comprehensive diagnostic and maintenance information is
available via PROFINET. It can be evaluated directly in
SIMATIC S7 and visualized in SIMATIC WinCC. Remote monitoring is also possible via the integrated web server. Optimal
support is also provided for energy management of plant or
machines: From the acquisition of energy data from individual
outputs, the specific activation and deactivation of outputs via
PROFIenergy, to direct integration in power management
systems.
The integrated OPC UA server also allows direct integration into
automation applications with OPC UA clients made by different
manufacturers, e.g. of controllers or PCs. The power supply
system can be both configured and diagnosed via the open
interface, e.g. via SITOP Manager.

[P_KT01_XX_01677P, 1, --_--]

Figure 4.2/3 SITOP PSU8600, 3-phase, 24 V/20 A

• Complete integration in TIA requires less time and reduces
costs during configuration (TIA Portal) and in operation

• SIMATIC S7 function blocks for easy integration in STEP 7 user
programs

• Fast integration in operator control and monitoring with
WinCC faceplates

• Direct integration in SIMATIC PCS 7 via SITOP library

• Easy configuration and monitoring via SITOP Manager
• Preventive maintenance reduces downtimes
• Energy savings during breaks through targeted switching of
outputs

Benefits

• Space and cost savings through up to 36 integrated outputs

with selective monitoring (no need for one or more additional
selectivity modules)

• Easy integration in energy management systems (PROFIenergy protocol)

• Individually parameterizable outputs (elimination of an additional power supply unit, e.g. for 5 V, 12 V or 15 V)

• Compensation for power losses can be set separately for each
output

• Narrow width without lateral installation clearances
• Low temperature rise in the control cabinet due to very high
efficiency

• Depending on requirements, modular expansion without

wiring work (additional outputs, buffer module, UPS module)

• Reliable operation by bridging power failures in the second,
minute or hour range

• Two integrated Ethernet/PROFINET ports (no external switch
required)

• Integrated web server
• Integrated OPC UA server for open, multi-vendor communica-

tion Integrierter OPC UA Server für die offene, herstellerunabhängige Kommunikation
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4.2

Power Supply
SITOP PSU – PSU8600 – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

SITOP PSU8600

2

10

11

12

6 E P 3 4 3 ☐ - 8 ☐ B

0

0

24 V/20 A/4x5 A PN Stabilized power supply

3

4

5

6

7

8

9

13

-

14

15

16

2 ☐ Y

0

6

M

C

6

S

A

7

M

C

7

S

A

Input: 3 AC 400 V to 500 V
Output: DC 24 V/20 A/4x 5 A with PN/IE
connection Web server integrated OPC UA
server integrated
24 V/20 A PN Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 24 V/20 A with PN/IE connection
Web server integrated OPC UA server integrated
24 V/40 A/4x10 A PN Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 24 V/40 A/4x 10 A with PN/IE
connection Web server integrated OPC UA
server integrated

4.2

24 V/20 A PN Stabilized power supply
Input: 3 AC 400 V to 500 V
Output: DC 24 V/40 A with PN/IE connection
Web server integrated OPC UA server integrated
SITOP BUF8600

SITOP UPS8600

6 E P 4 2 9 ☐ - 8 H B
4s Buffer module for PSU8600 Buffer capacity
4 s/40 A with dual-layer capacitators maintenance-free

3

0

10s Buffer module for PSU8600 Buffer
capacity 10 s/40 A with double-layer capacitors maintenance-free

5

0

100 ms Buffer module for PSU8600 Buffer
capacity 100 ms/40 A with electrolytic capacitors maintenance-free

7

0

300ms Buffer module for PSU8600 Buffer
capacity 300 ms/40 A with electrolytic capacitors maintenance-free

7

1

UPS module for PSU8600

0

-

0

X

Y

0

6 E P 4 1 9 7 - 8 A B

0

0

-

0

X

Y

0

6 E P 4 1 4 ☐ - 8

B

0

0

-

0

X

Y

0

6 E P 4 4 3 ☐ - 8 X B

0

0

-

0 ☐ Y

0

Nominal voltage: DC 48 V
Buffer power: 960 W
Charging power: 120 W, 60 W (switchable)
SITOP BAT8600
LiFePO4 battery module for UPS8600 DC 48 V/
264 Wh energy storage: mainten.-free lithium
iron-phosph. batteries

3

J

Pb battery module for UPS8600 DC 48 V/
380 Wh energy storage: mainten.-free lead
batteries

5

G

SITOP CNX8600
4x5 A Extension module for PSU8600; Output:
DC 24 V/4x 5 A

6

C

8x2,5 A Extension module for PSU8600;
Output: DC 24 V/8x 2,5 A

6

D

4x10 A Extension module for PSU8600;
Output: DC 24 V/4x 10 A

7

C

Table 4.2/3 Selection and Ordering Data
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Power Supply
SITOP Add-on Modules – Redundancy and Buffer Modules
Description
A power supply unit on its own cannot guarantee fault-free 24 V
supply. Power failures, extreme variations in the mains voltage,
or a faulty load can bring plant operation to a standstill and
cause high costs. The add-on modules offer everything from
extensive protection against interference on the primary and
secondary side right up to complete all-round protection.
The SITOP PSE202U redundancy modules are the optimal extension for all 24 V power supplies to ensure additional protection
from failure of the 24 V supply. The redundancy module continuously monitors the power supply units and, if one unit fails, the
other one automatically takes over the 24 V supply of power.
Additionally, a signal is sent via a signaling contact that can be
evaluated by a controller, PC, or control system
The following applies to the redundant configuration:

• Power supplies up to 5 A: One redundancy module with 10 A
total current

• Power supplies up to 10 A: Two redundancy modules with 10
A total current

[P_KT01_XX_01305P, 1, --_--]

• Power supplies up to 20 A: One redundancy module with 40 A

Figure 4.3/1 SITOP PSE202U Redundancy Module NEC Class 2

• Power supplies up to 40 A: Two redundancy modules with 40

You can connect up to 8 buffer modules in parallel to extend the
buffer time (max. 10 s). To bridge longer power failures, we
recommend uninterruptible power supplies with capacitors (up
to minutes) or with battery modules (up to hours).

total current

A total current

The buffer module bridges power failures in the time range of
seconds for SITOP smart or SITOP modular 24 V power supplies.
Maintenance-free capacitors are used as energy storage units.

4.3

Buffer times:

• 200 ms at 40 A
• 400 ms at 20 A
• 800 ms at 10 A
Selection and Ordering Data
Description

Variants

Order no.
9

10

11

12

SITOP PSE201U

SITOP PSE201U buffer module Buffer time 100 ms to 6 E P 1 9 6 1 - 3 B
10 s Depending on load current

A

0

1

6 E P 1 9 6 ☐ - ☐ B

A

1

SITOP PSE202U
Redundany module

2

3

4

5

6

7

8

☐

☐

1

3

2

1

2

2

0

0

4

2

0

0

Input/output:DC 24 V/40 A suitable for decoupling
two SITOP power supplies with maximal per 20 A
output current
NEC Class 2 Redundany module
Input/output: DC 24 V suitable for decoupling two
SITOP power supplies Output power restricted to
100 VA
10A Redundany module
Input/output: DC 24 V suitable for decoupling two
SITOP power supplies with maximal per 5 A output
current
Table 4.3/1 Selection and Ordering Data
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Power Supply
SITOP Add-on Modules – Selectivity Modules
Description
The SITOP PSE200U and SITOP select selectivity modules are the
optimal expansion for all 24 V power supplies for distributing
and monitoring the load current across several feeders. Overload and short-circuit in one or more feeders is reliably detected
and signaled. The electronics permit brief current peaks caused,
for example, by high inrush currents, but isolate load circuits in
the event of an extended overload. This is ensured even on
high-resistance lines and in the case of "creeping" short circuits.
In such cases, miniature circuit breakers fail to trip, or trip too
late, even if the power supply unit could deliver the required
tripping current. The SITOP expansion module continues to
supply the inactive feeders with 24 V absolutely free of interruptions and feedback – a feature which avoids a possible total
system failure.

• Reliable shutdown in case of overload regardless of cable
lengths or cable cross-sections

• 4 load feeders per module with individually adjustable output
current range from 0.5 A to 3 A or 3 A to10 A for each output

4.3

• Voltage measuring points for output currents (1 V = 1 A),
disconnection of load circuit is not required

[P_KT01_XX_01796, 1, --_--]

Figure 4.3/2 SITOP PSE200U Selectivity Module 24 V, 4x3 A NEC Class 2

• Two versions for remote diagnostics: Common signaling
contact or single-channel signaling

• Versions with power limitation of the outputs to 100

A

according to NEC Class 2

• Evaluation via free-of-charge SIMATIC S7 or SIMOTION function blocks (S7-1500/1200/300/400) or via LOGO! software
for modules with single-channel signaling (PSE200U)

• Easy configuration thanks to individual setting of maximum
channel current using potentiometers

• 3-color LEDs for fast on-site fault localization
• Remote reset from central location possible
• Simple commissioning thanks to manual switch on/off of
outputs with reset button

• Sequential connection of feeders to reduce total inrush
current
• Sealable transparent cover over adjusters for currents and
times protect against maladjustment

• Library for visualization in SIMATIC PCS 7
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Power Supply
SITOP Add-on Modules – Selectivity Modules – Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order no.
1

SITOP select

SITOP select Diagnostics module 4-channel

2

3

4

5

6

7

8

9

10

11

12

6 E P 1 9 6 1 - 2 B

A

0

0

6 E P 1 9 6 1 - 2 B

A

☐

☐

1

1

2

1

3

1

Input: DC 24 V/40 A Output: DC 24 V/4x 10 A Level
adjustable 2 A to 10 A
SITOP PSE200U
4 x 3 A Selectivity module 4-channel
Input: DC 24 V/12 A
Output: DC 24 V/4x 3 A
Level adjustable 0.5 A to 3 A with signaling contact
4 x 10 A Selectivity module 4-channel
Input: DC 24 V/40 A
Output: DC 24 V/4x 10 A
Level adjustable 3 A to 10 A with signaling contact
4 x 3 A Selectivity module 4-channel
Input: DC 24 V/12 A
Output: DC 24 V/4x 3 A

4.3

Level adjustable 0.5 A to 3 A with status message for
each output
4 x 10 A Selectivity module 4-channel

4

4

5

1

6

1

Input: DC 24 V/40 A
Output: DC 24 V/4x 10 A
Level adjustable 3 A to 10 A with status message for
each output
4 x 3 A NEC CLASS 2 Selectivity module 4-channel
Input: DC 24 V/12 A
Output: 24 V/4x 3 A NEC class 2
Level adjustable 0.5 A to 3 A with signaling contact
4 x 3 A NEC CLASS 2 Selectivity module 4-channel
Input: DC 24 V/12 A
Output: 24 V/4x 3 A NEC class 2
Level adjustable 0.5 A to 3 A with status message for
each output
Table 4.3/2 Selection and Ordering Data
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Power Supply
SITOP DC UPS – with Capacitors
Description
SITOP 24 V power supplies can be expanded with a
SITOP UPS500 uninterruptible DC power supply (DC UPS) for
bridging short-term power failures in the order of minutes. In
PC-based automation solutions, the highly capacitive doublelayer capacitors of the SITOP UPS500 supply enough energy to
safeguard operating and application data and close software
applications in a defined manner. You can increase the buffer
times using SITOP$PSU501S expansion modules (up to 3).
The IP65 version SITOP UPS500P in its elongated metal enclosure is ideally suited to distributed use.

• 24 V buffering for a few minutes to allow data to be backed
up and applications to be closed

• Absolutely maintenance-free
• Long lifetime, even at high temperatures
• High ambient temperatures up to+60 °C
• Short charging times
• No ventilation is required since no gas is emitted

[P_KT01_XX_01079P, 1, --_--]

Figure 4.4/1 SITOP UPS500S 15 A, 2.5 kWs

• Distributed applications possible without control cabinet
• Software tool, free of charge, for easy configuring and inte-

4.4

grating in PC-based systems

Selection and Ordering Data
Description

Variants

Order no.
1

SITOP UPS500S

9

10

11

12

6 E P 1 9 3 3 - 2 E

2

3

4

5

6

7

8

C

☐

1

SITOP UPS500S Maintenance free uninterruptible
power supply with USB interface Basic device 2.5
kWs

4

Input: DC 24 V
Output: DC 24 V/15 A Degree of protection IP20
Maintenance free uninterruptible power supply with
USB interface Basic device5 kWs

5

Input: DC 24 V
Output: DC 24 V/15 A Degree of protection IP20
SITOP UPS500P

6 E P 1 9 3 3 - 2 N

C

Maintenance free uninterruptible power supply with
USB interface Basic device5 kWs

☐

1

0

Input: DC 24 V
Output: DC 24 V/7 A Degree of protection IP65
Maintenance free uninterruptible power supply with
USB interface Basic device10 kWs

1

Input: DC 24 V
Output: DC 24 V/7 A Degree of protection IP65
SITOP UPS501S

SITOP UPS501S Expansion module 5 kWs for
6 E P 1 9 3 5 - 5 P
UPS500S (2.5 kWs, (5 kWs, Degree of protection IP20

G

0

1

Connector set

für UPS500P 6EP1933-2NC01 and 6EP1933-2NC11
Degree of protection IP65

S

0

0

Incoming connector, outgoing connector, USB
connecting cable length = 2.0 m
Table 4.4/1 Selection and Ordering Data
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6 E P 1 9 7 5 - 2 E

Power Supply
SITOP DC UPS – UPS1600 DC UPS Modules with UPS1100 Battery Modules
Description
By combining one SITOP UPS1600 DC UPS module with at least
one UPS1100 battery module and a SITOP power supply unit,
longer power failures can be bridged without any interruption.
The intelligent battery management automatically detects the
UPS1100 energy storage unit, ensures optimized temperaturespecific charging and continuous monitoring. The compact
DC UPS modules have overload capability, for example, to
supply the inrush current of industrial PCs. In stand-alone mode,
they support starting from the battery.
The DC UPS communicates openly over a USB or Ethernet/
PROFINET port. It is easily integrated into the PC or PLC environment over the two Ethernet/PROFINET ports. Total integration in
TIA provides user-friendly engineering in the TIA Portal and is
supported with ready-to-use function blocks for S7 user
programs and WinCC faceplates for fast visualization.
SITOP Manager supports easy monitoring and configuration of
PC systems, e.g. shutdown of multiple PCs in accordance with
the master-slave principle.
The UPS1600 modules with Ethernet/PROFINET ports have an
OPC UA server with which the DC UPS can communicate with
both PCs and PLCs, even from different manufacturers, thanks
to the open communication standard. Parameter assignment
and the diagnostics of the uninterruptible power supply are
possible via the open interface. The integrated web server
supports remote monitoring of the DC UPS.

• 24 V buffering for a few hours for the purpose of continuing
processes

• Open communication over USB or two Ethernet/PROFINET
ports

[P_KT01_XX_01453P, 1, --_--]

Figure 4.4/2 SITOP UPS1600 24 V/10 A

• User-friendly engineering in the TIA Portal
• SIMATIC S7 function blocks for easy integration in STEP 7 user
programs

• Fast integration in operator control and monitoring with
WinCC faceplates

• Direct integration in SIMATIC PCS 7 via SITOP library

• High-performance DC UPS modules in space-saving, slim

design Leistungsstarke DC-USV-Module in platzsparender,
schmaler Bauform

• High overload capability for mains and buffering operation
• Starting from the battery module supports stand-alone mode,
e.g. for starting generators

• Easy configuration thanks to automatic detection of battery
modules

• High reliability and availability due to monitoring of the

operational readiness, battery feeder, aging and charging
status

• Battery-saving charging due to temperature-specific charging
characteristic

• Defined shutdown of several PCs or controllers on one UPS
(versions with Ethernet/PROFINET

• Remote monitoring via integrated web server (versions with
Ethernet/PROFINET)

• Time-saving engineering in PC-based systems via SITOP
Manager (versions with Ethernet/PROFINET)

• Integrated OPC UA server facilitates flexible, multi-vendor

communication with other systems (versions with Ethernet/
PROFINET)

• Full integration in TIA saves time and costs during the planning stage and in operation (versions with Ethernet/
PROFINET)
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4.4

Power Supply
SITOP DC UPS – UPS1600 DC UPS Modules with UPS1100 Battery Modules
Selection and Ordering Data
Description

Variants

Order no.
1

SITOP UPS1600

2

10

11

12

6 E P 4 1 3 ☐ - 3 A B

0

0

24 V/10 A uninterrupted power supply

3

4

5

6

7

8

9

13

-

14

15

16

☐ A

Y

0

4

0

4

1

4

2

6

0

6

1

6

2

7

0

7

1

7

2

Input: DC 24 V
Output: DC 24 V/10 A
24 V/10 A USB uninterrupted power supply
with USB interface
Input: DC 24 V
Output: DC 24 V/10 A
24 V/10 A Ethernet/PROFINET uninterrupted
power supply with Ethernet/PROFINET interface/OPC UA Server/Webserver
Input: DC 24 V
Output: DC 24 V/10 A
24 V/20 A uninterrupted power supply
Input: DC 24 V
Output: DC 24 V/20 A
24 V/20 A USB uninterrupted power supply
with USB interface

4.4

Input: DC 24 V
Output: DC 24 V/20 A
24 V/20 A Ethernet/ PROFINET uninterrupted
power supply with Ethernet/PROFINET interface/OPC UA Server/Webserver
Input: DC 24 V
Output: DC 24 V/20 A
24 V/40 A uninterrupted power supply
Input: DC 24 V
Output: DC 24 V/40 A
24 V/40 A USB uninterrupted power supply
with USB interface
Input: DC 24 V
Output: DC 24 V/40 A
24 V/40 A Ethernet/PROFINET uninterrupted
power supply with Ethernet/PROFINET interface/OPC UA Server/Webserver
Input: DC 24 V
Output: DC 24 V/40 A
Table 4.4/2 Selection and Ordering Data
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Power Supply
SITOP DC UPS – UPS1600 with Battery Modules UPS1100
UPS1100 Battery Modules for UPS1600
Maintenance-free SITOP UPS1100 battery modules with 1.2 Ah
up to 12 Ah and various types of energy storage (lead, pure
lead, lithium iron phosphate = LiFePo) for
SITOP UPS1600 DC UPS modules. The intelligent UPS1600
battery management charges the UPS1100 with the optimal,

temperature-controlled charging characteristics and monitors
the status (operating data and diagnostic information) of the
connected battery modules via the energy storage link. For
longer buffer times, up to six battery modules can be connected
in parallel. Mounting onto standard mounting rail or directly on
wall..

Product
brand
name

SITOP UPS1100

SITOP UPS1100

SITOP UPS1100

SITOP UPS1100

SITOP UPS1100

SITOP UPS1100

Type of
power
supply

24 V/1.2 Ah

24 V/2.5 Ah high
temperature

24 V/3.2 Ah

24 V/5 Ah LiFePo

24 V/7 Ah

24 V/12 Ah

Article No. 6EP4131-0GB00-0AY0 6EP4132-GB00-0AY0

6EP4133-0GB00-0AY0 6EP4133-0JB00-0AY0 6EP4134-0GB00-0AY0 6EP4135-0GB00-0AY0

Load
current

Buffering times15

1A

27 min

1 h 30 min

2h

4h

5h

8 h 30 min

2A

14 min

50 min

1h

2 h 10 min

2 h 40 min

4,8 h

3A

10 min

36 min

45 min

1 h 30 min

1 h 50 min

3 h 10 min

4A

7 min 50 s

26 min

34 min

1 h 10 min

1 h 20 min

2 h 30 min

6A

4 min 40 s

15 min

21 min

48 min

48 min

1 h 30 min

8A

3 min

11 min

15 min

37 min

34 min

1h

10 A

1 min 30 s

6 min 40 s

9 min 30 s

26 min

21 min

42 min

12 A

-

5 min 40 s

8 min 10 s

23 min

19 min

37 min

14 A

-

4 min 40 s

6 min 50 s

21 min

16 min

32 min

16 A

-

3 min 40 s

5 min 30 s

18 min

13 min

27 min

20 A

-

1 min 40 s

2 min 50 s

13 min

7 min 50 s

17 min

30 A

-

-

-

-

3 min 50 s

10 min

40 A

-

-

-

-

1 min 40 s

5 min 30 s

4.4

Table 4.4/3 Overview battery modules

Selection and Ordering Data
Description

Variants

Order no.
1

UPS1100 Battery Module

2

3

4

5

6

7

8

9

10

11

12

6 E P 4 1 3 ☐ - 0 ☐ B

0

0

With warning not closed Lead batteries for
SITOP DC-USV Module DC 24 V/1.2 Ah

1

G

With warning not closed Lead batteries for
SITOP DC-USV Module DC 24 V/2.5 Ah

2

G

With warning not closed Lead batteries for
SITOP DC-USV Module DC 24 V/3.2 Ah

3

G

With warning not closed Lithium iron
phophate batteries for SITOP DC-USV modules
DC 24 V/5 Ah

3

J

With warning not closed Lead batteries for
SITOP DC-USV Module DC 24 V/7 Ah

4

G

With warning not closed Lead batteries for
SITOP DC-USV Module DC 24 V/12 Ah

5

G

-

13

14

15

16

0

A

Y

0

Table 4.4/4 Selection and Ordering Data

15

The determination of the buffer times is based on the discharge period of new and completely charged battery modules with a battery temperature of
not less than +25 °C until shutdown of the DC UPS (19 volt).
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Power Supply
SITOP DC UPS – UPS1600 with Battery Modules UPS1100

4.4
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Machine Protection

5
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Machine Protection
Miniature Current Transformers – 4NC for 100% Stator Ground-Fault Protection
Description
4NC are miniature current transformers with a transformation
ratio of 400 A/5 A for 100 % stator ground-fault protection (20
Hz trip initiation) in the SIPROTEC 7UM62 and SIPROTEC 7UM85
devices.

[KSO_63, 1, --_--]

Figure 5.1/1 Low Voltage Transformer KSO 63 from Ritz

Selection and Ordering Data
Description

Versions

Order No.
1

Current transformer
5.1

(400 A/5 A), can be used over short distances
(burden < 5 VA)
In the event that the burden is > 5 VA
Request further information from the head office or
the KS063 of the Ritz company
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2

3

4

5

6

7

8

9

10

11

12

4 N C 5 2 2 5 - 2 C

E

2

0

Machine Protection
20 Hz Generator – 7XT33 100% Stator Ground-Fault Protection
Description
The 7XT33 is a 20-Hz generator for generating a square-wave
voltage of about 26 V. The maximum power consumption is <
100 VA. The 20-Hz generator is required for the 100 % stator
ground-fault protection in the SIPROTEC 7UM62 and 7UM85
devices. As the supply voltage, an alternating voltage or a direct
voltage may be used.
Functions
The 7XT33 has a wide-range power supply unit. The auxiliary
voltage of this unit in normal operation is assured by connection
to a voltage transformer having an output voltage of 3 x 100/AC
110 V (50 Hz/60 Hz). Optionally, the device can also be powered
with an auxiliary voltage (DC 10 V to 220 V) in uninterrupted
duty (see the connection example). In addition, it is possible to
supply power to the device, for example for a standstill test,
using 1-phase alternating voltage (AC 100 V to 230 V). The
auxiliary voltage of about DC 28 V, obtained from 2 DC/DC
converters (main and auxiliary power supply units) is converted
by a full-wave bridge circuit driven by a single-chip controller
into a symmetrical, rectangular output voltage at a frequency of
20 Hz and a voltage of about 25 V. Proper operation of the
device is indicated by a green light-emitting diode, one on the
front and one on the back.

[7XT33, 1, --_--]

Figure 5.2/1 20-Hz Generator 7XT33

In addition to controlling the output stage, the controller monitors the device functions.
Applications
The 20-Hz generator 7XT33 is used in combination with the
band-pass filter 7XT34 in machine protection (7UM62/7UM85).
For the implementation of 100 % stator ground-fault protection,
it is the source of voltage injection into the generator neutral
point. Voltage injection can be performed by connecting the
7XT33 and the 7XT34 to the load resistance of a grounding or
neutral-point transformer. The function of the 100 % stator
ground-fault protection detects ground faults in the stator
winding of generators connected to the electrical power system
via a generator transformer. The protection operating with the
7XT33 detects ground faults in the entire area of the winding,
including the machine neutral point. The employed measuring
principle operates without being influenced by the mode of the
generator and also makes it possible to measure during generator standstill.
Connection Example

[dw_connection_7XT33_to_DC-voltage-supply, 2, en_US]

Figure 5.2/2 Interface of the 7XT33 to a DC Power Supply via a 2 A
Miniature Circuit Breaker

(1) Follow-up model = 5SY5202-7 T70MM in place of T55MM
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5.2

Machine Protection
20 Hz Generator – 7XT33 – Technical Data
Technical Data
Auxiliary Voltage
Rated auxiliary AC voltage VH

3x (AC 100 V to 110 V), 50/60 Hz

1x (AC 110 V to 230 V), 50/60 Hz

Permissible voltage ranges

AC 80 V to 130 V

AC 80 V to 265 V

or as an alternative
Rated auxiliary DC voltage VH

DC 110 V to 220 V

Permissible voltage ranges

DC 88 V to 253 V

Power consumption on 8 Ωimpedance ≤ 110 VA
20-Hz Output Voltage
Connections (4A1 to 4A3)
Output voltage

Approx. 25 V, square wave, 20 Hz ± 0.2 Hz

Output load rating, continuous

75 VA

Note: If the input voltage rises slowly, the output voltage is ensured only after about 1 minute!
Blocking Input
Connections (2A1 to 2A3)
Operating shaft

Can be changed using jumpers

- For rated voltages 24/48/60 V

Approx. 16 V

- For rated voltages 110/125/220/250 V

Approx. 70 V

Permissible voltage, continuous

DC 300 V

Signal Relay
Connections (3A1 to 3A3)
Switching power

ON; OFF

20 W/VA

ON

5V

OFF

1V

Contact voltage
5.2

Permissible current

Test Voltage

DC 250 V

2.8 kB, direct voltage

Permissible Ambient Temperatures
At RB< 5Ω

≤ 40°C

At RB> 5Ω

≤ 55°C

Note: At maximum power output, the device generates internal power dissipation of about 20 W. To ensure unimpeded removal of the internal power
dissipation, the clearance to other devices or side walls must be at least 100 mm. For this reason, the device is to always be installed at the bottom of the
cabinet.
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Machine Protection
20 Hz Generator – 7XT33 – Dimensional Drawings
Dimensioned Drawings

5.2

[massbild-20-hz-generator-7xt3300-0ca00-020907-ho, 1, en_GB]

Figure 5.2/3 Dimensions of the 7XT33 in the Surface-Mounting Version

[massbild-20-hz-generator-7xt33-7xp2040-1-080707, 1, en_GB]

Figure 5.2/4 Dimensions of the 7XT33 Switch Panel or Cabinet Flush
Mounting
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Machine Protection
20 Hz Generator – 7XT33 – Dimensional Drawings

5.2
[massbild-20-hz-generator-7xt3300-0ba00-020907-ho, 1, en_GB]

Figure 5.2/5 Dimensional Drawing, 20-Hz Generator 7XT3300-0BA00
for Panel Surface Mounting

Selection and Ordering Data
Description

Versions

Order No.
1

Accessories for 100 % stator ground-fault protection
20-Hz generator in housing 7XP20

2

3

4

5

6

7

8

9

10

11

12

7 X T 3 ☐ 0 0 - 0 ☐ A

0

0

For panel surface mounting

3

B

For panel flush mounting

3

C
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Machine Protection
20 Hz Band-Pass – 7XT34 100% Stator Ground-Fault Protection
Description
7XT34 is a 20-Hz band-pass filter. It filters the square-wave
voltage of the 20-Hz generator (7XT33) and protects it in the
event of ground faults at maximum residual voltage. At 20 Hz,
the series resistance is 8 Ω, and at rated frequency (50/60 Hz), it
is more than 100 Ω. In addition, the device contains a voltage
divider to reduce the measured residual voltage (divider ratio is
5:2 or 5:1) to a grounding or neutral-point transformer. The
external divider 3PP1336-1CZ is not used.
Functions
The function of the 100 % stator ground-fault protection detects
ground faults in the stator winding of generators connected to
the electrical power system via a generator transformer. The
protection operating with the 7XT33 and the 7XT34 detects
ground faults in the entire area of the winding, including the
machine neutral point. The employed measuring principle operates without being influenced by the mode of the generator and
also makes it possible to measure during generator standstill.
[7XT34, 1, --_--]

Applications

Figure 5.3/1 20-Hz Band-Pass 7XT34

The 20-Hz band-pass filter 7XT34 is used in combination with
the 20-Hz generator 7XT33, in the machine protection 7UM62
and 7UM85 devices.
In this process, the 20-Hz generator is the source of voltage
injection into the generator neutral point to realize 100 % stator
ground-fault protection.
Voltage injection can be performed, for example, by connecting
the 7XT33 and the 7XT34 to the load resistance of a grounding
or neutral-point transformer.
5.3
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Machine Protection
20 Hz Band-Pass – 7XT34 100% Stator Ground-Fault Protection – Technical Data
Technical Data
Load Rating of the 7XT34 Device
Connections (1B1 to 1B4)
Superimposed alternating voltage, continuous

AC 55 V

Superimposed alternating voltage, transient

AC 550 V for ≤ 30 s

Frequency of the superimposed alternating voltage

≥ 45 Hz

Alternating voltage, current-carrying capacity, continuous

AC 3.25 A

Test voltage

DC 2.8 kV

Load Rating of the Resistive Voltage Divider
Permissible voltage, continuous

AC 55 V

Permissible voltage, transient

AC 550 V for ≤ 30 s

Test voltage

DC 2.8 kV

Ambient Temperature
At RB < 5 Ω

≤ 40 °C

At RB > 5 Ω

≤ 55 °C

An internal power dissipation of up to 75 W can occur in the device with the minimum load resistance RB.
To ensure unimpeded removal of the internal power dissipation, the clearance to other devices or side walls must be at least 100 mm. Install this device
always at the bottom of the cabinet.
Degree of Protection acc. to IEC 60529
For equipment

IP20

For personal protection

IP2x with standard terminals

For personal protection

IP1x with ring-type lug terminal

5.3
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Machine Protection
20 Hz Band-Pass – 7XT34 100% Stator Ground-Fault Protection – Dimensional Drawings
Dimensioned Drawings

5.3

[massbild-20-hz-bandpass-7xt3400-0ca00-020907-ho, 1, en_GB]

Figure 5.3/2 7XT34 Housing for Panel Flush Mounting or Cabinet Flush Mounting
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Machine Protection
20 Hz Band-Pass – 7XT34 100% Stator Ground-Fault Protection – Dimensional Drawings

5.3

[massbild-20-hz-bandpass-7xt3400-0ba00-020907-ho, 1, en_GB]

Figure 5.3/3 Dimensional Drawing, 20-Hz Band-Pass 7XT3400-0BA00 for Panel Surface Mounting
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Machine Protection
20 Hz Band-Pass – 7XT34 100% Stator Ground-Fault Protection – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order No.
1

Accessories for 100 % stator ground-fault protection
Band-pass filter, 20 Hz, for housing 7XP20

10

11

12

7 X T 3 ☐ 0 0 - 0 ☐ A

2

3

4

5

6

7

8

9

0

0

For panel surface mounting

4

B

For panel flush mounting

4

C

5.3

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 223

Machine Protection
Injection Unit – 7XT71 for Rotor Ground-Fault Protection
Description
7XT71 is an injection unit used together with the 7XR6004 for
the 1- to 3-Hz rotor ground-fault protection in the SIPROTEC
7UM62. A low-frequency square-wave voltage of about +/- 50 V
is injected into the rotor circuit. As the supply voltage, an alternating voltage or a direct voltage may be used.
Applications
In the case of large generators, a high sensitivity is necessary for
the rotor ground-fault protection. Not only must the influence
of the rotor ground capacitance be eliminated to the maximum
possible degree, the signal-to-noise ratio with respect to the
harmonics (for example, the 6th harmonic) of the excitation
machine must be increased.
For this type of machine protection, the injection unit 7XT71, in
conjunction with the resistor unit 7XR6004 and the multi functional machine protection 7UM62 or generator protection
7UM85 is used in the SIPROTEC family. This combination of
devices ensures sensitive rotor ground-fault protection by
continuously monitoring the rotor ground resistance. Starting
with hardware version /DD, up to 2 devices 7UM62 or 7UM85
can be connected to the injection unit 7XT71. In this way, the
protection function can be assigned to two protection groups
and a greater functional redundancy can be achieved.
The square-wave generator of the injection unit 7XT71 produces
a low-frequency square-wave voltage of about ±50 V. This
voltage can be set from 0.5 Hz to 4.0 Hz in 0.5-Hz increments in
the device using a DIP switch. The square-wave voltage is
supplied via the resistor unit 7XR6004 between the rotor
winding of a generator and the grounding brushes.

5.4

The square-wave voltage injected into the rotor winding results
in a constant charge reversal on the rotor ground capacitance.
The ground current is detected via the measuring circuit in the
injection unit 7XT71 and injected, galvanically separated, into
the measuring input of the SIPROTEC 7UM62 or SIPROTEC
7UM85 devices. In fault-free operation, (Rerd≈ infinite), the rotor
ground current is virtually zero after the ground capacitance is
charged. In the event of a fault, fault resistance and series resistance of the resistor unit 7XR6004, as well as the supplying
voltage, determine the stationary current.
At the same time, the polarity reversal generated by the squarewave voltage in the injection unit 7XT71 (square-wave voltage
and frequency) is measured and fed to the control input of the
7UM62/7UM85 in the form of control signals after being galvanically separated.
The rotor ground circuit is monitored for an open circuit in the
7UM62/7UM85 by evaluation of the rotor ground current during
polarity reversals.
The sensitivity of the rotor ground-fault protection is designed
so that fault resistances up to 80 kΩ are detected.

[7XT71, 1, --_--]

Figure 5.4/1 Injection Unit 7XT71

Function Description
The rotor ground-fault protection operates with a direct voltage
of about 50 V that, depending on the settings, reverses polarity
roughly 1 to 4 times per second. This voltage injection into the
rotor circuit at Vg is generated in the injection unit 7XT71 via the
resistor unit 7XR6004 (or 7XR6003), this voltage is injected
symmetrically via high-impedance resistors to the excitation
circuit and, at the same time, connected to the grounding brush
(ground potential) via a low-impedance measurement shunt RM.
The voltage tapped via the measurement shunt and the control
voltage is injected into the protection by means of the measuring transducer. The control voltage is proportional to the
injected 50 V voltage Vg in amplitude and frequency. The
flowing rotor ground current is reflected in the measuring
voltage.
The direct voltage Vg drives, during every polarity reversal, a
charging current Ig through the resistor unit into the ground
capacitance of the excitation circuit. This current results in a
proportional voltage drop Vmeas in the measurement shunt of
the injection unit. After charging the rotor ground capacitance,
the charging current becomes zero. If a rotor ground fault is
present, a ground current flows continuously. The magnitude is
determined by the fault resistance.
By using a low-frequency square-wave voltage as the residual
voltage, the influence of the ground capacitance is eliminated
and at the same time the signal-to-noise ratio for the interference frequencies is correspondingly large due to the excitation
machine.

The auxiliary voltage is conditioned for the printed circuit board
assemblies of the device using an AC/DC wide-range power
supply unit in the injection unit 7XT71.
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Machine Protection
Injection Unit – 7XT71 for Rotor Ground-Fault Protection

[dw_RGF 1-3 Hz principle rotor winding tension, 2, en_US]

Figure 5.4/2 Circuitry Principles of the Rotor Winding Voltage Injection

RE Fault resistance

Vg Square-wave voltage from the 7XT71

CE Rotor ground capacitance

Ig Current flowing from the 7XT71 to ground via the rotor

RV Series resistor

fg Square-wave frequency of the 7XT71

Technical Data
Auxiliary voltage, direct voltage; terminal 17 (-) and 18 (+)
Rated Auxiliary DC voltage

60 V to 250 V

Permissible range of the rated auxiliary DC voltage

48 V to 300 V

Superimposed alternating voltage, peak-peak

≤ 12% at the rated voltage, IEC 60255-11

Power consumption

<6W

Stored-energy time for outage/short circuit of the auxiliary
direct voltage

≥ 50 ms

Recommended external protection

Miniature circuit breaker 6 A, Characteristic C according to IEC 60898

Auxiliary voltage, alternating voltage; terminals 17 (N) and 18 (L)
Rated Auxiliary AC voltage

60 V to 250 V

Permissible range of the rated auxiliary AC voltage

48 V to 285 V

Power frequency

45 Hz to 65 Hz

Power consumption

< 10 VA

Stored-energy time for outage/short circuit of the auxiliary
direct voltage

≥ 50 ms

Recommended external protection

Miniature circuit breaker 6 A, Characteristic C according to IEC 60898

Signaling voltages/currents at the terminals
Terminal 1 (VoutputA) and terminal 2 (VoutputB)
Output voltage VoutputA/B

± 50 V ± 10%

Output current at VoutputA/B

< ± 20 V

Maximum output current at VoutputA/B

< ± 2 mA, short-circuit proof

Terminals 8, 10 (VControl1) and 7, 9 (VControl2)
Output voltage VControl1/2

< ± 15 V

Maximum output current at VControl1/2

< ± 2 mA, short-circuit proof

Terminals 12, 14 (Vmeas1) and 11, 13 (Vmeas2)
Output voltage Vmeas1/2

< ± 15 V

Maximum output current at Vmeas1/2

< ± 2 mA, short-circuit proof
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5.4

Machine Protection
Injection Unit – 7XT71 for Rotor Ground-Fault Protection – Technical Data
Settings
Output frequency of VoutputA/B (setting using DIP switch)
Setting range

0.5 to 4.0 Hz ±5%

Settings

0.5 Hz, 1.0 Hz, 1.5 Hz, 2.0 Hz, 2.5 Hz, 3.0 Hz, 3.5 Hz, 4.0 Hz

Factory setting

1.5 Hz

Design structure
Housing

7XP20, 1/6 19” housing

Dimensions (W x H x D)
7XT7100-0BA00

312.8 mm x 75.0 mm x 243.5 mm with Z angles and junction block

7XT7100-0EA00

266.0 mm x 75.0 mm x 235.5 mm with junction block

Weight
7XT7100-0BA00

2.3 kg

7XT7100-0EA00

2.1 kg

Degree of protection according to EN 60529 (flush-mounting version)
Front

IP51

Housing and terminals

IP20

Degree of protection according to EN 60529 (surface-mounting version)
Device

IP20

Electrical Inspections
Standards

IEC 60255-26 (product standards)
IEEE Std C37.90
For more standards, see the individual tests

5.4
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Machine Protection
Injection Unit – 7XT71 for Rotor Ground-Fault Protection – Dimensional Drawings
Dimensional Drawings

[massbild-vorschaltgeraet-7xt7100-0ba00-020907-ho, 1, en_US]

Figure 5.4/3 Dimensional Drawing, Injection Unit 7XT7100-0BA00 for Panel Surface Mounting

With

• Power connections (terminals 1 to 6):
Not used in 7XT71

• Control connections (terminals 7 to 31):

Insulated ring-type lug: for 4 mm bolts, max. outer diameter:
9 mm

• Type:

For example, PIDG from Tyco Electronics AMP for copper wire
cross-sections of 1.0 mm2 to 2.6 mm2

• AWG 17 to 13
• Stripped copper cable direct:

Cross-sections from 0.5 to 2.6 mm2

• AWG 20 to 13
• For stranded wire:

Terminal lug necessary, max. tightening torque: 1.8 Nm
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5.4

Machine Protection
Injection Unit – 7XT71 for Rotor Ground-Fault Protection – Dimensional Drawings
Dimensional Drawings

[massbild-vorschaltgeraet-7xt7100-0ea00-020925-ho, 1, en_US]

Figure 5.4/4 Dimensional Drawing, Injection Unit 7XT7100-0EA00 for Panel Flush Mounting

• Power connections (terminals 1 to 6):

• AWG 17 to 13
• Parallel to this, double flat-spring crimp contact:

• Control connections (terminals 7 to 31)
• Screw terminal (ring-type lug):

• AWG 20 to 13
• Max. tightening torque: 1.8 Nm

With

For copper wire cross-sections of 0.5 mm2 to 2.5 mm2

Not used in 7XT71

For 4 mm bolts, max. outer diameter: 9 mm

• Type:
5.4

For example, PIDG from Tyco Electronics AMP for copper wire
cross-sections of 1.0 mm2 to 2.6 mm2

Selection and Ordering Data
Description

Versions

Order no.
1

Injection unit

10

11

12

7 X T 7 1 0 0 - 0 ☐ A

2

3

4

5

6

7

8

9

0

0

for rotor ground-fault protection

for panel surface mounting

B

(0.5 to 4 Hz) 7XT71, in housing 7XP20

for panel flush mounting

E
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Machine Protection
Coupling Unit – 7XR61 for Rotor Ground-Fault Protection
Description
7XR61 is a coupling unit for the rotor ground-fault protection
with 50-Hz/60-Hz coupling into the SIPROTEC 7UM6 device. In
addition, a 3PP1336-0DZ is necessary.

[7XR61, 1, --_--]

Figure 5.5/1 Coupling Unit 7XR61

5.5

[dw_conn example 7UM85 rotor ground fault, 7XR61, sensitive, 3, en_US]

Figure 5.5/2 Connection Example for Generators: Rotor Sensitive Ground-Fault Protection with the 7XR61 Additional Device for Voltage Interference of
the Rotor Circuit at the Rated Frequency during Implementation with the Sensitive Ground-Current Input
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Machine Protection
Coupling Unit – 7XR61 for Rotor Ground-Fault Protection – Technical Data
Technical Data
Limiting values for inputs and outputs
Auxiliary Voltage
Rated auxiliary AC voltage VH ∼

100 to 125 V∼, 50/60 Hz

230 V ∼, 50/60 Hz

Permissible voltage ranges

80 to 144 V∼

176 to 265 V∼

Load Rating of the Capacitive Coupling Circuit
Connections (4A1 to 4B1)
Permissible voltage, continuous

3.15 kV–

RMS voltage

60 V ∼ (≤ 300 Hz)

RMS current

≤ 0.2 A∼(1) continuous

Test voltage

4.7 kV– for ≤ 2 s

(1) Do not use the internal resistors if the continuous currents are higher. These are then short circuited, and the external resistor unit
3PP1336-0DZ-0130002 is used instead.
Output Load Rating
(Short circuit on 4A1 and 4B1)
Continuous

100 mA (without reactor)

Output (1B1 to 1B3)

175 mA (with reactor), max. 1 hour

Output (1B1 to 1B4)

230 mA, max. 0.5 Hours

5.5
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Machine Protection
Coupling Unit – 7XR61 for Rotor Ground-Fault Protection – Dimensional Drawings
Dimensioned Drawings

5.5

[massbild-ankoppelgeraet-7xr6100-0ba0-020916-ho, 1, en_GB]

Figure 5.5/3 Dimensional Drawing Coupling Unit 7XR6100-0BA0 in Panel Surface Mounting Housing
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Machine Protection
Coupling Unit – 7XR61 for Rotor Ground-Fault Protection – Dimensional Drawings

5.5
[massbild-ankoppelgeraet-7xr6100-0ca0-020830-ho, 1, en_GB]

Figure 5.5/4 Dimensional Drawing Coupling Unit 7XR6100-0CA0 in Panel Flush Mounting Housing

Selection and Ordering Data
Description

Versions

Order No.
1

Coupling unit
for rotor ground-fault protection 50/60 Hz

2

3

4

5

6

7

8

9

10

11

12

7 X R 6 1 0 0 - 0 ☐ A

0

0

For panel surface mounting

B

For panel flush mounting

C
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Machine Protection
Coupling Unit – 7XR81 for Rotor Ground-Fault Protection (50 Hz/60 Hz)
Description
The new coupling unit 7XR81 is used as a required accessory for
rotor ground-fault protection in 7UM62/7UM85 machine protection devices. This device substitutes the earlier coupling unit
7XR6100-0*A00 and the series resistor 3PP1336-0DZ in one
device.
Benefits

• Tried and tested SIPROTEC 5 design
• Coupling unit and series resistor in one device
Functions
The new coupling unit 7XR81 is used as a required accessory for
rotor ground-fault protection (IRE>, fn) (ANSI 64R) in conjunction with the SIPROTEC 7UM85:

• Monitors the rotor circuit of electrical synchronous machines
(generator, motor) for a ground fault

• Monitors the rotor circuit of asynchronous machines for a
ground fault if the rotor circuit is accessible via a slip ring

• Processes a warning (high-impedance fault) and tripping

[ph_7XR8100, 1, --_--]

Figure 5.5/5 Coupling Unit 7XR81

(low-impedance fault) by activating at least 2 stages

• Detects faults by injecting a rated-frequency voltage into a
rotor circuit and monitoring the rotor ground current

5.5

[ph_7XR8100_W9, 1, --_--]

Figure 5.5/6 Rear View/Mechanical Design of the 7XR81
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Machine Protection
Coupling Unit – 7XR81 for Rotor Ground-Fault Protection (50 Hz/60 Hz)
Connection Example

5.5
[dw_7xr81 connection examples, 1, en_US]

Figure 5.5/7 Connection Example for 7XR81

You can find additional information on commissioning the
coupling unit in the user manual for the protection relay
7UM62/7UM85.

234 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

Machine Protection
Coupling Unit – 7XR81 for Rotor Ground-Fault Protection (50 Hz/60 Hz)

[dw_7xr81 block diagram, 1, en_US]

Figure 5.5/8 Basic Circuit Diagram 7XR81

Auxiliary Voltage and Output Power
Terminals 1A to 2A

Terminals 2A to 3A

Rated auxiliary voltage

100 to 125 V AC, 50/60 Hz (1)

230 V AC, 50/60 Hz (2)

Permissible auxiliary voltage

80 to 144 V AC, 45 to 65 Hz

176 to 265 V AC, 45 to 65 Hz

Terminals 4A to 6A

Terminals 4A to 5A

39 to 49 V AC for (1)

58 to 74 V AC for (1)

43 V AC for (2)

64 V AC for (2)

Nominal output voltage
Continuous output current (1B to 3B shorted
to ground, without choke L1)

100 mA

Output current for max. 30 minutes (1B to 3B
shorted to ground, with choke L1)

5.5
175 mA

Recovery time 60 min

200 mA

Max. power consumption 22 W

Load rating of the capacitive coupling circuit
Terminals 1B – 3B
Max. permissible continuous voltage

1000 V DC + 250 V peak value (max. 300 Hz)16

Max. permissible continuous current

500 mA RMS16

Max. dissipated power

60 W

You can find additional routing information and technical data
in the SIPROTEC, coupling unit for generator protection
manual or at www.siemens.com/accessories.

16

The RMS voltage and current over the resistors R1 ( 2x 100 Ω) must be measured to avoid exceeding 50 W of power dissipation.
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Machine Protection
Coupling Unit – 7XR81 for Rotor Ground-Fault Protection (50 Hz/60 Hz) – Dimensional Drawings
Dimensional Drawings

5.5

[dw_7xr81-6, 1, en_US]

Figure 5.5/9 7XR81 Surface Mounting Dimensions
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Machine Protection
Coupling Unit – 7XR81 for Rotor Ground-Fault Protection (50 Hz/60 Hz) – Dimensional Drawings

[dw_7xr81-8, 1, en_US]

5.5

Figure 5.5/10 7XR81 Flush Mounting Dimensions

Selection and Ordering Data
Description

Versions

Order No.
1

Coupling unit
for rotor ground-fault protection 50/60 Hz

Housing for panel surface mounting with screw
connections
Housing for panel flush mounting with screw
connections

2

3

4

5

6

7

8

9

10

11

12

7 X R 8 1 0 0 - 0 ☐ A

0

0

B
C
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Machine Protection
Resistor Unit – 7XR6004 for Rotor Ground-Fault Protection
Description
7XR6004 is a resistor unit with 4 x 20 kΩ resistors for interfacing
the 1- to 3-Hz rotor ground-fault protection in the SIPROTEC
7UM62.
Function Description
The rotor ground-fault protection operates with a direct voltage
of about 50 V that, depending on the settings, reverses polarity
roughly 1 to 4 times per second. This voltage injection into the
rotor circuit at Vg is generated in the injection unit 7XT71 via the
resistor unit 7XR6004 (or 7XR6003), this voltage is injected
symmetrically via high-impedance resistors to the excitation
circuit and, at the same time, connected to the grounding brush
(ground potential) via a low-impedance measurement shunt RM.
The voltage tapped via the measurement shunt and the control
voltage is injected into the protection by means of the measuring transducer. The control voltage is proportional to the
injected 50 V voltage Vg in amplitude and frequency. The
flowing rotor ground current is reflected in the measuring
voltage.
The direct voltage Vg drives, during every polarity reversal, a
charging current Ig through the resistor unit into the ground
capacitance of the excitation circuit. This current results in a
proportional voltage drop Vmeas in the measurement shunt of
the injection unit. After charging the rotor ground capacitance,
the charging current becomes zero. If a rotor ground fault is
present, a ground current flows continuously. The magnitude is
determined by the fault resistance.

[7XR6004, 1, --_--]

Figure 5.6/1 Resistor Unit – 7XR6004

By using a low-frequency square-wave voltage as the residual
voltage, the influence of the ground capacitance is eliminated
and at the same time the signal-to-noise ratio for the interference frequencies is correspondingly large due to the excitation
machine.

5.6

[dw_RGF 1-3 Hz principle rotor winding tension, 2, en_US]

Figure 5.6/2 Circuitry Principles of the Rotor Winding Voltage Injection

RE Fault resistance
CE Rotor ground capacitance
RV Series resistor
Vg Square-wave voltage from the 7XT71
Ig Current flowing from the 7XT71 to ground via the rotor
fg Square-wave frequency of the 7XT71
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Machine Protection
Resistor Unit – 7XR6004 for Rotor Ground-Fault Protection
Connection Examples

[dw_connectoin_example_excit-equipmentfed_slip-rings, 1, en_US]

Figure 5.6/3 Connection Example when Supplying the Excitation Winding via Slip Rings

5.6

[dw_connectoin_example_excit-rotating_rectifiers_with_meas-brushes, 1, en_US]

Figure 5.6/4 Connection Example when Exciting via Rotating Rectifiers with Measurement Brushes
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Machine Protection
Resistor Unit – 7XR6004 for Rotor Ground-Fault Protection – Technical Data
Technical Data
Rated power loss
20 kΩ power resistors

P70=45 W

3.3 kΩ test resistor

P70=7.5 W

Load rating of the 20 kΩ power resistors
When using 2 resistors

9 W, continuous

corresponds to an input voltage of

425 V

When using 4 resistors

4.5 W, continuous

corresponds to an input voltage of

300 V

transient

4-times the continuous load rating for a maximum of 10 s

dynamic

900 W for max. 10 ms

Insulation tests
Voltage test (routine test)

5.5 kV RMS value (1 min), 50/60 Hz

Surge immunity test (type test)

10 kV (peak); 1.2 μs/50 μs; 3 positive and 3 negative impulses at intervals of 5 s

Temperatures
Recommended temperature during operation

-5 °C bis +55 °C

Temporary permitted limit temperatures during operation

-20 °C bis +70 °C

Limiting temperature during storage

-25 °C to +55 °C

Limiting temperature during transport

-25 °C to +70 °C

Storage and transport using factory packaging!
To ensure unimpeded removal of the heat loss generated in the device, a clearance to other devices or sheet metal of at least 100 mm must be maintained above the device and 50 mm below the device.
Degree of protection according to IEC 60529
For equipment

IP 20

For personal protection

IP 2x with covering cap in place

5.6
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Machine Protection
Resistor Unit – 7XR6004 for Rotor Ground-Fault Protection – Dimensional Drawings
Dimensioned Drawings

5.6

[massbild-widerstandsgeraet-7xr6004-0ba00-020830-ho, 1, en_GB]

Figure 5.6/5 Dimensional Drawing Resistor Unit 7XR6004-0BA00 in Panel Surface Mounting Housing
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Machine Protection
Resistor Unit – 7XR6004 for Rotor Ground-Fault Protection – Dimensional Drawings

[massbild-widerstandsgeraet-7xr6004-0ca00-020830-ho, 1, en_GB]

5.6

Figure 5.6/6 Dimensional Drawing Resistor Unit 7XR6004-0CA00 for Panel or Cabinet Flush Mounting

Selection and Ordering Data
Description

Versions

Order No.
1

Resistance-coupling unit

2

3

4

5

6

7

8

9

10

11

12

7 X R 6 0 0 4 - 0 ☐ A

0

0

for rotor ground-fault protection

For panel surface mounting

B

(1 to 3 Hz) in 7XP20

For panel flush mounting

C
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Machine Protection
Resistance-Coupling Unit – 7XR8004 for Rotor Ground-Fault Protection
Description
The resistance-coupling unit 7XR8004 is used as a required
accessory, together with the generator protection devices
7XT71 (1 Hz to 3 Hz) and the machine protection devices
7UM62/7UM85 for 1-Hz to 3-Hz rotor ground-fault protection.
The device substitutes the earlier resistor unit 7XR6004-0*A00
and allows excitation voltages to be reached at smaller sizes.
Functions
The rotor ground-fault protection operates with a direct voltage
of about 50 V that, depending on the settings, reverses polarity
roughly 1 to 4 times per second.
This voltage injection into the rotor circuit at Vg is generated in
the injection unit 7XT71 Via the resistor unit 7XR8004, this
voltage is injected symmetrically via high-impedance resistors to
the excitation circuit, and, at the same time, is connected to the
grounding brush (ground potential) via a low-impedance measurement shunt RM. The voltage tapped via the measurement
shunt and the control voltage are injected into the protection
with the measuring transducer. The control voltage is proportional to the injected 50 V voltage Vg in amplitude and
frequency. The flowing rotor ground current is reflected in the
measuring voltage.

[ph_7XR8_W3, 1, --_--]

Figure 5.7/1 Resistance-Coupling Unit 7XR8004

The direct voltage Vg, during every polarity reversal, drives a
charging current Ig through the resistor unit into the ground
capacitance of the excitation circuit. This current results in a
proportional voltage drop Vmeas in the measurement shunt of
the injection unit. After charging the rotor ground capacitance,
the charging current becomes zero. If a rotor ground fault is
present, a ground current flows continuously. The magnitude is
determined by the fault resistance.

5.7

[dw_7xr8004 block diagram, 1, en_US]

Figure 5.7/2 Basic Circuit Diagram 7XR8004
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Machine Protection
Resistance-Coupling Unit – 7XR8004 for Rotor Ground-Fault Protection

[ph_7XR8_Resistor_Units, 1, --_--]

Figure 5.7/3 Resistance-Coupling Unit 7XR8004 Connection Terminals

5.7

[dw_7xr8004 connex1, 1, en_US]

Figure 5.7/4 Connection Example for Excitation fed via Slip Rings
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Machine Protection
Resistance-Coupling Unit – 7XR8004 for Rotor Ground-Fault Protection

[dw_7xr8004 connex2, 1, en_US]

Figure 5.7/5 Connection Example for Excitation via Rotating Rectifiers

Load rating of the capacitive coupling circuit
The 7XR8004 replaces the old 7XR6004. The electrical design
stayed basically the same, but only one connection option is
supported (2 x 40 KΩ). The following points are changed/
improved:

• The terminals are designed to support higher excitation

voltages, in order to satisfy the safety requirements and
future higher excitation voltages.

• The Resistors R1/R2 are dimensioned to allow using the

configuration of a maximal excitation voltage (UcV) of 2000 V
DC:
PRtotal = UcV2 / Rtotal = (2000 V)2 / 80 kΩ = 50 W

5.7

Description

Value

Max. permissible continuous voltage

2000 V RMS (3500 Vp-p)

(2 x 40 kΩ between terminal 1B and 2B)
Max. continuous dissipated power (R1 + R2)

50 W

Max. permissible continuous voltage

600 V DC

(3.3 kΩ between terminal 2A and 3A)
Max. dissipated power (R3)

110 W (1 min max.)

Recovery time 20 min
Max. total dissipated power (1 min)

160 W

Recovery time 20 min

You can find additional routing information and technical data
in the SIPROTEC, coupling unit for generator protection
manual or at www.siemens.com/accessories.
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Machine Protection
Resistance-Coupling Unit – 7XR8004 for Rotor Ground-Fault Protection – Dimensional Drawings
Dimensional Drawings

[dw_7xr8004 dimensions, 1, --_--]

Figure 5.7/6 Panel Surface Mounting 7XR8004

Selection and Ordering Data
Description

Versions

Order No.
1

Resistance-coupling unit
5.7

Housing for panel surface mounting with screw
connections
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10

11

12

7 X R 8 0 0 4 - 0 ☐ A

2

3

4

5

6

7

8

9

0

0

B

Machine Protection
Voltage Divider – 3PP1326/36
Description
The 3PP1326 is a device with wire resistors as voltage dividers
(divider ratio is 10:1 or 20:1) for coupling the excitation voltage
into the underexcitation protection in the SIPROTEC 7UM62.
The 3PP1336 is a device with wire resistors for the stator
ground-fault or rotor ground-fault protection with 50 Hz/60 Hz
coupling.
In the -1CZ version, the device is used as a voltage divider
(divider ratio is 5:1) for coupling the residual voltage into the
stator ground-fault protection of a SIPROTEC 7UM6 device. It is
used when the residual voltage is measured in a grounding
transformer.
In the -0DZ version, the device has two 105 Ω resistors and is
used as a series resistor for the rotor ground-fault protection
with 50 Hz/60 Hz coupling in the SIPROTEC 7UM6.

[3PP13_, 1, --_--]

Figure 5.8/1 Voltage Dividers 3PP1326 and 3PP1336

[laeufererdschlussschutz-3pp1336-020925-ho, 2, en_US]

Figure 5.8/2 Connection Example: Rotor Ground-Fault Protection with 7XR61 Add-On Device for Voltage Injection of Rotor Circuit with Rated-Frequency
Voltage and with 3PP1336 Dropper Resistor

5.8
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Machine Protection
Voltage Divider – 3PP1326/36 – Dimensional Drawings
Dimensional Drawings

[massbilder-3pp13-020830-ho, 1, en_GB]

Figure 5.8/3 Dimensional Drawings, 3PP13

Note:

5.8

• 3PP132: for voltage divider 3PP1326-0BZ-K2Y (20: 10: 1)
• 3PP133: for voltage divider 3PP1336-1CZ-K2Y (5: 2: 1) for the
series resistor 3PP1336-0DZ-K2Y

248 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

Machine Protection
Voltage Divider – 3PP1326/36 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Wire resistor GR 3, IP20
Series resistor for rotor ground-fault protection

6 cylinders

(2 x 105 Ω)

Group: 013002

9

10

3 P P 1 3 3 6 - 0 D

2

3

4

5

6

7

8

Z

Short code

K

2 Y

3 P P 1 3 3 6 - 0 C

Z

K

2 Y

3 P P 1 3 2 6 - 0 B

Z

K

2 Y

as a load resistor
Wire resistor GR 3, IP20
for stator ground fault protection (divider ratio is
5:1)

4 cylinders
Group: 013001
as a load resistor

Wire resistor GR 2, IP20
for underexcitation protection (divider ratio is 20:1) 3 cylinders
Group: 012009
as a load resistor

5.8
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Machine Protection
Voltage Divider – 7XR86 for Stator Ground-Fault Protection
Description
The coupling unit 7XR86 is used for stator ground-fault protection (90 %) in 7UM62/7UM85 machine protection devices. The
device substitutes the earlier resistor unit 3PP1336-1CZ-K2Y
(5:1, 5:2 voltage divider). 7XR86 and 7XR8004 have an identical
design.
Only 7XR8004 resistances are substituted. The voltage divider is
required for grounding or point transformer applications with a
higher secondary voltage than 200 V (for example, 500 V) of the
max. voltage (for example, 100 V) for the voltage inputs of the
protection device.

[ph_7XR8_W3, 1, --_--]

Figure 5.8/4 Coupling Unit 7XR86

5.8

[ph_7XR86_Resistor_Units, 1, --_--]

Figure 5.8/6 7XR86 Coupling Unit Connection Terminals
[dw_7xr86 block diagram, 1, en_US]

Figure 5.8/5 Basic Circuit Diagram of the New 7XR86
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Machine Protection
Voltage Divider – 7XR86 for Stator Ground-Fault Protection – Technical Data
Load Rating of the Voltage Divider
Terminals 1B – 4B
Max. permissible continuous voltage

55 V AC
Continuous output power 2 W

Max. permissible voltage (60 s)

550 V AC

Max. dissipated power

185 W (max. 60 s, recovery time 600 s)

You can find additional routing information and technical data
in the SIPROTEC, coupling unit for generator protection
manual or at www.siemens.com/accessories.

Dimensional Drawing
See Figure 5.7/6 Panel Surface Mounting 7XR8004

Selection and Ordering Data
Description

Versions

Order No.
1

Coupling unit
for stator ground-fault protection

Housing for panel surface mounting with screw
connections

2

3

4

5

6

7

8

9

10

11

12

7 X R 8 6 0 0 - 0 ☐ A

0

0

B
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Machine Protection
Voltage Divider – 7XR87 for Underexcitation Protection
Description
The coupling unit 7XR87 is used for interfacing the excitation
voltage generator to the direct current measurement inputs of
the 7UM62/7UM85 machine protection devices. Various voltage
divider ratios can be converted with the 7XR87 as an additional
criterion for underexcitation protection.
This allows the protection device to be optimally adjusted to
different excitation voltages. The coupling unit also receives
components for reducing harmonic components and transients
from the excitation circuit. This device substitutes the earlier
3PP1326-0BZ-K2Y (divider ratio 10:1, 20:1).
The 7XR87 replaces the 3PP1326 voltage divider. The electrical
design was changed compared to the 3PP1326 in order to
provide additional divider ratios for higher excitation voltages.
The device provides 6 different voltage dividers ordered in 2
groups with 3 dividers each:

• Divider 1: 10:1, 20:1, and 30:1 for a maximum input voltage
of 1000 V DC

[ph_7XR87_W3, 1, --_--]

• Divider 2: 40:1, 80:1, and 100:1 for a maximum input voltage

Figure 5.8/7 Coupling Unit 7XR87

A capacitor (C1) provides, in combination with the input resistors, a low pass filter for attenuating the ripple of the excitation
voltage.

The resistor R5 provides the necessary impedance adaptation for
using the C-IO-6 of the SIPROTEC 4 7UM6x protection relay. For
the IO210 of the SIPROTEC 5 7UM85, do not connect the
resistor R5 (see connection example below).

of 2000 V DC

5.8
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Machine Protection
Voltage Divider – 7XR87 for Underexcitation Protection

[dw_7xr87 connection examples, 1, en_US]

Figure 5.8/8 7XR87 Connection Example

The excitation voltage has to be connected between GND1 or
GND2 and the required divider ratio. Use only 1 voltage divider
at once. Also, connect only 1 protection relay at the output.
Load Rating of the Voltage Divider
Description

Value

Max. permissible continuous voltage

2000 V DC (Terminal C); 1500 V DC (UL)
600 V DC (Terminal B)

Max. dissipated power

3.5 W

You can find additional routing information and technical data
in the SIPROTEC, coupling unit for generator protection
manual or at www.siemens.com/accessories.
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5.8

Machine Protection
Voltage Divider – 7XR87 for Underexcitation Protection – Dimensional Drawings
Dimensional Drawings

5.8

[dw_7xr87 dimensions panel, 1, en_US]

Figure 5.8/9 7XR87 Surface Mounting Dimensions
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Machine Protection
Voltage Divider – 7XR87 for Underexcitation Protection – Dimensional Drawings

[dw_7xr87 dimensions flush, 1, en_US]

Figure 5.8/10 7XR87 Flush Mounting Dimensions

Selection and Ordering Data
Description

5.8
Versions

Order No.
1

Coupling unit
for underexcitation protection

2

3

4

5

6

7

8

9

10

11

12

7 X R 8 7 0 0 - 0 ☐ A

0

0

Housing for panel surface mounting with screw
connections

B

Housing for panel flush mounting with screw
connections

C
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Machine Protection
Voltage Divider – 7XR87 for Underexcitation Protection – Selection and Ordering Data

5.8
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Devices for Input/Output Signals
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Devices for Input/Output Signals
2-Channel Binary Signal Transmitter – 7XV5653
Description
The transducer measures binary signals from contacts via 2
binary inputs and transmits them without interference using
fiber-optic cables to the second transducer. The indications or
signals received in this second transducer are output via its
contacts. The 2 contacts can be used as trip contacts. The transducer is equipped with independent and bidirectional binary
inputs (2) and contact outputs (2). The transducer is designed
for use in switchgear. Highly reliable, telegram-buffered serial
data transmission takes place between the transducers. Transmission errors and outage of the data connection are indicated
using a signaling contact, that is, permanent monitoring of the
power supply and the data connection is integrated in the transducer.
Benefits

• 2 galvanically separated binary inputs (DC 24 V to 250 V)
• 2 galvanically separated trip contacts
• Fast remote trip via a serial point-to-point connection of up to
115 kBd/12 ms.

• Telegram-buffered interference-free transmission using fiber-

[7XV5653, 1, --_--]

Figure 6.1/1 Binary Signal Transducer 7XV5653

optic cable

• Permanent monitoring and display of the data connection
• Radius: approx. 3 km via multimode fiber-optic cable,
62.5/125 µm

• Transmission of up to 170 km via singlemode fiber-optic cable
with repeater 7XV5461

• Transmission via communication networks and dedicated
lines and pilot wires with communication converters
7XV5662-0AC01

• Wide-range power supply unit with self monitoring and alarm
relay

Application Examples
The binary signal transducer detects binary signals at two binary
inputs and transmits them via fiber-optic cable to a second
transducer that outputs the signals via contacts. Distances of
about 3 km can be handled directly using multimode fiber-optic
cables. For distances up to 170 km, the repeater 7XV5461 using
singlemode fiber-optic cable is available (Figure 6.1/2). With two
transducers connected to the 7XV5461, up to four binary signals
can be transmitted. One application is the phase-segregated
intertripping.
6.1

[dw_application_binary_transducer, 1, en_US]

Figure 6.1/2 Application Example 1

With a communication converter, the transducer can be
connected to different types of communication connections.
Modern digital N x 64 Kbps networks can be used.
Existing pilot wires can also be used for data exchange between
protection devices. The data to be exchanged are bidirectional
signals, intertrip signals and other information.
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[dw_application_binary_transducer_01, 1, en_US]

Figure 6.1/3 Application Example 3

Technical Data
Auxiliary Voltage
Rated input voltage

• Direct Voltage
• Alternating voltage

AC 60 V to 230 V ± 20 % / 45 to 65

Protection class

III

Power consumption

For rated voltage (typical value)

•
• Alternating voltage

3.5 VA

Internal fuse, cannot be replaced

1.25 A, time-lag

State indicator

1 green RUN LED

DC 24 V to 250 V ± 20 %

Direct voltage

3W

LEDs
6 LEDs
1 x green

Operating voltage OK

2 x yellow

Contact ½ active

2 x yellow

Command relay ½ active

1 x red

Alarm

Connector Plug
Power supply

2-pole Phoenix screw terminal

Fiber-optic cables

820 nm, ST connector

Binary inputs

4-pole Phoenix screw terminal

Signaling contact

2-pole Phoenix screw terminal
6.1

Non-Flickering Light
Can be switched to light ON/OFF

Using jumpers

Housing
Plastic case, EG90, dark gray; 90×75×105 mm (W×H×D) for snap-on mounting to 35-mm DIN rail according to EN 60715

You can find additional technical data in the manual at
www.siemens.com/accessories.

Surface Mounting
The transducer has a housing with snap-one mounting for a 35mm DIN rail according to EN 60715. Auxiliary voltage can be
provided via screw connections. The fiber-optic cables are
connected using ST connectors. The device contains no silicone
or halogen and is very flame-resistant.
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[dw_Dimension_7XV5653-0BA00, 1, en_US]

Figure 6.1/4 Dimensions, Binary Signal Transducer 7XV5653

Selection and Ordering Data
Description

Versions

Order no.
1

Optical binary signal/command transmission

2

3

4

5

6

7

8

9

10

11

12

7 X V 5 6 5 3 - 0 B

A

0

0

Serial for 62.5 µm/125 µm multimode optical fiber
up to 3 km
Auxiliary voltage, 24 to 250 VDC and 110/220 VAC
with 2 binary inputs, 2 binary outputs,
Connection of the binary signal/command relay
using a terminal
Glass optical fiber connection for 62.5/125 µm multimode optical fiber using ST connectors
For DIN rail mounting
Note: For transmission using singlemode fiber, the 7XV5461 is also needed. For transmission using two-wire control line, the 7XV5662-0AC01 is needed.

6.1
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Description
The SICAM I/O-Unit 7XV5673 is a binary input/output device that
has been developed for substations and industrial sectors with
increased environmental demands. The SICAM I/O-Unit permits
transmission from binary inputs to binary outputs locally or over
large distances. It can be used for protective applications, such
as overcurrent protection, permissive overreach transfer trip
scheme, distance protection with signal connection, or as I/O
extension in substation automation systems.
Binary inputs

• 6 robust EMC-hardened binary inputs
• The pickup threshold can be set to DC 19 V,
DC 88 V, or DC 176 V for different rated
voltages of the station battery

Binary outputs

• 6 command relay outputs
• Secure contact status after loss of connec-

Signal/alarm outputs

4 LEDs

Wide-range power
supply unit

DC 24 V to 250 V ± 20 % and AC 100 V to
230 V, 45 to 65 Hz

tion, set by the user

RJ45 Ethernet connec- Cascading many devices without additional
tion
cost by using the integrated switch
Serial fiber-optic inter- ST connector, 820 nm for multimode optical
face (optional)
fiber 62.5/125 μm, typical range: 2000 m with
optical fiber 62.5 μm/125 μm, baud rate: 1.2
Kbps to 187.5 Kbps, set by software
Communication protocols

• IEC 61850 (GOOSE, MMS, Reporting) for the
•
•

Time synchronization

connection to protective and substation
controllers
Modbus TCP or Modbus RTU for connection
to a substation controller
Modbus UDP for point-to-point connection
between 2 SICAM I/O-Units
SNTP for time synchronization

•
• External time synchronization via Ethernet

[ph_SICAM IO_Unit, 1, --_--]

Figure 6.2/1 SICAM I/O-Unit 7XV5673

– Detection and output of binary states via substation controllers by means of the standard protocols Modbus RTU,
Modbus TCP, or IEC 61850
– Extension for protection devices of the compact classes
SIPROTEC 7SJ80 and SIPROTEC 7SK80 by connection to
their low-cost Ethernet interface (port A)

• Contact duplicator: Transmission of signals via one or more

binary inputs by means of relay contacts of the same SICAM
I/O-Units, for example for separation between different
voltage levels.

NTP

• External time synchronization via Fieldbus

with communication protocol Modbus RTU,
Modbus TCP, or Modbus UDP

Housing

IP20, DIN rail

Functions
All types of binary signals from switching devices/protective
procedures (such as trip commands, switch position signals,
fault and status messages) are reliably recognized via binary
inputs. This information can be transferred via contacts directly
on this SICAM I/O-Unit or via communication connections to
other SICAM I/O-Units or substation automation systems.
Secured telegrams are used for communication via Ethernet or
serial connections. The parameters of the SICAM I/O-Units can
be set easily via a standard web browser on the PC that is
connected via the Ethernet interface.

Applications
Binary signal transmitter
If the SICAM I/O-Unit is used as a binary signal transmitter to
Figure 6.2/2, there is a bidirectional transfer of binary signals of
exactly 2 units at any one time. The transmission takes place
between server and client unit via serial connections (option) or
via Ethernet networks. Via the relay output contacts, voltages of
up to AC/DC 250 V and currents of up to AC/DC 5 A can be
switched. The pickup threshold of the binary inputs can be set
by the user on different levels. The user can assign signal inputs
and outputs as required.

6.2

The SICAM I/O-Unit can for example, be used as:

• Binary signal transmitter (BST): Point-to-point transmission of
binary signals between 2 SICAM I/O-Units via Ethernet or a
serial connection. Signal inputs and outputs can be assigned
by the user.

• I/O extension:
– Extension of the substation controllers via binary inputs and
outputs with standard protocols.

[dw_io-Mirror_bidirect-trans-2-device, 1, en_US]

Figure 6.2/2 Binary Signal Transmitter, Bidirectional Transmission
between 2 Units
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Extension of the communication route

Binary signal transmitters with gateway function

An extension of the transmission distance is possible.

The application shows 2 separate bidirectional binary signal
transmissions. The main application is the following constellation:

The following devices can be used:

• With serial optical repeater 7XV5461, scalable up to 170 km
• Optical fiber connection also with mini star coupler 7XV5450
or RS485/optical fiber converter 7XV5650

• With different communication converters 7XV5662 (pilot
wires, X.21/G.703.1 and G.703.6)

• Media converter for Ethernet RMC (Ruggedcom)
• Wireless transmission RS 900WNC (Ruggedcom)

• Due to EMC environments, one SICAM I/O-Unit is to be

installed, for example, in the switch bay and connected via a
serial optical fiber.

• The optical fiber arrives in a central communication room and

is to be converted to electrical Ethernet. This is implemented
via SICAM I/O-Units as a serial gateway server. The logic structure is described in Figure 6.2/4.

Unidirectional binary signal transmission
When you use SICAM I/O-Units for unidirectional binary signal
transmission to Figure 6.2/3, the units transfer binary signals in
one direction from a client unit to several server units. In this
application, the transmission takes place exclusively in one
direction. Input signals (max. 6) are transmitted from the left
device to the output contacts of one or more devices on the
right side. The serial ports of the I/O unit can be electrical or
serial. Alternatively, you may use RS485/optical fiber converters
7XV5650 and mini star couplers 7XV5450 for cascading.

[dw_log-config_of_bi-to-bo, 1, en_US]

Figure 6.2/4 Logical Structure of 2 Separate Binary Signal Transfers
from Binary Input (BI) to Binary Output (BO) between
Corresponding SICAM I/O-Units A1 and B1, using the
Gateway Function of the Units A and B
[dw_io-Mirror_unidirect-trans-sicam-io-unit, 1, en_US]

Figure 6.2/3 Binary Signal Transmitters, Unidirectional Transmission
from One SICAM I/O-Unit to Several SICAM I/O-Units

In this structure, only the pair A-B and the pair A1-B1 exchange
the states of their binary inputs to the binary outputs. Here, the
SICAM I/O-Units A1 and B1 use the gateway function of devices
A and B.
I/O extension of protection devices or direct connection to a
station control or power systems control via Ethernet. Protocols:
IEC 61850 GOOSE/Reporting/MMS, Modbus TCP/UDP

6.2

The SICAM I/O-Unit is used as I/O extension in accordance with
Figure 6.2/5. Binary signals are exchanged between a substation
controller of the automation substation as Modbus or IEC 61850
client, such as SICAM PAS/SCC, SICAM RTUs or Spectrum Power
CC or a protection device, such as SIPROTEC with GOOSE,
SIPROTEC Compact (also directly, proprietary) and the SICAM
I/O-Units via an Ethernet network. If the integrated switch in the
SICAM I/O-Unit is used, the devices can be operated in a line
without an additional external switch.
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[dw_io-extension_switchgear_BI-and-BO, 1, en_US]

Figure 6.2/5 I/O Extension of Switchgear with Binary Inputs and
Outputs

Instead of an Ethernet network, a serial connection with the
Modbus RTU protocol can also be used. The connection can be
made by an RS485 bus line or an optical star network.
[dw_contact-multiplier, 1, en_US]

Figure 6.2/7 Contact Duplicator

Applications for the Teletransmission of Binary Signals
Binary signal transmission via 2-wire copper line with locking
The Figure Figure 6.2/8 shows the optical fiber connection of a
SICAM I/O-Unit to a communication converter 7XV5662-0AC01,
that establishes connection via pilot wires. Only one pair is
required for bidirectional signal exchange.
An additional isolating transformer allows 20 kV isolation of the
pilot wire connection.
A maximum of 6 individual binary signals can be transmitted
bidirectionally via the pilot wires. The additional time delay that
is caused by the transmission via the communication converter
and the pilot wires is less than 1 ms.
A typical application is the permissive overreach transfer trip
scheme of a directional overcurrent protection via pilot wires. In
this case the independent overcurrent protection is connected
to the SICAM I/O-Unit via contacts and binary inputs and directional signals are transmitted.

[dw_io-extension_station-unit_star-topology, 1, en_US]

Figure 6.2/6 I/O Extension for the Connection to the Substation
Controller with Serial, Optical Star Topology
6.2

Contact duplicator
Input signals at one or more binary inputs can be allocated to
binary outputs of the local unit (Figure 6.2/7).

• 1 binary signal at up to 6 relay outputs
• Several binary signals to several relay outputs that can be
assigned by the user

• Different voltage levels for inputs and outputs in a wide
voltage range to isolate different voltage levels

[dw_bi-com-converter_6sign, 1, en_US]

Figure 6.2/8 Binary Signal Exchange of 6 Signals via a Pilot Wire
Connection
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Binary signal exchange via long optical fiber connections
Figure Figure 6.2/9 shows the optical fiber connection of a
SICAM I/O-Unit to a serial optical repeater 7XV5461-0B_00, that
establishes a connection to multimode or singlemode fiber-optic
cables. With this application, a radius of up to 170 km can be
attained without additional amplifiers.
A maximum of 12 binary signals can be exchanged via long
optical fiber connections because the repeater allows the
connection of 2 SICAM I/O-Units.
[dw_bi-com-converter, 1, en_US]

Figure 6.2/10 Binary Signal Exchange via a Communication Converter
with a G.703.1/X.21 Interface via a Communication
Network

Transmission of binary signals via communication networks by
means of a G.703.6 interface
Figure Figure 6.2/11 shows the optical fiber connection of 1 to
3 SICAM I/O-Units to a communication converter KU-2M
7XV5662-0AD00, which establishes a connection to a multiplexer with a G.703.6 interface (1.44 Kbps/2 megabits/s, E1/T1).

[dw_bi-com-converter_12sign, 1, en_US]

Figure 6.2/9 Binary Signal Exchange of Up to 12 Signals via Long
Optical Fiber Connections

A maximum of 18 individual binary signals can be transmitted
bidirectionally via the communication network. The communication converter KU-2M has 2 optical interfaces and one electrical
RS232 interface. 2 SICAM I/O-Units can be connected directly
with the KU-2M via an optical fiber cable. At the RS232 interface
you can connect another SICAM I/O-Unit via an optoelectronic
converter 7XV5652. With the use of all input interfaces
(2 optical fibers, 1 RS232) of the KU-2M, a maximum of
18 signals can be bidirectionally exchanged.

Transmission of binary signals via communication networks by
means of a G.703.1/X.21 interface
Figure Figure 6.2/10 shows the optical connection of a SICAM
I/O-Unit to a communication converter (KU-XG)
7XV5662-0AA00, that establishes a connection with a multiplexer with a G.703.1 or X.21 interface. In this way, this
communication converter can be used to transmit the signals via
a communication network. The average time delay in the
network and the signal quality are monitored by the SICAM I/OUnit. Furthermore, a connection loss is displayed. In this case,
the state of the binary outputs can be set by the user to a secure
state depending on the application. A maximum of 6 individual
binary signals can be transmitted bidirectionally via the communication network.

6.2

[dw_bi-com-converter_with_g703-6-interface, 1, en_US]

Figure 6.2/11 Binary Signal Exchange with G.703.6 Interface via a
Communication Network

For dial-up network connections via Ethernet, media converters
or Ethernet networks are used. The SICAM I/O-Unit supports IP
address settings and settings for a standard gateway. The elec-
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trical Ethernet interface of the SICAM I/O-Unit is connected with
one media converter or switch that transmits the signals of the
devices via dial-up network connections with Ethernet. The
average time delay in the network is measured by the SICAM
I/O-Unit.
Binary signal transfer via optical fibers or wireless connection
Figure Figure 6.2/12 shows the electrical connection of a binary
signal transmitter (BST) SICAM I/O-Unit 7XV5673 to Ethernetbased transmission units via patch cables that establish a
connection via optical fibers or a wireless connection at the
trunk line end. The connection could also be made via switches
with long-distance modules or via IP networks.
[sc_Config_Screen, 1, en_US]

Figure 6.2/13 Configuration Screen of the SICAM I/O Unit in the Web
Browser

Dimensional Drawing

[dw_io-Mirror_fiber-optic, 1, en_US]

Figure 6.2/12 Binary Signal Transmission via Optical Fiber or Wireless
Connection; Connection via the Integrated Ethernet
Interface to External Transmission Devices

Typical applications can be found in the internet
www.siemens.com/sicam-io -> Downloads.
Device configuration
The SICAM I/O unit is equipped with an integrated web server
that simplifies the settings with the help of a standard internet
web browser (Microsoft Internet Explorer). Figure 6.2/13 shows
the user interface. In the same way, operational logs and
commissioning aids are supported by the web browser such as
display of the actual state of the inputs and outputs.

[dw_SICAM IO dimension_01, 1, en_US]

Figure 6.2/14 Dimensions SICAM I/O-Unit 7XV5673

The SICAM I/O mapping tool is used to configure the
IEC 61850 GOOSE.
As soon as the IEC 61850 GOOSE configuration is completed,
the SICAM I/O mapping tool reads the corresponding SCD file
and generates the binary IEC 61850 parameter set, which can
be uploaded via HTML.
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Selection and Ordering Data
Description

Versions

Order No.
1

SICAM I/O-Unit

2

3

4

5

6

7

8

9

10

7 X V 5 6 7 3 - 0

J

J

11

12

□ 0

13

14

15

16

- □ A

A

1

▲

▲

Device type

Serial interface and communication protocol

│

│

DIN rail device IP20;

Without serial communication

0

│

Dimensions 96 mm x 96 mm x 100 mm
(WxHxD);

RS485 – Modbus RTU, binary signal transmission

1

│

optical, 820 nm – Modbus RTU, binary signal
transmission

2

│

Power supply: DC 24 V to 240 V, AC 100 V to
230 V;
Integrated web server for parameterization;
Ethernet interface RJ45 connector;
Integrated switch function;

Ethernet interface and communication
protocol

│

Ethernet interface with Modbus TCP/UDP,
binary signal transmission

1

Ethernet interface with Modbus TCP/UDP,
binary signal transmission, or IEC 61850
server (GOOSE and reporting/MMS)

2

CE and UL approval
Inputs and outputs
6 binary inputs with selectable threshold
voltage
6 relay outputs (4 make contacts, 2 changeover contacts)
Accessories
The following components can be obtained as an option:
Y-cable

7 K E 6 0 0 0 - 8 G

Ethernet patch cable (CAT6) RS485 cable for
SIPROTEC devices

6 X V 1 8 3 0 - 0 E

RS485 bus connector plug for SIPROTEC
devices

D

0

6 E S 7 9 7 2 - 0 X

A

0

6 E S 7 9 7 2 - 0 B

B

4

0

-

0

B

A

2

2

-

0

X

A

0

Order information about prefabricated fiber-optic cables can be found on the Internet in the SIPROTEC download section at www.siemens.com/siprotec,
Downloads/SIPROTEC accessories, 6XV81xx.
Table 6.2/1 SICAM I/O-Unit – Selection and Ordering Data
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Description
The SICAM AI-Unit 7XV5674 is an analog input unit (20 mA) that
is used by power utilities in the field of substations and in the
industrial sector where there are increased environmental
demands. Besides analog signal input, the SICAM AI-Unit can
compress the measured data by demand calculation, and can
monitor and signal parameterized limiting values. Measured
values and messages can be transferred to a protection device,
to a SICAM I/O-Unit, or to a substation or power-system control
for process automation. Interoperable standard protocols IEC
61850 GOOSE, Reporting/MMS, and Modbus RTU/TCP/UDP are
used here. The SICAM AI-Unit is thus a practical external 20-mA
extension and a local or remote automation unit.
Inputs

Twelve 20 mA for direct current measurements
(in accordance with IEC 60688)

Insulated housing

96 mm x 96 mm x 100 mm (W x H x D)
Assembly on a DIN rail

Degree of protection

IP20

Approval

CE and UL

[ph_SICAM AI Unit, 1, --_--]

Figure 6.3/1 SICAM AI-Unit 7XV5674

Benefits

• Wide application range (SCADA, protection and automation

processes) from swift and protected real-time applications to
continuous long-term acquisition (24-h value):
– Current measured value every 642 ms
– 10-s, 1-min, 1-h, 24-h demand calculation in the device.
This on-site compression reduces the data volume that is to
be transferred and processed (this makes handling mass
data possible)
– Independent on-site automation and monitoring unit with
signaling of the parameterized out-of-limit condition in the
unit

• Battery-backed real-time clock and message logs (can be
exported as .csv)

• Binary message and alarm stamp exact to 1 ms
• Simulation of input signals for easier system IBS
• Comparison of redundant measured data from different

SICAM AI-Units is possible due to the simultaneous start of the
average value window generation

• Integrated communication and device supervision
Applications

• Connection to serial interfaces or Ethernet interfaces of

The SICAM AI-Unit supports different applications and can be
used in the following areas for recording DC field signals:

• Connection to all protection and bay devices via IEC 61850-

• Power system protection
• SCADA (substation automation and power systems control)
• DMS (Distribution Management System)
• EMS systems (energy management)
• GIS (Gas-insulated switchgear) – gas pressure monitoring
• Other industrial processes
• Modernization of old systems: Automation/interface to old 20

SIPROTEC 4 or SIPROTEC 5 devices

GOOSE messages and IEC 61850 reporting

• Compact and robust design (-25 °C to 70 °C operating temperature)

• Flexible communication options (Ethernet, optical fiber or
RS485 electrical)

• Modbus RTU/TCP, SIPROTEC 20-mA, serial or Ethernet connection to SIPROTEC 5 devices via SUP protocol

• Precise process measurement (0.2 % with reference conditions)

• Time synchronization via NTP (support of 2 time servers,
fieldbus (Modbus RTU/TCP), IEC 61850, PC, internal RTC

• Cost saving with integrated Ethernet switch permits a chain
structure to be built up (cascading with Y adaptor
7KE6000-8GD00-0BA2)

mA technology (for example, 7SA511/513 issuing the fault
location)

The currents from the connected transducers (such as temperature, pressure or position sensors) can be transferred via the
supporting communication protocols to other automation
processes for further processing (such as visualization). See also
Figure 6.3/2.

• Web server for parameterization with an IWeb browser. No

The DC inputs of the SICAM AI-Unit can be parameterized for the
following ranges:

• 4 LEDs for different parameterizable messages/alarms
• 4 freely parameterizable group indications

• DC 0 mA to 20 mA
• DC 4 mA to 20 mA

special parameterization software necessary
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The measuring accuracy is 0.2 % of the rated current (20 mA) at
reference conditions. Under environmental influence (including
EMC), the measuring accuracy is 1.0 % of the rated current (20
mA).

With the integrated Web server, parameterization is carried out
by means of HTML pages with the use of a Web browser.
You can find Typical applications in the Internet
www.siemens.com/sicam-ai, Downloads.

[dw_ai-unit_application, 1, en_US]

Figure 6.3/2 Application Example

6.3

Measured quantities

Communication

Only direct currents can be measured with the SICAM AI-Unit.
The measurement cycles on both modules are carried out at the
same time. A complete measuring cycle via 6 channels takes
642 ms. The measurement of a channel takes 107 ms and is
repeated after 642 ms. Using the internet browser, the measured current, 10-second, minute, hour, and day average values
of all channels can directly be viewed and measured by the unit,
and be transferred via communication protocols, together with
messages (such as out-of-limit conditions).

To communicate with the substation controller/protection
device and the other peripheral devices, the SICAM input measuring device has an Ethernet interface and optionally a serial
interface (RS485 or optical).
The ordering options for communication via Ethernet are:

• With integrated Ethernet switch: Modbus TCP protocol
• With integrated Ethernet switch: Modbus TCP protocol and IEC
61850 protocol

Limit settings

The following functions are supported via Ethernet:

Up to 16 limit violations of current measured values in both
directions can be set via the menu automation functions. Limit
violation conditions of the upper and lower range of values can
be indicated as individual or group indication on 3 LEDs. The
parameters of 4 group indications can be set, wherein each indication can be assigned up to 16 logically linked single-point indications.

• Connection to SIPROTEC 5 devices via SUP (Slave Unit
Protocol)

• Device parameterization
• Transmission of measured data
• Transmission of messages
• Time synchronization via NTP
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• Communication protocols Modbus TCP and IEC 61850

Dimensional Drawing

(reporting and GOOSE)

• Integrated Ethernet switch
With the Ethernet switch integrated in the device, further
network components can be cascaded via a Y-cable and hence
also included in an available network with IEC 61850 or a
further Ethernet protocol.

• Serial interface
– Without serial interface
– With RS485 interface
– With optical interface

• Communication with existing RS485 or optical 820 nm interface

– With the Modbus RTU protocol and SIPROTEC RTU protocol
20 mA/SUP (Slave Unit Protocol)
The serial interface supports the following functions:

• Transmission of measured data
• Transmission of messages
• Time synchronization via Modbus RTU
When selecting the serial interface, either Modbus RTU or the
SIPROTEC RTU 20 mA/SUP (Slave Unit Protocol) communication
protocol can be used.

[dw_SICAM AI dimension, 1, en_US]

Figure 6.3/3 Dimensions of the SICAM AI-Unit 7XV5674

Time synchronization
During operation, the SICAM AI-Unit requires the date and time
for all time-relevant processes. In communication with peripheral devices, this ensures a uniform time base and allows correct
time stamping of the process data.
The following types of time synchronization can be carried out:

• External time synchronization via Ethernet NTP (preferred)
• External time synchronization via Fieldbus with communication protocol Modbus RTU

• Internal time synchronization via RTC (Real-Time Clock) – if
external time synchronization is not available

LED indications
The SICAM AI-Unit automatically monitors communication
connections and the functions of its hardware/software/firmware components. The LEDs on the top of the housing signal
the current state of the device. They can be parameterized for
individual or group indication.
Parameterization
No special software is required for parameterization. Parameter
setting is carried out by the computer via HTML pages and a
Web browser. Internet Explorer 6 (or higher) is necessary for this
purpose.
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Selection and Ordering Data
Description

Versions

Order No.
1

SICAM AI-Unit

2

3

4

5

6

7

8

9

10

7 X V 5 6 7 4 - 0 K K

11

12

□ 0

13

-

▲

14

15

16

□ A

A

1

▲

Device type

Serial interface and communication protocol

│

│

DIN rail device, IP20; twelve 20-mA inputs for,
for example, SIPROTEC/SICAM devices; dimensions: 96 mm x 96 mm x 100 mm (WxHxD);
power supply: DC 24 V to 240 V, AC 100 V to
230 V; Ethernet interface, RJ45 connector;
integrated switch function, integrated Web
server for parameterization; CE and UL
approval

Without serial communication

0

│

RS485 – serial Modbus RTU and SIPROTEC 20
mA protocol/point-to-point connection

3

│

FO 820 nm, ST connector – serial Modbus RTU
and SIPROTEC 20 mA protocol/point-to-point
connection

4

│

Ethernet interface and communication
protocol

│

Ethernet interface with Modbus TCP

1

Ethernet interface with Modbus TCP and IEC
61850 server (GOOSE and reporting/MMS)

2

Accessories
The following components can be obtained as an option:
Y-cable

7 K E 6 0 0 0 - 8 G D

Ethernet patch cable (CAT6) RS485 cable for
SIPROTEC devices

6 X V 1 8 3 0 - 0 E

RS485 bus connector plug for SIPROTEC
devices

0 0

6 E S 7 9 7 2 - 0 X A

0

6 E S 7 9 7 2 - 0 B B

4 2

-

0 B

A

2

-

0 X

A

0

Order information about prefabricated fiber-optic cables can be found on the Internet in the SIPROTEC download section at www.siemens.com/siprotec,
Downloads/SIPROTEC accessories, 6XV81xx
Table 6.3/1 SICAM AI Unit Selection and Ordering Data

6.3
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Temperature Measurement
RTD Unit – 7XV5662-6AD10
Description

7.1

The RTD unit TR1200 can measure up to 12 temperatures with
12 measuring inputs. It supports 2-wire and 3-wire
Pt 100 sensors. For 2-wire operation, the measured line resistance can be compensated with an appropriate setting. For
commissioning purposes, the temperature measurement can be
simulated.
The measured value is output to the protection device compatible with the TR600 using the bus cable 7XV5103-7AAxx via an
RS485 bus.
All settings are made using three push-buttons on the front
panel. Input can be inhibited by means of a code.
The TR1200 has a wide-range power supply unit, DC 24 V to
250 V and AC 115/230 V, and an alarm relay. A sensor interruption or a sensor short is reported and transmitted to the
SIPROTEC device via protocol.
Benefits

• 3-digit temperature display
• 12 inputs for temperature sensors, 1 to 12 sensors can be

[ph_7XV5662-6AD10_, 1, --_--]

Figure 7.1/1 RTD Box TR1200 – 7XV5662-6AD10

connected

• Pt 100 thermocouples for 2-wire or 3-wire technology
• 1 fault relay (electrically isolated change-over contact)
• RS485 interface (ZIEHL standard protocol and Modbus RTU
protocol)

• LEDs indicate the measuring channel, fault condition, relay
function and RS485 activity

• A code lock prevents parameter manipulation
• TR600-compatible (to replace 1 TR600 with 6 connected
sensors)

• Universal power supply unit, AC/DC 24 V to 240 V
• Snap-on mounting to 35-mm DIN rail according to EN 60715
Applications
Communication over the RS485 bus
The RTD unit TR1200 is connected to a SIPROTEC 4 protection
device with temperature function (for example, 7SJ6, 7UT6,
7UM6) or the Compact protection 7SK80 with serial RS485 interface (port B) via the RS485 interface. The special cable
7XV5103-7AAxx is used for connection. The RTD unit is
connected to a SIPROTEC 5 device according to Figure 7.1/2).
You can find detailed information at www.siemens.com/
siprotec.

272 Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0

Temperature Measurement
RTD Unit – 7XV5662-6AD10
Connection Examples

7.1

[dw_connection_dev_via_serial-RS485-Bus_or_FO-cable, 1, en_US]

Figure 7.1/2 Connection of Devices using a Serial RS485 Bus or Fiber-Optic Cable

[halb-duplex-1-thermobox-060606, 1, en_US]

Figure 7.1/3 SIPROTEC Compact Connection Example – Half-Duplex Operation with an RTD Unit (top: Optical version (2 optical fibers); bottom: RS485
Version. Optional Ethernet via Port A (EN100–LC)

[dwverbau-201112-01.tif, 1, en_US]

Figure 7.1/4 Connection Example of the RTD Unit to a SIPROTEC 5 Device
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Temperature Measurement
RTD Unit – 7XV5662-6AD10 – Technical Data
Technical Data
Rated auxiliary voltage
7.1

Auxiliary voltage VH

24 to 240 VAC/VDC, 0/45 to 65 Hz, < 5 VA

Tolerance

20.4 to 297 VDC, 20 to 264 VAC

Relay/output
Quantity

1 change-over contact (CO)

Contact voltage

max. 415 VAC

Switched current

max. 5 A

Switching power

max. 2000 VA (resistive load)
max. 120 W at 24 VDC

Reduction factor at cos φ = 0.7

0.5

Electrical rated data VL:

250 VAC, 3 A, general purpose
D300 1 A, 240 VAC

Rated operating current AC 15
IE
DC 13

IE = 2 A

VE = 250 V

IE = 2 A

VE = 24 V

IE = 0.2 A

VE = 125 V

IE = 0.1 A

VE = 250 V

Recommended fuse

3.5 A (gL)

Contact service life, mechanical

1 × 107 switching cycles

Contact service life, electrical

1 x 105 switching cycles at 250 VAC/5 A

Sensor connections
Quantity

24 to 240 VAC/VDC, 0/45 to 65 Hz, < 5 VA

Measuring cycle/measurement time

20.4 to 297 VDC, 20 to 264 VAC

Measuring cycle/line resistance

0.25 to 30 s (each measuring cycle of a sensor)

Measuring range

–199 to 850 °C

Resolution

1 °C

Accuracy

± 0.5% of the measured value ± 1 K

Sensor current

≤ 0.8 mA

Temperature drift

< 0.04 °C

Short circuit

< 15 ohm

Open circuit

> 400

Sensor resistance + line resistance

max. 500 ohms

RS485 interface
Device address

0 to 96

Measuring cycle/measurement time

20.4 to 297 VDC, 20 to 264 VAC

Measuring cycle/line resistance

0.25 to 30 s (each measuring cycle of a sensor)

Measuring range

–199 to 850 °C

Resolution

1 °C

Accuracy

± 0.5% of the measured value ± 1 K

Sensor current

≤ 0.8 mA

Temperature drift

< 0.04 °C

Short circuit

< 15 ohm

Open circuit

> 400

Sensor resistance + line resistance

max. 500 ohms

RS485 interface
Device address

0 to 96

Baud rate

4800, 9600, 19200 bit/s

Parity

N, O, E (no, odd, even)
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RS485 interface
Max. cable length

1000 m at 19200 bit/s

Serial protocol

serial RTD protocol Ziehl/SIPROTEC, detailed protocol description in the manual

Test conditions
According to

EN 61010-1

Rated surge immunity

4000 V

Overvoltage category

III

Degree of pollution

2

Rated insulation voltage VI

300 V

Operational time

100%

Permissible ambient temperature

-20 °C bis +65 °C
EN 60068-2-2, dry heat

Galvanic separation

Power supply – measuring inputs 3820 VDC

No galvanic separation

RS 485-interface – measuring inputs

EMC Tests

EN 61326-1

EMC test for emitted interference

EN 61000-4-3

Fast transient bursts

EN 61000-4-4 ± 4 kV
Pulse 5/50 ns, f = 5 kHz, t = 15 ms, T = 300 ms

Energy surge voltages (SURGE)

IEC 61000-4-5 ± 1 pulse: 1.2/50 µs (8/20 µs)

Electrostatic discharge test

IEC 61000-4-2 ± 4 contact discharge, ± 8 kV air discharge

Housing
Housing type

V8, distribution panel mounting

Dimensions (W x H x D)

140 × 90 × 58 mm

Depth/width

55 mm / 8 HPs

Line termination, single conductor

1 × 1.5 mm2 each

Braided conductor with end sleeve

1 × 1.0 mm2 each

Tightening torque for terminal screw

0.5 Nm

Degree of protection of the housing/terminal

IP30/IP20

Vertical/horizontal mounting

optional

Fastening

Snap-on mounting to 35-mm DIN rail according to EN 60715 or screw fixing(with 2 additional angle
brackets)

Weight

about 370 g
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Temperature Measurement
RTD Unit – 7XV5662-6AD10 – Technical Data
Dimensioned Drawing

7.1

[dw_Dimensions_7XV5662-8AD10, 1, en_US]

Figure 7.1/5 Dimensions, RTD Unit 7XV5662-6AD10

Selection and Ordering Data
Description

Versions

Order no.
1

Temperature measuring device (RTD unit)

9

10

11

12

7 X V 5 6 6 2 - 6 A

2

3

4

5

6

7

8

D

1

0

For SIPROTEC 4, SIPROTEC Compact and all SIPROTEC 24 to 250 VAC/VDC
5 devices (except 7SS85, 7VK87, 7KE85)
With 12 temperature sensors Pt100 (1); with RS485
interface for DIN rail mounting
RS485 copper cable

see Selection and Ordering Data, Page 90

(1) Replaces one or two 7XV5662-2AD10 or 7XV5662-5AD10.
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Temperature Measurement
RTD Unit – 7XV5662-7AD10
Description
The universal relay TR800 Web has 8 measuring or sensor inputs
and can measure 8 temperatures using Pt 100 elements (Ni100
and Ni120). The measured values 1 to 6 can be transmitted by
protocol to SIPROTEC 4 devices with temperature function. 2
universal relays with a total of 12 measuring inputs can be
connected.

7.1

The connection uses a serial RS485 interface (see Figure 7.1/9).
The TR800 is protocol-compatible with the TR600
(7XV5662-3AD10, 7XV5662-5AD10) to the serial RS485 interface and transfers the 6 temperatures in the same format. In this
mode, the TR800 can replace the TR600.
For the motor protection SIPROTEC 7SK80, the connection can
also use the Ethernet interface if the system interface is
(already) used (see Figure 7.1/7 and Figure 7.1/8). The universal
relay is operated and configured via the Ethernet interface using
a web browser. Support is provided for 3-wire thermocouples.
For the 2-wire connection, the measured line resistance can be
compensated by a software setting. In addition, temperatures
can be simulated to test the temperature function in SIPROTEC
devices.
As an alternative to temperature sensors, 8 analog values (DC
0/4 mA to 20 mA and DC 0 V to 10 V) can be measured The
output can be scaled and the units (°C, V, A, %) can be adapted
in the TR800. The RTD protocol in temperature format is used
for transmission to the SIPROTEC device and six of the 8 analog
sensor values are available there. With two TR800s, 12 values
are available. Accordingly, for example, 5.5 mA is transmitted
using the temperature value 55 and can be displayed either as a
temperature in the SIPROTEC device or queried as a threshold
value with respect to limits. This allows further processing of
analog values in SIPROTEC devices with temperature function or
the transmission of these values to systems control (for
example, SICAM PAS). In the SIPROTEC 6MD66 bay controller
(starting with V4.8), all 8 measuring inputs are available.
The TR800 has a wide-range power supply unit, DC 24 V to
250 V and AC 115/230 V, and an alarm relay. A sensor interruption or a sensor short is reported and transmitted to the
SIPROTEC device via protocol.
Benefits

• 8 measuring inputs:

[ph_7XV5662-7AD10_, 1, --_--]

Figure 7.1/6 Universal Relay/RTD Box TR800

• Integrated Web server for configuration, reading measured
data, e-mail alarms to user management, data and alarm
logging

• Time-dependent control (day/night)
• Real-time clock with synchronization via the time server.
Application Examples
Communication with a TR800 Web over the Ethernet
interface
If a universal relay TR800 is sufficient for measured-value acquisition, this relay can be connected directly to the protection
device (for example, 7SK80x/port A) by means of a CAT 5 patch
cable. The TR800 Web is set in advance in the web browser on a
PC using the same cable. A TR800 can be queried by two or
more SIPROTEC devices. The IP address and the UDP port of the
TR800 can be set in the SIPROTEC device. In this way, a
SIPROTEC device can use the temperatures 1 to 3 and another
device can use the temperatures 3 to 6 for further processing,
however, each device reads all six temperature values (Figure
7.1/7).

– Pt 100, Pt 1000 in 2-wire or 3-wire technology
– KTY 83 or KTY 84
– Thermocouple types B, E, J, K, L, N, R, S, T
– DC 0 V to 10 V, DC 0/4 mA to 20 mA
– Resistance: 500 ohms, resistance: 30 kOhms

• 4 relay outputs (all as isolated change-over contacts)
• Ethernet interface (http, https, UDP, Modbus, Bonjour, UpNP,
SNMP)

• RS485 interface (ZIEHL standard protocol and Modbus RTU
protocol)

• Universal power supply unit, AC/DC 24 V to 240 V
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Temperature Measurement
RTD Unit – 7XV5662-7AD10
established via a multimode optical fiber and the converter
7XV5650.
Three operating modes are available for various applications. All
three types are compatible with the RTD unit TR600 with
6 measuring inputs. The operating mode is set using the RS485
address of the TR800 Web.

7.1

You can find detailed information at www.siemens.com/siprotec

[dw_connection_one_device_via_Ethernet, 1, en_US]

Figure 7.1/7 Connecting a Device via the Ethernet

Communication with two TR800 Webs over the Ethernet
interface
If two TR800s are used for measured-value acquisition on large
engines, a switchgear-compatible switch (for example,
RUGGEDCOM RS900 or Hirschmann RSR20) must be used. The
switch, the two TR800 Web relays, the protection device and the
control PC, connected via the patch cable (1:1), form their own
subnetwork or are part of a larger Ethernet network.

[dw_connection_dev_via_serial-RS485-Bus_or_FO-cable_01, 1, en_US]

Figure 7.1/9 Connection via the Serial RS485 Bus or Fiber-Optic Cable

DIGSI 4 and the web browser may run in parallel on the control
PC. Accordingly, one of the two TR800 Webs and the protection
device can be used in parallel during normal operation and data
can be read from them (Figure 7.1/8).

[dw_connection_two_device_via_Ethernet, 1, en_US]

Figure 7.1/8 Connecting two Devices via the Ethernet

Communication over the RS485 bus
One or two TR800s can be connected to a SIPROTEC 4 device
with temperature function (7SJ6, 7UT6, 7UM6) or the Compact
device SIPROTEC 7SK80 via the RS485 interface.
The special cables 7XV5103-7AAxx are used for connection. In
the case of remote measuring points, a connection can also be
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RTD Unit – 7XV5662-7AD10 – Technical Data
Technical Data
Rated auxiliary voltage
Auxiliary voltage VH

24 to 240 VAC/VDC, 0/45 to 120 Hz, < 4 W, < 8 VA

Tolerance

20.4 to 297 VDC, 20 to 264 VAC

Isolation voltage

2000 VAC

7.1

Relay/output
Quantity

4 x 1 change-over contact

Contact voltage

max. 415 VAC

Switched current

max. 5 A

Switching power

max. 2000 VA (resistive load)
max. 120 W at 24 VDC

Reduction factor at cos φ = 0.7

0.5

Electrical rated data VL:

250 VAC, 3 A, general purpose
AC 240 V, ¼ hp. 2.9 FLA
120 VAC, ¹⁄₁₀ hp. 3.0 FLA
A C 300
D 300 1 A, 240 VAC

Rated operating current AC 15
IE
DC 13

IE = 3 A

VE = 250 V

IE = 2 A

VE = 24 V

IE = 0.2 A

VE = 125 V

IE = 0.1 A

VE = 250 V

Recommended fuse

3.5 A (gL)

Contact service life, mechanical

1 × 107 switching cycles

Contact service life, electrical

1 x 105 switching cycles at 250 VAC/6 A

Real-time clock
Buffer for 7 days
Continuous synchronization is possible via the SNTP protocol to the Ethernet interface
Test conditions
According to

EN 61010-1

Rated surge immunity

4000 V

Degree of pollution

2

Rated insulation voltage VI

300 V

Operational time

100%

Permissible ambient temperature

-20 °C bis +65 °C
EN 60068-2-1, dry heat

Earthquake safety EN 60068-2-6

2 to 25 Hz, ± 1.6 mm
25 to 150 Hz, 5 g

Galvanic separation

Ethernet-measuring input: min. 500 VDC

No galvanic separation

RS 485-interface – measuring inputs

EMC Tests

EN 61326-1

EMC test for emitted interference

EN 61000-4-3

Fast transient bursts

EN 61000-4-4 ± 4 kV
Pulse 5/50 ns, f = 5 kHz, t = 15 ms, T = 300 ms

Energy surge voltages (SURGE)

IEC 61000-4-5 ± 1 pulse: 1.2/50 µs (8/20 µs)

Electrostatic discharge test

IEC 61000-4-2 ± 4 contact discharge, ± 8 kV air discharge

Ethernet connection

10/100 megabit Auto-MDIX (no crossover cable required)
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Sensor connection
Measuring cycle/measurement time (for 8 measurands)
7.1

<3s

Pt100, Pt1000 according to EN 60751:
Measuring range °C

Short circuit, ohms

Open circuit, ohms

Sensor resistance + line
resistance, ohms

Sensor

min.

max.

<

>

> max.

Pt 100

-199

860

15

400

500

Pt 1000

-199

860

150

4000

4100

If Ni100 or Ni120 sensors are connected, the SIPROTEC device handles conversion.
The TR800 is configured for Pt100 sensors.
Accuracy

± 0.5 % of the measured value ± 0.5 K

Sensor current

≤ 0.6 mA

Temperature drift

< 0.04 °C

Voltage/current input
Input impedance

Max. input signal

Accuracy of the end value

0 – 10 V

12 kΩ

27 V

0.1%

0/4–20 mA

8 kΩ

100 mA

0.5%

Temperature drift

< 0.02% / K

Resistance measurement
Accuracy 0.0 to 500.0 Ω

0.2% of the measured value ± 0.5 Ω

Accuracy 0 to 30.00 kΩ

0.5 % of the measured value ± 2 Ω

Sensor current

≤ 0.6 mA

Housing
Housing type

V8, distribution panel mounting

Dimensions (W x H x D)

140 × 90 × 58 mm

Depth/width

55 mm / 8 HPs

Line termination, single conductor

1 × 1.5 mm2 each

Braided conductor with end sleeve

1 × 1.0 mm2 each

Tightening torque for terminal screw

0.5 Nm

Degree of protection of the housing/terminal

IP30/IP20

Vertical/horizontal mounting

optional

Fastening

Snap-on mounting to 35-mm DIN rail according to EN 60715 or screw fixing(with 2 additional angle
brackets)

Weight

about 370 g
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RTD Unit – 7XV5662-7AD10 – Technical Data
Dimensioned Drawing

7.1

[dw_Dimensions_7XV5662-8AD10, 1, en_US]

Figure 7.1/10 Dimensions, RTD Unit 7XV5662-7AD10

Selection and Ordering Data
Description

Versions

Order no.
1

Temperature measuring device (RTD unit)

9

10

11

12

7 X V 5 6 6 2 - 7 A

2

3

4

5

6

7

8

D

1

0

For SIPROTEC 4, SIPROTEC Compact and all SIPROTEC 24 to 250 VAC/VDC
5 devices (except 7SS85, 7VK87, 7KE85)
With 6/8 Pt100 temperature sensors 1) or 6/8 20 mA
analog inputs; RS485 interface or electrical Ethernet
interface; for DIN rail mounting
For each protection device, 2 units can be used.
Note: also see the cost-effective next generation 7XV5674 for 20 mA applications

Accessories ⋅ Protection, Station Automation, Power Quality and Measurement ⋅ Catalog ⋅ Edition 2.0 281

Temperature Measurement
RTD Unit – 7XV5662-8AD10
Description

7.1

The RTD unit TR1200 IP has 12 sensor inputs and can thus
measure up to 12 temperatures using Pt100 sensors.
Support is provided for 3-wire sensors For 2-wire operation, the
measured line resistance can be compensated with an appropriate setting.
All settings on the TR1200 IP can be made using 3 push-buttons
on the front of the device or in a web browser (for example,
Internet Explorer).
For Ni100 or Ni120 sensors, the measured values must be
converted in the protection device. The SIPROTEC 7SK80
supports with its integrated temperature function.
The measured values are output to the protection device via the
Ethernet network using RJ45 plugs.
Note: The SIPROTEC 4 system interface with an EN100 module
does not support temperature measurement by the RTD unit
TR1200 IP.
Benefits

• 3-digit display for temperature at a maximum of 12 measuring points

• 12 sensor inputs; 1 to 12 sensors may be connected
• Pt100 in 2-wire or 3-wire technology; if connecting Ni100 or

Ni120, conversion to the correct temperature is necessary in
the evaluation device; SIPROTEC devices (for example, 7SK80)
support this function. The EN100 module in the SIPROTEC 4
devices does not support the TR1200 IP.

• 1 alarm relay (1 change-over contact)
• Electrical 10 Mbps Ethernet interface (RTD IP protocol from

[ph_7XV5662-8AD10_, 1, --_--]

Figure 7.1/11 RTD Unit TR1200 IP (Ethernet) 7XV5662-8AD10

The TR1200 IP RTD unit is set with the front push-buttons or in a
web browser on a laptop computer via the Ethernet interface.
To do this, the patch cable must be moved from the protection
device to a laptop computer.
Tip: If, during commissioning, a commercially available switch is
temporarily used with 3 patch cables, the protection device and
the TR1200 IP can be set in parallel using a PC and DIGSI 4.
You can find detailed information at www.siemens.com/siprotec

ZIEHL or MODBUS IP protocol)

• Display, configuration, simulation and firmware update via a
web browser

• Mozilla Firefox 3.5 and Microsoft Internet Explorer 8.0 were
tested

• LEDs for measurement assignment, faults, relay status and
Ethernet interface

• Code lock against changing the set point values
• Wide-range power supply unit AC/DC 24 V to 240 V
• Distributor housing for panel flush mounting, 8 HP, depth:
55 mm

• Mounting on 35-mm DIN rail according to EN 60715
Application Examples
Measurement of up to 12 measured values with an RTD unit
TR1200 IP
For measuring up to 12 measured values, an RTD unit TR1200 IP
is connected directly to the protection device (for example,
7SK80x/port A) via a double-shielded CAT 5 patch cable (1:1 or
crossed).

[dw_connection_one_device_via_Ethernet_01, 1, en_US]

Figure 7.1/12 Connecting a Device via the Ethernet

The protection device is parameterized with DIGSI 4 on a laptop
computer using the USB front interface.
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Technical Data
Rated auxiliary voltage
Auxiliary voltage VH

24 to 240 VAC/VDC, 0/45 to 65 Hz, < 5 VA

Tolerance

20.4 to 297 VDC, 20 to 264 VAC

Isolation voltage

2000 VAC

7.1

Relay/output
Quantity

1 change-over contact

Contact voltage

max. 415 VAC

Switched current

max. 5 A

Switching power

max. 2000 VA (resistive load)
max. 120 W at 24 VDC

Reduction factor at cos φ = 0.7

0.5

Electrical rated data VL:

250 VAC, 3 A, general purpose
AC 240 V, ¼ hp. 2.9 FLA
120 VAC, ¹⁄₁₀ hp. 3.0 FLA
C 300
D 300 1 A, 240 VAC

Rated operating current AC 15
IE
DC 13

Recommended fuse

IE = 1 A

VE = 400 V

IE = 2 A

VE = 250 V

IE = 2 A

VE = 24 V

IE = 0.2 A

VE = 125 V

IE = 0.1 A

VE = 250 V

3.5 A (gL)

Contact service life, mechanical

1 × 107 switching cycles

Contact service life, electrical

1 x 105 switching cycles at 250 VAC/6 A
2 × 105 switching cycles at 250 VAC / 3 A
6 × 105 switching cycles at 250 VAC / 1 A

Temperature measurement
Measurement time, sensor

0.25 to 3 s (depending on the number of sensors)

Measurement time, sensor

0.25 to 30 s (each measuring cycle of a sensor)

Measuring range

-199 °C bis 850 °C

Resolution

1 °C

Sensor connection
12 × Pt100 according to EN 60751, the connection of Ni100 and Ni120 sensors is possible
The measured values must be converted in the evaluation device.
Measuring range °C

Short circuit, ohms

Open circuit, ohms

Sensor resistance + line
resistance, ohms

Sensor

min.

max.

<

>

> max.

Pt 100

-199

860

15

400

500

Tolerance

± 0.5% of the measurement ± 1 K

Sensor current

≤ 0.8 mA

Temperature drift

< 0.04 °C

Ethernet interface
Transmission rate

10 Mbps

IP address

Standard: 192.182.1.100, adjustable

Subnet mask

Standard: 255.255.255.0, adjustable

UDP port

Standard: 5000 (5001), adjustable
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Ethernet interface

7.1

Max. cable length

20 m when using a CAT 5 patch cable

Max. response time, RTD/Modbus

< 700 μs

Test conditions
According to

EN 61010-1

Rated surge immunity

4000 V

Surge category

III

Degree of pollution

2

Rated insulation voltage VI

300 V

Operational time

100%

Permissible ambient temperature during operation

-20 °C bis +65 °C

Electromagnetic compatibility – immunity

EN 61000-6-2

EMC – emitted interference

EN 61000-6-4

Galvanic separation of control voltage – measuring input

3820 VDC

Ethernet – control voltage – measuring input

500 VDC

EN 60068-2-2, dry heat

Housing
Housing type

V8, distribution panel mounting

Dimensions (W x H x D)

140 × 90 × 58 mm

Depth/width

55 mm / 8 HPs

Line termination, single conductor

1 × 1.5 mm2 each

Braided conductor with end sleeve

1 × 1.0 mm2 each

Tightening torque for terminal screw

0.5 Nm

Degree of protection of the housing/terminal

IP30/IP20

Flush mounting

any

Fastening

Snap-on mounting to 35-mm DIN rail according to EN 60715 or screw fixing(with 2 additional angle
brackets)

Weight

about 350 g
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Temperature Measurement
RTD Unit – 7XV5662-8AD10 – Technical Data
Dimensioned Drawing

7.1

[dw_Dimensions_7XV5662-8AD10, 1, en_US]

Figure 7.1/13 Dimensions, RTD Unit 7XV5662-7AD10

Selection and Ordering Data
Description

Versions

Order no.
1

Temperature measuring device (RTD unit)

9

10

11

12

7 X V 5 6 6 2 - 8 A

2

3

4

5

6

7

8

D

1

0

For SIPROTEC 4, SIPROTEC Compact and all SIPROTEC 24 to 250 VAC/VDC
5 devices (except 7SS85, 7VK87, 7KE85)
With 12 temperature sensors Pt100 1)
SIPROTEC 7SK80 port A (Ethernet, RJ45)
Mounting on a DIN rail
Note: Not compatible with the SIPROTEC 4 EN100 printed circuit board assembly

(1) Replaces one or two 7XV5662-2AD10 or 7XV5662-5AD10
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Temperature Measurement
RTD Unit – 7XV5662-8AD10 – Selection and Ordering Data

7.1
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Test Equipment
Test Switch – 7XV75
Description

8.1

The test switch 7XV75 is used to test protection devices,
including the transformer circuits and command contacts. Using
the switches on the front, the current and voltage inputs and
the circuits of the protection device to be tested are disconnected and connected to the front side. Using these plug
connectors, currents and voltages can be supplied using test
equipment and the various commands and indications can be
tested.
Benefits
The following versions are available in a flush-mounting
housing:

• For feeder protection without open neutral point
• For feeder protection without open neutral point and with
additional contacts

• For feeder protection with no open neutral point for 2 transformer cores or separate ground-fault transformer

• For feeder protection with a open neutral point
• For feeder protection with a open neutral point and independently switchable trip and transformer circuits

[ph_7XV75, 1, --_--]

Figure 8.1/1 Test Switch 7XV75

• For three-winding transformer differential protection
• For feeder protection without open neutral point, with a 4th

current transformer input and a 4th voltage transformer input
(3-stage test switch)

Technical Data
Test switch
Auxiliary voltage Vn

400 VAC

Rated operating current In

6A

Max. test current

150 A for 1 s
60 A for 10 s

Mechanical version
Metal housing

7XP20

Dimensions

¹⁄₆ × 19" width

Weight

Approximately 3.4 kg
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Test Equipment
Test Switch – 7XV75 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

Test switch combination in a 7XP20 housing for panel flush mounting
Without open-circuited neutral point for feeder protection

9

10

11

12

7 X V 7 5 0 ☐ - ☐ C

2

3

4

5

6

7

8

A

0

0

▲

▲

0

│

with 16-pole Harting plug

│

0

with banana plugs

│

1

With open-circuited neutral point for feeder protection

1

│

with 16-pole Harting plug

│

0

with banana plugs

│

1

2

│

with 16-pole Harting plug

│

0

with banana plugs

│

1

3

│

with 16-pole Harting plug

│

0

with banana plugs

│

1

6

│

with 4 current transformer inputs and 4 voltage
transformer inputs

│

│

with 16-pole Harting plug

│

│

7

│

with 16-pole Harting plug

│

0

with banana plugs

│

1

8

│

For 3-winding-transformer

Without open-circuited neutral point for two current transformer cores or separate ground fault

Without open-circuited neutral point for feeder protection

Without open-circuited neutral point for feeder protection with additional make and break contacts

With open-circuited neutral point, independently switching trip input circuit
with 16-pole Harting plug

0

with banana plugs

1

Connecting cable 7XV6201 for test switch 7XV75 with 2 m cable
with 16-pole Harting plug and 17 insulated banana
plugs, 4 mm with core marking and tagging

7 X V 6 2 0 1 - 5

With 16-pole Harting plug and 17 end sleeves with
core marking and tagging

7 X V 6 2 0 1 - 6
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Test Equipment
Test Switch – 7XV75 – Selection and Ordering Data

8.1
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Time Synchronization
SNTP Master/Server – 7SC8021
Description
The hardware version of the 7SC80 integrates an SNTP server
and a GPS module.
In this way, the first switchgear-compatible SNTP server with
GPS receiver is available for precise time synchronization for all
SIPROTEC 4/Compact/5 protection devices and all other SNTPcompatible devices, for example SIPROTEC 7KE85/SICAM P/Q/T
or third-party devices. The few configuration settings necessary
(for example, the IP address) are made using DIGSI 4.
With an additional 12 binary inputs and 8 binary outputs
9.1

The communications redundancy protocols RSTP/PRP/HSR and
the IEC 61850 protocol are fully supported. In this way, the
SNTP server with optical Ethernet interfaces can be operated
directly in SIPROTEC ring networks.
A GPS antenna kit with antenna, antenna mount and 25 m cable
is available separately.
Functions

• An external GPS antenna kit with a flat-roof/wall mounting

bracket, 25 m cable RG59 and BNC/SMB adaptor cable is available separately

• GPS antenna input (SMB plug)
• USB port for configuration using DIGSI 4
• Equipped as standard with 2 electrical Ethernet ports RJ45
• Redundant connection with active standby operation
• Can be optionally equipped with 2 optical Ethernet interfaces
• Remote operation possible, up to 24 km using singlemode
interfaces

• Full support of redundant ring structures with the
RSTP/PRP/HSR protocols

• Stainless steel housing for surface mounting
• Satisfies the EMC requirements in switchgear
• Expanded temperature range: -50 °C to +85 °C
• Robust with respect to high GOOSE loads in IEC 61850
networks

• Can be used as a central data collector, for example, to record
GOOSE messages

• Supports IEC 61850 Edition 1 and Edition 2
• Integration in IEC 61850 systems control (with a maximum of
6 clients)

• Integration into DIGSI 4 IEC 61850 System Configurator
Alternatively: Connection to systems control via DNP IP
protocol

• Additional use for automation functions (Continuous Function
Chart)

• Remote access

• Optimized for use together with SIPROTEC devices and DG
products

[ph_SNTP-Master_Server_7SC80_, 1, --_--]

Figure 9.1/1 SNTP Master Server 7SC80

Equipment features

• 12 binary inputs
– 8 and 4 inputs each, connected to common potential

• 8 binary outputs
– All relays can be configured as desired

• 1 life contact
– Change-over contact

• Optional display can be removed with/without connecting
cable

• Power supply unit/battery voltage
– Input voltage DC 24/48 V, DC 60 V to 250 V and AC 110 V to
230 V ± 20 %

• Ethernet interface RJ45
– 2 x 100 Mbps

• Optical interface (optional)
– LC connector, 1300 nm for multimode optical fiber,
50/62.5 μm type Radius: 4 km
– LC connector, 1300 nm for singlemode optical fiber 9 μm
type Radius: 24 km

• USB interface
– for configuration using DIGSI 4

• SMB plug
– for connection of an active GPS antenna, 5 V supply
voltage, max. 50 mA

• Housing
– Stainless steel housing IP40 for surface mounting, back-up
battery can be replaced from outside

• EMC
– EMC capability according to SIPROTEC protection devices
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Time Synchronization
SNTP Master/Server – 7SC8021
Applications
All devices connected via Ethernet can be synchronized to the
millisecond using the 7SC80 SNTP time server via the SNTP
protocol (Simple Network Time Protocol). Either the standardized UTC time or the local time is transmitted. For these applications, all (protection) devices need a suitable Ethernet interface, for example port B for SIPROTEC 4 (EN100 module).

9.1
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Time Synchronization
SNTP Master/Server – 7SC8021 – Application
Application
The GPS antenna is mounted outdoors without obstructions
towards the sky. The SNTP server is installed near the GPS
antenna and is usually supplied with power via the same auxiliary voltage as used for the protection devices.
If optical Ethernet interfaces are used, EMC effects are eliminated, even in the case of longer distances between the SNTP
server and the protection devices.
An accuracy of ±1 ms is achieved in SIPROTEC networks when
using the 7SC80 SNTP server. It is not necessary to establish a
separate network for time synchronization.
9.1

Using the 7SC80 in redundant time-server projects is also
possible. Integration into DIGSI 4 projects can be carried out
using the complete 7SC80 parameter set, and the use of the
earlier SNTP.ICD files is not necessary in this case. For the individual protection devices, set “EthernetNTP” as the time source.
Local time settings, for example, switchover between standard
time and daylight saving time or a time offset should also be
kept in mind.

[dw_example_SIP-ring-Network_of_SNTP Master_Server 7SC80, 3, en_US]

Figure 9.1/2 Sample Configuration of a Redundant Integration of a
7SC80 SNTP Server in an Optical SIPROTEC Ring Feeder
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Time Synchronization
SNTP Master/Server – 7SC8021 – Selection and Ordering Data
Selection and Ordering Data
Description

Versions

Order no.
1

SNTP protocol server with GPS receiver (optical/electrical)

For precise time synchronization for all
SIPROTEC protection devices and all other
(S)NTP-compatible devices, for example
SIPROTEC 7KE85/SICAM P/Q/T or thirdparty devices. Configuration is performed
using DIGSI 4. With an additional 12
binary inputs and 8 binary outputs.
Supports the Ethernet redundancy protocols RSTP, PRP, HSR and IEC 61850 Edition
1 and 2. The time server can be operated
directly in SIPROTEC ring networks using
the optical Ethernet module. It is designed
for the increased requirements of switchgear. It is delivered without a GPS antenna
or cable, please order the GPS antenna kit
(7XV5663-0AA00) and, optionally, the
indirect lightning protection (7XV56640LA00) separately.

GPS antenna

2

3

4

5

6

7

8

9

10

11

12

13

7 S C 8 0 2 1 - ☐☐ B 9 7 - 3

14

15

16

F N 0

Short code

L ☐ ☐

Auxiliary voltage (power supply)

▲ ▲

▲ ▲

DC 60 V to 250 V, AC 115 V, AC 230 V

1│

│ │

DC 24 V/48 V

2│

│ │

Design structure

│

│ │

Surface mounting variant without HMI

A

│ │

Surface mounting/flush mounting variant
with HMI

B

│ │

Surface mounting variant with detached
HMI

C

│ │

9.1

Protocols

│ │

IEC 61850 (EN100)

0 │

DNP/IEC 61850

2 │

System interface

│

100 mbit Ethernet, electrical, RJ45 plug

R

100 mbit Ethernet, switch, optical, 2 x LC
connector, multimode

S

100 mbit Ethernet, optical,
2 x LC connector, singlemode, 24 km

T
7 X V 5 6 6 3 - 0 A A 0 0

For (S)NTP server (master) with GPS
receiver, consisting of:
GPS antenna with flat-roof and wall
mounting bracket, 25 m antenna cable
RG59B/U, 1 m adaptor cable, BNC-SMB
Indirect lightning protection

7 X V 5 6 6 4 - 0 L A 0 0

For switchgear-compatible (S)NTP server
7SC8021 with 2 BNC connectors for cable
RG58/V
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Time Synchronization
Bus Cable for Time Synchronization – 7XV5104
Description
7XV5104 is a 2-wire shielded bus system for standard time
synchronization at port A (24 V connection) in SIPROTEC protection devices. Only the 24 V input of the interfaces is supported.
The evaluation of fault records, operational and fault indications
requires determination of the absolute time with an accuracy of
milliseconds. The SIPROTEC 4/5 devices have an internal quartzbased clock that deviates from standard time after a while. For
this reason, radio -controlled clocks are used for precise synchronization; they synchronize the clocks in the devices using time
signals or protocols such as DCF77 or IRIG-B.

9.2

All of these devices are connected in parallel to an electrical bus
so that they all receive the time information at the same time at
port A. The SIPROTEC 4/5 devices can be connected directly to
the sync transceiver 7XV5654 via their IRIG-B interface with the
help of the prefabricated bus cables and adaptors 7XV5104. If
the prefabricated cables are used, the length of the electrical
bus is a maximum of 2 x 10 m.
Benefits

• Optoelectrical solution for SIPROTEC 4/5 devices with IRIG-B
interface (port A)

• Direct connection of SIPROTEC 4/5 devices with IRIG-B interface to the sync transceiver 7XV5654

• Adaptor/cable for cascading and adapting to other converters
• 4 cable lengths can be ordered, from 1 m to 10 m
• 2-wire twisted and shielded cable with 9-pole D-sub connectors

• Metal connector housing with fastening screws and strain
relief for the cable connections

• Compact dimensions of the connectors
• Maximum length of the electrical bus is 2 x 10 m; Use only

[ph_RS485 bus system, 1, --_--]

Figure 9.2/1 RS485 Bus System

Application Examples
The 9-pole male connector of the Y-bus cable S1 always comes
from the radio -controlled clock or the sync transceiver and
connects to the first and following devices on the bus via the 1,
3, 5 or 10 m long cable and the 9-pole male connector. There is
a 9-pole socket B3 (on a 2 x 10 m long cable) on the connector
S2. This can be used to extend the bus. If more than six
SIPROTEC 4/5 devices are to be connected to the sync transceiver 7XV5654, the adaptor 7XV5104-3AA00 splits the connection X1 of the sync transceiver into two buses with a maximum
of six devices each. Typical applications are described in the
manual for the sync transceiver 7XV5654.

within buildings.

[dw_12_SIP4-devices_IRIG-B-bus_via_pref_y-bus-cable, 1, en_US]

Figure 9.2/2 Example: Connection of a maximum of twelve SIPROTEC 4 Devices to the IRIG-B Bus using a pre-assembled Y Bus Cable
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Time Synchronization
Bus Cable for Time Synchronization – 7XV5104

[dw_Notes on the IRIG-B bus, 1, en_US]

Notes about the IRIG-B bus
In this system solution, only the time synchronization inputs of
the SIPROTEC 4/5 devices for 24 VDC are used. The 7XV5105
cable for the synchronization of differential protection devices

has an additional second pulse. The housing of all bus participants must be grounded at both ends according to specifications as otherwise hazardous ground-potential currents may
flow via the bus cable shield.

9.2

Selection and Ordering Data
Description

Versions

Order no.
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

7 X V 5 1 0 4 - ☐ A A ☐ ☐
Y bus cable for SIPROTEC 4 – time synchronization bus (2-wire)

▲

▲ ▲

Length: 1 m

0

0

1

Length: 3 m

0

0

3

Length: 5 m

0

0

5

Length: 10 m

0

1

0

│

│ │

Extension cable for SIPROTEC 4 – time synchronization bus (2-wire)
Length: 10 m
Adaptor cable for SIPROTEC 4 – time synchronization bus
Length: 0.3 m
T adaptor cable for 2 buses

1

1

│

│ │

0

2

0

0

3

0

0

T adaptor cable for time synchronization
converter 7XV5654-0BA00
Connector X1 splits into buses to 6 devices
each
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Time Synchronization
Bus Cable for Time Synchronization – 7XV5105
Description
7XV5105 is a 4-wire shielded bus system for standard time
synchronization with second pulse on port A (24 V connection)
in SIPROTEC protection devices. The additional high-precision
second pulse is needed only for synchronizing 2 line differential
protection devices via GPS.

9.2

The evaluation of fault records and operational and fault indications requires a real-time stamp with an accuracy of milliseconds. The differential protection devices have an internal
quartz-based internal clock that the protection device normally
uses for synchronization. In special applications, GPS radio
clocks are used to synchronize the differential protection devices
7SD5 to the absolute time. These clocks transmit a set clock telegram together with a second pulse that is accurate to the millisecond, so that the transmission time can be measured precisely
both in the transmit and in the receive direction. All devices in
each of these systems are connected in parallel via an electrical
bus so that all devices receive the time information or the
second pulse simultaneously
The devices 7SD5/7SD8 can be connected directly to the sync
transceiver 7XV5654 via their IRIG-B interface (port A) with the
help of the pre-assembled bus cable 7XV5105. If the pre-assembled cables are used, the length of the electrical bus is a
maximum of 10 m.
Benefits

• Optoelectrical solution for SIPROTEC 4/5 differential protec-

tion devices with, for example, 7SD5 IRIG-B interface (port A)

• Direct connection of protection devices 7SD5 via the IRIG-B
interface to the sync transceiver 7XV5654

• Simultaneous transmission of the set clock telegram and
second pulse

[ph_RS485 bus system, 1, --_--]

Figure 9.2/3 Y-Cable 7XV5105

Application Examples
The 9-pole male connector of the Y-bus cable S1 always comes
from the radio-controlled clock or the sync transceiver and
connects to the first and following bus devices via the 1, 3, 5 or
10 m long cable and the 9-pole male connector. There is a 9pole socket B3 on the connector S2. This can be used to extend
the bus. If more than six SIPROTEC 4/5 devices are to be
connected to the radio clock, up to 4 sync transceivers 7XV5654
can be connected, each with six protection devices. (Typical
applications are described in the manual for the sync transceiver
7XV5654.)

• Adaptor/cable for cascading and adapting to other converters
• 4 cable lengths can be ordered, from 1 m to 10 m
• Shielded and twisted four-wire cable with 9-pole D-sub
connectors

• Metal connector housing with compact dimensions, with

fastening screw and strain relief for the cable connections

• Maximum length of the electrical bus is 1 x 10 m; Use only
within buildings.
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Time Synchronization
Bus Cable for Time Synchronization – 7XV5105

9.2

[dw_6_SIP4-devices_IRIG-B-bus_via_pref_y-bus-cable, 1, en_US]

Figure 9.2/4 Example: Connection of a maximum of six SIPROTEC 4 protection devices 7SD5 to the IRIG-B bus using a prefabricated Y bus cable

[dw_Notes on the IRIG-B bus_max.6, 1, en_US]

Notes about the IRIG-B bus
In this system solution, only the time synchronization inputs
(port A) of the SIPROTEC 4/5 protection devices for 24 VDC are

used. Two-wire cables 7XV5104 are used for the time synchronization of SIPROTEC 4/5 protection devices without an additional
second pulse.

Selection and Ordering Data
Description

Versions

Order no.
1

Y bus cable
For the time synchronization bus of the GPS extension of line differential protection 7SD52 (4-wire)

3

4

5

6

7

8

9

10

11

12

7 X V 5 1 0 5 - ☐ A

A

☐

☐

▲

▲

▲

Length: 1 m

0

0

1

Length: 3 m

0

0

3

Length: 5 m

0

0

5

Length: 10 m

0

1

0

│

│ │

1

1

Extension cable
For the time synchronization bus of the GPS extension of line differential protection 7SD52 (4-wire)

2

Length: 10 m

0
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Time Synchronization
GPS Time Synchronization Unit – 7XV5664-1
Description
The GPS time synchronization unit 7XV5664-1 (time signal
receiver) provides a complete solution, with the additional
components of the mini star coupler 7XV5450, sync transceiver
7XV5654, and pre-assembled cables and adaptors, for the time
synchronization of any number of SIPROTEC protection devices.
Optical fiber can be used to transmit time signals (telegrams or
pulses) without interference even over greater distances and in
electromagnetically polluted environments. In this case, the
optical signals are converted in the sync transceiver into electrical signals on the bus (< 200 ns later). The output of different
protocols such as IRIG-B or DCF77 makes it also possible to
synchronize other devices such as SIMEAS R/R PMU or the SICAM
Q80 V3 besides synchronizing SIPROTEC devices.
9.3

The GPS antenna is mounted to an exterior wall or on a roof
without obstructions towards the sky. The lightning protection
should be mounted near the antenna and is looped into the
antenna line. The GPS time synchronization unit is supplied with
auxiliary voltage from the alternating current power system or
the station battery.
Simple PC software makes it possible to set the GPS time
synchronization unit via an RS232 interface.
Benefits

• Time receiver with an integrated, high-precision clock and
high-grade free running behavior. Accuracy: ± 250 ns

• Special hardware and firmware developed and adapted specif-

[ph_gps, 1, --_--]

Figure 9.3/1 GPS Time Synchronization Unit 7XV5664-1

• 7XV5105-xAAxx

Bus cable system for synchronization using a second pulse

• 7KE6000-8AK or -8AL

SIMEAS sync transceiver:
1 x optical-fiber input for 62.5/125 µm with ST connectors to
1 x electrical, DC 24 V/maximum 20 mA to a terminal

ically for the high-precision synchronization of SIPROTEC and
SIMEAS devices Type test according to 2004/108/EC,
2006/95/EC, 93/68/ EEC and EN61010-1:2010, CAT II, Poll.2

• 3 programmable optical outputs with ST connector for 50/125
or 62.5/125 µm, 850 nm multimode optical fiber for interference-free transmission of the signals/telegrams

• Telegram selection (even simultaneously): IRIG-B (B003+4,

B006+7,IEEE1344, AFNOR,C37.118). DCF77 in UTC or local
time (daylight saving time). DCF77 modified for SIMEAS R V3.
Second and minute pulse (high-precision)

• GPS outdoor antenna with wall-mounting holder and 50 m
RG58 cable (BNC/N connector)

• Lightning protection with 5 m RG58 cable (N connector)

• Alarm relay (1 change-over contact, SIPROTEC standard)
• Auxiliary voltage, DC/AC 100 V to 240 V (50/60 Hz)
• Operating program with connecting cable, 3 m, PC interface
RS232 (9-pole D-sub connector)

• Aluminum housing for DIN rail mounting.
[Time_synch_comp, 1, --_--]

Optional Scope of Delivery

• 7XV5654-0BA00

Figure 9.3/2 Components in the 7XV5664-1 Scope of Delivery

Sync transceiver:
2 x optical-fiber input for 62.5/125 µm with ST connectors to
2 x electrical, DC 24 V/maximum 50 mA per channel

• 7XV5104-xAAxx

Bus cable system for synchronization of clock time
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Time Synchronization
GPS Time Synchronization Unit – 7XV5664-1 – Applications
Application Examples
Time synchronization of the SIPROTEC 4 and SIPROTEC 5
protection devices
The internal time of all connected protection devices is
synchronized using the GPS time synchronization unit
7XV5664-1. The internal clock of the protection devices is
updated using the standardized telegram (IRIG-B, DCF77). IRIG-B
C37.118 should be preferred for use with SIPROTEC 5.

protection devices distributed within the system using optical
fibers.
The optical star structure can be extended using mini star
couplers 7XV5450. Sync transceivers 7XV5654 are used to
convert the light signals into 24 VDC signals for the SIPROTEC
time synchronization interfaces.
You can find detailed application examples in the manual of the
sync transceiver 7XV5654.

The SIPROTEC 4 and SIPROTEC 5 protection devices have special
interfaces for time synchronization as standard: SIPROTEC 4 port
A, SIPROTEC 5 port G.

The SIPROTEC 4 and SIPROTEC 5 protection devices are
connected to the sync transceiver 7XV5654 using the specially
pre-assembled bus cable system 7XV5104 (see Figure 9.3/3).

The time telegrams or synchronization pulses are transmitted
without interference from the three optical outputs to the

Note: In this case, no bus load resistor is needed.

9.3

[dw_SIP4/5-devices_with_IRIG-B_or_DCF77_time-synchro, 2, en_US]

Figure 9.3/3 SIPROTEC 4/5 Protection Device with IRIG-B or DCF77 Time Synchronization
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Time Synchronization
GPS Time Synchronization Unit – 7XV5664-1 – Applications
Joint Time Synchronization of SIPROTEC Protection Devices 3/4/5/PMU, 7KE85, SIMEAS R-PMU, SICAM Q80 V3

9.3

[dw_time-synch_SIP3/4/5_pmu_7KE_Simeas_Sicam, 2, en_US]

Figure 9.3/4 Joint Time Synchronization of SIPROTEC Protection Devices 3/4/5/PMU, 7KE85, SIMEAS R-PMU, SICAM Q80 V3 Using Different Time Signals

If stored indications, measured values and fault records with a
time stamp from different devices are to be compared, time
synchronization of all devices is absolutely necessary. This can
be ensured only by using a central clock that can synchronize,
with high precision, all the devices installed in the system with
different synchronization interfaces. The GPS time synchronization unit 7XV5664-1 can handle these requirements. The GPS
time synchronization unit can output 3 different telegrams or
pulses for the time synchronization of devices, even in parallel,
using its 3 optical channels. The connection of the various
device models to the system is shown in Figure 9.3/4.
Properties
Many clocks available on the market do offer signals/protocols
such as IRIG-B Signal C37.118. However, these usually do not
have the required high-precision properties with regard to the

transmission behavior for time. The GPS clock 7XV5664-1, with
its special hardware and firmware, has been especially developed and adapted for the high-precision synchronization of
SIPROTEC and SIMEAS devices.
The SIPROTEC 4 and SIPROTEC 5 devices are synchronized at
port A or D-sub 9, respectively, via the optical output Out 1 of
the GPS receiver, channel R1 of the sync transceiver, the T
adaptor, and the bus cable system 7XV5104. Here, a choice can
be made between the IRIG-B or DCF77 telegrams. Both telegrams can be used for the time synchronization of devices.
If the PMU function (Phasor Measurement Unit) is used in the
SIPROTEC 5 devices or the SIPROTEC 5 fault recorder 7KE85, the
device are also connected via the 2-wire cable 7XV5104. The
PMU function is only synchronized using the IRIG-B C37.118
telegram.
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Time Synchronization
GPS Time Synchronization Unit – 7XV5664-1 – Applications
The GPS time synchronization unit 7XV5664-1 outputs this IRIGB C37.118 telegram with a higher quality because of its highprecision properties and this forms a basis for the PMU applications of SIPROTEC and SIMEAS.
You can find more detailed information on the applications in
the device manuals and application documentation.
The SIMEAS R-PMU V4 (Phasor Measurement Unit) is synchronized using the high-precision rising edge of the DCF77 telegram
at the optical output (for example, FO Out 3). The sync transceiver 7XV5654 or the converter 7KE6000-8AK/L is used to
convert the optical signals into electrical signals.
The SIMEAS R V3 is synchronized using the modified DCF77 telegram. A synchronization box (7KE6000-8HA*) is not needed
when using the GPS clock 7XV5664-1. The sync transceiver
7XV5654 or the converter 7KE6000-8AK/L is used to convert the
optical signals into electrical signals.
The SICAM Q80 V3 is synchronized using the rising edge of the
DCF77 telegram at the optical output (for example, FO Out 3).
The converter 7KE6000-8AK/L is used to convert the optical
signals into electrical signals.
You can find a more detailed application description in the
Power Quality & Measurements downloads in the document

entitled: "Application description, time synchronization SIMEAS
R/SIMEAS R-PMU."
All SIPROTEC protection devices with an internal clock (for
example, SIPROTEC V3 and SIPROTEC Compact) can be
synchronized using a binary input and the minute pulse from
the GPS time synchronization unit. To do this, the internal clock
of the protection device is set exactly to the start of the new
minute at every complete minute. A condition for this method is
that the internal clock of the protection device was properly set
once and the auxiliary voltage is buffered against outage. If the
clock update does not occur for a longer period of time, the
difference between the internal clock of the protection device
and the current time of day must be less than one minute. The
change between daylight saving and standard time must be
performed manually (if desired).
The protection devices are equipped with a binary input that
detects the minute pulses by applying appropriate voltage (24
to 60 V or, for the wide range, 24 to 250 VDC) and then
provides these pulses to the internal clock. The pulse is distributed to the protection devices via a 2-wire bus to be implemented using shielded twisted cables. All devices must be
connected to a grounding system, the cable shields are
connected at both ends to the housing.

Selection and Ordering Data
Description

Versions

Order no.
1

GPS time synchronization unit
Especially for precise synchronization of
SIMEAS R-PMU V4, differential protection
applications, SIPROTEC 5 PMU and 7KE85 as
well as for time synchronization of SIPROTEC
3/4/5 and PQ devices such as SICAM Q80 V3
and SIMEAS R (sync unit replacement).

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

7 X V 5 6 6 4 - 1 A A ☐ 0
Auxiliary voltage, DC/AC 100 V to 240
V (50/60 Hz)

0

Auxiliary voltage DC 19 to 72 V

1

Time receiver with high-precision, integrated
clock, with GPS antenna, lightning protection
and 50 m (+5 m) RG58 cable. 3 programmable
optical outputs (high-precision pulse, IRIG-B,
DCF77) with ST connector for 50/125 µm or
62.5/125 µm, 850 nm multimode fiber.
With alarm relay, DIN rail mounting, parameterization software and cable
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Time Synchronization
GPS Time Synchronization Unit – 7XV5664-1 – Applications
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7XV5662-6AD10 272
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7XV5664-1 300
7XV5673 261
7XV5674 267
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7XV8510 130
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20-Hz generator 215
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Bus system for standard time synchronization 296

A
Attenuators 91
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Excitation voltage 252
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G
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I
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Injection unit 224
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K
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L
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R
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RTD Unit TR1200 272
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RUGGEDCOM RM1224 160
RUGGEDCOM RMC30 171
RUGGEDCOM RMC40 163
RUGGEDCOM RMC8388 165
RUGGEDCOM RS400 167
RUGGEDCOM RS900 133
RUGGEDCOM RS900G 135
RUGGEDCOM RS900GP 137
RUGGEDCOM RS910 169
RUGGEDCOM RS950G 155
RUGGEDCOM RSG907R 153
RUGGEDCOM RSG909R 153
RUGGEDCOM RSG910C 138
RUGGEDCOM RSG920P 140
RUGGEDCOM RSG2100 142
RUGGEDCOM RSG2488 144
RUGGEDCOM RST2228 146
RUGGEDCOM RX1400 157
RUGGEDCOM RX1400 CloudConnect 175
RUGGEDCOM RX1500 148
RUGGEDCOM RX5000 151
RUGGEDCOM VPE1400 174

S
SCALANCE M 182
SCALANCE M804PB 184
SCALANCE S 187
SCALANCE X-200RNA – HSR 176
SCALANCE X-200RNA – PRP 178
SICAM AI-Unit 267
SICAM I/O-Unit 261
Signal relay 63
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SITOP UPS500 208
SITOP UPS1100 211
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Stator ground-fault protection 250
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Test switch 288
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U
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Appendix
CE conformity
This product complies with the directive of
the Council of the European Communities
on harmonization of the laws of the Member
States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning
electrical equipment for use within specified voltage limits
(Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed according
to the Council Directive in accordance with the generic
standard EN 61000-6-5 (for EMC directive) and with the
product standard EN 62586-1 (for Low Voltage Directive) by
Siemens AG.
The device is designed and manufactured for application in
an industrial environment.
The product conforms with the international standards of
EN 62586 and the German standard VDE 0415.
Disclaimer for liability
This document has been subjected to rigorous technical
review before being published. It is revised at regular intervals,
and any modifications and amendments are included
in the subsequent issues. The content of this document has
been compiled for information purposes only.
Although Siemens AG has made best efforts to keep the
document as precise and up-to-date as possible, Siemens AG
shall not assume any liability for defects and damage which
result through use of the information contained herein.
This content does not form part of a contract or of business
relations; nor does it change these. All obligations
of Siemens AG are stated in the relevant contractual
agreements.
Siemens AG reserves the right to revise this document from
time to time.
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Siemens AG 2019. All rights reserved.
The disclosure, duplication, distribution and editing of this
document, or utilization and communication of the content
are not permitted, unless authorized in writing. All rights,
including rights created by patent grant or registration of a
utility model or a design, are reserved.
Registered trademarks
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SICAMTM are registered trademarks of Siemens AG. Any
unauthorized use is illegal. All other designations in this document can be trademarks whose use by third parties for their
own purposes can infringe the rights of the owner.
All rights reserved.
If not stated otherwise on the individual pages of this
catalog, we reserve the right to include modifications,
especially regarding the stated values, dimensions and
weights. Drawings are not binding.
All product designations used are trademarks or product
names of Siemens AG or other suppliers.
If not stated otherwise, all dimensions in this catalog
are given in mm.
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Reyrolle
Protection
Devices

7XG3124 - ReyArc24
Arc Fault Monitor Relay

Energy Management

7XG3124 - RA24
Arc Fault Monitoring System

Figure 2: Energy release due to electrical arcing faults
Figure 1: RA24 Arc Fault Module

Features
•
•
•
•
•
•
•
•
•
•
•

Up to 16 arc fault sensors
2 x High speed arc fault tripping duty contacts
Trip indication LED for each arc fault sensor
Arc sensor supervision with sensor fail LED for each zone
10Base-T / 100Base-TX port
Optional 100Base-FX port
System configuration via web browser
IEC61850 GOOSE capable
Up to 16 independent arc fault SARC logic nodes
Self-supervision watchdog with healthy LED and alarm
Wide range auxiliary supply

Introduction
Arc fault protection is a technique employed for the clearance of
arcing faults on low voltage panels, MCC’s, BUS bars and within
metal clad switchgear and associated cable boxes.
Conventional current based protection techniques are at times
challenged by the nature of arcing faults, and can result in slow
protection clearance times. Slow protection clearance times
increase the risk to nearby personnel and increase the degree of
damage to plant and equipment.
By employing an optical detection technique, Arc Fault Protection results in fast clearance of arcing faults.
With the added benefit of IEC61850 Goose Messaging, the RA24
(ReyArc24) is a scalable solution capable of being employed in
the most challenging applications with reduced engineering
overhead.
With the flexibility of the IEC 61850 standard ARC tripping with
current checking or ARC tripping with operational interlocks are
able to be implemented with ease.
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Arc Fault – Cause and Effect
Medium voltage switchgear and associated bus bars are a key
element in the power supply chain. Existing protection systems
operate effectively and quickly under most fault types but arcing
faults may lead to slow operating times.
Due to the resistive nature of an arcing fault the associated fault
current is likely to be lower than for a bolted short circuit.
Instantaneous overcurrent protection is set to operate above
network energisation currents and motor starting currents, the
fault current due to an arc may be lower than this.
The consequence of these conditions is that a protection system
based solely on over-current detection cannot effectively discriminate between normal system currents and an arc fault
condition:
•
•

Moderate to low arc fault currents may not operate the
instantaneous trip stage of a standard over-current relay
For a Moderate to low arc fault current the trip time of
the over-current IDMT stage will be too slow

Arcing faults in metal clad switchgear and associated Bus bars
may occur for a number of reasons:
•
•
•
•
•
•

defective or ageing insulating materials
poor bus or cable connections
poor maintenance
human error
ingress of moisture, dust or vermin
abnormal service conditions

The degree of damage caused by arcing depends principally on
the duration of the arc. If an arc lasts only 100ms, the switchgear needs to be checked and the insulation resistance measured before power can be re-established. With a 200ms arc, the
power supply will be interrupted; the switchgear must be
checked; power is re-established only after minor repairs. In the
event of a 500ms arc the supply is interrupted, metal parts of
the switchgear are destroyed and poisonous gases are emitted.
A 1s arc destroys most of the switchgear and may cause a fire,
injury to personnel and damage to property.
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Arc Flash Detection Principle
An arcing fault results in an intense and rapid discharge of light
from the arcing source. The light discharged from an arcing fault
will typically be several thousand times normal ambient lighting
levels.
The RA24 arc Fault Detection system optically senses the presence of an arc by the means of RA30 optical sensors connected
to the RA24 monitor.
Very fast ARC detection is achieved using this technique, and
protection operation times of <10ms are achievable.
Arc Fault Protection with Current Check
For system security purposes, the optical ARC detection may also
be supervised by an external Instantaneous Current Check element to confirm fault detection.
ARC FLASH
OPTICAL DETECTION

&

ARC FLASH DETECTED
TRIP BREAKER

O/C PICK UP
(ANSI 50 element)

Figure 3: High speed AND logic employed to discriminate an arc
flash fault
Integration with Reyrolle Overcurrent Relays
The Reyrolle 7SR11, 7SR12, 7SR210 and 7SR220 overcurrent
relays have a dedicated Arc Fault Detector protection function
(50AFD). This function uses a time optimised algorithm to check
an arc flash input against a current input for the fastest possible
operation time in the event of an arc fault.
50AFD
Disabled
Enabled

AFD Zone 1 Flash

Figure 5: Consequences of arcing faults
&

AFD Zone 1
AFD Zone 1 Flash

Arc Detector
Binary Input

AFD Zone 6 Flash

&

AFD Zone 6
AFD Zone 6 Flash

50AFD
Setting
IA

c

IB
IC

50 AFD
50 AFD PhA
50 AFD PhB
50 AFD PhC

Figure 4: 50AFD arc flash protection function logic
Arc fault protection compliments existing conventional overcurrent and differential protection schemes and is easily implemented into both new and existing installations.

Siemens Protection Devices Limited

3

Arc Sensor Location

IEC61850

The number and location of optical arc sensors is dictated by the
switchgear and bus bar design and the length of the
switchboard.
In most indoor metal clad switchgear the bus bar chamber is a
continuous chamber between panels only broken into segregated sections at a bus section breaker and as such the strategic
placement of one or two arc sensors in each bus bar chamber
run is normally adequate.
Some indoor metal clad switchgear may segregate the bus
chamber of each panel from the next via insulated bus chamber
side barriers per panel, if this is the case then each bus chamber
per panel would need to be monitored by at least one arc sensor.
Isolating switches between bus bar sections need to also be
considered and appropriate tripping zones created to ensure
isolation of the faulted section.
In large enclosures the arc sensors should be placed at approximately 5m intervals. RA30 arc sensors are also available with
dual optical detectors to allow detection of an arc in both directions.
The intense light produced by an arcing fault is strong enough to
be picked up on by the sensors by its reflection off the switchgear walls. Therefore, direct line of sight of the fault is not usually required, making exact sensor placement less critical.

Substations, power plants and distributed energy resources all
over the world are now implementing protection, control,
automation and condition monitoring functions in Power Automation Systems (PAS) according to the IEC61850 Standard.
The open architecture and high speed GOOSE messaging available through the implementation of IEC61850 make it an ideal
platform on which to base a scalable, selective and flexible arc
fault protection scheme for any power system configuration.
The RA24 system provides a comprehensive solution for the
protection of arcing faults in metal clad air insulated switchgear
and bus bar systems based on the IEC61850 Standard.
The arc is detected using an optical sensor and the signal input
to the RA24 arc monitoring system. The RA24 generates
IEC61850 GOOSE messages which are broadcast via the station
bus LAN. Intelligent IED’s are employed to subscribe to the arc
fault GOOSE messages and generate tripping signals to the
appropriate circuit breakers based on tripping logic that takes
into account pre-determined system configurations. The RA24
may be connected directly to an IED using a cross over cable or
alternatively through a Station Bus Lan as per the typical IED
topology shown in Fig 5.
An IEC61850 based Arc Fault Solution will achieve reduced
engineering overhead compared to a conventional hard wired
alternative.

Figure 6: IEC 61850 based arc fault solution
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Functional Description
Web Based Configuration
Configuration of the RA24 Arc Fault Monitor is carried out using
a web browser interface as depicted in the screen shots shown in
figure 7 and 8. Connection is made between the RA24 and a PC
using a standard Category 5 patch cable with RJ45 electrical
plugs.
Connect the RA24 port P1 to the PC Ethernet LAN port.
Open a PC browser using the default IP address 192.168.0.220
Ethernet Configuration
The current status of the device’s communications configuration
is shown in the browser interface.
SNTP Server
SNTP re-sync.
Password

Change SNTP server name
(SNTP server of the Station Bus Lan)
Changes re-sync. time in seconds
Change administration password

Arc States
The following list defines the possible ARC states:
Disabled: Sensor not connected or disabled
•
Armed: Ready to detect an arc fault
•
Failed: Arc sensor supervision failure
•
Tripped: Arc detected
•
Initializing: Arc sensor initializing (transitory)
•
Stuck: Arc sensor stuck on, i.e. continuously picked
•
up
Included: Determines whether a sensor is allocated to
•
the relay
Trip outputs (Yes or No)
•
Each individual arc sensor provides the following status:
Trip:
Indicates when the arc sensor LED Flag is
asserted (Yes or No)
Count:
Retains a count since power on of how many times
arc sensor has been tripped. This count can be reset
to 0 by clicking on the counter.

Any changes are password protected and require entry of the
username (“admin”) and the password (default from the factory
is “RMS”).

Figure 8: RA24 Arc Sensor Configuration screen

Figure 7: RA24 IP Configuration screen
Arc Configuration Screen
The current status of each ARC detector is shown. To make the
web page follow the ARC status in real time, tick the Automatic
refresh button.
Arc Configuration:
Each individual ARC sensor can be configured as follows:
‘Armed’ or ‘Disabled’ by clicking on the state column
(Affects both IEC61850 Goose outputs and the hardware trip
contacts)
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IED Capability Description (ICD)
The ICD is utilised in IEC61850 Substation Project Development.
The RA24 ICD model contains the following logical nodes:
•

Fault Detector
Status

•

SARC Logical
nodes

•

•
Fault Detector
quality attribute

A standard IEC61850-5 SARC (Monitoring and diagnostics for arcs), for each of the 16 Arc detectors. These
cover an individual Arc fault detection, fault counter
and detector health. Also, each Arc detector can be enabled or disabled using the SARC Mode.
A configuration GGIO that can be used to configure the
inclusion of each Arc detector in the single Alarm output relay of the RA24, as an alternative to the web
page.
A run-time GGIO that allows the front panel LED state
for each Arc detector to be observed and cleared via
IEC61850, as well as observing the state of the Alarm
and Sensor Fail relays remotely.
A Logical Node 0 (LLN0), that observes name plate information about the device and overall device current
behaviour. A global block can be set and unset via
IEC61850 using the LLN0 Mode

The structure of the ICD file is depicted in figure 9 and may be
viewed using third party ICD browsers.
There are two .icd files that can be downloaded from the Reyrolle
website. Descriptions of both files are provided below:
Figure 9: ICD editing screen

The 1S24.cid can be used as-is on the RA24 and has a default set
of 16 separate Goose messages, one for each FADet point with
stVal
and
Quality
included
in
the
Goose.
However, The IP address within this file, must match the IP Address configured on the RA24.
The 1S24-bare.icd has an ICD extension as it is intended for
importing into site configuration tools which can add specific
Goose to it (with whatever VLAN, Versioning etc. required). The
Tool can then export a CID file for use on the RA24. Please Note:
On the RA24 itself, it must be called 1S24.cid.
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IEC61850 Project
The IEC61850 standard permits the integration of the RA24 into
a substation project incorporating any third party CB management IED.
CB Management
IEDs

RA24 Arc Fault IED

The RA24 is modelled under IEC61850 with a Logical node
model defined by a IS24.icd file. This file can be imported into
your IEC61850 system configurator and incorporated into an
IEC61850 project.
Examples of an IEC61850 Substation project incorporating a
RA24 into an ARC Fault Protection scheme and CB Management
Logic utilising subscribed Goose messages from the RA24 are
shown in Figure 10.

IEC61850 Configurator
such as DIGSI used to
create Goose interconnections between IEDs

Example of SARC
Trip Marshalling and
Current Check logic
implemented in a CB
management relay

Figure 10: Reydisp Manager IEC61850 project editing and Reylogic screens
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Arc Sensor Function

Arc Trip Blocking Input

The RA30 is an optical sensor that responds to the flash of light
emitted during the incidence of an arcing fault. Onset of the light
flash and detection by the RA30 occurs in a few ms.
Refer to the RA30 Technical catalogue sheet for further details.

The RA24 provides a status input to enable a global block of all
arc fault detection sensors. Application of a control voltage
within the specified range will activate this function and energize
the Global Arc Block LED.

RA30 Point Sensor Inputs and Indicators
A red LED is provided for each arc sensor input to indicate:
Trip:
LED illuminates solid on detection of an arc fault.
Resets when the front panel reset button is pressed or
voltage pulse applied to remote reset status input. Individual flags can also be observed and cleared via
IEC61850.
Fail:
LED Flashes to indicate failure of RA30 Arc Fault Sensor
in zone.

Figure 13: Global arc block input and LED indication
Arc Detection Reset Time
Effect of multiple arc trips
A delay of 2s is required to reset the RA24 after an initial arc
sensor trip. Subsequent arc detection will cause the trip outputs
to re-operate.
Remote Reset

Figure 11: Point arc sensor LED’s and terminals

A remote reset status input is provided to reset the arc trip LED’s.

Arc Trip Output Contacts
The RA24 provides two (2) high speed tripping output contacts.
These may be employed for local tripping functions and for system testing purposes. Each sensor input may be set to trip either
of the output contacts.
The arc trip contacts will self-reset after a 2s delay. The trip indication LED is reset either by pressing the front panel reset button, via the remote reset status input or via IEC61850 control.

Figure 14: Remote reset binary input - flag reset
Optical Arc Sensors
The RA30 optical arc sensors are the heart of the system and are
available for application with the RA24.
Details on the function and sensitivity of these sensors may be
found in the specific Technical catalogue sheet.

Figure 12: Arc trip output contacts and trip LED
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Point Sensor Supervision

Self-Supervision Service Alarm

To monitor the integrity of the wiring between the RA30 arc
sensor and RA24 Arc Monitor, continuous 2mA supervision current flows between the units.
If the sensor supervision current is not detected for 1s the Sensor
Alarm contact will operate and the Sensor Alarm LED will illuminate solid.
The affected sensor(s) will be indicated by the front panel sensor
LED 1-16 flashing. The associated IEC61850 Arc Fault Quality will
change to questionable.

A change over alarm contact is maintained in the energized state
when all of the following conditions are met:
•
•
•
•

The auxiliary supply is applied
The internal 5V DC rail is within acceptable limits
The CPU hardware watchdog maintains a pulsing output
The Service Alarm LED will be energized for a CPU fail
condition.

Arc Sensor Continuously Picked Up
High ambient light levels may cause a RA30 to be continuously
picked up. This condition could occur for example if the CB cable
box cover was left open in very high ambient light level conditions. A non-arc fault over-current pick up would then result in
an arc fault trip operation.
To avoid possible mal operation due to this condition, the RA24
is designed to automatically disable the arc fault tripping function if the RA30 sensor is picked up for >10s. The RA24 Sensor
Alarm contact will operate and Sensor Alarm LED will illuminate
solid until the ambient light level problem is corrected. The RA24
will then perform an arc sensor test function and automatically
reset.

Figure 16: Self-supervision service alarm
System Status
LED’s are provided to indicate auxiliary supply and Ethernet
activity.

The affected sensor(s) will be indicated by the front panel sensor
LED 1-16 flashing.
Sensor Fail Alarm
A common Sensor Fail Alarm contact is provided.
Figure 17: System status LED’s
Device Earth Terminal
The RA24 provides a device earthing terminal.

Figure 15: Sensor fail alarm LED and output contact

Figure 18 : Device earth terminal
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Rating Plate and Flag Reset

Ethernet Communication Ports

The rating plate is clearly identified on the front panel.
A reset button is provided to reset the arc trip LED’s.
This button also has other functions to initiate warm boot and
cold boot to restore factory default settings. Refer to the User
Guide for details.

The RA24 provides the option of either one or two high speed
Ethernet port options for connection to an IEC61850 compliant
station bus local area network (LAN).
Standard Port
The standard port employs an electrical interface with an RJ45
connector and supports 10Base-T / 100Base-TX. The port may be
utilised for either IEC61850 Goose messaging purposes or for
device configuration.
Optional Second Port
An optional second port employs a plug-in optical fibre port and
supports 100Base-FX.
The two port option allows one of the ports to connect to an
IEC61850 station bus LAN for Goose messaging purposes and
either port may be utilised for device configuration.

Figure: 19: Relay rating plate and reset button
Customer Specific Labels
Provision for a slide-in customer specific label is provided on the
front panel.

Figure 21: Standard single port 10Base-T / 100Base-TX

Figure 20: Default slide in label

Figure 22: Optional dual port 10Base-T / 100Base-TX + 100BaseFX
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Application Diagram

CB CHAMBER
DETECTION ZON E

MAIN BUS
BAR Z ONE

Single Bus Switchgear
Single busbar switchgear systems are prevalent at medium voltage levels. The complexity on the protection required to mitigate
arc flash faults is dependent on the Bus configuration. Figure 23
depicts a typical circuit breaker arrangement in a single bus
scheme.
Single Bus and Switchgear Arc Protection
Figure 24 depicts how the RA24 may be applied for arc fault
protection on a single bus bar configuration.

CT, VT & C ABLE
T ERMIN ATIO N ZONE

Figure 23: Single bus circuit breaker

(A1)

(A2)

Figure 24: Single bus scheme
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Dual Bus Switchgear

Technical Data

Double busbar switchgear systems present additional challenges
for protection against arc flash faults due to the number of arc
fault protection zones and multiple operating configurations
possible. Figure 25 depicts a typical circuit breaker arrangement
in a double bus scheme.

RESERVE BUS
BAR ZONE

CB CH AMBER
DETECTI ON ZONE

Double Bus and Switchgear Arc Protection

CT, VT & C ABLE
T ERMINATION ZONE

Figure 26 depicts how the RA24 may be applied for arc fault
protection on a double bus bar configuration.

MAIN BUS
BAR ZONE

Figure 25:

Single bus circuit breaker

(A2)

(A1)

1S24
ARC RA24
FAULT IED

REYROLLE RM
CB CONTROLLER IED’s

C1

B1

B2

B1

B2

C1

C1

C1

E1

C2

C2

C2

C2

D1

D1

D1

D1

E2

D1

D1

D1

D1

G1

G2

G3

G4

F1

F2

F3

F4

F1

F2

F3

F4

INCOMER ZONES
(B1 and B2)
MAIN BUS ZONES
(C1 and C2)
RESERVE BUS ZONE
(D1)

BUS COUPLER ZONES
(E1 and E2)
FEEDER ZONES
(F1 to F4)
FEEDER CB CHAMBERS
(G1 to G4)

INCOMING ZONES
(A1 to A2)
IEC61850
STATION BUS LAN
CB TRIPPING
SIGNALS

B2

OPTICAL ARC
SENSOR INPUTS
TRIPPING ZONE
REFERENCE
HIGH
VOLTAGE BUS

Figure 26: Double bus scheme
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Compliance Data
Auxiliary Supply
Nominal voltage

Operating Range

24 / 32 / 48
b110 / 125 / 220 / 240 /
250

20-70V dc
80-275V ac / 88-300V dc

Allowable breaks/dips in
supply (Collapse to zero)

20ms

Burden - Quiescent

8W at 110V dc

Burden - Maximum

15W at 110V dc

Arc Fault Point Sensor Inputs
Number

16

Type

RA30 point sensors

Connection

Electrical termination

Zones

Up to 16

Supervision duration
Trip Contact Operate
Time
Reset Time

Continuous

Voltage Range
Operating Current

DC Operate Time
AC Operate Time
Function

2s

Goose Response
GOOSE Response

Binary Inputs

<10ms (Typically <7ms)

<3ms to first publish

Insulation

IEC 60255-5

18-275V ac / 18-300V dc
10mA pickup for 1ms
Reducing to 1.5mA after
4ms
<4ms pickup
<16ms dropout

Type

Level

Any Terminal and Earth

2.0kV ac rms for 1min
5.0kV 1.2/50us 0.5J

Between Independent
Circuits

<23ms pickup
<33ms dropout
Enable on the application
of a control voltage

2.0kV ac rms for 1min
5.0kV 1.2/50us 0.5J

Across Normally Open
Contacts

1.0kV ac rms for 1min

High Frequency Disturbance

IEC 60255-22-1

Output Contacts
Type

Level

Operating Voltage

Voltage free

Common (Longitudinal)

2.5kV

Operating Mode

Self-reset

Differential (Transverse)

1.0kV

Operate Time

7ms

Release Time

3ms

Making Capacity
Carry Continuously

8A ac or dc

Make and Carry
L/R ≤ 40ms and ≤ 300V

20A ac or dc for 0.5s

Breaking Capacity

L/R ≤ 40ms and ≤ 300V

AC Resistive

2,000VA

AC Inductive

250W at p.f. ≤ 0.4

DC Resistive

60W

DC Inductive
Minimum Load

30A ac or dc for 0.2s

30W at L/R ≤ 40ms
50W at L/R ≤ 10ms
100mA ≥12V

Siemens Protection Devices Limited

Electrostatic Discharge

Variation
No mal-op.

IEC 60255-22-2 Class 3

Type

Level

Variation

Contact Discharge

6.0kV

No mal-op.

Fast Transients

IEC 60255-22-2 Class A

Type

Level

Variation

5/50ns 100kHz

4.0kV

No mal-op

Surge Immunity

IEC 60255-22-5

Type

Level

Between all Terminals and
Earth

4.0kV

Between any Two Independent Circuits

2.0kV

Variation

No mal-op

13

Conducted Radio Frequency Interference IEC 60255-22-6
Type
0.15 to 80MHz

Level

Variation

10V rms

No mal-op

Radiated Immunity

IEC 60255-22-3 Class III

Type
80MHz to 2,760MHz

Level

Variation

10V/m

No mal-op

Temperature

IEC 60068-2-1/2

Operating Range

-10 to +55 degrees Celsius

Storage Range

-25 to +70 degrees Celsius

Humidity

Operating Range

IEC 680068-2-78
40 degrees Celsius and 93%
RH non condensing

IP Rating
Installed

IEC 60529
IP4x

Vibration – Sinusoidal

IEC 60255-21-1 Class I

Vibration Response

0.5gn

Vibration Endurance

1.0gn

Shock and Bump

No mal-op
IEC 60255-21-2 Class I

Shock Response

5gn, 11ms

Shock Withstand

15gn, 11ms

Bump Test

10gn, 16ms

Seismic
Seismic Response

No mal-op

IEC 60255-21-3 Class I
1gn

No mal-op

Mechanical Classification
Durability

>106 operations at no load

Arc Flash & Overcurrent Operation Time
The circuit breaker trip time will be dictated by the
relays overcurrent element operation time. Please see
the overcurrent element performance specification on
relay used for more information.

Siemens Protection Devices Limited
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Front Panel

Auxiliary
supply and
Earth

Flag
Arc trip
reset blocking input
input

High speed
arc trip output
contacts

Sensor
fail
alarm

System
fail
alarm
4x M4 screw holes
for surface mounting

RJ45
IEC 61850 ports
Fibre LC connector

16 point arc sensor inputs
Trip & fail LED indicators

48x M3 screw terminals
for electrical & sensor
connections

Figure 28: Front panel layout, 16 point sensor version with 100base-FX Ethernet port
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Wiring Diagram
Wiring and Termination

Sturdy M3 screw terminals are provided suitable for one or two ring terminals. Multiple chassis earthing points are also provided.
Terminal numbering is clearly identified and graphics are provided to visually represent the connection function.

Figure 28: Wiring diagram

Siemens Protection Devices Limited
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Arc Sensors
RA30 Point Sensor Connection
16x RA30 point arc sensor inputs are provided.
Each sensor operates independently with a common connection shared between each pair of sensors to reduce the total
number of terminals required.
Each sensor pair is wired to 3 M3 terminal screws with the
centre screw being common.
Figure 24 shows the wiring arrangement. The RA30 sensor
wires are colour coded but are not polarity sensitive.

RA30 Shielded Cables
Shielded cables are recommended when the length of the
RA30 cable connections exceed 6m.
M3 earth studs with nuts and lock washers are provided on the
RA24 chassis in two (2) positions - one to the left of terminal 1
and one to the right of terminal 24 - to allow connection of the
optional RA30 sensor cable shields. Refer to figure 28 for connection details.

Figure 30: RA30 sensor wiring using shielded cables

Figure 29: RA30 sensors

Siemens Protection Devices Limited
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Dimensions
Surface or DIN Rail Mounting

Figure 33: RA24 dimensions and mounting points

Siemens Protection Devices Limited
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Accessories
DIN Rail Mounting
The RA24 has provision to fit two (2) DIN rail mounting kits.
These “DIN Rail Mount” option must be specified at time of orde
4 x M4 self-threading mounting screw kit
Accessories Supplied with Each Device
4 x M4 self-threading mounting screw kit
IS30 Arc Fault Point Sensor
The RA30 sensors are ordered separately.
Refer to the RA30 Technical catalogue sheet for details

Figure 34: Fitting DIN rail mounting kit

Ordering Information
Product description

Variants

Order No.
7 X G 3 1 2 4 ▲ ▲ ▲ ▲

Arc Fault

Protection
Components

Category
Arc Protection
Device
RA24 Arc Fault Monitor
Network Connection
Single port 10Base-T/100Base-Tx
Dual port 10Base-T/100Base-Tx + 100Base-Fx
Operating Voltage
20 – 70V DC
88 - 300V DC / 88 – 275V AC
Mounting
Surface Mount
DIN Rail mount (supplied with mounting hardware)

Siemens Protection Devices Limited
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7SR191 Capa
Capacitor Bank Protection Relay

Energy Management.
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Siemens Protection Devices Limited

7SR191 Capa
Capacitor Bank Protection Relay

Supervision
60CTS CT Supervision
74T/CCS Trip & Close Circuit Supervision
60VTS VT Supervision
Control
CB Control
Reswitch Blocking

Description
The 7SR191 Capa devices are numeric protection relays
designed for application on shunt connected distribution
capacitor banks arranged in all common connection
configurations, typically single star, double star, delta or in
an H configuration. These relays provide all protection
functions required in a single device. Relay versions which
can be connected to primary voltage transformers provide
additional voltage protection functions and metering.
The 7SR191 relays are developed from the proven 7SR11 &
7SR12 Argus family of products providing a familiar product
using the latest generation of hardware technology.
Housed in a 4U high, size E4 or E6 (Optional IEC61850
model) case, these relays provide protection, monitoring,
instrumentation and metering with integrated input and
output logic, data logging & fault reports. Communication
access to the relay functionality is via a front USB port for
local PC connection or rear electrical RS485 port for remote
connection & optional IEC61850 communication through
two rear Ethernet ports (Electrical or Optical).

Function Overview
Protection
37
46MDT
46
49
50
50N
50BF
51
51N
59C
60C
87REF
27/59
47
59IT
59N
67/50
67/50N
67/51
67/51N
81

Undercurrent/Loss of Supply
Phase Unbalance
Negative Phase Sequence Overcurrent
Thermal Overload
Instantaneous Overcurrent
Instantaneous Earth Fault
Circuit Breaker Fail
Time Delayed Overcurrent
Time Delayed Derived Earth Fault
Overvoltage by Current Integration
Capacitor Unbalance Current
High Impedance REF
Under/Over Voltage
Negative Phase Sequence Voltage
Inverse Time Overvoltage
Neutral Voltage Displacement
Directional Instantaneous Overcurrent
Directional Instantaneous Earth Fault
Directional Time Delayed Overcurrent
Directional Time Delayed Earth Fault
Under/Over Frequency

Siemens Protection Devices Limited

Features
Cold Load Settings
Four Settings Groups
Password Protection – 2 levels
User Programmable Logic
User specified voltage, current & thermal protection curves
Self Monitoring
Circuit Breaker Trip and Maintenance Counter
Trip Timers

User Interface
20 Character x 4 Line Backlit LCD
Menu Navigation Keys
9 User Programmable Tri-colour LEDs
User Language Configuration

Monitoring Functions
Primary/Secondary Current Phases and Earth Direction
Primary/Secondary Line and Phase Voltages
Capacitor Overvoltage
Capacitor Unbalance Current
Apparent Power and Power Factor
Real and Reactive Power
Import and Export, Real and Reactive Energy
Historical Demand Record
Positive Phase Sequence (PPS) Voltage & Current
Negative Phase Sequence (NPS) Voltage & Current
Zero Phase Sequence (ZPS) Voltage
Frequency
Harmonic currents up to 15th and Total Harmonic Distortion
Binary Input/Output status
Trip circuit healthy/failure
Time and date
Starters
Fault records
Event records
Circuit breaker trip counters
I2 t summation for contact wear

Hardware
4 CT
4 CT
4 CT
4 CT

3 Binary Inputs 5 Binary Outputs
6 Binary Inputs 8 Binary Outputs
3 VT 3 Binary Inputs 5 Binary Outputs
3 VT 6 Binary Inputs 8 Binary Outputs

3

Data Storage and
Communication
Standard Communications Ports
Communication access to relay functionality is via a front
USB port for local PC connection or rear electrical RS485 port
for remote connection
Additional Optional Communication Ports
2x Electrical RJ45 Ethernet ports
2x LC Fibre Optic Ethernet ports
Standard Protocols
IEC60870-5-103, Modbus RTU, DNP3.0. User selectable with
programmable data points.
Optional Protocols
IEC61850 (E6 Case)

can be used as a basis for early failure detection. Current
transformers are typically fitted at suitable locations to allow
unbalance current to be measured by protection devices.
In addition to this, measurement of the total bank current is
measured to detect unbalance between phases caused by
capacitor unit failure as well as overload protection and for
detection of insulation failure faults such as phase to phase
and phase to earth flashover.
The 7SR191 provides user configuration settings for
operating mode to allow the current inputs to be allocated
to the protection functions to cater for all common bank
arrangements with a single ordering code. When set in 3
Pole Overcurrent + 1 Pole Unbalance mode, the four current
inputs are allocated as three phase current inputs plus one
unbalance input. In 1 Pole Overcurrent + 3 Pole Unbalance
mode, the four inputs are allocated instead to provide three
phase segregated inputs plus a single phase reference input.

Function Matrix

Application
The 7SR191 Capa is a numerical protection relay intended for
use on shunt connected distribution capacitor banks. It
provides a highly comprehensive functional software
package with a range of integral application functions aimed
at reducing installation, wiring and engineering time.
An extensive range of metered values can be viewed on the
front LCD or at a remote point via the communication
channel.
The integrated control feature allows local and remote
operation of a single circuit breaker and monitoring of its
trip and close circuits. Loss of supply to the capacitor is
detected and can be used to disconnect from the network.
Automatic blocking of subsequent reconnection until the
capacitor has safely discharged is also provided.
Distribution capacitor banks are constructed from a large
number of individual capacitor units. These units will
periodically fail due to the electrical stress applied during
normal service. Failure of a single unit is acceptable as the
resulting short circuit will be cleared by either operation of
fuses, in internally or externally fused arrangements, or
simply be coped with by design in unfused and fuseless
arrangements. However, the failure of one unit will impose
increased stress on remaining units increasing the
probability that these units will fail. This will further increase
stresses and if not disconnected, could eventually lead to
cascading failure of the whole bank. The bank is often split
into similar sections, arranged such that the balanced nature
4

7SR1912/7SR1913
1P OC +3P UB mode *

7SR1915/7SR1916
3P OC +1P UB mode *

7SR1915/7SR1916
1P OC +3P UB mode *

59C Overvoltage by current integration

■

■

■

■

60C Capacitor Unbalance
37 Undercurrent, Loss of Supply
Reswitch Blocking
46MDT Phase Unbalance

■
■
■
■

■
■
■

■
■
■
■

■
■
■

46 Negative Phase Sequence Overcurrent

■

FUNCTIONAL
REQUIREMENT

Data
Up to 1000 event records
User configurable fault record duration
Waveform records
Measurands
Commands
Time synchronism
Viewing and changing settings

7SR1912/7SR1913
3P OC +1P UB mode *

Ethernet Redundancy Protocols:
Standard in all IEC61850 models:
PRP (Parallel Redundancy Protocol)
RSTP (Rapid Spanning Tree Protocol)
HSR (High-availability Seamless Redundancy)

■
■

■

49 Thermal Overload
50 Instantaneous Overcurrent
50N Derived Instantaneous Earth Fault

■
■
■

■

■
■
■

■

50BF CB Failure

■

■

■

■

51 Time Delayed Overcurrent

■

■

51N Derived Time Delayed Earth Fault
27 Undervoltage

■

■
■

■

59 Overvoltage

■

■

59N Neutral Voltage Displacement

■

■

47 Negative Phase Sequence Voltage

87REF High Impedance Restricted Earth Fault

■

■

67 Directional Overcurrent

■

67N Directional Derived Earth Fault

■

81 Under/Over Frequency

■

■

■

■

■

■

CONTROL / MONITOR
51c Cold Load

■

60CTS CT Supervision

■

■

60VTS VT Supervision
50BF Circuit breaker Fail

Key -

■

■

■ - Included as standard
* - Mode is selectable by user setting

■

■

■

■
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Typical Unearthed Double Star (DY). fig 1.

Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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7SR1912/1913 without voltage inputs
7SR1915/1916 with voltage inputs
3 Pole OC + 1 Pole Unbal.configuration

74CCS
(x3)

Typical Earthed Double Star (DY). fig 2.

Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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74CCS
(x3)

Typical Earthed Double Star (DY) with segregated unbalance. fig 3.

Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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7SR1912/1913 without voltage inputs
7SR1915/1916 with voltage inputs
1 Pole OC + 3 Pole Unbal.configuration
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Typical Single Star. fig 4.

Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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Typical Delta. fig 5.

Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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Typical H Bridge (Split H). fig 6.
Voltage Inputs are optional and provide additional measuring and protection functionality as shown
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7SR1912/3 Functional Diagrams

7SR1915/6 Functional Diagrams
7SR1915/1916 3 Pole OC + 1 Pole Unbal. Config

7SR1912/1913 3 Pole OC + 1 Pole Unbal. Config
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Fig 9. 7SR1915/1916 3 Pole OC + 1 Pole Unbal.
Configuration
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Configuration
Notes
1.
2.
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The use of some functions are mutually exclusive.
e.g. 60C/87REF
Some functions are dependent on the operating
mode selection.
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Description of Functionality
27/59 Under/Over Voltage
Each element has settings for pickup level, drop-off level and
Definite Time Lag (DTL) delays. Operates if voltage exceeds
setting for duration of delay.
37 Loss of Supply/Undercurrent
Each element has settings for pickup level and Definite Time
Lag (DTL) delays. Operates if current falls below setting for
duration of delay.
Re-switch Blocking
If the capacitor is disconnected or otherwise de-energised,
automatic blocking of re-energisation can be applied
utilising a user selectable timer to allow the capacitor
voltage to discharge before re-energisation. Detection of deenergisation can be selected from current level or CB status
signals or combinations of both.
46M Phase Unbalance
The element has settings for pickup level and DTL delay. The
difference in magnitude of the highest and lowest phase
current is compared to the average phase current. This can
be used to detect that a number of capacitor units have
failed in such a pattern that measured unbalance spill
current is negligible.
46NPS Negative Phase Sequence Overcurrent
Each element has user settings for pickup level and IDMTL or
DTL delay, operates if NPS current exceeds setting and delay.
NPS current elements can be used to detect that a number of
capacitor units have failed in such a pattern that measured
unbalance spill current is negligible.
47 Negative Phase Sequence Voltage
Each element has settings for pickup level and Definite Time
Lag (DTL) delays. Operates if NPS voltage exceeds setting for
duration of delay.
49 Thermal Overload
The thermal algorithm continuously calculates the present
thermal state of the capacitor bank from the measured
currents and the previous thermal state thus including long
term overload conditions. Alarm outputs are given for
thermal overload and thermal capacity.
50BF Circuit Breaker Fail
The circuit breaker fail function may be triggered from an
internal trip signal or from a binary input. Line currents and
earth currents are monitored following a trip signal and an
output is issued if any current is still detected, above setting,
after a specified time interval. Alternatively, if the trip is
from an external protection the circuit breaker position can
be used to determine a failure. A second time delay is
available to enable another stage to be utilized if required.
An input is also available to bypass the time delays when the
circuit breaker is known to be faulty.

51c Cold Load Pickup
When a capacitor bank is initially energized the connected
system may create transient effects which could appear as
operating currents at the relay. These conditions can exist
for an extended period and must not be interpreted as a
fault. To allow optimum setting levels to be applied for
normal operation, the cold load pickup feature will apply
alternative current settings or protection element inhibits for
a limited period. The feature resets when either the circuit
breaker has been closed for a settable period, or if the
current has reduced beneath a set level for a user set period.
50/51 Phase Fault
50 INST/DTL and 51 IDMTL/DTL elements provide 3 phase
overcurrent protection in 3P OC + 1P UB mode, each with
independent settings for pickup current, time-multiplier (51)
and time-delays. User can select IEC or ANSI time current
characteristics. The IDMT stage has a user programmable
reset characteristic, either DTL or shaped current ~ time reset
characteristic, to improve grading with electromechanical
protection.
50N/51N Earth Fault
The earth fault current is internally derived from the 3 phase
CT inputs in normal operating mode. 50N INST/DTL and 51N
IDMTL/DTL elements provide overcurrent protection, each
with independent settings for pickup current, time-multiplier
(51) and time-delays. User can select IEC or ANSI time
current characteristics. The IDMT stage has a user
programmable reset characteristic either DTL or shaped
current ~ time reset characteristic to improve grading with
electromechanical protection.
1000

100

Time
(sec)

10
Long Time Inverse

Normal Inverse

1

Very Inverse

Extremely Inverse

0.1
1

2

3

4

5

6

8

10

20

30

40

50 60

80

100

Current (multiples of setting)

Fig 11. IEC Overcurrent Curves
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Fig 12. ANSI Overcurrent Curves
59C Overvoltage
The effective applied voltage is calculated from the measured capacitor current by numeric integration techniques
such that all harmonic frequency components of the current
are correctly incorporated.
The capacitor units are rated to withstand 110% of rated
voltage continuously. IEC and ANSI standards specify withstand times for higher voltage levels. These requirements are
used to construct an overvoltage withstand curve. Time
Multiplier set to default setting = 0.9 is recommended to
provide safety margin.
i> (vc>)
1.1
1.15
1.20
1.30
1.40
1.7
2.00
2.20

Standard duration (s)
infinite
1,800
lEC 871-1
300
IEC 871-1
60
ANSI 18-1980, IEC 871-1
15
ANSI 18-1980
1
ANSI 18-1980
0.3
ANSI 18-1980
0.12
ANSI 18-1980

59N Neutral Overvoltage
Neutral overvoltage can be used to detect unbalance in the
capacitor bank in ungrounded arrangements.
Operates if the calculated neutral voltage exceeds setting for
duration of delay.
60C Capacitor Unbalance
In 3P OC + 1P UB mode, 60C is applied at the 4th current
input, typically connected to an unbalance CT. In 1P OC + 3P
UB mode, 60C is applied at each of the 3 phase segregated
current inputs, typically connected to an unbalance CT. Each
element has user settings for pickup level and IDMTL or DTL
delay, operates if measured current exceeds setting and
delay. The element can be trimmed for phase and magnitude
to suit the natural unbalance current and also can be zeroed
manually. This calibration is compensated to allows for the
switch-off condition
60CTS CT Supervision
The relay has two methods of CT supervision. The 7SR1912/3
monitors each phase current input and operates if any one
or two inputs fall below the setting. The 7SR1915/6 has the
above method and an addition method that considers the
presence of negative phase sequence current, without an
equivalent level of negative phase sequence voltage, for a
user set time as a CT failure.
This function is not used in 1 Pole OC + 3 Pole UB mode.
Both element types have user operate and delay settings.
60VTS VT Supervision
The VT supervision uses a combination of negative phase
sequence voltage and negative phase sequence current to
detect a VT fuse failure in 3 Pole OC + 1 Pole UB mode. This
condition may be alarmed or used to inhibit voltage
dependent functions. Element has user operate and delay
settings.
In1 Pole OC + 3 Pole UB mode, a simpler element using
current and voltage magnitudes is provided.

Siemens Protection Devices Limited
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87REF Restricted Earth Fault
The measured earth fault input may be used in a 87REF high
impedance restricted earth fault scheme to provide sensitive
high speed unit protection. A calculation is required to
determine the values of the external series stabilising
resistor and non-linear shunt resistor which can be ordered
separately. This function is used on single-star arrangements
where no unbalance CT is available and is connected to the
unused 4 th current input.

Control Mode
The relay has a control menu with access to commonly used
command operations. Access to the control commands is
restricted by a 4 character control function password. Each
command requires a select then execute operation, if the
execute operation is not performed within a time window
the command is aborted. The following control functions
are available:
CB Operation

67/67N Directional Control
Phase, earth and sensitive earth fault elements can be
directionalised. Each element can be user set to Forward,
Reverse, or Non-directional.
Directional Phase Fault elements are polarised from
quadrature voltage.
Derived earth fault elements can be user set to be polarised
from residual voltage or negative phase sequence voltage.
Measured earth fault elements are polarized from Vo.
74T/CCS Trip & Close Circuit Supervision
The trip or close circuit(s) can be monitored via binary
inputs. Trip circuit failure raises an HMI alarm and output(s).

Fig 14. Example of Control Function View

81 Under/Overfrequency
Each element has settings for pickup level, drop-off level and
Definite Time Lag (DTL) delays. Operates if frequency exceeds setting for duration of delay.

Data Acquisition Via Communication Interface

Programmable Logic
The user can map binary inputs, protection elements, LEDs
and binary outputs together in a logical scheme.
Up to 8 logic equations can be defined using standard logic
functions e.g. Timers, AND/OR gates, Inverters and Counters
to provide the user required functionality.
Each logic equation output can be used for alarm &
indication and/or tripping.

Sequence of event records
Up to 1000 events are stored and time tagged to 1ms
resolution.

Virtual Inputs/Outputs
There are 8 virtual inputs/outputs to provide internal logical
states to assist in the application of the functions. Each
virtual I/O can be assigned in the same way as a physical I/O.
Circuit Breaker Maintenance
Two circuit breaker operations counters are provided to
assist with maintenance scheduling. The maintenance
counter records the overall number of operations and the
delta counter records the number of operations since the
last reset.
An I2t summation counter provides a measure of the contact
wear indicating the total energy interrupted by the circuit
breaker contacts.
Each counter has a user set target operations count which,
when reached, can be mapped to raise alarms/ binary
outputs. A CB Trip Time meter is also available, which
measures the time between the trip or open command being
issued and the auxiliary contacts changing state.

Fault Records
The last 10 fault records are displayed on the relay fascia and
are also available through the communication interface,
with time and date of trip, measured quantities and type of
fault. The led indications from the time of the fault are also
repeated.
Waveform recorder
The waveform recorder stores analogue data for all poles,
the states of protection functions, Binary Inputs, LEDs and
Binary Outputs with pre & post trigger data. A record can be
triggered from Protection function, Binary input or via data
communications. 1 record of 10sec, 2 of 5sec, 5 of 2sec or
10 records of 1 second are stored. The ratio of pre-fault to
post fault storage can be set by the user.
Demand Metering
A record of demand is available. The demand minimum,
maximum and average values for currents, frequency and if
applicable, voltages and real, reactive and apparent power,
over a user selectable period of time, is displayed and
available via data communications. Typically this is set as a
rolling value for the last 24 hours.
Real Time Clock
The time and date can be set and are maintained while the
relay is de-energised by a back up storage capacitor. The
time can be synchronized from a binary input pulse or the
data communication channel.
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Reydisp Evolution
Reydisp Evolution is a Windows based software tool,
providing the means for the user to apply settings,
interrogate settings and retrieve events and disturbance
waveforms from the device and is common to the entire
range of Reyrolle protection relays.

Communications Editor
To facilitate easier interfacing to a substation the relays
default Protocol configuration may be modified using the
communication editor software tool.
The communication editor is a PC based software package
provided within the Reydisp software suite which allows
modification of the IEC60870-5-103, DNP 3.0 and MODBUS
Protocols.

Fig 17. Typical Communications Editor Screenshot

Fig 15. Typical Reydisp Evolution Screenshot

Curve Editor
The Curve Editor tool can be used to add user defined
characteristics for use by any of the Voltage, Current or
Thermal IDMTL elements.

Language Editor
The Language editor software gives the user the ability to
customize the text displayed in the relays, Menu structure
and instrumentation views. The tool allows a language file
to be created and transferred to the relay also containing
Western European characters.

Fig 18. Typical Curve Editor Screenshot

Fig 16. Typical Language Editor Screenshot

Siemens Protection Devices Limited
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Reydisp Manager
Reydisp Manager is a Windows based application which
enables configuration of multiple Reyrolle devices.
It provides the following features:
• Project based handling of all features of multiple devices to
allow engineering of IEC61850 projects.
• Template based structure allowing offline configuration
• Configure and store device settings for all settings groups
• Create and edit graphical logic diagrams
• Configure data points and options for serial protocols
• Configure Language
• Configure User Curves
• Update device firmware

Serial Communications
The relay offers a USB serial port as standard on the front of
all units. All of the relays functions can be set on a PC using
Reydisp Evolution via the USB port. The connection is made
with a USB cable and operates with a ‘plug and play’
connection, so no pre-setting of the relay is required.
The front port can be switched off or set to use either the
DNP3.0, MODBUS-RTU, IEC60870-5-103 and ASCII protocols
for testing purposes.
A rear RS485 electrical connection is available on all units for
system interface connections. An internal terminating
resistor is provided, which can be connected into the circuit
by adding a wire loop between the relevant terminals.

Please refer to the Reydisp Manager User Guide for further
information.

Ext Wire loop to
Include line
terminating Res

To Control System
14
16
18

RS485 Screened
twisted pair

14
16
18
20
RS485 Screened
twisted pair

Rear terminals

Fig 22. Typical RS485 connection
The rear RS485 can be user selected to be OFF, IEC60870-5103, MODBUS RTU or DNP3.0 protocol.

Ethernet Communications
Fig 19. Typical Reydisp Manager Screenshot

IEC 61850
IEC61850 communication is available through an optional
EN100 communication module. The EN100 Module can be
ordered with either 2x Electrical RJ45 or 2x Fibre optic LC
Ethernet ports.
Information on IEC61850 functionality can be found in the
following 7SR191documents:
Model Implementation Conformance Statement (MICS)
Protocol Implementation Conformance Statement (PICS)

Fig 20. Typical Settings Editor Screenshot

Protocol Implementation Extra Information for Testing (PIXIT)

Fig 21. Typical Reylogic Express graphical logic editor
Screenshot
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Construction
The relay is housed in a 4U high size E4 or E6 case with a
removable clear plastic fascia cover. The plastic fascia cover
can be ordered with or without two push buttons to allow
the user to view the settings and instruments without
removing the cover.
Two plastic handles are provided to allow the relay to be
withdrawn from its case, contacts in the case ensure that the
CT circuits and normally closed contacts remain short
circuited when the relay is withdrawn.
The rear terminal blocks comprise M4 female terminals for
ring crimp wire connections, to provide a secure and reliable
termination.

User Interface
User
Function
Label
Large LCD

Programmable
from fascia

Multicoloured
LED’s

Fig 25. User Interface
The operator interface is designed to provide a user friendly
method of controlling, viewing menus, entering settings and
retrieving data from the relay. Five buttons are provided for
navigation around the menu structure.
LCD
A 4 line by 20 character liquid crystal display with power
save operation indicates the relay identifier, settings,
instrumentation, fault data and control commands.
Up to 6 user programmable general alarms can be
configured to display your own indications on the LCD.

Fig 23. Rear view of E4 relay

LEDs
A green steadily illuminated LED indicates the ‘Protection
Healthy’ condition.
9 user programmable LEDs are available eliminating the
need for expensive panel mounted pilot lights and
associated wiring. Each LED is tri-colour (red, green, yellow)
allowing for clear indication of the associated function’s
state and has a label insert for identification.
Relay Information
The device is identified by the rating label on the fascia. The
user can also give the device its own identity by editing the
‘Relay Identifier’ displayed on the LCD or space is provided to
place a slip in label giving the relays function.

Fig.24 Rear view of relay with 2x LC Fibre Optic ports
(E6 Case with IEC61850)

Siemens Protection Devices Limited
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Binary Inputs

Technical Data

Number
For full technical data refer to the Performance Specification
Section of the Technical Manual.

Inputs and Outputs
Current Inputs
Quantity
Rated Current In
Measuring Range
Instrumentation ≥ 0.1xIn
Frequency
Thermal Withstand:
Continuous
1 Second
1 Cycle
Burden @ In

4
1/5A
80 x In
±1% In
50/60Hz
4 x In
100A (1A) 350A (5A)
700A (1A) 2500A (5A)
≤0.02VA (1A phase and Earth
element)
≤0.2VA (5A phase and earth
element)

Voltage Inputs (optional)
Quantity
Nominal
Operating Range
Instrumentation ≥ 0.8xVn
Burden @ 110V
Overvoltage Withstand

3, ph-ph or ph-n
40…160 Vrms
0… 200 Vrms
±1% Vn
≤ 0.06 VA
300 Vrms

Auxiliary Supply
Rated DC Voltage

Allowable superimposed
ac component
Rated AC Voltage
Power Consumption:

Allowable breaks/dips in
supply (collapse to zero)

14

110/125/220/250V
Operating range 64 to 300V
24/48/60V
Operating range 18 to 72V
12% of DC voltage
115 V rms 50/60Hz
Range 92 to 138 V rms AC
50/60Hz ±5%
E4 Min (DC)
3.9W
E4 Max (DC)
8W
E4 Min (AC)
9VA 0.5PF
E4 Max (AC)
16VA 0.5PF
E6 Min (DC)
6.4W
E6 Max (DC)
10.5W
E6 Min (AC)
14.5VA 0.5PF
E6 Max (AC)
21.5VA 0.5PF
DC
50ms
AC
2.5/3 cycles
@50/60Hz

Operating Voltage

Maximum dc
current for
operation
Maximum peak ac
current for
operation
Pick Up Delay

3 or 6
19V dc
88V dc
1.5mA

DC Range 17 to 320V dc
AC Range 92 to 138 VRMSAC
Range 70 to 320V dc

1.5mA

User Selectable 0 to 14,400,000ms
(up to 4 hours)
Drop Off Delay
User Selectable 0 to 14,400,000ms
(up to 4 hours)
For AC operation the BI pick-up delay should be set to 0ms
and the drop-off delay to 20ms.
Binary Outputs
Number
Operating Voltage
Operating Mode
Operating Time from
Energizing Binary Input
Making Capacity:
Carry continuously
Make and carry
(L/R ≤40 ms and V ≤300 V)
Breaking Capacity
( ≤ 5 A and ≤ 300 V):
AC Resistive
AC Inductive
DC Resistive
DC Inductive

5 or 8
(3 change over contacts)
Voltage Free
User selectable - Self or
Hand/Electrical Reset or pulsed.
<20ms
5A ac or dc
20A ac or dc for 0.5s
30A ac or dc for 0.2s
1250 VA
250 VA
at p.f. ≤ 0.4
75 W
30 W
at L/R ≤ 40ms
50 W
at L/R ≤ 10ms

Unit Design
Housing
Indication

With-drawable Element
User Interface
Weight

E4 or E6 (see dimension
drawing)
20 Character 4 line Display
Relay Healthy LED
9 Tri Coloured User
Programmable Self or Hand
Reset LED’s
Yes
5 Navigation Keys
Typical 3.2kg E4 case,
4.15 kg E6 case.
Additional Transport
packaging: add 0.4kg

Siemens Protection Devices Limited

Data Communication Interface
Communication Port

Front USB Type B
Rear RS485 2 wire electrical
IEC61850 optional ports:
2x Electrical RJ45 Ethernet
2x LC Fibre Optic Ethernet

Protocols

IEC60870-5-103
MODBUS RTU (Serial)
DNP3.0 O (Serial)
IEC61850 - optional

Fibre Optic Ethernet Data
Communication Interface
(IEC 61850 Option)

Mechanical Tests
Vibration (Sinusoidal)
IEC 60255-21-1 Class I
Type
Vibration response
Vibration response

Level
0.5 gn
1.0 gn

Variation
≤5%
≤5%

Level
5 gn, 11 ms
15 gn, 11 ms
10 gn, 16 ms

Variation
≤5%
≤5%
≤5%

Level
X-plane 3.5mm
displacement
below crossover
freq (8-9Hz) 1gn
above.
Y-plane –
1.5mm
displacement
below crossover
freq (8-9Hz)
0.5gn above.

Variation

Shock and Bump
IEC 60255-21-2 Class I
Type
Shock response
Shock withstand
Bump test
Seismic
IEC 60255-21-3 Class I

EN100 Fibre Optic Data Communication Interface
(IEC 61850 Option)
Physical

Fibre-optic

Connectors

Transmission Speed

Duplex LC 100BaseF in acc.
With IEEE802.3
62.5/125 µm glass fibre with
Duplex-LC connector
100 MBits/s

Optical Wavelength

1300 nm

Bridgeable distance

2 km

Recommended fibre

EN100 Electrical Ethernet Data Communication Interface
(IEC 61850 Option)
Physical

Electrical

Connectors

RJ45 100BaseT in acc. With
IEEE802.3
100 MBits/s

Transmission Speed
Test Voltage (with regard to
socket)
Bridgeable distance

Type

Seismic response

≤5%

Mechanical Classification
Durability

>106 operations

500 VAC 50 Hz
20m

Data Storage
Fault Record
Waveform Record

Events

10
10 x 1sec
2 x 5sec
5 x 2sec
1 x 10sec
Pre trigger 10…90%
1000 1ms Resolution

Siemens Protection Devices Limited
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Radiated Radio Frequency
IEC 60255-25

Electrical Tests

Type
30 to 230 MHz
230 to 10000 MHz

Insulation
IEC 60255-5
Type
Between any terminal
and earth

Level
2.5 kV AC RMS for 1 min

Between independent
circuits

2.5 kV AC RMS for 1 min

Across normally open
contacts

1.0 kV AC RMS for 1 min

Limits at 10 m, Quasi-peak
40 dB(µV/m)
47 dB(µV/m)

Conducted Radio Frequency
Type
0.15 to 0.5 MHz
0.5 to 30 MHz

Limits
Quasi-peak
79 dB(µV)
73 dB(µV)

Average
66 dB(µV/m)
60 dB(µV/m)

Radiated Immunity
High Frequency Disturbance
IEC 60255-22-1 Class III
Type
Case, Aux Power & I/O.
Common mode
Case, Aux Power & I/O.
Transverse mode
RS485 Comms

IEC 60255-22-3 Class III

Level
2.5kV

Variation
≤ 10%

1.0kV

≤ 10%

1.0kV

No data loss

Type
80 MHz to 1000 MHz Sweep
1.4GHz to 2.7GHz Sweep
80,160,380,450,900,1850,
2150 MHz Spot

Level
10 V/m
10V/m
10V/m

Magnetic Field with Power Frequency
IEC 61000-4-8, Class V

Electrostatic Discharge
IEC 60255-22-2 Class IV
Type
Contact discharge

Level
8.0 kV

Variation
≤5%

Electrical Fast Transient / Burst Immunity
IEC 60255-22-4 Class A (2002)
Type
Case, Aux Power & I/O
RS485 Comms

Level
4kV
2.0kV

Variation
≤ 10 %
No data loss

Type

Level

100A/m (0.126mT) continuous
1000A/m (1.26mT) for 3s

50Hz

Environmental Tests
Temperature
IEC 60068-2-1/2
Operating Range
Storage range

Surge Immunity
IEC 60255-22-5; IEC 61000-4-5
Type
Level
Variation
Analog Inputs.
4.0 kV
≤ 10 %
Line to Earth
Case, Aux Power & I/O.
2.0 kV
≤ 10 %
Line to Earth
RS485 Comms port
1.0 kV
No Data Loss
Line to Earth
Analog Inputs.
1.0 kV
≤ 10 %
Line to Line
Case, Aux Power & I/O.
1.0 kV*
≤ 10 %
Line to Line
*Note 50ms DTL pick up delay applied to binary inputs

-10 °C to +55 °C
-25 °C to +70 °C

Humidity
IEC 60068-2-78
Operational test

56 days at 40 °C and 93 %
relative humidity

IP Ratings
IEC 60529
Type
Installed with cover

Level
IP 51 from front of relay

Installed with cover removed

IP 20 from front of relay

Conducted Radio Frequency Interference
IEC 60255-22-6
Type
0.15 to 80 MHz

16

Level
10 V

Variation
≤5%
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IT Setting Range
Tm Time Multiplier
Char Operate Level
Overshoot Time
Inhibited by

Performance
27/59 Under/Over Voltage
Number of Elements
Operate
Voltage Guard
Setting Range Vs
Hysteresis Setting
Vs Operate Level
Reset Level:
Overvoltage
Undervoltage
Delay Setting td
Basic Operate Time :
0 to 1.1xVs
0 to 2.0xVs
1.1 to 0.5xVs
Operate time
following delay.
Inhibited by

4 Under or Over
Any phase or All phases
1 to 200V
5 to 200V
0 to 80%
100% Vs, ±1% or ±0.25V
=(100%-hyst)xVop, ±1% or ±0.25V
=(100%+hyst)xVop, ±1% or±0.25V
0.00 to 14400s
73ms ±10ms
63ms ±10ms
58ms ±10ms
Tbasic +td , ±1% or ±10ms
Binary or Virtual Input
VT Supervision, Voltage Guard

2
Any phase or ALL
0.05 to 5.0 x In
100% Is, ±5% or ±1%xIn
0.05 to 5.0 x In
0.00 to 14400s
35ms ±10ms
Tbasic +td , ±1% or ±10ms
< 40ms
Binary or Virtual Input, Guard

46MDT Phase Unbalance
Number of Elements
Setting Range Ss
Operate Level
Delay Setting td
Basic Operate Time
0.01 to 1
Operate time following
delay.
Inhibited by

1
0.01 to 1.0
100% Ss, ±5% for Imean ≥0.1xIn
0.00 to 14400s
95ms ±10ms
Tbasic +td , ±1% or ±10ms
Binary or Virtual Input

46 Negative Phase Sequence Overcurrent
Number of Elements
DT Setting Range Is
DT Operate Level
DT Delay Setting td
DT Basic Operate Time
0 to 2 xIs
0 to 5 xIs
DT Operate time
following delay.
IT Char Setting

47 Negative Phase Sequence Overvoltage
Number of Elements
Setting Range Vs
DT Hysteresis Setting
Operate Level
DT Delay Setting td
Basic Operate Time
0V to 1.5xVs
0V to 10xVs
DT Operate time
following delay.
IT Char Setting
IT Tm Time Multiplier
IT Char Operate Level
Overshoot Time
Inhibited by

2xDT & 2xIT
1 to 90V
0 to 80%
100% Vs, ±2% or ±0.5V
0.00 to14400s
80ms ±20ms
55ms ±20ms
Tbasic +td , ±2% or ±20ms
IDMTL, DTL
0.025 to 100
100% Is, ±2% or ±0.5V
< 40ms
Binary or Virtual Input

49 Thermal Overload

37 Undercurrent
Number of Elements
Operate
Setting Range Is
Operate Level
Current Guard
Delay Setting td
Basic Operate Time:
1.1 to 0.5xIn
Operate time following
delay.
Overshoot Time
Inhibited by

0.05 to 2.5
0.025 to 100
105% Is, ±4% or ±1%In
< 40ms
Binary or Virtual Input

DT & IT
0.05,0.10…4.0 x In
100% Is, ±5% or ±1%xIn
0.00 to 14400s

Operate levels
Setting Range Is
Operate Level
Time Constant Setting
Operate time

Alarm Level
Inhibited by

Operate and Alarm
0.10 to 3.0 x In
100% Is, ±5% or ±1%xIn
1 to 1000min


I 2 ⋅ I p2


t = τ × In  2
2 


 I ⋅ (k × I B ) 

±5% absolute or ±100ms where
Ip = prior current
Disabled, 50,51…100%
Binary or Virtual Input

50 (67) Instantaneous & DTL OC&EF (Directional)
Operation
7SR1915/6 only
Elements
Number of Elements
Operating Current
Setting Range Is
Time Delay
Operate Level
Operate time:
50
50N
Operate time following
delay
Inhibited by

Non directional, Forward or
reverse
Phase (50)& Derived Earth (50N)
4 x OC
4 x Derived EF
RMS or Fundamental frequency
0.05 to 50 x In
0.00 to 14400s
100% Is, ±5% or ±1%xIn
0 to 2xIs – 35ms, ±10ms,
0 to 5xIs – 25ms, ±10ms
0 to 2xIs – 40ms, ±10ms,
0 to 5xIs – 30ms, ±10ms
Tbasic +td , ±1% or ±10ms
Binary or Virtual Input
VT Supervision

40ms ±10ms
30ms ±10ms
Tbasic +td , ±1% or ±10ms
IEC NI,VI,EI,LTI ANSI MI,VI,EI &
DTL

Siemens Protection Devices Limited
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51(67) Time Delayed OC&EF (Directional)
Operation – 7SR1915/6
only
Elements
Number of Elements
Operating Current
Characteristic
Setting Range Is
Time Multiplier
Time Delay
Operate Level
Minimum Operate time
IEC
ANSI

Follower Delay
Reset
Inhibited by

Non directional, Forward or
reverse
Phase & Derived Earth
2 x OC
2 x Derived EF
RMS or Fundamental frequency
IEC NI,VI,EI,LTI ANSI MI,VI,EI &
DTL
0.05 to 2.5 x In
0.025 to 100
0,0.01… 20s
105% Is, ±4% or ±1%xIn
top =

K

[ IsI ]α − 1

× Tm

 A

top =  P + B  × Tm
I
 [ Is ] − 1 

± 5 % absolute or ± 30 ms
0 - 20s
ANSI decaying, 0 – 60s
Binary or Virtual Input
VT Supervision

50BF Circuit Breaker Fail

59C Capacitor Overvoltage
Number of Elements
Capacitor Rated Current,
equivalent to Vcr
Setting Range Is
DT Operate Level
DT Delay Setting td
DT Basic Operate Time
0 to 2 xVs
0 to 5 xVs
DT Operate time
following delay.
IT Char Setting
IT Setting Range
IT Tm Time Multiplier
IT Char Operate Level
Operate time
IDMTL

2xDT & 2xIT
0.1 to 5 xIn

Capacitor

See Fig. 13 above, ± 5 % or ±
65 ms.

DTL
Overshoot Time
Inhibited by

td, ± 1 % or ± 50ms
< 40ms
Binary or Virtual Input

80 to 150% Vcr
100% Vs, ±2% or ±0.5V
0.00 to 14400s
50ms ±10ms
45ms ±10ms
Tbasic +td , ±1% or ±20ms
Capacitor, IDMTL, DTL
80 to 150% Vcr
0.025 to 1.6
100% Is, ±2% or ±0.5V
M
t op = V
[Vs ] − 1 , ± 5 % or ± 65 ms.

59N Neutral Voltage Displacement
Operation

Setting Range Is
2 Stage Time Delays
Operate Level
Disengaging time
Operate time following
delay
Triggered by
Inhibited by
Timer By pass

Current check - Phase and
Measured I4 with independent
settings, Mechanical Trip,
CB Faulty Monitor
0.05 to 2.0 x In
Timer 1 - 20 to 60000ms
Timer 2 - 20 to 60000ms
100% Is, ±5% or ±1%xIn
< 20ms
Tcbf ±1% or ±2ms
Any function mapped as trip
contact.
Binary/Virtual Input
Yes, 50BF CB Faulty Input

59IT Time Delayed Phase Overvoltage
Number of Elements
IT Char Setting
IT Setting Range
Tm Time
Multiplier(IDMT)
Delay (DTL)
Operate time
IDMTL

1
IDMTL, Capacitor & DTL
1 to 100V
0.1 to 140

Capacitor

See Fig. 13 above, ± 5 % or ±
65 ms.

DTL

td, ± 1 % or ± 40ms
0 to 60s
105% Vs, ±2% or ±0.5V
Binary or Virtual Input

Reset
Char Operate Level
Inhibited by
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Number of Elements
DT Setting Range Is
DT Operate Level
DT Delay Setting td
DT Basic Operate Time
0V to 1.5 x Vs
0V to 10 x Vs
DT Operate time
following delay.
IT Char Setting
IT Setting Range
Tm Time
Multiplier(IDMT)
Delay (DTL)
Operate time
IDMTL

DT & IT
1 to 100V
100% Vs, ±2% or ±0.5V
0 to 14400s

Reset
Char Operate Level
Inhibited by

IEC/ANSI Decaying, 0 to 60s
105% Vs, ±2% or ±0.5V
Binary or Virtual Input

76ms ±20ms
63ms ±20ms
Tbasic +td , ±1% or ±20ms
IDMTL & DTL
1 to 100V
0.1 to 140
0 to 20s
M
t op = V
[Vs ] − 1 , ± 5 % or ± 65 ms.

0 to 20s
M
t op = V
[Vs ] − 1 , ± 5 % or ± 65 ms.

Siemens Protection Devices Limited

60C Capacitor Unbalance
Number of Elements
DT Setting Range Is
DT Operate Level
DT Delay Setting td
DT Basic Operate Time
0 to 2 xIs
0 to 5 xIs
DT Operate time
following delay.
IT Char Setting
IT Setting Range
Tm Time Multiplier
Char Operate Level
Overshoot Time
Inhibited by

CB Maintenance
DT & IT
0.01 to 2.0 x In
100% Is, ±5% or ±1%xIn
0.00 to 14400s
50ms ±10ms
40ms ±10ms
Tbasic +td , ±1% or ±10ms
DTL & User Specified
0.01 to 2
0.025 to 100
105% Is, ±4% or ±1%In
< 40ms
Binary or Virtual Input

Trip Counter
I2t Alarm
Control Functions
CB
EF
Relay Mode
Reset

Total & Delta
0…10000
10…100000

Open/Close
IN/OUT
Local/Remote/Local or Remote
LED’s & O/P’s

60 Supervision
CT
VT

7SR1912/3 Current
7SR1915/6 Current or Vnps &
Inps
7SR1915/6 nps/zps

87REF Restricted Earth Fault
Setting Range
Operate Level
Time Delay
Basic Operate Time
Inhibited by

0.05 to 0.95 xIn
100% Is, ±5% or ±1%xIn
0 to 60s
0 to 2 xIs 40ms ±10ms
0 to 5 xIs 30ms ±10ms
Binary or Virtual Input

74T/CC Trip/Close Circuit Supervision
Number of supervisable
circuits
Number of BI’s Required

3 x Trip and 3 x Close
1 or 2 per function

81 Under/Over Frequency
Number of Elements
Under Voltage Guard
Setting Range Hz
Hysteresis Setting
Operate Level
Operate Time
Vs Operate Delay

4 Under or Over
Yes/No
43 to 57Hz (50Hz)
53 to 68Hz (60Hz)
0 to 2%
100% Fs ±10mHz
Typical <150ms
0 to 14400s

Reswitch Blocking
Operation
Blocking time
Setting Range Is
Operate Level
Delay Setting td
Basic Operate Time:
1.1 to 0.5xIn
Operate time following
delay.

UC, CB position,
UC&CB, UC or CB
0 to 60000s
0.05 to 5.0 x In
100% Is, ±5% or ±1%xIn
0.00 to 14400s
50ms ±10ms
Tbasic +td , ±1% or ±10ms

Siemens Protection Devices Limited

19

Case Dimensions
Case Earth
connection

216.5

Typical
when
fitted

SIDE VIEW

103.5

177

31

151.5

11

FRONT
VIEW

25mm MIN CLEARANCE FOR TERMINAL WIRING

10.25

98.5

E4
PANEL CUTOUT

159

NOTE:
THE 3.6 HOLES ARE FOR M4 THREAD FORMING (TRILOBULAR) SCREWS.
THESE ARE SUPPLIED AS STANDARD AND ARE SUITABLE FOR USE IN
FERROUS / ALUMINIUM PANELS 1.6mm THICK AND ABOVE. FOR OTHER
PANELS, HOLES TO BE M4 CLEARANCE (TYPICALLY 4.5 DIAMETER) AND
RELAYS MOUNTED USING M4 MACHINE SCREWS, NUTS AND
LOCKWASHERS (SUPPLIED IN PANEL FIXING KIT).

168

Diameter 3.6 - 4 holes (see note)

78

Fig 26. E4 Case overall dimensions and panel drilling details (all dimensions are in mm)

159

168
10

PANEL CUT-OUT

Typical
when
fitted

130

31

216.5

SIDE VIEW

Case Earth
connection

151.5

11

150

MINIMUM CLEARANCES:
25mm FOR TERMINAL WIRING
75mm FOR ETHERNET COMMS MODULE

Diameter 3.6 - 4 holes (see note)

177

155.5

TOP VIEW

FRONT VIEW
FRONT

NOTE:
THE 3.6 HOLES ARE FOR M4 THREAD FORMING (TRILOBULAR) SCREWS. THESE ARE SUPPLIED AS STANDARD AND ARE SUITABLE FOR
USE IN FERROUS / ALUMINIUM PANELS 1.6mm THICK AND ABOVE. FOR OTHER PANELS, HOLES TO BE M4 CLEARANCE (TYPICALLY 4.5
DIAMETER) AND RELAYS MOUNTED USING M4 MACHINE SCREWS, NUTS AND LOCKWASHERS (SUPPLIED IN PANEL FIXING KIT).

Fig.27 E6 Case overall dimensions and panel drilling details (all dimensions are in mm)
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7SR1912/1913 Connection Diagram
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GND
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3
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BO 7
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BO 8

15

5A

3

BO 1

IL1

5A

5A

BO 3
IL3

BO 4

1A

5A

6
5

IL2

1A
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1

4

BO 2

24
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27
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BI =
BO =

Binary Input
Binary Output

2

1A
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28

NOTES
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20
21

A

GND.

18
19

2

Rear View
Arrangement of terminals and modules

16
17

1

B

27

-ve

14
15

2

Data
Comms
(optional)

+ve

B
13

1

9

A

18

28

BI 5
+ve

-ve

20

24

BI 2

+ve

16

-ve
+ve

-ve

14

22

BI 4

RS485

2

BO 5

Shows contacts internal to relay
case assembly.
Contacts close when the relay
chassis is withdrawn from case

8
7
10
9
12
11

IL4

28

A

Fig28. Diagram showing 7SR1913 relay with 4 CT inputs, 6 binary inputs and 8 binary outputs.
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7SR1915/1916 Connection Diagram

4
6
8
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+ve

+ve

BI 1

-ve

BI 4
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+ve

+ve
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BI 2

BI 5
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13
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11
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IL1

BO 2

23

BO 3

5A

IL3
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24
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2

B

A

27
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28

Rear View
Arrangement of terminals and modules
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BI =
BO =

Binary Input
Binary Output

1

6
5

IL2

1A

22

1

2

20
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19

4

5A

2

17

3

1A

18
19

7

BO 7

16
17

5

BO 6

1A

14

1

1

V1
22

3

9

RS485

2

BO 5

Shows contacts internal to relay
case assembly.
Contacts close when the relay
chassis is withdrawn from case

8
7
10
9
12
11

IL4

A

Fig29. Diagram showing 7SR1916 relay with 4 CT inputs, 3 VT inputs, 6 binary inputs and 8 binary outputs.
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Ordering Information – 7SR191 Capa Capacitor Bank Protection
Product description

Variants

Capacitor Protection
Capacitor Bank
protection relay

Order No.
7 S R 1 9 1

Protection Product
Miscellaneous Protection
Capacitor Protection
Case I/O and Fascia
4 CT, 3 Binary Inputs / 5 Binary Outputs, 10 LEDs
4 CT, 6 Binary Inputs / 8 Binary Outputs, 10 LEDs
4 CT, 3VT, 3 Binary Inputs / 5 Binary Outputs, 10 LEDs
4 CT, 3VT, 6 Binary Inputs / 8 Binary Outputs, 10 LEDs

- 1

C A 0

1
2
3
5
6

Auxiliary voltage
80 to 250V DC / 115V AC, binary input threshold 19V DC
80 to 250V DC, binary input threshold 88V DC
24 to 60V DC, binary input threshold 19V DC
Communication Interface
Standard version – included in all models, USB front port, RS485 rear port (E4 case) 3)
Standard version - plus additional rear electrical Ethernet RJ45 (x2) (E6 Case) 3)
Standard version - plus additional rear optical Ethernet duplex (x2) (E6 Case) 3)
Protocol
IEC 60870-5-103, Modbus RTU and DNP3 (user selectable)
IEC 60870-5-103, Modbus RTU, DNP3 and IEC 61850. (user selectable settings)

Protection Function Packages
Standard version

-

9

Measuring Input
1/5 A, 50/60Hz1) , 40-160V2)

Relay Cover
Standard Version – No Push Buttons
Push Buttons – Down and Right Arrows

A

1
G
H
J
1 2
7 7
8 7
2
7
1
2
C

37
Undercurrent
46M
Phase unbalance
46
Negative phase sequence overcurrent
49
Thermal overload
50
Instantaneous phase fault overcurrent
50BF
Circuit breaker fail
50N
Instantaneous earth fault
51
Time delayed phase fault overcurrent
51c
Cold load pickup
51N
Time delayed earth fault
59C
Overvoltage by current integration
60C
Unbalance Overcurrent
60CTS
CT supervision
87REF
High Impedance REF
74T/CCS
Trip & Close circuit supervision
Re-energisation Blocking
Programmable Logic
For variants with 3 x VT inputs, as above plus:
27/59
Under/overvoltage
47
Negative phase sequence voltage
59N
Neutral voltage displacement
60VTS
VT Supervision
67/50
Directional instantaneous phase fault overcurrent
67/50N
Directional instantaneous earth fault
67/51
Directional time delayed phase fault overcurrent
67/51N
Directional time delayed earth fault
81U/0
Under/Over Frequency
Additional Functionality
No Additional Functionality
1)

4CT is configured by user setting as: 3PF + 1 Unbalance OR 1PF +3 Unbalance

2)

Voltage rating applies to models with optional VT inputs only.

3)

E4 case is standard, E6 case is required if IEC61850 option fitted

Siemens Protection Devices Limited
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Auxiliary Units for 7SR23
High Impedance Protection

Description – 7XG15
High Impedance Component Box
High impedance protection operates on the differential
current-balance principle. In each zone, the current transformers of the incoming and outgoing circuits are connected together and form a current balance group.
A relay is connected at a convenient point to form a spill
circuit. An internal fault upsets the current balance and
causes the relay to operate. The system employs one or
more relay elements with sensitive current setting and low
operating burden.
An external series resistor is used to give the each relay
element the voltage setting required to ensure stability
under through fault conditions. This is the setting or stabilizing resistor.
The resistance of the setting resistor should be sufficient to
ensure the effective setting voltage exceeds the voltage
developed by a through fault with one CT fully saturated.
The current setting of the 7SR23 may be adjusted to
achieve the desired primary operating current.
Non-linear resistors (e.g. Metrosils) are used to protect the
relay components, the insulation of secondary wiring and
current transformers, by suppressing high voltage peaks
which may otherwise be developed by the current transformer secondary winding under internal fault conditions.

Description – 7PG1110-7AE10
CT Shorting Relay
C.T. Supervision and Shorting:
Unbalance in any current-balance group due to an opencircuited current transformer, the primary of which is carrying load current, produces a voltage across the relay circuit.
This causes a spill current to flow and leads to instability of
the protection. This condition is monitored using a sensitive
element, either within the main protection relay or as a
stand alone device.
CT supervision is especially recommended for protections
applied to High Voltage switchgear and for schemes at all
voltages where current transformers are switched to accommodate different busbar arrangements.
When an unbalance is detected, the alarm element is used
to operate a suitably rated CT shorting relay, which will
prevent any protection maloperation. The relay is arranged
to short circuit the CT secondary wiring, diverting current
from the protection relay and preventing its operation.
The 7PG1110-7AE10 (AR901) CT shorting relay is such a
device, its contacts are rated to carry in excess of 50A for
three seconds, which is suitable for the majority of installations.
This relay is supplied in a 4U, size E2 relay enclosure.

Resistors and non-linear resistors are fitted on a per phase
basis.
The resistors and non-linear resistors may be fitted as discrete components; however the High Impedance Component Box 7XG15 contains these items within a 4U high, size
E6 relay enclosure.

Siemens Protection Devices Limited
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Application
Auxiliary units for High impedance Busbar and Auto transformer protection.
Used in conjunction with the 7SR23 High Impedance Protection Relay, the High Impedance Component Box 7XG15
and its associated CT Shorting Relay 7PG1110-7AE10 provides a complete, panel mounted solution for the provision
of High Impedance Protection.
Features of the system include:
CT supervision using elements within the 7SR23.
Provision of test points on the front panel of the Component Box.
CT shorting on the detection of a CT fault, and whenever a
protection operation occurs. This limits the dissipation of
the resistor and metrosil networks within the protection
panel.

Technical Information
7XG15:
Stabilising Resistor values:
Non-Linear Resistor:
Pressure tests:

Shock, Bump, Vibration
and Seismic tests:

2000, 1000 or 500 Ohms
C = 1000, B = 0.22 – 0.25
2kV for 1 minute between
phases, and all circuits to
Earth.
IEC 60255-21-1,2,3

7PG1110-7AE10:
Contact rating:
Make and carry for 3 sec.
Break:

50A
300VA within the limits of
250V and 5A.

Cases
Modular cases:
7PG1110-7AE10 relay:
7XG15 High Impedance Component Box:

Siemens Protection Devices Limited
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Determination of Stability
The stability of a current balance scheme using a high impedance relay circuit depends upon the relay voltage setting being greater than the maximum voltage which can
appear across the relay under a given through fault condition. This maximum voltage can be determined by means of
a simple calculation which makes the following assumptions:1.
2.

3.

One current transformer is fully saturated making
its excitation impedance negligible.
The resistance of the secondary winding of the
saturated CT together with the leads connecting it
to the relay circuit terminals constitutes the only
burden in parallel with the relay.
The remaining current transformers maintain their
ratio.

Thus the required relay operating voltage is given by:

Fault Setting
The fault setting of a current –balance protection using a
high impedance relay circuit can be calculated in the usual
manner. It should, however, be noted that because the
operating voltage of the relay circuit is relatively high, the
excitation currents of the CTs in parallel with the relay may
comprise a large portion of the fault setting.
Thus, if Is = the relay setting current, and I1, I2, I3 etc are
the excitation currents of the CTs at the setting voltage, and
T is the CT turns ratio then
Primary Operating Current = (Is +I1+I2+I3)xT

Current Transformer
Requirements

VS ≥ IF (RCT + RL ) × T
Where

The basic requirements are:

Vs = Relay circuit setting voltage

1. All CTs should have identical turns ratios.

RL = The largest value of pilot loop resistance between the
CT and the relay circuit terminals.

2. The knee point voltage of the current transformers
should be at least twice the relay setting voltage. The knee
point voltage is expressed as the voltage applied to the
secondary circuit of a current transformer which when
increased by 10% causes the magnetising current to increase by 50%.

RCT = The secondary winding resistance of the CT.
IF = The CT secondary current corresponding to the maximum steady-state through-fault current of the protected
equipment.
T = Turns ratio of all current transformers (Primary turns /
Secondary turns)

Method of establishing the value of relay setting resistors.
To give the required voltage setting the relay operating
level is adjusted by means of an external series resistor as
follows:

R STAB =

3. The current transformers should be of the low leakage
reactance type to IEC 60044 class PX. Generally most modern current transformers are of this type and there should
be no difficulty in meeting this requirement. Low leakage
reactance current transformers have a jointless core with
the secondary winding evenly distributed along the whole
length of the magnetic circuit, and the primary conductor
passes through the centre of the core.
See also the 7SR23 relay manual, applications section.
(Chapter 7, Section 3)

VS
IS

Where
Rstab = Resistance of the stabilising resistor
Vs = Relay circuit setting voltage
Is = Relay setting current

Siemens Protection Devices Limited
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Example: 3-Pole Differential Busbar Protection

Plant Data
Rated voltage: 11kV
CB Break capacity: 31.5kA
Busbar rated current: 2000A
Minimum available fault current: No data
Example System – Single Busbar

Plant Data

Using the data in the 7SR23 settings tool software,
we are given the following settings:

See diagram above.

7SR23 Relay

Setting Requirements
Assigned through fault current (rated stability limit) =
31.5kA
(CB break capacity)
Required Fault Setting (Primary Operate Current):

87/50-1 Element
87/50-1 Current Setting
87/50-1 Delay setting
CT50 Element
CT50 Setting
CT50 Delay

Enabled
0.365A
0s
Enabled
0.02A
3s

Auxiliary Component Box

Approximately 50% of busbar rating, or
10 – 30% of minimum fault current available, or

Rstab
Metrosil

500 Ohms
75mm, c = 1000

As specified by the user
From the supplied plant data a primary operate current
(POC)

Protection Healthy
87/50-1 Operated
CT50 Operated
Zone Switch Out
BI 1 Operated
Self Reset LED

of 1000A is chosen.

CT and Connection Details
Turns ratio (T)
Voltage Knee Point (VK)
Magnetising Current (Imag)
@ VK
CT secondary resistance
(RCT)
CT lead loop resistance (RL)

Control Scheme settings for 7SR23 (see connections diagram)

1/2000
600V
100mA

BO3 Minimum Operate
Time

BO2
BO3
BO3
BO3
L8
L8 (L8 to be marked as “ CT
Shorting Relay Operated “)
5s

10 Ohms
0.15 Ohms max.

Siemens Protection Devices Limited
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Diagrams – Selection of stabilising resistance
7XG15
HIGH IMPEDANCE
COMPONENT BOX

R = 2000 Ohms
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5
3
1
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27
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2
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10
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7XG15
HIGH IMPEDANCE
COMPONENT BOX

R = 1000 Ohms
23

5
3
1
13

25

11
9
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HIGH IMPEDANCE
COMPONENT BOX

R = 500 Ohms
23

5
3
1
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11
9

27

6
4

24,26,28
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AC Schematic diagram:7SR23, 7XG15, 7PG1110

7XG15
HIGH IMPEDANCE
COMPONENT BOX

CT SHORTING RELAY
7PG1110-7AE10
23
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5
3
1

1
A

2

TEST POINTS

CT

A
RELAY

13

25

B

7

11
9

3
CURRENT
B

4

TEST POINTS

CT

B

15

RELAY
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6

27

C

4
2

5
C

6

N

CT

24,26,28

TEST POINTS

C

7SR23
A9

A5

A1

A10

A6

A2

8

RELAY

10

NOTES:
1.

7SR23 DAD connections to the 7XG15 unit are correct for a setting resistance of 2000 Ohms.
These connections must be varied on the 7XG15 unit where the alternative values of 1000 or 500 Ohms are required for a given application.

2.

The CT Shorting Relay and the 7XG15 unit are both fitted with case shorting contacts. In the event that either device is withdrawn, the Current Transformers are automatically short circuited and indication is given by the 7SR23.

3.

The 7XG15 unit is designed to be used in conjunction with the 7PG11 CT Shorting Relay.
Do not use the 7XG15 unit without a CT shorting relay, or with alternative scheme connections.

Siemens Protection Devices Limited
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DC Schematic diagram:7SR23, 7XG15, 7PG1110

DC SUPPLY +VE

DC SUPPLY -VE

7SR23
B22

B24
PSU
B26

7SR23
CT SHORTING RELAY
7PG1110-7AE10

PROTECTION HEALTHY
B5

BO2 B9
B7

CT SHORTING RELAY
7PG1110-7AE10
7

8

27

28

13

14

Zone Switch Out
87/50, CT50
B11

BO3 B15
B13

7SR23
B2

BI1 B4

7XG15
HIGH IMPEDANCE
COMPONENT BOX
19

20

7SR23
17

BO4

TRIPPING RELAY
7PG15
19

27

28

NOTES:
1.

The rated DC voltage of the CT Shorting Relay and the 7SR23 DAD (Power Supply and Binary Inputs) must be compatible with the available auxiliary supply.

2.

On the 7SR23, Binary Input 1 must be suitably mapped to provide a self –reset LED indication that the CT Shorting
Relay is operated, and the protection is temporarily out of service (until the CT Shorting Relay Resets).

3.

The CT Shorting Relay and the 7XG15 unit are both fitted with case shorting contacts. In the event that either device is withdrawn, the Current Transformers are automatically short circuited and indication is given by the 7SR23.

4.

Binary Outputs on the 7SR23 are to be mapped as indicated above. This is to allow automatic operation of the CT
Shorting Relay as required by the scheme.

5.

BO3 must be configured as hand reset. The protection is reset from the keypad on the 7SR23, this will also reset the
CT shorting relay and indication.

6.

CB Trip is to be via a latched Trip Relay.

Siemens Protection Devices Limited
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Ordering Information
Product description

Variants

Auxiliary relay (AR901)
D.C. voltage operated relay.
Number of elements
Single element
Type of flag
No flag
Contact operation
CT shorting contacts – 4 NC 0 NO
Number of contacts
Four
Contact type 1)
NO (Standard) / NC (Standard)
Time delay
No additional time delay
Housing size
Case size E2 (4U high)
Voltage rating
DC 30V dc
DC 50V dc
DC 125V dc
DC 240V dc
Back emf suppression diode
Not Fitted

Siemens Protection Devices Limited

Order No.
7 P G 1 1 1
▲
│
│
1

0 - 7 A E 1 0 - 0 A
0
▲
▲▲▲▲▲
▲▲▲▲
│
│ │ │ │ │
│ │ │ │
│
│ │ │ │ │
│ │ │ │
│
│ │ │ │ │
│ │ │ │
│
│ │ │ │ │
│ │ │ │
│
│ │ │ │ │
│ │ │ │
0
│ │ │ │ │
│ │ │ │
│ │ │ │ │
│ │ │ │
│ │ │ │ │
│ │ │ │
7 A E │ │
│ │ │ │
│ │
│ │ │ │
│ │
│ │ │ │
1 │
│ │ │ │
│
│ │ │ │
│
│ │ │ │
0
│ │ │ │
│ │ │ │
│ │ │ │
0 │ │ │
│ │ │
│ │ │
A │ │
│ │
│ │
C │
D │
F │
H │
│
│
0
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Ordering Information
Component Box
Setting resistor and metrosil unit
for 7SR23
Disc size, number of phases
High Impedance Protection.
Three inch, single phase

7 X G 1 5 2
▲
│
│
2

B value
0.22 to 0.25
C value
1000
Resistors
2000/1000/500 Ohm
Case size E6 (4U high)

0 - 3 A A 0 0 - 0 D A 0
▲
▲▲
▲
│
│ │
│
│
│ │
│
│
│ │
│
│
│ │
│
│
│ │
│
│
│ │
│
0
│ │
│
│ │
│
│ │
│
3 │
│
│
│
│
│
A
│
D

Qualifications
Siemens protection devices limited operates a quality system accredited to ISO9001.
CE Compliant to relevant EU Directives.
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7SR157 Argus
Check and System Synchronising Relay

Energy Management.
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7SR157 Argus

Function Overview

Check and System Synchronising Relays

Check Sync Limits

0°
Nominal
Voltage

System Sync Limits

Live
Volts

Dead
Volts

Fig. 1 7SR157 Fascia

Description
The 7SR157 Argus is a combined check and system
synchronising relay which can carry out controlled closing of a
circuit breaker using measurements of the line and bus
voltages. The relay will prevent closure of the circuit breaker if
the differences in phase angle, slip frequency or magnitude of
the voltages fall outside prescribed limits.
If the parameters are within limits, the relay will issue an
output which can be used to close the circuit breaker directly
or in conjunction with an auto-reclose scheme.
Housed in a 4U high, size E4 or E6 (Optional IEC61850
model) case, the relay provides instrumentation and fault
data with integrated input and output logic, data logging &
fault reports. Communication access to the relay
functionality is via a front USB port for local PC connection
or rear electrical RS485 port for remote connection &
optional IEC61850 communication through two rear
Ethernet ports (Electrical or Optical).

180°
System Split

•
•
•
•
•
•

Independent check, system synchronising and close
on zero settings.
Adjustable slip frequency, phase angle, voltage
blocking and Differential voltage blocking.
Split system detection.
Configurable dead/live bus and dead/live line voltage
settings, (2 State and 3 State).
Synchronising bypass logic is provided to connect a
dead line or bus to a live line or bus.
For manual synchronising the relay includes a
circuit breaker close guard feature, which is used to
prevent the control switch being held closed during
a synchronising operation.

Monitoring
25
Undervoltage Detector
Differential Voltage Detector
Voltage Levels (Live and Dead status)
Control
25

Voltage Trim (Magnitude and Phase)
System Split Detector
Check Synchronising
Check Synchronising Close Guard
System Synchronising
Close On Zero Synchronising
System Split Lockout
Synchronising Bypass

Supervision
74
Close Circuit Supervision
60
VT Fail
Demand Metering
Features
Four Settings Groups
Password Protection – 2 levels
User Programmable Logic
Self Monitoring
Siemens Protection Devices Limited
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User Interface
20 Character x 4 Line Backlit LCD
Menu Navigation Keys
9 User Programmable Tri-colour LEDs
User Language Configuration

Hardware
2 VT, 3 Binary Inputs, 5 Binary Outputs
2 VT, 6 Binary Inputs, 8 Binary Outputs

Data Storage and
Communication
Standard Communications Ports
Communication access to relay functionality is via a front
USB port for local PC connection or rear electrical RS485 port
for remote connection
Additional Optional Communication Ports
2x Electrical RJ45 Ethernet ports
2x LC Fibre Optic Ethernet ports

Application
Check or system synchronising is required whenever two parts
of a power system network, each containing generation, have
to be connected or re-connected together. To avoid shock
loading and possible damage to primary electrical plant the
voltage, frequency and phase angle difference between the
two systems should be within acceptable limits relative to one
another.
Where two systems have been previously interconnected, the
frequencies of the two systems will drift apart slowly following
circuit breaker tripping and the phase angle difference will
increase. Here the slip rate will be small and the circuit breaker
can be closed using check synchronising settings as the
limiting parameters.
However, if the two systems become asynchronous so one
system is an ‘island’ of generation then a high rate of slip may
result causing the two systems to pass through anti-phase
conditions. The relay will detect this system split condition,
inhibit the check synchronising algorithms and apply system
synchronising settings as limiting parameters. Typically in this
mode the slip rate will be much higher and so there will be a
narrower allowable phase angle difference before closing. In
addition, closure of the circuit breaker will only be allowed
under conditions of decreasing difference in phase angle.

Functional Diagram

Standard Protocols
IEC60870-5-103, Modbus RTU, DNP3.0. User selectable with
programmable data points.
Optional Protocols
IEC61850 (E6 Case)
Ethernet Redundancy Protocols:
Standard in all IEC61850 models:
PRP (Parallel Redundancy Protocol)
RSTP (Rapid Spanning Tree Protocol)
HSR (High-availability Seamless Redundancy)
Data
Up to 1000 event records
User configurable fault record duration
Waveform records
Measurands
Commands
Time synchronism
Viewing and changing settings
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V Line

25

V Bus

60
VTF

74
CCS

VLine, Vbus connection
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Description of Functionality
25 Line/Bus Undervolts
The undervoltage detector element can block a close output
command if either the line or bus voltages are below the 25
Line U/V / 25 Bus U/V setting value.
25 Voltage Diff
The Differential Voltage Detector Element can block a close
output command if the scalar difference between the line
and bus voltages is greater than the 25 Volt Differential
setting value.
VT Level Mode
Option of 2 State or 3 State, to determine when a voltage is
live or dead:
2 State – Line or Bus voltages are dead until they exceed the
live threshold. The voltages are then live until they drop
below the dead threshold.
3 State - The Line or Bus Voltages are only classed as live
when above the live threshold. When the voltage falls below
the live threshold, the live output is RESET but the Dead
output does not SET until the voltage falls below the Dead
threshold. This is an indeterminate state, where both Live
and Dead outputs have the same value, both are RESET.
25 Voltage Trim
The relay incorporates a Voltage Trim Magnitude feature
and a Voltage Trim Angle feature for both the line and bus
voltages. This allows small adjustments to the input voltages
and phase angles of the relay.
25 System Split Detector
The method used to detect a system split can be selected as
either phase angle or slip frequency. When the selected
condition is exceeded the 25 System Split output is set;
indicating the system is split. A drop-off delay timer 25 System Split Timer is applied to the output, to suppress flickering.
25 Check Sync
Check Synchronising sets 25 InSyncCS and 25 Check Sync
Close outputs when the Line and Bus voltages are healthy and
synchronised. The phase angle tolerance for being synchronised is set by 25 Check Sync Angle setting. The synchronised
conditions must be held for a minimum time of 25 Check Sync
Timer setting. An optional setting 25 Check Sync Slip may be
applied to limit Slip Frequency.
There are two modes of operation, Auto and Manual.
AUTO: 25 Check Sync Close output is set when the Check
synchronizing conditions are met.
MANUAL: 25 Check Sync Close output is set when Check
synchronizing conditions are met and a manual close command is received, via Start Check Sync input.

Siemens Protection Devices Limited

Close Guard
If manual closes are required to be carried out via an operator,
the Close Guard feature can be enabled. This issues an alert
message and a general alarm, intended to warn the operator
about initiating a CB close before the relay issues a valid Check
Sync Close signal. This prevents the operator from pre-empting
the relays’ decision.
25 System Synchronising
System Synchronising is triggered by a system split. After a
split, System Sync will wait for Line and Bus phases to realign, before setting 25 InSyncSS and 25 System Sync Close
outputs. The phase angle tolerance for being synchronised is
set by 25 System Sync Angle setting (for the System Sync
outputs to be set the phase angle between the two voltages
must be decreasing). The slip frequency must not be excessive, within 25 System Sync Slip setting. The synchronised
conditions must be held for a minimum time of 25 System
Sync Timer setting.
There are two modes of operation, Auto and Manual, there is
also a lockout mode.
AUTO: 25 System Sync Close output is set when the Check
synchronizing conditions are met.
MANUAL: 25 System Sync Close output is set when Check
synchronizing conditions are met and a manual close command is received, via Start Check Sync input.
LOCKOUT: The System Split Lockout output is set when there
is a 25 System Split event.
25 Close On Zero
If the 25 Split Mode is set to COZ and a 25 System Split
occurs, a Close On Zero operation will be activated. Close On
Zero differs from System Sync, by attempting to issue a close
output when phase angle is precisely zero. The phase angle,
slip frequency and CB Close time delay are used to predict
when zero phase angle will occur.
The slip frequency must be less than the 25 COZ Slip Freq
but greater than the 25 Split Slip setting to avoid reversion
to Check Synchronising conditions.
25 Synchronising Bypass
Sync Bypass is triggered for switching operations, which
involve connecting a dead line or bus to a live line or live
bus. For these switching operations the synchronising conditions will not be met, the Sync Bypass setting is required to
bypass the synchronising operations and allow the Bypass
Close output.
74 Close Circuit Supervision
Monitors the open/closed status of up to 3 circuits. If circuit
status is open for a minimum time of 74CCS-n-Delay
setting, Close Circuit Fail and Close Circuit Fail n events are
raised.
60 VT Fail
When the circuit breaker is closed, both voltages should be
either Live or Dead. If this is not true, a VT Fail output is set
(60VTS, to indicate the Line VT has failed and 60VTF-Bus to
indicate the Bus VT has failed). A time delay setting (60VTF
– Line/Bus Delay) suppresses spurious operations during
transient switching conditions.
5

Programmable Logic
The user can map binary inputs, protection elements, LEDs
and binary outputs together in a logical scheme.
Up to 4 logic equations can be defined using standard logic
functions e.g. Timers, AND/OR gates, Inverters and Counters
to provide the user required functionality.
Each logic equation output can be used for alarm &
indication and/or tripping.
Virtual Inputs/Outputs
There are 8 virtual inputs/outputs to provide internal logical
states to assist in the application of the functions. Each
virtual I/O can be assigned in the same way as a physical I/O.

Data Acquisition Via Communication Interface
Sequence of event records
Up to 1000 events are stored and time tagged to 1ms
resolution.
Fault Records
The last 10 fault records are displayed on the relay fascia and
are also available through the communication interface,
with time and date of trip, measured quantities and type of
fault. The fault recorder is triggered by an input or custom
logic scheme.
Waveform recorder
The waveform recorder stores analogue data for all poles
and the states of protection functions, binary inputs, LEDs
and binary outputs with user settable pre & post trigger
data. A record can be triggered from protection function,
binary input or via data communications. 10 seconds of
waveform storage are available, configurable as 10 records
of 1 second duration, 5 of 2 seconds, 2 of 5 seconds or 1
record of 10 seconds duration.
Demand Metering
The Demand Metering Calculates the maximum, minimum and
mean values of Line and Bus voltages and displays it as instruments which can be read in the relay INSTRUMENTS MENU or
via Reydisp.

Serial Communications
The relay offers a USB serial port as standard on the front of
all units. All of the relays functions can be set on a PC using
Reydisp Evolution via the USB port. The connection is made
with a USB cable and operates with a ‘plug and play’
connection, so no pre-setting of the relay is required.
The front port can be switched off or set to use either the
DNP3.0, MODBUS-RTU, IEC60870-5-103 or ASCII protocols
for testing purposes.
A rear RS485 electrical connection is available on all units for
system interface connections. An internal terminating
resistor is provided, which can be connected into the circuit
by adding a wire loop between the relevant terminals.

Ext Wire loop to
Include line
terminating Res

To Control System
14
16
18

14
16
18
20
RS485 Screened
twisted pair

RS485 Screened
twisted pair

Rear terminals

Typical RS485 connection
The rear RS485 can be user selected to be OFF, IEC60870-5103, MODBUS RTU or DNP3.0 protocol.

Ethernet Communications
IEC 61850
IEC61850 communication is available through an optional
EN100 communication module. The EN100 Module can be
ordered with either 2x Electrical RJ45 or 2x Fibre optic LC
Ethernet ports.
Information on IEC61850 functionality can be found in the
following 7SR157 documents:
Model Implementation Conformance Statement (MICS)
Protocol Implementation Conformance Statement (PICS)

Real Time Clock
The time and date can be set and are maintained while the
relay is de-energised by a back up storage capacitor. The
time can be synchronized from a binary input pulse or the
data communication channel.
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Protocol Implementation Extra Information for Testing
(PIXIT)
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Reydisp Evolution
Reydisp Evolution is a Windows based software tool,
providing the means for the user to apply settings,
interrogate settings and retrieve events and disturbance
waveforms from the device and is common to the entire
range of Reyrolle protection relays.

Typical Communications Editor Screenshot

Reydisp Manager
Reydisp Manager provides the functionality of Reydisp
Evolution and also provides project management of multiple
devices to allow engineering of IEC61850 projects. It also
provides access to user logic within the devices via an easy to
use graphical interface.

Typical Reydisp Evolution Screenshot
Language Editor
The Language editor software gives the user the ability to
customize the text displayed in the relays, Menu structure
and instrumentation views. The tool allows a language file
to be created and transferred to the relay also containing
Western European characters.

Typical Language Editor Screenshot
Communications Editor
To facilitate easier interfacing to a substation the relays
default Protocol configuration may be modified using the
communication editor software tool.
The communication editor is a PC based software package
provided within the Reydisp software suite which allows
modification of the IEC60870-5-103, DNP 3.0 and MODBUS
Protocols.
Siemens Protection Devices Limited

Typical Reydisp Manager screenshots
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Construction
The relay is housed in a 4U high size E4 case with a
removable clear plastic fascia cover. The plastic fascia cover
can be ordered with or without two push buttons to allow
the user to view the settings and instruments without
removing the cover.
Two plastic handles are provided to allow the relay to be
withdrawn from its case.
The rear terminal blocks comprise M4 female terminals for
ring crimp wire connections, to provide a secure and reliable
termination.

User Interface
User
Function
Label

Relay
Specification
Label

Large LCD

Programmable
from fascia

Multicoloured
LED’s

Front USB
Comms
Port

User Interface

The operator interface is designed to provide a user friendly
method of controlling, viewing menus, entering settings and
retrieving data from the relay. Five buttons are provided for
navigation around the menu structure.

Rear view of Standard E4 relay

LCD
A 4 line by 20 character liquid crystal display with power
save operation indicates the relay identifier, settings,
instrumentation, fault data and control commands.
Up to 6 user programmable general alarms can be
configured to display your own indications on the LCD.
LEDs
A green steadily illuminated LED indicates the ‘Protection
Healthy’ condition.
9 user programmable LEDs are available eliminating the
need for expensive panel mounted pilot lights and
associated wiring. Each LED is tri-color (red, green, yellow)
allowing for clear indication of the associated function’s
state and has a label insert for identification.
Relay Information
The device is identified by the rating label on the fascia. The
user can also give the device its own identity by editing the
‘Relay Identifier’ displayed on the LCD or space is provided to
place a slip in label giving the relays function.

Rear view of relay with 2x LC Fibre Optic ports
(E6 Case with IEC61850)
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Binary Outputs

Technical Data

Number
For full technical data refer to the Performance Specification
Section of the Technical Manual.

Inputs and Outputs
Voltage Inputs
Nominal
Operating Range
Instrumentation ≥ 0.8xVn
Burden @ 110V
Overvoltage Withstand

40…160 Vrms
0… 200 Vrms
±1% Vn
≤ 0.06 VA
300 Vrms

Auxiliary Supply
Rated DC Voltage

Allowable superimposed
ac component
Rated AC Voltage
Power Consumption:

Allowable breaks/dips in
supply (collapse to zero)

110/125/220/250V
Range 64 to 300V
24/48/60V
Range 18 to 72V
12% of DC voltage
115 VAC 50/60Hz
Range 92 to 138 V rms AC
50/60Hz ±5%
E4 Min (DC)
3.9W
E4 Max (DC)
8W
E4 Min (AC)
9VA 0.5PF
E4 Max (AC)
16VA 0.5PF
E6 Min (DC)
6.4W
E6 Max (DC)
10.5W
E6 Min (AC)
14.5VA 0.5PF
E6 Max (AC)
21.5VA 0.5PF
DC
50ms
AC
2.5/3 cycles
@50/60Hz

Operating Voltage
Operating Mode
Operating Time from
Energizing Binary Input
Making Capacity:
Carry continuously
Make and carry
(L/R ≤ 40 ms and V ≤ 300
V)
Breaking Capacity
( ≤ 5 A and ≤ 300 V):
AC Resistive
AC Inductive
DC Resistive
DC Inductive

8 (2 change over contacts)
5 (2 change over contacts)
Voltage Free
User selectable - Self or
Hand/Electrical Reset or pulsed.
<20ms
5A ac or dc
20A ac or dc for 0.5s
30A ac or dc for 0.2s

1250 VA
250 VA
at p.f. ≤ 0.4
75 W
30 W
at L/R ≤ 40ms
50 W
at L/R ≤ 10ms

Unit Design
Housing
Indication

With-drawable Element
User Interface
Weight

IP Rating installed with
cover
IP Rating installed without
cover

E4 (see dimension drawing)
20 Character 4 line Display
Relay Healthy LED
9 Tri Coloured User
Programmable Self or Hand
Reset LED’s
Yes
5 Navigation Keys
Typical 3.2kg E4 case,
4.15 kg E6 case.
Additional Transport
packaging: add 0.4kg
IP 51 from front
IP 20 from front

Binary Inputs
Number
Operating Voltage

Maximum dc
current for
operation
Maximum peak ac
current for
operation
Pick Up Delay

6 or 3
19V dc
88V dc
1.5mA

Data Communication Interface
DC Range 17 to 320V dc
AC Range 92 to 138 VRMSAC
Range 70 to 320V dc

Communication Port

IEC61850 optional ports:
2x Electrical RJ45 Ethernet
2x LC Fibre Optic Ethernet

1.5mA

User Selectable 0 to 14,400,000ms
(up to 4 hours)
Drop Off Delay
User Selectable 0 to 14,400,000ms
(up to 4 hours)
For AC operation the BI pick-up delay should be set to 0ms
and the drop-off delay to 20ms.

Siemens Protection Devices Limited

Front USB Type B
Rear RS485 2 wire electrical

Protocols

IEC60870-5-103
MODBUS RTU (Serial)
DNP3.0 O (Serial)
IEC61850 - optional

Fibre Optic Ethernet Data
Communication Interface
(IEC 61850 Option)

9

EN100 Fibre Optic Data Communication Interface
(IEC 61850 Option)
Physical

layer Fibre-optic

Connectors

Transmission Speed

Duplex LC 100BaseF in acc.
With IEEE802.3
62.5/125 µm glass fibre with
Duplex-LC connector
100 MBits/s

Optical Wavelength

1300 nm

Bridgeable distance

2 km

Recommended fibre

Seismic
IEC 60255-21-3 Class I
Type

Seismic response

EN100 Electrical Ethernet Data Communication Interface
(IEC 61850 Option)
Electrical

Connectors

RJ45 100BaseT in acc. With
IEEE802.3
100 MBits/s

Test Voltage (with regard to
socket)
Bridgeable distance

500 VAC 50 Hz

Events

10
10 x 1sec
2 x 5sec
5 x 2sec
1 x 10sec
Pre trigger 10…90%
1000 1ms Resolution

Vibration (Sinusoidal)
IEC 60255-21-1 Class I
Level
0.5 gn
1.0 gn

Variation
≤5%
≤5%

Shock and Bump
IEC 60255-21-2 Class I
Type
Shock response
Shock withstand
Bump test

10
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Durability

>106 operations

Electrical Tests

Type
Between any terminal
and earth

Level
2.0 kV AC RMS for 1 min

Between independent
circuits

2.0 kV AC RMS for 1 min

Across normally open
contacts

1.0 kV AC RMS for 1 min

High Frequency Disturbance
IEC 60255-22-1 Class III
Type
Common
(longitudinal) mode
Series (transverse)
mode

Mechanical Tests

Type
Vibration response
Vibration response

≤5%

Insulation
IEC 60255-5

20m

Data Storage
Fault Record
Waveform Record

Variation

Mechanical Classification

Physical

Transmission Speed

Level
X-plane 3.5mm
displacement
below crossover
freq (8-9Hz) 1gn
and above
Y-plane –
1.5mm
displacement
below crossover
freq (8-9Hz)
0.5gn above

Level
2.5 kV

Variation
≤5%

1.0 kV

≤5%

Electrostatic Discharge
IEC 60255-22-2 Class IV
Type
Contact discharge

Level
8.0 kV

Variation
≤5%

Fast Transients
IEC 60255-22-4 Class A (2002)
Level
5 gn, 11 ms
15 gn, 11 ms
10 gn, 16 ms

Variation
≤5%
≤5%
≤5%

Type
5/50 ns 2.5 kHz
repetitive

Level
4kV

Variation
≤5%

Siemens Protection Devices Lim-

Surge Immunity
IEC 60255-22-5
Type
Analog Inputs:
Line to Earth

Level

Variation

4.0 kV

≤ 10%

Case, Aux Power &
I/O: Line to Earth

2.0 kV

≤ 10%

RS485 Comms port:
Line to Earth

1.0 kV

No Data Loss

Analog Inputs:
Line to Line

1.0 kV

≤ 10%

Case, Aux Power &
1.0 kV *
≤ 10%
I/O: Line to Line
* Note 50ms DTL pick-up delay applied to binary inputs
Conducted Radio Frequency Interference
IEC 60255-22-6
Type
0.15 to 80 MHz

Level
10 V

Variation
≤5%

Radiated Radio Frequency
IEC 60255-25
Type
30 to 230 MHz
230 to 10000 MHz

Limits at 10 m, Quasi-peak
40 dB(µV)
47 dB(µV)

Conducted Radio Frequency
Type
0.15 to 0.5 MHz
0.5 to 30 MHz

Limits
Quasi-peak
79 dB(µV)
73 dB(µV)

Average
66 dB(µV)
60 dB(µV)

Radiated Immunity
IEC 60255-22-3 Class III
Type
80 MHz to 1000 MHz Sweep

Level
10 V/m

1.4GHz to 2.7GHz Sweep

10V/m

80,160,380,450,900,1850,2150
MHz Spot

10V/m

Climatic Tests
Temperature
IEC 60068-2-1/2
Operating Range
Storage range
Humidity
IEC 60068-2-78
Operational test

-10 °C to +55 °C
-25 °C to +70 °C

56 days at 40 °C and 93 %
relative humidity

Siemens Protection Devices Limited
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25 System Sync Slip Frequency

Performance
25 Check Synchronising

Operate frequency

fslip, ± 10 mHz

Reset frequency

fop, - 10 mHz

Repeatability

± 10 mHz

Line Nom Voltage

40-160 V

Bus Nom Voltage

40-160 V

System Frequency

50/60 Hz

Operate frequency

fslip, ± 10 mHz

25 Check Sync Angle

0 – 90 º

Reset frequency

fop, - 10 mHz

25 Check Sync Slip

0 – 2Hz

Repeatability

± 10 mHz

25 Check Sync Timer

0-100 s

25 Split Slip

0 – 2Hz

25 System Split Timer

0 – 60 s

25 Check Sync Angle Difference
Operate angle

θdiff, ± 1 º

Reset angle

θop, ± 1 º

Repeatability

±1º

25 Check Sync Slip Frequency

25 Close on Zero Slip Frequency

25 System Sync Timer
Accuracy

± 1 % or ± 20ms

Repeatability

± 1 % or ± 20ms

Variation

-10 °C to +55 °C

≤5%

fnom ± 5 %

≤5%

74 CCS Close Circuit Supervision Operate and Reset Time
Element basic operate time

25ms
tbasic + td, ± 1 % or ± 20ms
± 1 % or ± 20ms

Operate frequency

fslip, ± 10 mHz

Operate time following
delay

Reset frequency

fop, - 10 mHz

Repeatability

Repeatability

± 10 mHz

Variation

-10 °C to +55 °C

≤5%

f nom ± 5 %

≤5%

25 Split Angle Detector
Operate angle

θdiff, ± 1 º

25 Split Slip Frequency Detector
Operate frequency

fslip, ± 10 mHz

Reset frequency

fop, - 10 mHz

Repeatability
25 Check Sync Timer

± 10 mHz

Accuracy

± 1 % or ± 20ms

Repeatability

± 1 % or ± 20ms

Variation

-10 °C to +55 °C

≤5%

f nom ± 5 %

≤5%

60 VTF VT Failure Operate and Reset Time
Element basic operate time
Operate time following
delay
Repeatability
-10 °C to +55 °C
Variation
f nom ± 5 %

63 ms, ± 10ms
tbasic + td, ± 1 % or ± 20ms
± 1 % or ± 20ms
≤5%
≤5%

25 System Synchronising
Line Nom Voltage

40-160 V

Bus Nom Voltage

40-160 V

System Frequency

50/60 Hz

25 System Sync Angle

0 – 90 º

25 COZ Slip Freq

0 – 2Hz

25 System Sync Slip

0 – 2Hz

25 System Sync Timer

0-100 s

25 SS Close Pulse

0-60 s

25 System Sync Angle Difference
Operate angle

θdiff, ± 1 º

Reset angle

θop, ± 1 º

Repeatability

±1º

12
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Case Dimensions
Case Earth
connection

216.5

Typical
when
fitted

SIDE VIEW

103.5

177

31

151.5

11

FRONT
VIEW

25mm MIN CLEARANCE FOR TERMINAL WIRING

10.25

98.5

E4
PANEL CUTOUT

159

NOTE:
THE 3.6 HOLES ARE FOR M4 THREAD FORMING (TRILOBULAR) SCREWS.
THESE ARE SUPPLIED AS STANDARD AND ARE SUITABLE FOR USE IN
FERROUS / ALUMINIUM PANELS 1.6mm THICK AND ABOVE. FOR OTHER
PANELS, HOLES TO BE M4 CLEARANCE (TYPICALLY 4.5 DIAMETER) AND
RELAYS MOUNTED USING M4 MACHINE SCREWS, NUTS AND
LOCKWASHERS (SUPPLIED IN PANEL FIXING KIT).

168

Diameter 3.6 - 4 holes (see note)

78

E4 Case overall dimensions and panel drilling details (all dimensions are in mm)

159

168
10

PANEL CUT-OUT

Typical
when
fitted

130

31

216.5

SIDE VIEW

Case Earth
connection

151.5

11

150

MINIMUM CLEARANCES:
25mm FOR TERMINAL WIRING
75mm FOR ETHERNET COMMS MODULE

Diameter 3.6 - 4 holes (see note)

177

155.5

TOP VIEW

FRONT VIEW
FRONT

NOTE:
THE 3.6 HOLES ARE FOR M4 THREAD FORMING (TRILOBULAR) SCREWS. THESE ARE SUPPLIED AS STANDARD AND ARE SUITABLE FOR
USE IN FERROUS / ALUMINIUM PANELS 1.6mm THICK AND ABOVE. FOR OTHER PANELS, HOLES TO BE M4 CLEARANCE (TYPICALLY 4.5
DIAMETER) AND RELAYS MOUNTED USING M4 MACHINE SCREWS, NUTS AND LOCKWASHERS (SUPPLIED IN PANEL FIXING KIT).

E6 Case overall dimensions and panel drilling details (all dimensions are in mm)
Siemens Protection Devices Limited
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Connection Diagram

2
4
6
8
10
12

+ve

+ve

BI 4

BI 1

-ve

-ve
+ve

+ve

BI 5

BI 2

-ve

7

BI 6

BI 3

-ve

5

Optional
+ve

+ve

3
1

1

2

1

2

A

16

GND

18

B

20

Term.

RS485

9
14

BO 6

11

BO 7

13

BO 8

15

B

Data
Comms
(optional)

A

17

V Line
22
24

27

19

+ve

28

27

28

21

-ve

V Bus
23

Rear View
Arrangement of terminals and modules

28
GND.

NOTES

B
3

BO 1

BI =
Binary Input
BO =
Binary Output
Items shown in BOLD are ordering options

1
2
4

BO 2

6
5

Shows contacts internal to relay case
assembly.
Contacts close when the relay chassis is
withdrawn from case

8

BO 3
7
10

BO 4
9
12

BO 5
11

A
Connection Diagram
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Ordering Information
Product description

Variants

Order No.
7 S R 1 5 7 □ -

Voltage Relay (Argus)

Protection Product
Voltage
Relay Type
Check Synchronising
Case, I/O and Fascia
2 VT, 3 Binary Inputs / 5 Binary Outputs, 10 LEDs
2 VT, 6 Binary Inputs / 8 Binary Outputs, 10 LEDs

5 □ A □ □ - □

C

A

0

5

7

7
8

Measuring Input
40/160V, 50/60Hz

5

Auxiliary voltage
80 to 250 VDC / 115 VAC, binary input threshold 19 V DC
80 to 250 V DC, binary input threshold 88 V DC
24 to 60 V DC, binary input threshold 19 V DC

G
H
J

Spare
A
Communication Interface
Standard version – included in all models, USB front port, RS485 rear port (E4 case) 1)
Standard version - plus additional rear electrical Ethernet RJ45 (x2) (E6 Case) 1)
Standard version - plus additional rear optical Ethernet duplex (x2) (E6 Case) 1)
Protocol
IEC 60870-5-103, Modbus RTU and DNP3 (user selectable setting)
IEC 60870-5-103, Modbus RTU, DNP3 and IEC 61850. (user selectable settings)
Front Cover
Standard Version – No Push Buttons
Push Buttons – Down and right arrows
Protection Function Packages
Standard version
25
Check Synchronising
Additional Functionality
No additional functionality
Spare

1 2
7 7
8 7

2
7

1
2

C

A
0

1) E4 case is standard, E6 case is required if IEC61850 option fitted

Siemens Protection Devices Limited
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7SR158 Argus
Voltage and Frequency Relay

Energy Management.
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7SR158 Argus
Voltage & Frequency Relay

User Interface
20 Character x 4 Line Backlit LCD
Menu Navigation Keys
9 User Programmable Tri-colour LEDs

Monitoring Functions

Fig. 1 7SR158 Fascia

Description
The 7SR158 is a voltage and frequency protection relay
developed to enhance the Argus family of products by
providing a familiar device using the latest generation of
hardware technology.
Housed in a 4U high, size E4 or E6 (Optional IEC61850 model) case, these relays provide protection, monitoring, instrumentation and metering with integrated input and output
logic, data logging & fault reports. Communication access to
the relay functionality is via a front USB port for local PC
connection or rear electrical RS485 port for remote connection & optional IEC61850 communication through two rear
Ethernet ports (Electrical or Optical).

Function Overview
Protection (can include)
27/59
Under/Over Voltage
47
Negative Phase Sequence Voltage
59N
Neutral Voltage Displacement
78
Vector Shift
81
Under/Over Frequency
81R
Rate-of-Change-of-Frequency (df/dt)
Supervision
74T/CCS
Trip & Close Circuit Supervision
Control
86
Lockout
CB Control
User Programmable Logic

Primary/Secondary Line and Phase Voltages
Positive Phase Sequence (PPS) Voltage
Negative Phase Sequence (NPS) Voltage
Zero Phase Sequence (ZPS) Voltage
Frequency
Binary Input/Output status
Time and date
Starters
Fault data
Event records
CB trip and maintenance counters and Time to Trip

Data Communication
Standard Communications Ports
Communication access to relay functionality is via a front
USB port for local PC connection or rear electrical RS485 port
for remote connection
Additional Optional Communication Ports
2x Electrical RJ45 Ethernet ports
2x LC Fibre Optic Ethernet ports
Standard Protocols
IEC60870-5-103, Modbus RTU, DNP3.0. User selectable with
programmable data points.
Optional Protocols
IEC61850 (E6 Case)
Ethernet Redundancy Protocols:
Standard in all IEC61850 models:
PRP (Parallel Redundancy Protocol)
RSTP (Rapid Spanning Tree Protocol)
HSR (High-availability Seamless Redundancy)
Data
Up to 1000 event records
User configurable fault record duration
Waveform records
Measurands
Commands
Time synchronism
Viewing and changing settings

Features
Four Settings Groups
Password Protection – 2 levels
Self Monitoring

Siemens Protection Devices Limited
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27

Undervoltage

■

■

47

Negative Phase Sequence Voltage

■

■

59

Overvoltage

■

■

59N

Neutral Voltage Displacement

■

■

78

Vector Shift

81

Under/Over Frequency

81R

Rate of Change of Frequency

74T/CCS

Trip & Close Circuit Supervision

■

■

86

Lockout

■

■

FUNCTION

FUNCTIONAL
REQUIREMENT

7SR1587-5*A**-*DA0

VT Connections
7SR1587-5*A**-*CA0

Function Matrix

■
■

■

A

B

C
Va

B17

B19

Vb

B21

B23

Vc

CT/VT CONFIG >
Phase Voltage Config:
Van,Vbn,Vcn

B25

B27

■

CONTROL / MONITOR
Va

B17

B19

Vb

B21

B23

3

27/
59
(x4)

47
(x2)

59N
(x2)

78
(x2)

81
(x6)

*
74T
CCS
(x3)

81R
(x6)

*

Vc

CT/VT CONFIG >
Phase Voltage Config:
Va,Vb,Vc

B25

B27

CT/VT CONFIG > Phase Voltage Config:
Van,Vbn,Vcn, or Vab,Vbc,3V0
Va

* Not all versions - see Function Matrix

B17

B19

Vb
B21

3

27/
59
(x4)

47
(x2)

59N
(x2)

81
(x6)

*
74T
CCS
(x3)

CT/VT CONFIG > Phase Voltage Config:
Va,Vb,Vc

Fig. 2 Functional Diagrams

Siemens Protection Devices Limited

Vc

81R
(x6)

Dn

CT/VT CONFIG >
Phase Voltage Config:
Vab,Vbc,3V0

Da

B23

B25

B27

Fig. 3 VT Connections
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Description of Functionality
With reference to figure 2 ‘Function Diagrams’.
27/59 Under/Over Voltage
Each element has settings for pickup level, drop-off level and
Definite Time Lag (DTL) delay. Operates when voltage
exceeds setting for the duration of delay.
47 Negative Phase Sequence Voltage
Each element has settings for pickup level and Definite Time
Lag (DTL) delays. Operates when NPS voltage exceeds
setting for the duration of delay.
59N Neutral Overvoltage
Neutral overvoltage can be used to detect earth faults in
high impedance earthed or isolated systems.
Operates when neutral voltage exceeds setting for the
duration of delay.

delta counter records the number of operations since the
last reset.
Each counter has a user set target operations count which,
when reached, can be mapped to raise alarms/ binary
outputs. A CB Trip Time meter is also available, which
measures the time between the trip or open command being
issued and the auxiliary contacts changing state.
Control Mode
The relay has a control menu with access to commonly used
command operations. Access to the control commands is
restricted by a 4 character control function password. Each
command requires a select then execute operation, if the
execute operation is not performed within a time window
the command is aborted. The following control functions
are available:
CB Control
Local or remote operation

74T/CCS Trip & Close Circuit Supervision
The trip or close circuit(s) can be monitored via binary
inputs. Detection of trip circuit failure can be used to raise an
HMI alarm (general alarm) and/or output(s).
78 Vector Shift
Operates if the voltage vector ‘jumps’ by more than setting
during abrupt change in load. The function is applied to
detect ‘islanding’ or loss of connection between a generator
and the main utility supply.

Fig.4 Example of Control Function View

81 Under/Overfrequency
Each element has settings for pickup level, drop-off level and
Definite Time Lag (DTL) delays. Operates if frequency exceeds setting for duration of delay.
The function is typically applied in load shedding schemes.
81R Rate of Change of Frequency (df/dt)
Each element has settings for pickup level and Definite Time
Lag (DTL) delay. Operates when the df/dt gradient exceeds
setting for duration of delay.
The function is typically applied in load shedding schemes or
to detect ‘islanding’ or loss of connection between a generator and the main utility supply
Programmable Logic
The user can map binary inputs, protection elements, LEDs
and binary outputs together in a logical scheme.
Up to 4 logic equations can be defined using standard logic
functions e.g. Timers, AND/OR gates, Inverters and Counters
to provide the user required functionality.
Each logic equation output can be used for alarm &
indication and/or tripping.
Virtual Inputs/Outputs
There are 8 virtual inputs/outputs to provide internal logical
states to assist in the application of the functions. Each
virtual I/O can be assigned in the same way as a physical I/O.
Circuit Breaker Maintenance
Two circuit breaker operations counters are provided to
assist with maintenance scheduling. The maintenance
counter records the overall number of operations and the
Siemens Protection Devices Limited
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Data Acquisition Via Communication Interface
Sequence of event records
Up to 1000 events are stored and time tagged to 1ms
resolution.
Fault Records
The last 10 fault records are displayed on the relay fascia and
are also available through the communication interface,
with time and date of trip, measured quantities and type of
fault.
Waveform recorder
The waveform recorder stores analogue data for all poles
and the states of protection functions, binary inputs, LEDs
and binary outputs with user settable pre & post trigger
data. A record can be triggered from protection function,
binary input or via data communications. 10 seconds of
waveform storage are available, configurable as 10 records
of 1 second duration, 5 of 2 seconds, 2 of 5 seconds or 1
record of 10 seconds duration.
Demand Metering
A rolling record of demand over the last 24h is stored. The
demand is averaged over a user selectable period of time. A
rolling record of such demand averages is stored and
provides the demand history. A typical application is to
record 15min averages for the last 7 days.
Real Time Clock
The time and date can be set and are maintained while the
relay is de-energised by a back up storage capacitor. The
time can be synchronized from a binary input pulse or the
data communication channel.

Serial Communications
The relay offers a USB serial port as standard on the front of
all units. All of the relays functions can be set on a PC using
Reydisp Evolution via the USB port. The connection is made
with a USB cable and operates with a ‘plug and play’
connection, so no pre-setting of the relay is required.
The front port can be switched off or set to use either the
DNP3.0, MODBUS-RTU, IEC60870-5-103 or ASCII protocols
for testing purposes.
A rear RS485 electrical connection is available on all units for
system interface connections. An internal terminating
resistor is provided, which can be connected into the circuit
by adding a wire loop between the relevant terminals.

Ext Wire loop to
Include line
terminating Res

To Control System
14
16
18

RS485 Screened
twisted pair

14
16
18
20
RS485 Screened
twisted pair

Rear terminals

Fig.5 Typical RS485 connection
The rear RS485 can be user selected to be OFF, IEC60870-5103, MODBUS RTU or DNP3.0 protocol.

Ethernet Communications
IEC 61850
IEC61850 communication is available through an optional
EN100 communication module. The EN100 Module can be
ordered with either 2x Electrical RJ45 or 2x Fibre optic LC
Ethernet ports.
Information on IEC61850 functionality can be found in the
following 7SR158 documents:
Model Implementation Conformance Statement (MICS)
Protocol Implementation Conformance Statement (PICS)
Protocol Implementation Extra Information for Testing (PIXIT)

Siemens Protection Devices Limited
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Reydisp Evolution

Communications Editor
To facilitate interfacing to a substation the relay default
Protocol configuration may be modified using the
communication editor software tool.
The communication editor is a PC based software package
provided within the Reydisp software suite which allows
modification of the IEC60870-5-103, DNP 3.0 and MODBUS
Protocols.

Fig.8 Typical Communications Editor Screenshot

Fig.6 Typical Reydisp Evolution Screenshot
Reydisp Evolution is common to the entire range of Reyrolle
numeric products. The user can apply settings, interrogate
settings, retrieve events and fault data.
Language Editor
The Language editor software gives the user the ability to
customize the text displayed in the relay menu structure and
instrumentation. The tool allows a language file to be
created and transferred to the relay also containing Western
European characters.

Reydisp Manager
Reydisp Manager provides the functionality of Reydisp
Evolution and also provides project management of multiple
devices to allow engineering of IEC61850 projects. It also
provides access to user logic within the devices via an easy to
use graphical interface.

Fig.7 Typical Language Editor Screenshot

Siemens Protection Devices Limited
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Construction

User Interface

The relay is housed in a 4U high size E4 or E6 case with a
removable clear plastic fascia cover. The plastic fascia cover
can be ordered with or without two push buttons to allow
the user to view the settings and instruments without
removing the cover.
Two plastic handles are provided to allow the relay to be
withdrawn from its case, contacts in the case ensure that the
normally closed contacts remain short circuited when the
relay is withdrawn.
The rear terminal blocks comprise M4 female terminals for
ring crimp wire connections, to provide a secure and reliable
termination.

Fig.11 User Interface
The operator interface is designed to provide a user friendly
method of controlling, viewing menus, entering settings and
retrieving data from the relay. Five buttons are provided for
navigation around the menu structure.

Fig.9 Rear view of relay (E4 Case)

LCD
A 4 line by 20 character liquid crystal display with power
save operation indicates the relay identifier, settings,
instrumentation, fault data and control commands.
Up to 6 user programmable general alarms can be
configured to display your own indications on the LCD.
LEDs
A green steadily illuminated LED indicates the ‘Protection
Healthy’ condition.
9 user programmable LEDs are available eliminating the
need for expensive panel mounted pilot lights and
associated wiring. Each LED is tri-color (red, green, yellow)
allowing for clear indication of the associated function’s
state and has a label insert for identification.
Relay Information
The device is identified by the rating label on the fascia.
The user can give the device its own unique identity by
editing the ‘Relay Identifier’ displayed on the LCD, also space
is provided for a further slip-in label.

Fig.10 Rear view of relay with 2x LC Fibre Optic ports
(E6 Case with IEC61850)

Siemens Protection Devices Limited
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Binary Outputs

Technical Data

Number
For full technical data refer to the Performance Specification
Section of the Technical Manual.

Inputs and Outputs
Voltage Inputs
Nominal
Operating Range
Instrumentation ≥ 0.8xVn
Burden @ 110V
Overvoltage Withstand

40…160 Vrms
0… 200 Vrms
±1% Vn
≤ 0.06 VA
300 Vrms

Auxiliary Supply
Rated DC Voltage

Allowable superimposed
ac component
Rated AC Voltage
Power Consumption:

Allowable breaks/dips in
supply (collapse to zero)

110/125/220/250V
Range 64 to 300V
24/48/60V
Range 18 to 72V
12% of DC voltage

Operating Voltage

Maximum dc
current for
operation
Maximum peak ac
current for
operation
Pick Up Delay

6
19V dc
88V dc
1.5mA

Operating Time from
Energizing Binary Input
Making Capacity:
Carry continuously
Make and carry
(L/R ≤ 40 ms and V ≤ 300
V)
Breaking Capacity
( ≤ 5 A and ≤ 300 V):
AC Resistive
AC Inductive
DC Resistive
DC Inductive

115 VAC 50/60Hz
Range 92 to 138 V rms AC
50/60Hz ±5%
E4 Min (DC)
3.9W
E4 Max (DC)
8W
E4 Min (AC)
9VA 0.5PF
E4 Max (AC)
16VA 0.5PF
E6 Min (DC)
6.4W
E6 Max (DC)
10.5W
E6 Min (AC)
14.5VA 0.5PF
E6 Max (AC)
21.5VA 0.5PF
DC
50ms
AC
2.5/3 cycles
@50/60Hz

5A ac or dc
20A ac or dc for 0.5s
30A ac or dc for 0.2s

1250 VA
250 VA
at p.f. ≤ 0.4
75 W
30 W
at L/R ≤ 40ms
50 W
at L/R ≤ 10ms

Unit Design
Housing

Binary Inputs
Number

Operating Voltage
Operating Mode

8
(3 change over contacts)
Voltage Free
User selectable - Self or
Hand/Electrical Reset or pulsed.
<20ms

Indication

With-drawable Element
User Interface
Weight

IP Rating installed with
cover
IP Rating installed without
cover

E4 or E6 (see dimension
drawing)
20 Character 4 line Display
Relay Healthy LED
9 Tri Coloured User
Programmable Self or Hand
Reset LED’s
Yes
5 Navigation Keys
Typical 2.7kg E4 case,
3.65 kg E6 case.
Additional Transport
packaging: add 0.4kg
IP 51 from front
IP 20 from front

DC Range 17 to 320V dc
AC Range 92 to 138 VRMSAC
Range 70 to 320V dc

1.5mA

User Selectable 0 to 14,400,000ms
(up to 4 hours)
Drop Off Delay
User Selectable 0 to 14,400,000ms
(up to 4 hours)
For AC operation the BI pick-up delay should be set to 0ms
and the drop-off delay to 20ms.

Siemens Protection Devices Limited
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Data Communication Interface
Communication Port

Front USB Type B
Rear RS485 2 wire electrical
IEC61850 optional ports:
2x Electrical RJ45 Ethernet
2x LC Fibre Optic Ethernet

Protocols

IEC60870-5-103
MODBUS RTU (Serial)
DNP3.0 O (Serial)
IEC61850 - optional

Fibre Optic Ethernet Data
Communication Interface
(IEC 61850 Option)

Mechanical Tests
Vibration (Sinusoidal)
IEC 60255-21-1 Class I
Type
Vibration response
Vibration response

Level
0.5 gn
1.0 gn

Variation
≤5%
≤5%

Level
5 gn, 11 ms
15 gn, 11 ms
10 gn, 16 ms

Variation
≤5%
≤5%
≤5%

Level
X-plane 3.5mm
displacement
below crossover
freq (8-9Hz) 1gn
and above
Y-plane –
1.5mm
displacement
below crossover
freq (8-9Hz)
0.5gn above

Variation

Shock and Bump
IEC 60255-21-2 Class I
Type
Shock response
Shock withstand
Bump test
Seismic
IEC 60255-21-3 Class I

EN100 Fibre Optic Data Communication Interface
(IEC 61850 Option)
Physical

layer Fibre-optic

Connectors

Transmission Speed

Duplex LC 100BaseF in acc.
With IEEE802.3
62.5/125 µm glass fibre with
Duplex-LC connector
100 MBits/s

Optical Wavelength

1300 nm

Bridgeable distance

2 km

Recommended fibre

EN100 Electrical Ethernet Data Communication Interface
(IEC 61850 Option)
Electrical

Connectors

RJ45 100BaseT in acc. With
IEEE802.3
100 MBits/s

Test Voltage (with regard to
socket)
Bridgeable distance

Seismic response

≤5%

Mechanical Classification
Durability

Physical

Transmission Speed

Type

>106 operations

500 VAC 50 Hz
20m

Data Storage
Fault Record
Waveform Record

Events

10
10 x 1sec
2 x 5sec
5 x 2sec
1 x 10sec
Pre trigger 10…90%
1000 1ms Resolution

Siemens Protection Devices Limited
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Electrical Tests
Radiated Radio Frequency
IEC 60255-25

Insulation
IEC 60255-5
Type
Between any terminal
and earth

Level
2.0 kV AC RMS for 1 min

Between independent
circuits

2.0 kV AC RMS for 1 min

Across normally open
contacts

1.0 kV AC RMS for 1 min

Type
0.15 to 0.5 MHz
0.5 to 30 MHz

Level
2.5 kV

Variation
≤5%

1.0 kV

≤5%

Level
8.0 kV

Limits
Quasi-peak
79 dB(µV)
73 dB(µV)

Average
66 dB(µV)
60 dB(µV)

Radiated Immunity
IEC 60255-22-3 Class III

Electrostatic Discharge
IEC 60255-22-2 Class IV
Type
Contact discharge

Limits at 10 m, Quasi-peak
40 dB(µV)
47 dB(µV)

Conducted Radio Frequency

High Frequency Disturbance
IEC 60255-22-1 Class III
Type
Common
(longitudinal) mode
Series (transverse)
mode

Type
30 to 230 MHz
230 to 10000 MHz

Variation
≤5%

Type
80 MHz to 1000 MHz Sweep

Level
10 V/m

1.4GHz to 2.7GHz Sweep

10V/m

80,160,380,450,900,1850,2150
MHz Spot

10V/m

Environmental Tests

Fast Transients
Temperature
IEC 60068-2-1/2

IEC 60255-22-4 Class A (2002)
Type
5/50 ns 2.5 kHz
repetitive

Level
4kV

Variation
≤5%

Surge Immunity
IEC 60255-22-5
Type
Analog Inputs:
Line to Earth

Operating Range
Storage range

-10°C to +55°C
-25°C to +70°C

Humidity
IEC 60068-2-78
Level

Variation

4.0 kV

≤ 10%

Case, Aux Power &
I/O: Line to Earth

2.0 kV

≤ 10%

RS485 Comms port:
Line to Earth

1.0 kV

No Data Loss

Type
Installed with cover

Level
IP 51 from front of relay

Analog Inputs:
Line to Line

1.0 kV

≤ 10%

Installed with cover removed

IP 20 from front of relay

Operational test

56 days at 40°C and 93% relative
humidity

IP Ratings
IEC 60529

Case, Aux Power &
1.0 kV *
≤ 10%
I/O: Line to Line
* Note 50ms DTL pick-up delay applied to binary inputs
Conducted Radio Frequency Interference
IEC 60255-22-6
Type
0.15 to 80 MHz

Level
10 V

Siemens Protection Devices Limited
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Performance

81 Under/Over Frequency

27/59 Under/Over Voltage
Number of Elements
Operate
Under-Voltage Guard
Setting Range Vs
Hysteresis Setting
Vs Operate Level
Reset Level:
Overvoltage
Undervoltage
Delay Setting td
Basic Operate Time :
0 to 1.1xVs
0 to 2.0xVs
1.1 to 0.5xVs
Operate time following
delay.
Inhibited by

4 Under or Over
Any phase or All phases
1,1.5…200V
5,5.5…200V
0.0.1…80%
100% Vs, ±1% or ±0.25V
= (100% - hyst) x Vop, ±1%
= (100% + hyst) x Vop, ±1%
0.00,0.01…20,20.5…100,101…
1000,1010…10000,10100…144
00s
73ms ±10ms
63ms ±10ms
58ms ±10ms
Tbasic +td , ±1% or ±10ms
Binary or Virtual Input
Voltage Guard

47 Negative Phase Sequence Voltage
Number of Elements
Under-Voltage Guard
Setting Range Vs
Hysteresis Setting
Operate Level
Reset Level
Delay Setting td
Basic Operate Time :
0 to 2.0 x Vs
0 to 10 x Vs
Operate time following
delay.
Inhibited by

2
1,1.5…200V
1,1.5…90V
0.0.1…80%
100% Vs, ±2% or ±0.5V
(100% - hyst) x Vop, ±1%
or ± 0.25V
0.00,0.01…20,20.5…100,101…
1000,1010…10000,10100…144
00s
80ms ±20ms
70ms ±20ms
Tbasic + td , ±2% or ±20ms

81R Rate of Change of Frequency (df/dt)
Number of Elements
Under Voltage Guard
Setting Range Rs
Operate Level
Operate Time
for ROCOF 1.3x setting
for ROCOF 2x setting
Operate Delay

6
35,35.5…200V
0.050, 0.075 …10.0 Hz/s
Rs ± 50mHz/s (F.nom ± 3Hz)
≤ 300ms
≤ 200ms
0…200s

59N Neutral Voltage Displacement
Number of Elements
DT Setting Range Is
DT Operate Level
DT Delay Setting td
DT Basic Operate Time
0V to 1.5 x Vs
0V to 10 x Vs
DT Operate time
following delay.
IT Char Setting
IT Setting Range
Tm Time
Multiplier(IDMT)
Delay (DTL)
Reset
Char Operate Level
Inhibited by

CB

DT & IT
1…100V
100% Vs, ±2% or ±0.5V
0 …14400s
76ms ±20ms
63ms ±20ms
Tbasic +td , ±1% or ±20ms
IDMTL & DTL
1…100V
0.1…140
0…20s
ANSI Decaying, 0…60s
100% Vs, ±2% or ±0.5V
Binary or Virtual Input

Open/Close

CB Maintenance

3 x Trip and 3 x Close

Trip Counter

1 or 2 per function

Counts to AR Block
Frequent Operations
I2t Alarm

78 Vector Shift
Number of Elements
Under-Voltage Guard
Setting Range VSs
Operate Level
Operate Time

6 Under or Over
35,35.5…200V
43,43.01…68Hz
0, 0.1… 2%
100% Fs ±10mHz
Maximum <150ms
0…14400s

Control Functions
Binary or Virtual Input
Voltage Guard

74T/CC Trip/Close Circuit Supervision
Number of supervisable
circuits
Number of BI’s Required

Number of Elements
Under Voltage Guard
Setting Range
Hysteresis Setting
Operate Level
Operate Time
Operate Delay

Total & Delta
0…10000
0…10000
0…10000
10…100000

2
1,1.5…200V
2.0, 2.5 ... 30 °
100% VS s, ± 2°
≤ 40ms

Siemens Protection Devices Limited
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Case Dimensions
Case Earth
connection

216.5

Typical
when
fitted

SIDE VIEW

103.5

177

31

151.5

11

FRONT
VIEW

25mm MIN CLEARANCE FOR TERMINAL WIRING

10

E4
PANEL CUTOUT

159

168

98.5

78

Fig.12 E4 Case overall dimensions and panel drilling details (all dimensions are in mm)

10

159

168

PANEL CUT-OUT

Typical
when
fitted

130

31

216.5

SIDE VIEW

Case Earth
connection

151.5

11

150

MINIMUM CLEARANCES:
25mm FOR TERMINAL WIRING
75mm FOR ETHERNET COMMS MODULE

Diameter 3.6 - 4 holes (see note)

177

155.5

TOP VIEW

FRONT VIEW
FRONT

NOTE:
THE 3.6 HOLES ARE FOR M4 THREAD FORMING (TRILOBULAR) SCREWS. THESE ARE SUPPLIED AS STANDARD AND ARE SUITABLE FOR
USE IN FERROUS / ALUMINIUM PANELS 1.6mm THICK AND ABOVE. FOR OTHER PANELS, HOLES TO BE M4 CLEARANCE (TYPICALLY 4.5
DIAMETER) AND RELAYS MOUNTED USING M4 MACHINE SCREWS, NUTS AND LOCKWASHERS (SUPPLIED IN PANEL FIXING KIT).

Fig.13 E6 Case overall dimensions and panel drilling details (all dimensions are in mm)
Siemens Protection Devices Limited
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7SR1587 Connection Diagram

4
6
8
10
12

+ve

+ve

BI 1

-ve

BI 4

-ve
+ve

+ve
-ve

BI 2

BI 5

BI 3

BI 6

+ve

+ve
-ve

3
1
5

7

9

14

A

16

GND

18

B

20

Term.

RS485

2

BO 6

11

BO 7

13

BO 8

15
17

22
24
28

19

+ve

See
Relay
Voltage
Config.
Setting

-ve
GND.

21
23
25

B

27

3

BO 1

1
2
4

BO 2

6
5

8

BO 3

7
10

BO 4

9
12

BO 5

11

A

1

Ethernet
Data
Comms
(optional)

2

1

B

27

2

A

28

27

28

NOTES
BI = Binary Input, BO = Binary Output
Shows contacts internal
to relay case assembly.
Contacts close when
relay chassis withdrawn
from case

Fig.14 - 7SR1587 Connection Diagram
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Ordering Information – 7SR1587
Product description

Variants

Order No.
7 S R 1 5 8 7 - 5

Voltage/frequency relay

▲ ▲ ▲

Protect Product Family
Voltage
Relay Type
Voltage & Frequency
Case, I/O and Fascia
E4 case, 3 VT, 6 Binary Inputs / 8 Binary Outputs, 10 LEDs

| | |
| | |
5 | |
| |
| |
8 |
|
|

7

Measuring input
40 to 160 V, 50/60Hz
Auxiliary voltage
80 to 250 V DC / 115 V AC, binary input threshold 19 V DC
80 to 250 V DC binary input threshold 88 V DC
24 to 60 V DC, binary input threshold 19 V DC

□
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|

5

G
H
J

Spare
Communication Interface
Standard version – included in all models, USB front port, RS485 rear port (E6 Case) 1)
Standard version - plus additional rear electrical Ethernet RJ45 (x2) (E6 Case) 1)
Standard version - plus additional rear optical Ethernet duplex (x2) (E6 Case) 1)
Protocol
IEC 60870-5-103, Modbus RTU and DNP3(user selectable setting)
IEC 60870-5-103, Modbus RTU, DNP3 and IEC 61850. (user selectable settings)
Front Cover
Standard Version – No Push Buttons
Push Buttons – Down and right Arrows
Protection Function Packages
For future development
For future development
Standard Version
27/59
Under/overvoltage
47
Negative phase sequence voltage
59N
Neutral voltage displacement
74T&C
Trip & Close circuit supervision
81
Under/overfrequency
Standard version – plus
78
Voltage Vector Shift
81R
Rate of Change of Frequency
Additional Functionality
No additional functionality
Spare

1)

□□
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
A | |
| |
A

▲ ▲ ▲ ▲ ▲

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1 2
7 7
8 7

|
|

2
7

-

□
□A
▲ ▲ ▲
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
1 | |
2 | |
| |
| |
A |
B |
C |
| |
| |
| |
| |
| |
| |
D |
|
|
|
|
A

0

▲

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

0

E4 case is standard, E6 case is required if IEC61850 option fitted

Siemens Protection Devices Limited
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12 Substation Automation / 6MD66

SIPROTEC 4 6MD66
High-Voltage Bay Control Unit
Function overview

LSP2187-afp.eps

Application

Fig. 12/10 SIPROTEC 4
6MD66 high-voltage bay control unit

Description
The 6MD66 high-voltage bay control unit
is the control unit for high voltage bays
from the SIPROTEC 4 relay series. Because
of its integrated functions, it is an optimum, low-cost solution for high-voltage
switchbays.
The 6MD66 high-voltage bay control unit
also has the same design (look and feel) as
the other protection and combined units
of the SIPROTEC 4 relay series. Configuration is performed in a standardized way
with the easy-to-use DIGSI 4 configuration
tool.
For operation, a large graphic display with
a keyboard is available. The important
operating actions are performed in a
simple and intuitive way, e.g. alarm list display or switchgear control. The operator
panel can be mounted separately from the
unit, if required. Thus, flexibility with regard to the mounting position of the unit
is ensured. Integrated key-operated
switches control the switching authority
and authorization for switching without
interlocking. High-accuracy measurement
(± 0.5 %) for voltage, current and calculated values P and Q are another feature of
the unit.

Siemens SIP · Edition No. 6

• Integrated synchro-check for
synchronized closing of the
circuit-breaker
• Breaker-related protection functions
(Breaker Failure 50BF, Autoreclosure 79)
• Automation can be configured easily by
graphic means with CFC
• Flexible, powerful measured-value
processing
• Connection for 4 voltage transformers,
3 current transformers, two 20 mA
transducers
• Volume of signals for high voltage
• Up to 14 1 ½-pole circuit-breakers can be
operated
• Up to 11 2-pole switching devices can
be operated
• Up to 65 indication inputs,
up to 45 command relays
• Can be supplied with 3 volumes of
signals as 6MD662 (35 indications,
25 commands), 6MD663 (50 indications,
35 commands) or 6MD664 (65 indications, 45 commands); number of
measured values is the same
• Switchgear interlocking
• Inter-relay communication with other
devices of the 6MD66 series, even
without a master station interface with
higher level control and protection
• Suitable for redundant master station
• Display of operational measured values
V, I, P, Q, S, f, cos ϕ (power factor)
(single and three-phase measurement)
• Limit values for measured values
• Can be supplied in a standard housing
for cubicle mounting or with a separate
display for free location of the operator
elements
• 4 freely assignable function keys to speed
up frequently recurring operator actions
Communication interfaces
• System interface
– IEC 61850 Ethernet
– IEC 60870-5-103 protocol
– PROFIBUS-FMS/-DP
– Service interface for DIGSI 4 (modem)
– Front interface for DIGSI 4
– Time synchronization via IRIG B/DCF 77
12/13
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Functions
Communication
With regard to communication between
components, particular emphasis is placed
on the SIPROTEC 4 functions required for
energy automation.

• Every data item is time-stamped at its
source, i.e. where it originates.
• Information is marked according to
where it originates from (e.g. if a command originates “local” or “remote”)
• The feedback to switching processes is
allocated to the commands.
• Communication processes the transfer
of large data blocks, e.g. file transfers,
independently.
• For the reliable execution of a command, the relevant signal is first acknowledged in the unit executing the
command. A check-back indication is
issued after the command has been enabled (i.e. interlocking check, target =
actual check) and executed.

Fig. 12/11

Connection diagram of the switching devices (circuit-breaker 2 poles closed,
1 pole open; disconnector/earthing switch 1½ pole)

Fig. 12/12

2-pole connection diagram of circuit-breakers and disconnectors

In addition to the communication interfaces on the rear of the unit, which are
equipped to suit the customer’s requirements, the front includes an RS232 interface for connection of DIGSI. This is used
for quick diagnostics as well as for the
loading of parameters. DIGSI 4 can read
out and represent the entire status of the
unit online, thus making diagnostics and
documentation more convenient.
Control

12

The bay control units of the 6MD66 series
have command outputs and indication
inputs that are particularly suited to the
requirements of high-voltage technology.
As an example, the 2-pole control of a
switching device is illustrated (see Fig.
12/11). In this example, two poles of the
circuit-breaker are closed and 1 pole is
open. All other switching devices
(disconnectors, earthing switches) are
closed and open in 1½-pole control.
A maximum of 14 switching devices can
be controlled in this manner.

A possible method to connect the switching devices to the bay control unit 6MD66
is shown in Fig. 12/13. There it is shown
how three switching devices Q0, Q1, and
Q2 are connected using 1½ pole control.

A complete 2-pole control of all switching
devices (see Fig. 12/12) is likewise possible.
However more contacts are required for
this. A maximum of 11 switching devices
can be controlled in this manner.

12/14
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Functions
Switchgear interlockings
Using the CFC (Continuous Function
Chart) available in all SIPROTEC 4 units,
the bay interlock conditions can, among
other things, be conveniently configured
graphically in the 6MD66 bay control unit.
The inter-bay interlock conditions can be
checked via the “inter-relay communication” (see next section) to other 6MD66
devices. With the introduction of
IEC 61850 communication, the exchange
of information for interlocking purposes is
also possible via Ethernet. This is handled
via the GOOSE message method. Possible
partners are all other bay devices or protection devices which support IEC 61850GOOSE message.
In the tests prior to command output, the
positions of both key-operated switches are
also taken into consideration. The upper
key-operated switch corresponds to the S5
function (local/remote switch), which is already familiar from the 8TK switchgear interlock system. The lower key-operated
switch effects the changeover to noninterlocked command output (S1 function). In the position ”Interlocking Off”
the key cannot be withdrawn, with the result that non-operation of the configured
interlocks is immediately evident.

Fig. 12/13
Typical connection for 1½-pole control

The precise action of the key-operated
switch can be set using the parameter
“switching authority”.
With the integrated function ”switchgear
interlocking” there is no need for an external switchgear interlock device.
Furthermore, the following tests are implemented (parameterizable) before the output of a command:

12

• Target = Actual, i.e. is the switching device already in the desired position?
• Double command lockout, i.e. is another command already running?
• Individual commands, e.g. earthing
control can additionally be secured using a code.

Siemens SIP · Edition No. 6
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Functions
Synchronization
The bay control unit can, upon closing of
the circuit-breaker, check whether the synchronization conditions of both partial
networks are met (synchro-check). Thus
an additional, external synchronization device is not required. The synchronization
conditions can be easily specified using the
configuration system DIGSI 4. The unit
differentiates between synchronous and
asynchronous networks and reacts differently upon connection:
In synchronous networks there are minor
differences with regard to phase angle and
voltage moduli and so the circuit-breaker
response time does not need to be taken
into consideration. For asynchronous networks however, the differences are larger
and the range of the connection window is
traversed at a faster rate. Therefore it is
wise here to take the circuit-breaker response time into consideration. The command is automatically dated in advance of
this time so that the circuit-breaker contacts close at precisely the right time.
Fig. 12/14 illustrates the connection of the
voltages.

Fig. 12/14
Connection of the measured values for synchronization

As is evident from Fig. 12/14, the synchronization conditions are tested for one
phase. The important parameters for
synchronization are:
|Umin| < |U| < |Umax|
(Voltage modulus)
Δ < Δ max
(Angle difference)
Δf < Δfmax
(Frequency difference)

12

Fig. 12/15
Voltage selection for synchronization with duplicate busbar system

Using the automation functions available
in the bay control unit, it is possible to
connect various reference voltages depending on the setting of a disconnector. Thus
in the case of a double busbar system, the
reference voltage of the active busbar can
be automatically used for synchronization
(see Fig. 12/15).
Alternatively the selection of the reference
voltage can also take place via relay switching, if the measurement inputs are already
being used for other purposes.

Fig. 12/16
Simultaneous connection of measured values according
to a two-wattmeter circuit and synchronization

12/16
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Functions

The bay control unit offers the option of
storing various parameter sets (up to eight)
for the synchronization function and of
selecting one of these for operation. Thus
the different properties of several circuitbreakers can be taken into consideration.
These are then used at the appropriate
time. This is relevant if several circuitbreakers with e.g. different response times
are to be served by one bay control unit.
The measured values can be connected to
the bay control unit in accordance with
Fig. 12/14 (single-phase system) or
Fig. 12/16 (two-wattmeter circuit).

LSP2493en.tif

Synchronization

Fig. 12/17
“Power System Data”, sheet for parameters of the synchronization function

LSP2496en.tif

The synchronization function can be
parameterized via four tabs in DIGSI.

LSP2494en.tif

Fig. 12/18
General parameters of the synchronization function

LSP2495en.tif

Fig. 12/19
Parameter page for asynchronous networks

Fig. 12/20
Parameter page for asynchronous networks

Siemens SIP · Edition No. 6
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Communication
Communication
The device is not only able to communicate
to the substation control level via standard
protocol like IEC 61850, IEC 60870-5-103
or others. It is also possible to communicate
with other bay devices or protection devices.
Two possibilities are available.
Inter-relay-communication

An application example for inter-relaycommunication is shown in Fig. 12/22.
Three 6MD66 devices are used for control
of a 1½ circuit-breaker bay. One device
is assigned to each of the three circuitbreakers. By this means, the redundancy
of the primary equipment is also available
on the secondary side. Even if one circuitbreaker fails, both feeders can be supplied.
Control over the entire bay is retained, even
if one bay control unit fails. The three bay
control units use the inter-relay-communication for interchange of switchgear interlocking conditions. So the interlocking is
working completely independent from the
substation control level.

Fig. 12/21

Typical application: 1½ circuit-breaker method
(disconnector and earthing switch not shown)

Fig. 12/22

Connection matrix of inter-relay communication in DIGSI 4

Fig. 12/23

Connection for IEC 61850-GOOSE communication

LSP2227f.tif

The function “inter-relay-communication”
enables the exchange of information directly between 6MD66 bay controller devices.
The communication is realized via Port “C”
of the devices, so it is independent from the
substation communication port “B”. Port
“C” is equipped with a RS485 interface. For
communication over longer distances, an
external converter to fiber-optic cable can
be used.

IEC 61850-GOOSE

12

With the communication standard
IEC 61850, a similar function like interrelay-communication is provided with
the “GOOSE” communication to other
IEC 61850-devices. Since the standard
IEC 61850 is used by nearly all SIPROTEC
devices and many devices from other suppliers, the number of possible communication partners is large.
The applications for IEC 61850-GOOSE are
quite the same as for inter-relay-communication. The most used application is the
interchange of switchgear interlocking information between bay devices. GOOSE
uses the IEC 61850 substation Ethernet, so
no separate communication port is needed.
The configuration is shown in Fig. 12/23.
The SIPROTEC devices are connected via
optical Ethernet and grouped by voltage
levels (110 kV and 20 kV). The devices in
the same voltage level can interchange the
substation-wide interlocking information.
GOOSE uses the substation Ethernet.
12/18

Like inter-relay-communication, GOOSE
also supplies a status information for supervision of the communication. In case of
interruption, the respective information is
marked as “invalid”.

Therefore, non-affected information still
can be used for interlocking, and a maximum functional availability is guaranteed.

Siemens SIP · Edition No. 6
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Functions
Measured-value processing
Measured-value processing is implemented
by predefined function modules, which are
likewise configured using DIGSI 4.

LSP2228f.tif

The transducer modules are assigned in the
DIGSI 4 assignment matrix to current and
voltage channels of the bay control unit.
From these input variables, they form various computation variables (see Table 12/1).
Fig. 12/24
DIGSI 4 Parameter view – transducer packets

The individual transducer modules can be
activated in the functional scope of the
unit and will then appear in the DIGSI 4
assignment matrix with the input channels
and output variables from Table 1. The
output variables can then be assigned to
the system interface or represented in the
measured value window in the display.

Name of the
transducer module

Max. availability of
Required input
transducers on the unit channels
(can be set via the
functional scope)

Calculated variables
(= output variables)

Transducer V

x1

V

V, f

Transducer I

x1

I

I, f

Transducer packet
1 phase

x3

V, I

V, I, P, Q, S, ϕ, cos
(PF), sin , f

Transducer packet
3 phase

x1

V1, V2, V3, I1, I2, I3

V0, V1, V2, V3, V12,
V23, V31, I0, I1, I2, I3,
P, Q, S, , cos (PF),
sin , f

Transducer packet
two-wattmeter circuit

x1

V1, V2, I1, I2

V12, V13, I2, I3, P, Q, S,
, cos (PF), sin , f

Table 12/1
Properties of measured-value processing

Sample presentation of the measured value
display.

LSP2189f.tif
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Functions
The connection of the input channels can
be chosen without restriction. For the twowattmeter circuit, the interface connection
should be selected in accordance with
Fig. 12/26. The two-wattmeter circuit enables the complete calculation of a
three-phase system with only two voltage
and two current transformers.
Metered values
For internal metering, the unit can calculate an energy metered value from the
measured current and voltage values. If an
external meter with a metering pulse output is available, the bay control unit can
obtain and process metering pulses via an
indication input.
The metered values can be displayed and
passed on to a master unit. A distinction is
made between forward, reverse, active and
reactive power (± kWh, ± kvarh).
Automation
With integrated logic, the user can set, via a
graphic interface (CFC, Continuous Function Chart), specific functions for the automation of switchgear or substation.
Functions are activated via function keys,
binary input or via communication interface. Processing of internal indications or
measured values is also possible.
Switching authorization/
Key-operated switch

12

The switching authorization (control authorization) (interlocked/non-interlocked,
corresponds to key-operated S1 in the 8TK
interlock system) and the switching authority (local/remote, corresponds to
key-operated S5 for 8TK) can be preset for
the SIPROTEC 4 bay control unit using
key-operated switches. The position of
both keys is automatically evaluated by
command processing. The key for operation without interlocks cannot be removed
when in the position “non-interlocked”,
such that this mode of operation is immediately recognizable (see also page 12/15,
Section “Switchgear interlockings”).

Fig. 12/26
Two-wattmeter circuit (connection to bay control unit)

Chatter blocking

Indication filtering

Chatter blocking feature evaluates whether,
in a configured period of time, the number
of status changes of indication input exceeds a specified figure. If exceeded, the indication input is blocked for a certain
period, so that the communication line to
the master unit will not be overloaded by
disturbed inputs.

Indications can be filtered and delayed.

For every binary input, it is possible to set
separately whether the chatter blocking
should be active or not. The parameters
(number of status changes, test time, etc.)
can be set once per unit.
Indication / measured value blocking
To avoid the transmission of information
to the master unit during works on the
bay, a transmission blocking can be activated.

Filtering serves to suppress brief changes in
potential at the indication input. The indication is passed on only if the indication
voltage is still present after a set period of
time.
The filter time can be set from 0 to 24
hours in 1 ms steps. It is also possible to set
the filter time so that it can, if desired, be
retriggered.
Furthermore, the hardware filter time can
be taken into consideration in the time
stamp; i.e. the time stamp of a message that
is detected as arriving will be predated by
the known, constant hardware filter time.
This can be set individually for every binary input in a 6MD66 bay control unit.

Every change in the key-operated switch
positions is logged.

12/20
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Functions
Auto-Reclosure (ANSI 79)

• Interaction with an external device for
auto-reclosure via binary inputs and binary outputs; also possible with interaction via IEC 61850-GOOSE
• Control of the internal AR function by
external protection
• 3-pole auto-reclosure for all types of
faults; different dead times are available
depending on the type of the fault
• 1-pole auto-reclosure for 1-phase faults,
no reclosing for multi-phase faults
• 1-pole auto-reclosure for 1-phase faults
and 2-phase faults, no reclosing for
multi-phase faults.
• 1-pole auto-reclosure for 1-phase and
3-pole auto-reclosure for multi-phase
faults
• 1-pole auto-reclosure for 1-phase faults
and 2-phase faults and 3-phase autoreclosure for multi-phase faults
• Multiple-shot auto-reclosure
• Interaction with the internal synchrocheck
• Monitoring of the circuit-breaker auxiliary contacts
In addition to the above-mentioned operating modes, several other operating principles can be employed by means of the
integrated programmable logic (CFC).
Integration of auto-reclosure in the feeder
protection allows the line-side voltages to
be evaluated. A number of voltage-dependent supplementary functions are thus
available:
• DLC
By means of dead-line-check (DLC),
reclosure is effected only when the line is
deenergized (prevention of asynchronous breaker closure)
• ADT
The adaptive dead time (ADT) is employed only if auto-reclosure at the remote station was successful (reduction
of stress on equipment).

Siemens SIP · Edition No. 6
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The 6MD66 is equipped with an
auto-reclosure function (AR). The function includes several operating modes:

• RDT
Reduced dead time (RDT) is employed
in conjunction with auto-reclosure
where no teleprotection method is employed: When faults within the zone extension but external to the protected line
of a distance protection are switched off
for rapid auto-reclosure (RAR), the RDT
function decides on the basis of measurement of the return voltage from the remote station which has not tripped
whether or not to reduce the dead time.
Breaker failure protection (ANSI 50BF)
The 6MD66 incorporates a two-stage circuit-breaker failure protection to detect
failures of tripping command execution,
for example, due to a defective circuit
breaker. The current detection logic is
phase-selective and can therefore also be
used in single-pole tripping schemes. lf the
fault current is not interrupted after a
settable time delay has expired, a retrip
command or a busbar trip command will
be generated. The breaker failure protection can be initiated by external devices via
binary input signals or IEC 61850 GOOSE
messages.

Fig. 12/27
Parameterization of time
management

Time management
The 6MD66 bay control units can, like the
other units in the SIPROTEC 4 range, be
provided with the current time by a number of different methods:
• Via the interface to the higher-level system control (PROFIBUS FMS or
IEC 61850)
• Via the external time synchronization interface on the rear of the unit (various
protocols such as IRIG B and DCF77 are
possible)
• Via external minute impulse, assigned to
a binary input
• From another bay control unit by means
of inter-relay communication
• Via the internal unit clock.
Fig. 12/27 illustrates the settings that are
possible on the DIGSI interface.
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DIGSI 4 Configuration tool
The PC program DIGSI 4 is used for the
convenient configuration of all SIPROTEC 4
units. Data exchange with the configuration tool SICAM PAS of the energy automation system is possible, such that the
bay level information needs only be entered once. Thus errors that could arise as
a result of duplicated entries are excluded.
DIGSI 4 offers the user a modern and intuitive Windows interface, with which the
units can be set and also read out.
DIGSI 4 configuration matrix
The DIGSI 4 configuration matrix allows
the user to see the overall view of the unit
configuration at a glance (see Part 3,
Fig. 3/2). For example, all allocations of the
binary inputs, the output relays and the
LEDs are shown at a glance. And with one
click of the button, connections can be
switched. Also the measuring and metering
values are contained in this matrix.

Fig. 12/28
CFC plan for interlocking logic (example)

Commissioning
Special attention has been paid to commissioning. All binary inputs and outputs can
be read and set directly. This can simplify
the wire checking process significantly for
the user.
CFC: Reduced time and planning for programming logic
With the help of the CFC (Continuous
Function Chart), you can configure interlocks and switching sequences simply by
drawing the logic sequences; no special
knowledge of software is required. Logical
elements, such as AND, OR and time elements, measured limit values, etc. are
available.

12

Display editor
A convenient display editor is available to
design the display on SIPROTEC 4 units.
The predefined symbol sets can be expanded to suit the user. Drawing a single-line diagram is extremely simple.
Operational measured values (analog values) in the unit can be placed where required.
In order to also display the comprehensive
plant of the high-voltage switchgear and
controlgear, the feeder control display of
the 6MD66 bay control unit can have a
number of pages.

12/22

Fig. 12/29
General configuration view of the bay control unit

In this process, several pages of a control
display can be configured under one another, and the user can switch between
them using the cursor. The number of
pages, including the basic display and the
feeder control display, should not exceed
10, as otherwise the memory in the unit
will be completely occupied.

As is the case with the SIPROTEC 4 protection units, there is an icon called “Functional Scope”. It enables the configuration
of measured-value processing and the synchronization function and the protection
functions (auto-reclosure and breaker
failure protection).

Fig. 12/29 illustrates the general view of the
6MD66 bay control unit on the DIGSI 4
configuration interface.
Siemens SIP · Edition No. 6
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Technical data
General unit data

Binary inputs (cont'd)

Analog inputs

Current consumption, excited
for 3 ms

approx. 1.5 mA
approx. 50 mA to increase pickup
time

1 or 5 A (can be changed via plug-in
jumper)

Permitted capacitive coupling of
the indication inputs

220 nF

100 V, 110 V, 125 V, 100 V/ 3, 110
V/ 3 can be adjusted using parameters

Minimum impulse duration for
message

4.3 ms

Rated frequency

50 or 60 Hz (adjustable, depending
on the order number)

Rated current IN
Rated voltage VN

Output relay

Power consumption
at IN = 1A
at IN = 5A
Voltage inputs

< 0.1 VA
< 0.5 VA
< 0.3 VA with 100 V

Live contact

Measurement range current I

Up to 1.2 times the rated current

Thermal loading capacity

12 A continuous, 15 A for 10 s, 200 A
for 1 s

Measurement range voltage V

Up to 170 V (rms value)

Max. permitted voltage

170 V (rms value) continuous

6MD663

Transducer inputs
Measurement range
Max. permitted continuous current

± 24 mA DC
± 250 mA DC

35, grouping in 3 groups of 4,
1 group of 3, 9 groups of 2 and two
ungrouped relays

6MD664

Input resistance,
recorded power loss at 24 mA

10 Ω ± 1 %
5.76 mW

45, grouping 4 groups of 4, 1 group
of 3, 12 groups of 2 plus two
ungrouped relays

Power supply
Rated auxiliary voltages

24 to 48 V DC, 60 to 125 V DC,
110 to 250 V DC

Permitted tolerance

-20 % to +20 %

Permitted ripple of the rated
auxiliary voltage

15 %

Power consumption
Max. at 60 to 250 V DC
Max. at 24 to 48 V DC
Typical at 60 to 250 V DC
Typical at 24 to 48 V DC
(typical = 5 relays picked up +
live contact active +
LCD display illuminated +
2 interface cards plugged in)
Bridging time
at 24 and 60 V DC
at 48 and ≥ 110 V DC

20 W
21.5 W
17.5 W
18.5 W

Number of command relays,
single pole
6MD662

Switching capacity, command relay
Make
Break
Break (at L/R ≤ 50 ms)
Max. switching voltage
Max. contact continuous current
Max. (short-duration) current
for 4 s

25, grouping in 2 groups of 4,
1 group of 3, 6 groups of 2 and two
ungrouped relays

max. 1000 W/ VA
max. 30 VA
25 VA
250 V
5A
15 A

Switching capacity,
live contact ON and OFF
20 W/VA
Max. switching voltage
250 V
Max. contact continuous current 1 A
Max. make-time

8 ms

Max. chatter time

2.5 ms

Max. break time

2 ms

LED
≥ 20 ms
≥ 50 ms

Binary inputs
Number
6MD662
6MD663
6MD664

35
50
65

Rated voltage range

24 to 250 V DC (selectable)

Pick-up value (range can be set
using jumpers for every binary
input)

17, 73 or 154 V DC

Function (allocation)

Can be assigned freely

Minimum voltage threshold
(presetting)
for rated voltage 24, 48, 60 V
for rated voltage 110 V
for rated voltage 220, 250 V

17 V DC
73 V DC
154 V DC

Maximum permitted voltage

300 V DC

Number
RUN (green)
ERROR (red)
Display (red), function can be
allocated

1
1
14

12

Unit design
Housing 7XP20

For dimensions drawings, see part 15

Type of protection acc. to EN60529
in the surface-mounting housing IP20
in the flush-mounting housing
front
IP51
rear
IP20
Weight
Flush-mounting housing,
integrated local control
6MD663
6MD664
Surface-mounting housing,
without local control,
with assembly angle
6MD663
6MD664
Detached local control

Siemens SIP · Edition No. 6

1 NC/NO (can be set via jumper:
Factory setting is ”Break contact”,
i.e. the contact is normally open but
then closes in the event of an error)

approx. 10.5 kg
approx. 11 kg

approx. 12.5 kg
approx. 13 kg
approx. 2.5 kg
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Technical data
Serial interfaces

Ethernet, electrical

System interfaces

Connection
for flush-mounting housing/
surface-mounting housing with
detached operator panel

Two RJ45 connectors,
mounting location “B”

Distance

Max. 20 m/65.6 ft

Test voltage

500 V AC against earth

PROFIBUS FMS,
Hardware version depending on
Order No.:
PROFIBUS fiber optic cable
Baud rate
Optical wave length
Permissible path attenuation
Distance, bridgeable

ST connector
max 1.5 Mbaud
820 nm
max. 8 dB for glassfiber 62.5/125 μm
max. 1.5 km

PROFIBUS RS485
Baud rate
Distance, bridgeable

9-pin SUB-D connector
max. 12 Mbaud
max. 1000 m at 93.75 kBaud
max. 100 m at 12 Mbaud

PROFIBUS RS232
Baud rate
Distance, bridgeable

9-pin SUB-D connector
4800 to 115200 baud
max. 15 m

Connection
for flush-mounting housing/
surface-mounting housing with
detached operator panel

Integrated LC connector for FO
connection, mounting location “B”

Optical wavelength

1300 nmm

Distance

1.5 km/0.9 miles

Electrical tests

Time synchronization DCF77/IRIG B signal

Specifications

Connection

9-pin SUB-D connector

Standards

Input voltage level

either 5 V, 12 V or 24 V

Connection allocation Pin 1
Pin 2
Pin 3
Pin 4
Pin 7
Pin 8
Pin 5, 9
Pin 6

24 V input for minute impulse
5 V input for minute impulse
Return conductor for minute impulse
Return conductor for time message
5 V input for minute impulse
24 V input for time message
Screen
Not allocated

Message type (IRIG B, DCF, etc.)

Can be adjusted using parameters

Control interface for RS232 DIGSI 4
Connection

Front side, non-isolated, 9-pin
SUB-D connector

DIGSI 4 interface (rear of unit)
Fiber optic
Baud rate
Optical wave length
Permissible path attenuation
Distance, bridgeable

12

Ethernet, optical

ST connector
max. 1.5 Mbaud
820 nm
max. 8 dB for glass fiber of 62.5/
125 μm
max. 1.5 km

RS485
Baud rate
Distance, bridgeable

9-pin SUB-D connector
max. 12 Mbaud
max. 1000 m at 93.75 kBaud
max. 100 m at 12 MBaud

RS232
Baud rate
Distance, bridgeable

9-pin SUB-D connector
4800 to 115200 Baud
max. 15m

IEC 60255 (product standards)
ANSI/IEEE C37.90.0/.1/.2
DIN 57435 Part 303
For further standards see specific tests

Insulation tests
Standards

IEC 60255-5 and IEC 60870-2-1

Voltage test (100 % test)
2.5 kV (rms), 50 Hz
All circuits except for auxiliary
supply, binary inputs,
communication and time synchronization interfaces
Voltage test (100 % test)
3.5 kV DC
Auxiliary voltage and binary inputs
Voltage test (100 % test)
only isolated communication
and time synchronization interfaces

500 V (rms value), 50 Hz

Surge voltage test (type test)
5 kV (peak); 1.2/50 μs; 0.5 J;
All circuits except for communica- 3 positive and 3 negative surges
tion and time synchronization in- at intervals of 5 s
terfaces, class III
EMC tests for noise immunity; type test
Standards

IEC 60255-6, IEC 60255-22 (product
standards)
EN 50082-2 (generic standard)
DIN 57 435 Part 303
2.5 kV (peak value), 1 MHz; τ = 15 ms
400 pulses per s; duration 2 s

Interface for inter-unit communication

High frequency test
IEC 60255-22-1, class III
and DIN 57435 part 303, class III

RS485
Baud rate
Distance, bridgeable

Discharge of static electricity
IEC 60255-22-2 class IV
EN 61000-4-2, class IV

8 kV contact discharge; 15 kV air
discharge; both polarities; 150 pF;
Ri = 330 Ω

Exposure to RF field, non-modulated IEC 60255-22-3 (report),
class III

10 V/m; 27 to 500 MHz

9-pin SUB-D connector
max. 12 Mbaud
max. 1000 m at 93.75 kBaud
max. 100 m at 12 Mbaud

Ethernet interface

Exposure to RF field, amplitude- 10 V/m; 80 to 1000 MHz; 80 % AM;
modulated IEC 61000-4-3, class III 1 kHz

IEC 61850 protocol
Isolated interface for data transfer: Port B, 100 Base T acc. to IEEE 802.3
to a control center
with DIGSI
between SIPROTEC 4 relays
Transmission rate
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1000 MBit

Exposure to RF field, pulse-modu- 10 V/m; 900 MHz; repetition frequency 200 Hz; duty cycle 50 %
lated
IEC 61000-4-3/ ENV 50204, class III
Fast transient interference bursts
IEC 60255-22-4, IEC 61000-4-4,
class IV

4 kV; 5/50 ns; 5 kHz; burst length =
15 ms; repetition frequency 300 ms;
both polarities; Ri = 50 Ω;
test duration 1 min

Siemens SIP · Edition No. 6
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Technical data
EMC tests for noise immunity; type test (cont'd)

During transport

High-energy surge voltages
Impulse: 1.2/50 μs
(SURGE),
IEC 61000-4-5 installation class III
Auxiliary supply
common mode: 2 kV; 12 Ω, 9 μF
differential mode:1 kV; 2 Ω, 18 μF

Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
5 to 8 Hz: ±7.5 mm amplitude;
8 to 150 Hz: 2 g acceleration
Frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Conducted RF, amplitude-modu- 10 V; 150 kHz to 80 MHz; 80 % AM;
lated IEC 61000-4-6, class III
1 kHz

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Magnetic field with power frequency
IEC 61000-4-8, class IV;
IEC 60255-6

30 A/m continuous; 300 A/m for 3 s;
50 Hz
0.5 mT; 50 Hz

Half-sinusoidal
Acceleration 15 g, duration 11 ms,
3 shocks
each in both directions 3 axes

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

Oscillatory surge withstand
capability
ANSI/IEEE C37.90.1

2.5 to 3 kV (peak); 1 to 1.5 MHz

Half-sinusoidal
Acceleration 10 g, duration 16 ms,
1000 shocks in both directions of the
3 axes

Fast transient surge withstand
capability
ANSI/IEEE C37.90.1

4 to 5 kV; 10/150 ns; 50 impulses per
second;
both polarities; duration 2 s ;
Ri = 80 Ω

Measurement inputs, binary inputs common mode: 2 kV; 42 Ω, 0.5 μF
and relay outputs
differential mode: 1 kV; 42 Ω, 0.5 μF

damped wave; 50 surges per second;
duration 2 s; Ri = 150 to 200 Ω

Radiated electromagnetic interfer- 35 V/m; 25 to 1000 MHz
ence ANSI/IEEE C37.90.2
Damped oscillations
IEC 60894, IEC 61000-4-12

2.5 kV (peak value), 100 kHz polarity
alternating, 1 MHz, 10 and 50 MHz,
Ri = 200 Ω

EMC tests for interference emission; type tests
Standard

EN 50081-1 (Basic specification)

Radio interference voltage on lines 150 kHz to 30 MHz
only auxiliary supply
class B
IEC-CISPR 22
Interference field strength
IEC-CISPR 22

30 to 1000 MHz
class B

Mechanical dynamic tests
Vibration, shock stress and seismic vibration

Climatic stress tests
Temperatures
Standards

IEC 60255-6

Recommended temperature
during operation

–5 to +55 °C

25 to 131 °F

Temporary permissible temperature limit during operation
(The legibility of the display may
be impaired above 55 °C/131 °F)

–20 to +70 °C

-4 to 158 °F

Limit temperature during storage

–25 to +55 °C

-13 to 131 °F

Limit temperature during
transport
Storage and transport with
standard factory packaging

–25 to +70 °C

-13 to 158 °F

Humidity
Permissible humidity stress
We recommend arranging the
units in such a way that they are
not exposed to direct sunlight or
pronounced temperature changes
that could cause condensation

Annual average ≤ 75 % relative humidity; on 56 days a year up to 93 %
relative humidity; condensation during operation is not permitted

During operation
Standards

IEC 60255-21 and IEC 60068-2

CE conformity

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
10 to 60 Hz: ±0.075 mm amplitude;
60 to 150 Hz: 1 g acceleration
Frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
Acceleration 5 g, duration 11 ms,
3 shocks each in both directions of
the 3 axes

Vibration during earthquake
IEC 60255-21-2, class 1
IEC 60068-3-3

Sinusoidal
1 to 8 Hz: ± 4 mm amplitude
(horizontal axis)
1 to 8 Hz: ± 2 mm amplitude
(vertical axis)
8 to 35 Hz: 1 g acceleration
(horizontal axis)
8 to 35 Hz: 0,5 g acceleration
(vertical axis)
Frequency sweep 1 octave/min
1 cycle in 3 orthogonal axes

The product meets the stipulations
of the guideline of the council of
the European Communities for
harmonization of the legal requirements of the member states on
electro-magnetic compatibility
(EMC directive 89/336/EEC) and
product use within certain voltage
limits (low-voltage directive
73/23/EEC).
The product conforms with the international standard of the IEC
60255 series and the German national standard DIN VDE 57
435,Part 303. The unit has been
developed and manufactured for
use in industrial areas in accordance with the EMC standard.

Siemens SIP · Edition No. 6

This conformity is the result of a test
that was performed by Siemens AG in
accordance with Article 10 of the directive in conformance with generic
standards EN 50081-2 and
EN 50082-2 for the EMC directive
and EN 60255-6 for the low-voltage
directive.

Further applicable standards:
ANSI/IEEE C37.90.0 and C37.90.1
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Selection and ordering data

Description

Order No.

Order
code

6MD66 high-voltage bay control unit

6MD662o – ¨¨¨¨¨ – 0 ¨¨¨ ¨¨¨

Processor module with power supply,
input/output modules with a total of:
Number of inputs and outputs
35 single-point indications, 22 1-pole single commands,
3 single commands to common potential, 1 live contact, 3 x current
4 x voltage via direct CT inputs, 2 measuring transducer inputs
Current transformer IN
1A
1 A / 150 % IN
1 A / 200 % IN
5A
5 A / 150 % IN
5 A / 200 % IN

see
next
page

1
2
3
5
6
7

Rated auxiliary voltage (power supply, indication voltage)
24 to 48 V DC, threshold binary input 19 V2)
60 V DC, threshold binary input 19 V2)
110 V DC, threshold binary input 88 V2)
220 to 250 V DC, threshold binary input 176 V2)
Unit design
For panel flush mounting, with integr. local operation, HMI,
plug-in terminal (2/3-pole AMP socket)
For panel flush mounting, with integr. local operation, graphic display,
keyboard, screw-type terminals (direct connec./ring-type cable lugs)
Region-specific default settings/function and language presettings
Region DE, 50 Hz, language: German, changeable
Region World, 50/60 Hz, language: English (GB), changeable
Region US, ANSI, language: English (US), changeable
Region World, 50/60 Hz, language: French, changeable
Region World, 50/60 Hz, language: Spanish, changeable
System interface (on rear of unit, port B)
No system interface
IEC 60870-5-103 protocol, electrical RS485
IEC 60870-5-103 protocol, optical 820 nm, ST connector
PROFIBUS-FMS Slave, electrical RS485
PROFIBUS-FMS Slave, optical, single ring, ST connector
PROFIBUS-FMS Slave, optical, double ring, ST connector
PROFIBUS-DP Slave, electrical RS485
PROFIBUS-DP Slave, 820 nm fiber, double ring, ST plugs
PROFIBUS-DP Slave, double electrical RS485 (second module on port D)
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector

12

Function interface (on rear of unit, port C and D)
No function interface
DIGSI 4, electrical RS232, port C
DIGSI 4, electrical RS485, port C
DIGSI 4, optical 820 nm, ST connector, port D
With RS485 interface for inter-relay communication, port C and DIGSI 4
With RS485 interface for inter-relay communication, port C and DIGSI 4,
with optical 820 nm, ST connector, port D

2
3
4
5

D
E
A
B
C
D
E
0
2
3
4
5
6
9
9
9
9
9

L
L
L
L
L

0
0
1
0
0

A
B
A
R
S

0
1
2
3
4
5

2) The binary input thresholds can be
selected in two stages by means of
jumpers.
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Selection and ordering data

Description

Order No.

6MD66 high-voltage bay control unit

6MD662o – ¨¨¨¨¨ – 0 ¨¨¨ ¨¨¨

Measured-value processing
Full measured-value processing and display
No measured-value processing and no display
Synchronization
With synchronization
Without synchronization
Protection function
Without protection functions
With auto-reclosure (AR)
With circuit-breaker failure protection
With auto-reclosure and circuit-breaker failure protection
With fault recording

Order
code

A
F
A
F
0
1
2
3
4

12

Siemens SIP · Edition No. 6
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Selection and ordering data

Description

Order No.

Order
code

6MD66 high-voltage bay control unit

6MD66oo – ¨¨¨¨¨ – 0ooo ¨¨¨

Processor module with power supply,
input/output modules with a total of:
Number of inputs and outputs
50 single-point indications, 32 1-pole single commands,
3 single commands to common potential, 1 live contact,
3 x current, 4 x voltage via direct CT inputs
2 measuring transducer inputs
65 single-point indications, 42 1-pole single commands,
3 single commands to common potential, 1 live contact,
3 x current, 4 x voltage via direct CT inputs
2 measuring transducer inputs
Current transformer IN
1A
1 A / 150 % IN
1 A / 200 % IN
5A
5 A / 150 % IN
5 A / 200 % IN (for 6MD664)
Rated auxiliary voltage (power supply, indication voltage)
24 to 48 V DC, threshold binary input 19 V1)
60 V DC, threshold binary input 19 V1)
110 V DC, threshold binary input 88 V1)
220 to 250 V DC, threshold binary input 176 V1)

3

4
1
2
3
5
6
7
2
3
4
5

Unit design
For panel surface mounting, detached operator panel, f. mount. in l.-v. case,
C
screw-type terminals (direct connec./ring-type cable lugs)
For panel flush mounting, with integr. local operation, graphic display, keyboard,
E
screw-type terminals (direct connec./ring-type cable lugs)
For panel surface mounting, w /o operator unit, f. mount. in l.-v. case,
F
screw-type terminals (direct connec./ring-type cable lugs)
Region-specific default settings/function and language presettings
Region DE, 50 Hz, language: German, changeable
Region World, 50/60 Hz, language: English (GB), changeable
Region US, ANSI, language: English (US), changeable
Region World, 50/60 Hz, language: French, changeable
Region World, 50/60 Hz, language: Spanish, changeable
System interface (on rear of unit, port B)
No system interface
IEC 60870-5-103 protocol, electrical RS485
IEC 60870-5-103 protocol, optical 820 nm, ST connector
PROFIBUS-FMS Slave, electrical RS485
PROFIBUS-FMS Slave, optical, single ring, ST connector
PROFIBUS-FMS Slave, optical, double ring, ST connector
PROFIBUS-DP Slave, electrical RS485
PROFIBUS-DP Slave, optical 820 nm, double ring, ST connector
PROFIBUS-DP Slave, double electrical RS485 (second module on port D)
PROFIBUS-DP Slave, double optical double ring ST (second module on port D)
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector

12

A
B
C
D
E
0
2
3
4
5
6
9
9
9
9
9
9

L
L
L
L
L
L

0
0
1
1
0
0

A
B
A
B
R
S

see next page

1) The binary input thresholds can be
selected by means of jumpers.
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Selection and ordering data

Description

Order No.

6MD66 high-voltage bay control unit

6MD66oo – ¨¨¨¨¨ – 0ooo

Function interface (on rear of unit, port C and D)
No function interface
DIGSI 4, electrical RS232, port C
DIGSI 4, electrical RS485, port C
DIGSI 4, optical 820 nm, ST connector, port D 1)
With RS485 interface for inter-relay communication, port C and DIGSI 4
With RS485 interface for inter-relay communication, port C and DIGSI 4,
with optical 820 nm, ST connector, port D 1)
Measured-value processing
Full measured-value processing and display
No measured-value processing and no display 2)
Synchronization
With synchronization
Without synchronization
Protection function
Without protection functions
With auto-reclosure (AR) incl. fault recording
With circuit-breaker failure protection (BF) incl. fault recording
With auto-reclosure (AR) and circuit-breaker failure protection (BF) incl. fault recording
Fault recording

0
1
2
3
4
5
A
F
A
F
0
1
2
3
4

12

1) Not for double PROFIBUS-DP
(position 11 = 9-L1A or 9-L1B).
2) Only for position 16 = 0
(without protection functions).

Siemens SIP · Edition No. 6
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Connection diagrams
Bay unit 6MD662

Fig. 12/30
Module 1, indications, commands

Fig. 12/31
Module 2, indications, commands

12

Fig. 12/32
Module 4, measuring values commands
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Connection diagrams
Bay unit 6MD662
or

Fig. 12/33
CPU, C-CPU 2
For unit 6MD662*-****1-0AA0
and 6MD662*-****2-0AA0
(DIGSI interface, electrical, system interface
optical or electrical)

or

Fig. 12/34
CPU, C-CPU 2
For unit 6MD662*-****3-0AA0
(DIGSI interface, optical, system interface
optical or electrical)

or

12

Fig. 12/35
CPU, C-CPU 2
For unit 6MD662*-****4-0AA0
(Inter-relay communication
interface electrical, system interface
optical or electrical)

Siemens SIP · Edition No. 6

Fig. 12/36
CPU, C-CPU 2
For unit 6MD662*-****5-0AA0
(DIGSI interface, optical,
Inter-relay communication
interface electrical, system interface
optical or electrical)
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Connection diagrams
Bay unit 6MD664

Fig. 12/37
Module 1, indications commands

Fig. 12/38
Module 2, indications commands

Fig. 12/40
Module 4, indications, commands

Fig. 12/41
Module 5, measuring values, commands

Fig. 12/39
Module 3, indications, commands

12
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Connection diagrams
Bay unit 6MD664
or

Fig. 12/42
CPU, C-CPU 2
For unit
6MD664*-****1-0AA0
and
6MD664*-****2-0AA0
(DIGSI interface electric, system interface
optical optical or electric)

or

Fig. 12/43
CPU, C-CPU 2
For unit 6MD664*-****3-0AA0
(DIGSI interface optical,
system interface optical
optical or electric)

or

12

Fig. 12/44
CPU, C-CPU 2
For unit 6MD664*-****4-0AA0
(Inter-relay communication
interface electric, system
interface optical or electric)

Siemens SIP · Edition No. 6

Fig. 12/45
CPU, C-CPU 2
For unit 6MD664*-****5-0AA0
(DIGSI interface optical,
(Inter-relay communication
electric, system
interface optical or electric)
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SIPROTEC 4 7VK61
Breaker Management Relay
Function overview

25

50BF

79
59
27
74TC

LSP2458-afp.tif

86

Fig. 10/1
SIPROTEC 4 7VK61
breaker management
relay

Description
The SIPROTEC 4 breaker management
relay 7VK61 is a highly flexible autoreclosure, synchro-check and circuitbreaker failure protection unit.
This unit is used for the single and threepole auto-reclosure of a circuit-breaker,
after this circuit-breaker has tripped due
to a fault. The synchro-check function
ensures that the two circuits being reconnected by closing the circuit-breaker are
within a defined safe operating state before
the CLOSE command is issued.
The 7VK61 is also applicable as circuitbreaker failure protection. A breaker failure occurs when the circuit-breaker fails
to correctly open and clear the fault after
single or three-pole trip commands have
been issued by the protection. It is then
necessary to trip the relevant busbar zone
(section) to ensure fault clearance.
Together with the above-mentioned protection functions, the following additional
functions of the 7VK61 can be applied:
end-fault protection, pole-discrepancy
protection, overvoltage protection and
undervoltage protection. As a member of
the numerical SIPROTEC 4 relay family,
it also provides control and monitoring
functions and therefore supports the user
with regard to a cost-effective power system management.

Siemens SIP · Edition No. 6

Protection functions
• Single and/or three-pole auto-reclosure
• Synchro-check with live/dead line/bus
measurement
• Closing under asynchronous conditions
(consideration of CB operating time)
• Circuit-breaker failure protection with
two stages (single and three-pole
with/without current)

• End-fault protection
• Pole-discrepancy protection
• Overvoltage/undervoltage protection
Control function

• Commands f. ctrl. of CB and isolators
Monitoring functions
• Operational measured values
• Self-supervision of the relay
• Event buffer and fault protocols
• Oscillographic fault recording
• Monitoring of CB auxiliary contacts
• Switching statistics
Features
• All functions can be used separately
• Initiation/start by phase-segregated or
3-pole trip commands
• Auto-reclosure for max. 8 reclose cycles
• Evolving/sequential trip recognition
• Auto-reclosure with ADT, DLC, RDT
• Synchro-check with ΔV, Δϕ , Δf
measurement
• Breaker failure protection with highly
secure 2-out-of-4 current check detectors
• Breaker failure protection with short
reset time and negligible overshoot time
CommunicatIon interfaces
• Front interface for connecting a PC
• System interface for connecting to a
control system via various protocols
– IEC 61850 Ethernet
– IEC 60870-5-103 protocol
– PROFIBUS-FMS/-DP
– DNP 3.0
• Rear-side service/modem interface
• Time synchronization via
– IRIG-B or DCF77 or system interface
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Application
The 7VK61 provides highly flexible
breaker management. It applies to single-breaker, ring-bus, and 1½ breaker installations. The auto-reclosure,
synchronism-check, breaker failure protection and voltage protection functions
can be used separately or combined.
Therefore the current and voltage transformer connection can be selected according to the required application.
The auto-reclosure function closes the circuit-breaker after this circuit-breaker has
tripped due to a fault. The check-synchronism function ensures that the two circuits
being reconnected by closing the circuitbreaker are within a defined safe operating
state before the CLOSE command is issued.

Cost-effective power system management
The SIPROTEC 4 units are numerical relays which also provide control and monitoring functions and therefore support the
user with regard to a cost-effective power
system management. The security and reliability of the power supply is increased as a
result of minimizing the use of hardware.
The local operation has been designed
according to ergonomic criteria. Large,
easy-to-read backlit displays are provided.
The SIPROTEC 4 units have a uniform design and a degree of functionality which
represents a benchmark-level of performance in protection and control.

The numerical 7VK61 relay provides rapid
backup fault clearance in case the circuitbreaker nearest to the fault fails to respond
to a TRIP command. It is suitable for
power systems of all voltage levels with
single and/or three-pole circuit-breaker
operation. The initiation signal can be issued from any protection or supervision
equipment. Information from the circuitbreaker auxiliary contact is only required
for the breaker failure protection during
faults which produce little or no fault current flow, for instance due to a trip from
the power transformer Buchholz protection.

If the requirements for protection, control
and interlocking change, it is possible in
the majority of cases to implement such
changes by means of parameterization using DIGSI 4 without having to change the
hardware.
The use of powerful microcontrollers and
the application of digital measured-value
conditioning and processing largely suppresses the influence of higher-frequency
transients, harmonics and DC components.
ANSI
50BF

Breaker-failure protection

59/27

Overvoltage/undervoltage
protection

25

Synchro-check

79

Auto-reclosure

74TC

Trip circuit supervision

86

Lockout (CLOSE command
interlocking)

10

Fig. 10/2 Application and function diagram
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Construction
Connection technique and housing with
many advantages

LSP2166-afp.tif

Fig. 10/4
Rear view of flush-mounting housing with
covered connection terminals and wirings

LSP2237-afp.tif

Fig. 10/3
Flush-mounting housing
with screw-type terminals

LSP2219-afp.eps

In the case of surface mounting on a panel,
the connection terminals are located above
and below the housing in the form of
screw-type terminals. The communication
interfaces are located in a sloped case at the
top and bottom of the housing.

LSP2174-afp.tif

1/3 and 1/2-rack sizes are available as
housing widths of the SIPROTEC 4 7VK61
relays, referred to a 19" modular frame system. This means that previous models can
always be replaced. The height is a uniform
255 mm for flush-mounting housings and
266 mm for surface-mounting housings
for all housing widths. All cables can be
connected with or without ring lugs.

Fig. 10/6
Communication interfaces
in a sloped case in a surfacemounting housing

10
Fig. 10/5
Surface-mounting housing with screw-type
terminals, example 7SA63
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Protection functions
Auto-reclosure (ANSI 79)
The 7VK61 relay is equipped with an
auto-reclose function (AR). Usually the
auto-reclosure interacts with the feeder
protection via binary inputs and outputs.
The function includes several operating
modes:
• 3-pole auto-reclosure for all types of
faults; different dead times are available
depending on the type of fault
• 1-pole auto-reclosure for 1-phase faults,
no reclosing for multi-phase faults
• 1-pole auto-reclosure for 1-phase and
3-pole auto-reclosing for multi-phase
faults
• Multiple-shot auto-reclosure
• Interaction with the internal or an
external synchro-check
• Monitoring of the circuit-breaker
auxiliary contacts.
In addition to the above-mentioned operating modes, several other operating principles can be employed by means of the
integrated programmable logic (CFC).
The 7VK61 allows the line-side voltages
to be evaluated. A number of voltagedependent supplementary functions are
thus available:

10

• ADT
The adaptive dead time is employed only
if auto-reclosure at the remote station was
successful (reduction of stress on equipment).

Fig. 10/7

Auto-reclosure and synchro-check with voltage measurement
across a power transformer

Synchronism check (ANSI 25)
Where two network sections are switched
in by control command or following a
3-pole auto-reclosure, it must be ensured
that both network sections are mutually
synchronous. For this purpose, a synchronism-check function is provided. After
verification of the network synchronism,
the function releases the CLOSE command. Consideration of the duration of the
CB operating time before issuing the
CLOSE command (especially important
under asynchronous conditions and when
several circuit-breakers with different operating times are to be operated by one single relay).

• DLC
By means of dead-line check, reclosure is
effected only when the line is deenergized
(prevention of asynchronous breaker closure in case that the synchronism check
can not be used).

In addition, reclosing can be enabled for
different criteria, e.g., when the busbar or
line are not carrying a voltage (dead line or
dead bus).

• RDT
Reduced dead time is employed in conjunction with auto-reclosure where no
teleprotection method is employed: when
faults within the zone extension of a distance feeder protection but external to the
protected line, are switched off for rapid
auto-reclosure (RAR), the RDT function
decides on the basis of measurement of
the return voltage from the remote station
which has not tripped, that the fault has
been cleared by the protection on the
faulted downstream feeder and that
reclosure with reduced dead time may
take place.

The 7VK61 relay incorporates a two-stage
circuit-breaker failure protection to detect
failures of tripping command execution,
for example due to a defective circuitbreaker. The current detection logic is
phase-segregated and can therefore also
be used in single-pole tripping schemes.
If the fault current is not interrupted after
a settable time delay has expired, a retrip
command or the busbar trip command
will be generated. The breaker failure protection will usually be initiated by external

10/6

Breaker failure protection (ANSI 50BF)

feeder protection relays via binary input
signals. Trip signals from the internal autoreclosure logic or from the voltage protection can start the breaker failure protection
as well.
Overvoltage protection, undervoltage
protection (ANSI 59, 27)
The 7VK61 contains a number of
overvoltage measuring elements. Each
measuring element is of two-stage design.
The following measuring elements are
available:
• Phase-to-earth overvoltage
• Phase-to-phase overvoltage
• Zero-sequence overvoltage
The zero-sequence voltage can be connected to the 4th voltage input (not in
conjunction with syncho-check) or
be derived from the phase voltages.
• Negative-sequence overvoltage
Tripping by the overvoltage measuring
elements can be effected either at the local
circuit-breaker or at the remote station by
means of a transmitted signal.
The 7VK61 is fitted, in addition, with three
two-stage undervoltage measuring elements:
• Phase-to-earth undervoltage
• Phase-to-phase undervoltage
• Positive-sequence undervoltage
The undervoltage measuring elements
can be blocked by means of a minimum
current criterion and by means of binary
inputs.
Siemens SIP · Edition No. 6
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Protection functions
End-fault protection
When the circuit-breaker is open, the area
located between the current transformer
and the circuit-breaker can be optimally
protected by means of the end-fault protection. In the event of a fault, an independently settable time delay is started
after a valid initiation has been received
and the circuit-breaker auxiliary contacts
indicate an open circuit-breaker position,
with current still flowing (see Fig. 10/8).
Depending on the mounting position of
the current transformer, instantaneous
tripping of the busbar section or
intertripping of the circuit-breaker at the
opposite end occurs.
Pole-discrepancy protection
This function ensures that any one or two
poles of a circuit-breaker do not remain
open for longer than an independently
settable time (i.e. unsymmetrical conditions). This time stage is initiated when
current (above the set value) is flowing in
any 1 or 2 phases, but not in all 3 phases.
Additionally, the circuit-breaker auxiliary
contacts (if connected) are interrogated
and must show the same condition as the
current measurement. Should this time delay expire, then a three-pole trip command
is issued. This function is normally used
when single-pole auto-reclosing is applied.

Monitoring functions
The 7VK61 relay provides comprehensive
monitoring functions covering both hardware and software. Furthermore, the measured values are continuously checked for
plausibility. Therefore the current and
voltage transformers are also included in
this monitoring system.
If all voltages are connected, the relay will
detect secondary voltage interruptions by
means of the integrated fuse failure monitor. Immediate alarm and blocking of the
synchronism check and dead line check is
provided for all types of secondary voltage
failures. Additional measurement supervision functions are

Fig. 10/8
End-fault between circuit-breaker and current
transformer

• Symmetry of voltages and currents (in
case of appropriate transformer connection)
• Broken-conductor supervision (if current
transformers are connected)
• Summation of currents and voltages
(in case of appropriate transformer
connection)
• Phase-sequence supervision (if three
voltage transformers are connected)

Trip circuit supervision (ANSI 74TC)

10

One or two binary inputs for each circuitbreaker pole can be used for monitoring
the circuit-breaker trip coils including the
connecting cables. An alarm signal is issued whenever the circuit is interrupted.
The trip circuit supervision function requires one or two independent potential-free binary inputs per trip circuit. To
make existing (non potential-free) binary
inputs potential-free, external optocoupler
modules can be applied.
Lockout (ANSI 86)
Under certain operating conditions, it is
advisable to block CLOSE commands after
a final TRIP command of the relay has
been issued. Only a manual ‘Reset’ command unblocks the CLOSE command. The
7VK61 is equipped with such an interlocking logic.

Siemens SIP · Edition No. 6
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Communication
With respect to communication, particular
emphasis is placed on the customer requirements in energy automation:
• Every data item is time-stamped at the
source, i.e. where it originates.
• Already during the process of communication, information is assigned to the
cause thereof (e.g. assignment of the indication “circuit-breaker TRIP” to the corresponding command).
• The communication system automatically
handles the transfer of large data blocks
(e.g. fault recordings or parameter data
files). The user has access to these features
without any additional programming effort.
• For the safe execution of a control command the corresponding data telegram is
initially acknowledged by the unit which
will execute the command. After the release and execution of the command a
feedback signal is generated. At every stage
of the control command execution particular conditions are checked. If these are
not satisfied, command execution may be
terminated in a controlled manner.

10

The units offer a high degree of flexibility by
supporting different standards for connection to industrial and power automation
systems. By means of the communication
modules, on which the protocols run, exchange and retrofit is possible. Therefore,
the units will also in future allow for optimal adaptation to changing communication
infrastructure such as the application of
Ethernet networks (which will also be used
increasingly in the power supply sector in
the years to come).
Local PC interface
The serial RS232 PC interface accessible
from the front of the unit permits quick
access to all parameters and fault event
data. The use of the DIGSI 4 operating
program is particularly advantageous
during commissioning.
Service/modem interface
7VK61 units are always fitted with a rear-side
hardwired service interface, optionally as
RS232 or RS485. In addition to the front-side
operator interface, a PC can be connected
here either directly or via a modem.

10/8

Time synchronization interface
The time synchronization interface is a
standard feature in all units. The supported
formats are IRIG-B and DCF77.
Reliable bus architecture
• RS485 bus
With this data transmission via copper
conductors, electromagnetic fault influences are largely eliminated by the use of
twisted-pair conductors. Upon failure of a
unit, the remaining system continues to
operate without any problem.
• Fiber-optic double ring circuit
The fiber-optic double ring circuit is immune to electromagnetic interference.
Upon failure of a section between two
units, the communication system continues to operate without disturbance. It is
usually impossible to communicate with
a unit that has failed. Should a unit fail,
there is no effect on the communication
with the rest of the system.

Fig. 10/9
IEC 60870-5-103 star-type RS232 copper
conductor connection or fiber-optic connection

Retrofitting: Modules for every type of
communication
Communication modules for retrofitting
are available for the entire SIPROTEC 4
unit range. These ensure that, where different communication protocols (IEC 61850,
IEC 60870-5-103, PROFIBUS, DNP, etc.)
are required, such demands can be met.
For fiber-optic communication, no external converter is required for SIPROTEC 4.
IEC 61850 protocol
The Ethernet-based IEC 61850 protocol is
the worldwide standard for protection and
control systems used by power supply corporations. Siemens was the first manufacturer to support this Standard. By means of
this protocol, information can also be exchanged directly between bay units so as to
set up simple masterless systems for bay
and system interlocking. Access to the
units via the Ethernet bus is also be possible with DIGSI.

Fig. 10/10
Bus structure for station bus with Ethernet
and IEC 61850 with fiber-optic ring

IEC 60870-5-103 protocol
IEC 60870-5-103 is an internationally
standardized protocol for efficient communication with protection relays.
IEC 60870-5-103 is supported by a number
of protection device manufacturers and is
used worldwide. Supplements for the control function are defined in the manufacturer-specific part of this standard.
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PROFIBUS-DP
PROFIBUS-DP is an industrial communications standard and is supported by a
number of PLC and protection device
manufacturers.
DNP 3.0
DNP 3.0 (Distributed Network Protocol,
Version 3) is an internationally recognized
protection and bay unit communication
protocol. SIPROTEC 4 units are Level 1
and Level 2 compatible.

Fig. 10/11

820 nm fiber-optic
communication module

Fig. 10/13

Fiber-optic Ethernet communication
module for IEC 61850 with integrated
Ethernet switch

Fig. 10/12

RS232/RS485 electrical
communication module

Together with the SICAM power automation system, SIPROTEC 4 can be used with
PROFIBUS-FMS. Over the low-cost electrical RS485 bus, or interference-free via the
optical double ring, the units exchange information with the control system. Units
equipped with IEC 60870-5-103 interfaces
can be connected to SICAM in parallel via
the RS485 bus or connected in star by fiberoptic link. Through this interface, the system is open for the connection of units of
other manufacturers (see Fig. 10/14).

LSP3.01-0021.tif

System solutions for protection and station
control

Because of the standardized interfaces,
SIPROTEC units can also be integrated
into systems of other manufacturers or in
SIMATIC. Electrical RS485 or optical interfaces are available. The optimum physical data transfer medium can be chosen
thanks to opto-electrical converters. Thus,
the RS485 bus allows low-cost wiring in
the cubicles and an interference-free optical connection to the master can be established.
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For IEC 61850, an interoperable system
solution is offered with SICAM PAS. Via
the 100 Mbits/s Ethernet bus, the units are
linked with PAS electrically or optically to the
station PC. The interface is standardized,
thus also enabling direct connection of units
of other manufacturers to the Ethernet bus.
With IEC 61850, however, the units can
also be used in other manufacturers’ systems. Units with an IEC 60870-5-103
interface are connected with PAS via the
Ethernet station bus by means of serial/
Ethernet converters. DIGSI can also be
used via the same station bus.

Siemens SIP · Edition No. 6
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Typical connection
Connection for current and voltage
transformers
With the transformer connection as shown
in Fig. 10/15, it is possible to use the complete scope of functions of 7VK61, i.e.
breaker failure protection, synchronism
check with 3-phase dead line check (with
or without auto-reclosure), complete measured value monitoring, voltage protection,
and the complete range of operational measured values.

Fig. 10/15
Complete connection of all current and voltage transformers

Alternative: Connection for current
transformers only
The connection for current transformers
only provides breaker failure protection
and current operational measured values.

10

Fig. 10/16
Typical current transformer connection for breaker failure protection
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Typical connection
Alternative: Connection for two voltage
transformers
In case of a connection for two voltage
transformers, synchro-check and two operational measured voltages, and additionally synchro-check measured values are
applicable. Dead line check is performed
for the connected line voltage only.
Note: Please connect the two voltages
always to the terminals R15/R16 and
R13/R14 with the appropriate polarity. The
setting address 106 “Voltage transformer”
must then be set to “single-phase”. The
terminals R17 and R18 must not be connected.

Fig. 10/17
Typical voltage transformer connection for synchro-check with single voltage dead line check

The connection of the voltage VL1-L2 as
shown in Fig. 10/17 is just an example:
any other of the shown combinations is
possible for synchronization.
The two voltage transformer connection
can also be combined with the current
transformer connection according to
Fig. 10/16.

10
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Technical data
General unit data

Output contacts

Analog inputs
Rated frequency

50 or 60 Hz (selectable)

“Unit ready” contact
(live status contact)

Rated current Inom

1 or 5 A (selectable)

Command/indication relay

Rated voltage Vnom

80 to 125 V (selectable)

Power consumption
With Inom = 1 A
With Inom = 5 A
Voltage inputs

Approx. 0.05 VA
Approx. 0.30 VA
≤ 0.10 VA

Overload capacity of current circuit
Thermal (r.m.s.)

Dynamic (peak value)
Thermal overload capacity of voltage circuit

500 A for 1 s
150 A for 10 s
20 A continuous
1250 A (half cycle)
230 V continuous

Auxiliary voltage
Rated voltages

24, 48 V DC
60, 125 V DC
110, 250 V DC
and 115, 230 V AC (50/60 Hz)

Permissible tolerance

-20 % to +20 %

Superimposed AC voltage
(peak-to-peak)

≤ 15 %

Power consumption
Quiescent
Energized
Bridging time during failure of the
auxiliary voltage
For Vaux = 48 V and Vaux ≥ 110 V
For Vaux = 24 V and Vaux = 60 V

Approx. 5 W
Approx. 8 W to 14 W, depending on
design

≥ 50 ms
≥ 20 ms

Binary inputs

10

Quantity
7VK610
7VK611
Rated voltage range
Pickup threshold

7
20
24 to 250 V, bipolar
19 or 88 V or 176 V DC, bipolar

Functions are freely assignable
Minimum pickup voltage
Ranges are settable by means of
jumpers for each binary input

19 or 88 V or 176 V DC, bipolar
(3 operating ranges)

Maximum permissible voltage

300 V DC

Current consumption, energized

Approx. 1.8 mA

Input impulse suppression

220 nF coupling capacitance at 220 V
with a recovery time >60 ms

Quantity
7VK610
7VK611

1 NC/NO contact1)

5 NO contacts,
14 NO contacts, 4 NC/NO contacts1)

NO/NC contact
Switching capacity
Make
Break, contacts
Break, contacts
(for resistive load)
Break, contacts
(for τ = L/R ≤ 50 ms)

1000 W / VA
30 VA
40 W

25 VA

Switching voltage

250 V

Permissible total current

30 A for 0.5 seconds
5 A continuous

Operating time, approx.
NO contact
NO/NC contact (selectable)
Fast NO contact

8 ms
8 ms
5 ms

LEDs
Quantity
RUN (green)
ERROR (red)
LED (red),
function can be assigned
7VK610
7VK611

1
1

7
14

Unit design
Housing

7XP20

Dimensions

Refer to part 15 for dimension
drawings

Degree of protection acc. to
EN 60529
Surface-mounting housing
Flush-mounting housing
Front
Rear
For the terminals
Weight
Flush-mounting housing
1/3 x 19"
1/2 x 19"
Surface-mounting housing
1/3 x 19"
1/2 x 19"

IP 51
IP 51
IP 50
IP 20 with terminal cover put on

5 kg
6 kg
9.5 kg
11 kg

1) Can be set via jumpers.
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Technical data
Serial interfaces

Electrical tests

Operating interface, front of unit for DIGSI 4

Specifications

Connection

Non-isolated, RS232,
9-pin subminiature connector
(SUB-D)

Standards

Baud rate

4800 to 115200 baud
setting as supplied: 38400 baud;
parity 8E1

Insulation tests

Time synchronization DCF77/ IRIG-B signal (Format IRIG-B000)

Standards

Connection

Voltage test (100 % test)

Voltage levels

9-pin subminiature connector
(SUB-D)
(terminal with surface-mounting
housing)
5 V, 12 V or 24 V (optional)

Service/modem interface for DIGSI 4 / modem / service
Isolated RS232/RS485
Dielectric test
Distance for RS232
Distance for RS485

9-pin subminiature connector
(SUB-D)
500 V / 50 Hz
Max. 15 m
Max. 1000 m

System interface
IEC 61850 Ethernet
IEC 60870-5-103 protocol
PROFIBUS-FMS
PROFIBUS-DP
DNP 3.0
Isolated RS232/RS485
Baud rate
Dielectric test
Distance for RS232
Distance for RS485
PROFIBUS RS485
Dielectric test
Baud rate
Distance
PROFIBUS fiber-optic
Only for flush-mounting housing
For surface-mounting housing
Baud rate
Optical wavelength
Permissible attenuation
Distance

9-pin subminiature connector
(SUB-D)
4800 to 38400 baud
500 V / 50 Hz
Max. 15 m
Max. 1000 m
500 V / 50 Hz
Max. 12 Mbaud
1000 m at 93.75 kbaud;
100 m at 12 Mbaud
ST connector
Optical interface with OLM1)
Max. 1.5 Mbaud
λ = 820 nm
Max. 8 dB for glass-fiber 62.5/125 μm
500 kB/s 1.6 km
1500 kB/s 530 m

IEC 60255 (product standards)
IEEE C37.90.0/.1/.2
VDE 0435
For further standards see
“Individual tests”
IEC 60255-5 and 60870-2-1

All circuits except for auxiliary
supply, binary inputs,
communication and time
synchronization interfaces

2.5 kV (r.m.s.), 50 Hz

Auxiliary voltage and binary
inputs (100 % test)

3.5 kV DC

RS485/RS232 rear side
communication interfaces
and time synchronization
interface (100 % test)

500 V (r.m.s.), 50 Hz

Impulse voltage test (type test)
All circuits except for communication interfaces and time
synchronization interface,
class III

5 kV (peak); 1.2/50 µs; 0.5 J,
3 positive and 3 negative impulses in
intervals of 5 s

EMC tests for noise immunity; type tests
Standards

IEC 60255-6; IEC 60255-22
(product standard)
EN 61000-6-2 (generic standard),
VDE 0435 Part 301,
DIN VDE 0435-110

High-frequency test
IEC 60255-22-1 class III and
VDE 0435 Part 303, class III

2.5 kV (peak); 1 MHz; τ = 15 µs;
400 surges per s; test duration 2 s;
Ri = 200 Ω

Electrostatic discharge
IEC 60255-22-2 class IV
and EN 61000-4-2, class IV

8 kV contact discharge; 15 kV air
discharge; both polarities; 150 pF;
Ri = 330 Ω

Irradiation with HF field,
IEC 60255-22-3 class III
IEC 61000-4-3, class III

10 V/m; 80 to 1000 MHz; 80 % AM;
1 kHz
10 V/m; 1.4 to 2 GHz; 80 % AM; 1 kHz

Irradiation with HF field,
IEC 60255-22-31, IEC 61000-4-3
Amplitude-modulated

Class III, 10 V/m

Pulse-modulated
Fast transient disturbance/bursts
IEC 60255-22-4 and
IEC 61000-4-4, class IV

80; 160; 450; 900 MHz; 80 % AM
1kHz; duration >10 s
900 MHz, 50 % PM,
repetition frequency 200 Hz
4 kV; 5/50 ns; 5 kHz;
burst length = 15 ms;
repetition rate 300 ms; both polarities; Ri = 50 Ω; test duration 1 min

1) Conversion with external OLM
Fiber-optic interface please complete order number at 11th position
with 4 (FMS RS485) or 9 and Order Code L0A (DP RS485) or 9 and
Order Code L0G (DNP 3.0) and additionally a suitable external repeater.
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Technical data
EMC tests for noise immunity; type tests (cont'd)
High-energy surge voltages
(SURGE),
IEC 61000-4-5 installation class III
Auxiliary supply

Measurement inputs, binary inputs,
binary output relays

10

Impulse: 1.2/50 µs

Common (longitudinal) mode: 2 kV;
12 Ω; 9 µF
Differential (transversal) mode:1 kV;
2 Ω; 18 µF
Common (longitudinal) mode:
2 kV; 42 Ω; 0.5 µF
Differential (transversal) mode:
1 kV; 42 Ω; 0.5 µF

Line-conducted HF, amplitudemodulated, IEC 61000-4-6, class III

10 V; 150 kHz to 80 MHz; 80 % AM;
1 kHz

Magnetic field with power frequency IEC 61000-4-8, class IV;
IEC 60255-6

30 A/m continuous; 300 A/m for 3 s;
50 Hz
0.5 mT; 50 Hz

Oscillatory surge withstand capability, IEEE C37.90.1

2.5 kV (peak); 1 MHz; τ = 50 µs;
400 surges per second,
duration 2 s, Ri = 200 Ω

Fast transient surge withstand
capability, IEEE C37.90.1

4 kV; 5/50 ns; 5 kHz
burst length = 15 ms; repetition rate
300 ms; both polarities; Ri = 50 Ω;
duration 1 min

Radiated electromagnetic interference IEEE C37.90.2

35 V/m; 25 to 1000 MHz,

Damped oscillation
IEC 60694, IEC 61000-4-12

2.5 kV (peak value); polarity alternating 100 kHz; 1 MHz; 10 and 50 MHz;
Ri = 200 Ω

Seismic vibration
IEC 60255-21-3, class 1
IEC 60068-3-3

Sinusoidal
1 to 8 Hz: ± 3.5 mm amplitude
(horizontal axis)
1 to 8 Hz: ± 1.5 mm amplitude
(vertical axis)
8 to 35 Hz: 1 g acceleration
(horizontal axis)
8 to 35 Hz: 0.5 g acceleration
(vertical axis)
Frequency sweep 1 octave/min
1 cycle in 3 orthogonal axes

During transport
Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
5 to 8 Hz: ± 7.5 mm amplitude;
8 to 150 Hz: 2 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Semi-sinusoidal
Acceleration 15 g, duration 11 ms,
3 shocks on each of the 3 axes in
both directions

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

Semi-sinusoidal
Acceleration 10 g, duration 16 ms,
1000 shocks on each of the 3 axes in
both directions

Climatic stress tests
Standard

IEC 60255-6

EMC tests for interference emission; type tests

Temperatures

Standard

EN 61000-6-3 (generic standard)
150 kHz to 30 MHz
Limit class B

Type-tested acc. to IEC 60068-2-1
and -2, test Bd, for 16 h

-25 °C to +85 °C / -13 °F to +185 °F

Conducted interference voltage on
lines, only auxiliary voltage
IEC-CISPR 22

-20 °C to +70 °C / -4 °F to +158 °F

Radio interference field strength
IEC-CISPR 22

30 to 1000 MHz
Limit class B

Temporarily permissible operating
temperature, tested for 96 h
(Legibility of display may be impaired above +55 °C / +131 °F)

Harmonic currents on the network
lead at 230 V AC, IEC 61000-3-2

Class A limits are observed

-5 °C to +55 °C / +23 °F to +131 °F

Voltage fluctuations and flicker
on the network incoming feeder at
230 V AC, IEC 61000-3-3

Limits are observed

Recommended permanent operating temperature acc. to
IEC 60255-6
– Limiting temperature during
permanent storage
– Limiting temperature during
transport

-25 °C to +55 °C / -13 °F to 131 °F

Mechanical stress test

Humidity

Vibration, shock stress and seismic vibration
During operation
Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
10 to 60 Hz: ± 0.075 mm amplitude;
60 to 150 Hz: 1 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
Acceleration 5 g, duration 11 ms,
3 shocks on each of the 3 axes in both
directions

10/14

-25 °C to +70 °C / -13 °F to +158 °F

Permissible humidity stress:
It is recommended to arrange the
units in such a way that they are not
exposed to direct sunlight or pronounced temperature changes that
could cause condensation.

Annual average on ≤ 75 % relative
humidity; on 56 days per year up to
93 % relative humidity; condensation is not permitted.
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Technical data
Functions

Breaker failure protection (ANSI 50BF)

Auto-reclosure (ANSI 79)

Number of stages

2

Number of auto-reclosures

Up to 8

Pickup of current element

Operating mode

Only 1-pole; only 3-pole, 1- or
3-pole

0.05 to 20 A (1A) / 0.25 to 100 A (5A)
(step 0.01 A)

Time delays T11phase, T13phase, T2

0 to 30 s (steps 0.01 s) or deactivated

Dropout (overshoot) time, internal

≤ 15 ms, typical; 25 ms, max.

End-fault protection

For fault between open CB and
CT, with intertrip to the remote line
end

Pole discrepancy supervision

Initiation if not all CB poles are
closed or open
0 to 30 s (steps 0.01 s) or deactivated

Operating modes with line voltage check

DLC – dead-line check
ADT – adaptive dead time
RDT – reduced dead time

Dead times T1-ph, T3-ph, TSeq

0 to 1800 s (step 0.01 s) or deactivated

Action times

0.01 to 300 s (step 0.01 s) or deactivated

Reclaim times

0.5 to 300 s (step 0.01 s)

Start-signal monitoring time

0.01 to 300 s (steps 0.01 s)

Additional functions

Synchro-check request
3-phase intertripping
InterCLOSE command to the remote end
Check of CB ready state
Blocking with manual CLOSE

Voltage limit values for DLC, ADT,
RDT
Healthy line voltage PH-E
Dead line voltage PH-E

30 to 90 V (steps 1 V)
2 to 70 V (steps 1 V)

Tolerances
Time stages
Voltage limit values

1 % of setting value or 10 ms
≤ 3 % of setting value or 1 V

Synchro-check (ANSI 25)
Initiate options

Operating modes
With auto-reclosure

For manual closure
and control commands

Monitoring time
Tolerances
Current limit value
Time stages

≤ 5 % of setting value or 1 % Inom
1 % of setting value or 10 ms

Voltage protection (ANSI 59, 27)
Operating modes

Local tripping and/or carrier trip for
remote end

Overvoltage protection
Pickup values VPH-E>>, VPH-E>
(phase-earth overvoltage)

1 to 170 V (step 0.1 V)

Pickup values VPH-PH>>, VPH-PH>
(phase-phase overvoltage)

2 to 220 V (step 0.1 V)

Pickup values 3V0>>, 3V0>
(3V0 can be measured via V4 trans-

1 to 220 V (step 0.1 V)

formers or calculated by the relay)
(zero-sequence overvoltage)

Auto-reclosure;
Manual CLOSE control
Control commands

Pickup values V1>>, V1>
(positive-sequence overvoltage)

2 to 220 V (step 0.1 V)

Pickup values V2>>, V2>
(negative-sequence overvoltage)

2 to 220 V (step 0.1 V)

Synchro-check
Line dead/busbar live
Line live/busbar dead
Line and busbar dead
Bypassing
As for auto-reclosure

Reset ratio (settable)

0.5 to 0.98 (step 0.01)

Permissible voltage difference

1 to 60 V (step 0.1 V)

Permissible frequency difference

0.03 to 2 Hz (step 0.01 Hz)

Permissible angle difference

2 to 80 ° (step 1°)

Max. duration of synchronization

0.01 to 600 s (steps 0.01 s) or deactivated

Release delay with synchronous
networks

0 to 30 s (steps 0.01 s)

Minimum measuring time

Approx. 80 ms

Tolerances
Time stages
Voltage limit values

1 % of setting value or 10 ms
≤ 2 % of setting value or 1 V

Undervoltage protection

10

Pickup values VPH-E<<, VPH-E<
(phase-earth undervoltage)

1 to 100 V (step 0.1 V)

Pickup values VPH-PH<<, VPH-PH<
(phase-phase undervoltage)

1 to 170 V (step 0.1 V)

Pickup values V1<<, V1<
(positive-sequence undervoltage)

1 to 100 V (step 0.1 V)

Blocking of undervoltage protection
stages

Minimum current; binary input

Reset ratio (settable)

1.01 to 1.20 (step 0.01)

Time delays
Time delay for all stages

0 to 100 s (step 0.01 s) or deactivated

Command / pickup time

Approx. 34 ms at fnom = 50 Hz
Approx. 30 ms at fnom = 60 Hz

Tolerances
Voltage limit values
Time stages

≤ 3 % of setting value or 1 V

1 % of setting value or 10 ms

Trip circuit supervision (ANSI 74TC)

Siemens SIP · Edition No. 6

Number of supervisable trip circuits

Up to 3

Number of required binary inputs
per trip circuit

1 or 2

Indication relay

1 to 30 s (steps 1 s)
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Technical data
Additional functions

Further additional functions

Operational measured values

Measured value supervision

Current sum
Current symmetry
Voltage sum
Voltage symmetry
Phase sequence
Fuse failure monitor

Indications
Operational indications

Power direction
Buffer size 200

Representation

Primary, secondary and percentage
referred to rated value

Currents

3 x IPhase ; 3I0; I1; I2

Tolerances

Typ. 0.3 % of indicated measured
value or 0.5 % Inom

Voltages

3 x VPhase-Earth; 3 x VPhase-Phase; 3V0,
V1, V2, VSYNC, Ven

Tolerances

Typ. 0.25 % of indicated measured
value or 0.01 % Vnom

Power with direction indication

P, Q, S

Tolerances
P: for ⏐cos ϕ⏐ = 0.7 to 1 and
V/Vnom, I/Inom = 50 to 120 %
Q: for ⏐sin ϕ⏐ = 0.7 to 1 and
V/Vnom , I/Inom = 50 to 120 %
S: for V/Vnom, I/Inom = 50 to
120 %

System disturbance indication
Switching statistics

Number of breaking operations per
CB pole
Sum of breaking current per phase
Breaking current of last trip operation
Max. breaking current per phase

Circuit-breaker test

TRIP/CLOSE cycle, 3 phases
TRIP/CLOSE per phase

Typical ≤ 1%
Typical ≤ 1%
Typical ≤ 1%

Frequency
Tolerance

f
≤ 10 mHz

Power factor

PF

Tolerance for ⏐cos ϕ⏐ = 0.7 to 1

Typical ≤ 0.02

Dead time for CB TRIP / CLOSE
cycle

WP+; WP-; WQ+; WQ-

Tolerance
for ⏐cos ϕ⏐ > 0.7 and V > 50 %
Vnom and I > 50 % Inom

5%

Oscillographic fault recording

10

Analog channels

3 x IPhase, 3I0
3 x VPhase, 3V0, VSYNC, Ven

Max. number of available recordings

8, backed-up by battery if auxiliary
voltage supply fails

Sampling intervals

20 samplings per cycle

Total storage time

> 15 s

Binary channels

Pickup and trip information;
number and contents can be freely
configured by the user

Max. number of displayed binary
channels

0 to 30 s (steps 0.01 s)

Commissioning support

Operational measured values, CB
test, status display of binary inputs,
setting of output relays, generation
of indications for testing serial interfaces

Phase rotation adjustment

Clockwise or anti-clockwise

Energy meters
Four-quadrant meters

Storage of indications of the last 8
faults, buffer size 600

CE conformity
This product complies with the directive of the Council of the European
Communities on the approximation of the laws of the Member States relating to electromagnetic compatibility (EMC Council Directive 89/336/EEC)
and concerning electrical equipment for use within specified voltage limits
(Low-voltage directive 73/23/EEC).
This conformity is proved by tests conducted by Siemens AG in accordance
with Article 10 of the Council Directive in agreement with the generic
standards EN 61000-6-2 and EN 61000-6-4 for the EMC directive and with
the standard EN 60255-6 for the low-voltage directive.
This device is designed and produced for industrial use.
The product conforms with the international standard of the series
IEC 60255 and the German standard VDE 0435.

40

Control
Number of switching units

Depends on the number of binary /
indication inputs and indication /
command outputs

Control commands

Single command / double command
1, 1 plus 1 common or 2 pole

Feed back

CLOSE, TRIP, intermediate position

Interlocking

Freely configurable

Local control

Control via menu, function keys,
control keys (if available)

Remote control

Control protection, DIGSI,
pilot wires
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Selection and ordering data

Description

Order No.

7VK61 breaker management relay

7VK61¨¨ – ¨¨¨¨¨ – 4Y¨0 ¨¨¨

Housing, binary inputs (BI) and outputs (BO)
Housing 1/3 19”, 7 BI, 6 BO incl. 1 live-status contact,
Housing 1/2 19”, 20 BI, 19 BO incl. 1 live-status contact

0
1

Measuring inputs (4 x V, 4 x I)
Iph = 1 A, Ie = 1 A (min. = 0.05 A)1)
Iph = 5 A, Ie = 5 A (min. = 0.25 A)1)

1
5

Rated auxiliary voltage (power supply, threshold of binary inputs)
24 to 48 V DC, binary input threshold 19 V3)
60 to 125 V DC2), binary input threshold 19 V3)
110 to 250 V DC2), 115 to 230 V AC, binary input threshold 88 V3)
220 to 250 V DC2), 115 to 230 V AC, binary input threshold 176 V3)
Unit version
For panel flush mounting
For panel surface mounting

2) Transition between the 3 auxiliary
ranges can be selected by means of
jumpers.
3) The binary input thresholds are
selectable in 3 steps by means of
jumpers.
4) Optical interfaces are not available
with surface mounting housings
(position 9 = E). Please order the
version with RS485 interface and a
separate electrical/optical converter.
5) For surface-mounting housing applications please order the relay with
electrical Ethernet interface and use
a separate fiber-optic switch.

Siemens SIP · Edition No. 6

2
4
5
6
A
E

Region-specific default settings/language settings and functions versions
Region DE, language: German, selectable
Region World, language: English, selectable
Region US, language:US-English, selectable
Region FR, language: French, selectable
Region World, language: Spanish, selectable
Region World, language: Italian, selectable

1) Rated current can be selected by
means of jumpers.

Order
code

A
B
C
D
E
F

Port B system interface
Empty

0

IEC 60870-5-103 protocol, electrical RS232

1

IEC 60870-5-103 protocol, electrical RS485

2

IEC 60870-5-103 protocol, optical 820 nm, ST connector

3

PROFIBUS-FMS Slave, electrical RS485

4

PROFIBUS-FMS Slave, optical, double ring, ST connector 4)

6

PROFIBUS-DP Slave, RS485

9

L0 A

PROFIBUS-DP Slave, optical 820 nm , double ring, ST connector 4)

9

L0 B

DNP 3.0, RS485

9

L0G

DNP 3.0, optical 820 nm, ST connector 4)

9

L0H

IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector

9

L0R

IEC 61850, 100 Mbit Ethernet, optical, double, LC connector 5)

9

L0 S

Port C service interface
DIGSI 4/modem, electrical RS232
DIGSI 4/modem, electrical RS485
Functions
Breaker failure protection
1-/3-pole or 3-pole only

Auto-reclosure
Over/Undervoltage
1-/3-pole or 3-pole only protection
and synchro-check

n
n

n
n

1
2

n
n
n
n
n

n
n

C
D
N
P
Q
R
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Description

Accessories

Order No.

DIGSI 4
Software for configuration and operation of Siemens protection units
running under MS Windows 2000/XP Professional Edition
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables (copper)
Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

Professional
DIGSI 4 Basis and additionally SIGRA 4 (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

SIGRA 4
(generally contained in DIGSI Professional, but can be ordered additionally)
Software for graphic visualization, analysis and evaluation of fault records.
Can also be used for fault records of devices of other manufacturers
(Comtrade format). Running under MS Windows 2000/XP Professional Edition
Incl. templates, electronic manual with license for 10 PCs.
Authorization by serial number. On CD-ROM.

7XS5410-0AA00

Connecting cable (copper)
Cable between PC/notebook (9-pin connector) and protection unit (9-pin connector)
(contained in DIGSI 4, but can be ordered additionally)
7XV5100-4
Voltage transformer miniature circuit-breaker
Rated current 1.6 A; thermal overload release 1.6 A;
overcurrent trip 6 A

3RV1611-1AG14

Manual for 7VK61
For the latest version please visit

www.siemens.com/siprotec

10
Description

LSP2090-afpen.eps

Fig. 10/21
Short-circuit link
for current contacts

Fig. 10/20
3-pin connector
LSP2092-afpen.eps

LSP2093-afpen.eps

Fig. 10/19
2-pin connector

Fig. 10/22
Short-circuit link
for voltage contacts/
indications contacts

Size of
package

Supplier

Fig.
10/19
10/20

Connector

2-pin
3-pin

C73334-A1-C35-1
C73334-A1-C36-1

1
1

Siemens
Siemens

Crimp
connector

CI2 0.5 to 1 mm 2

0-827039-1
0-827396-1

4000
1

AMP 1)
1)
AMP

2

0-827040-1
0-827397-1

4000
1

AMP 1)
1)
AMP

0-163083-7
0-163084-2

4000
1

AMP 1)
1)
AMP

0-539635-1
0-539668-2
0-734372-1
1-734387-1

1

AMP
1)
AMP
1)
AMP
1)
AMP

C73165-A63-D200-1

1

Siemens
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C73334-A1-C33-1
C73334-A1-C34-1

1
1

Siemens
Siemens

10/21
10/22

C73334-A1-C31-1
C73334-A1-C32-1

1
1

Siemens
Siemens

10/4
10/4

CI2 1 to 2.5 mm

LSP2091-afpen.eps

Fig. 10/18 Mounting rail for 19" rack

Order No.

Type III+ 0.75 to 1.5 mm
Crimping
tool

2

For type III+
and matching female
for CI2
and matching female

19" mounting rail
Short-circuit links

For current terminals
For other terminals

Safety cover for terminals

large
small

1

1)

1) Your local Siemens representative
can inform you on local suppliers.

10/18

Siemens SIP · Edition No. 6

10 Relays for Various Protection Applications / 7VK61

Connection diagram

10
Fig. 10/23
Connection diagram 7VK610, 1/3 x 19” housing

Fig. 10/24
Serial interfaces

Siemens SIP · Edition No. 6
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Connection diagram

10

Fig. 10/25
Connection diagram 7VK611, 1/2 x 19” housing

1) Fast relay
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SIPROTEC 4 7SS52 Distributed Numerical Busbar
and Breaker Failure Protection
Function overview

LSP2392-afpen.tif

Busbar protection functions

Fig. 9/18

SIPROTEC 4
7SS52 busbar protection system

Description
The SIPROTEC 7SS52 numerical protection is a selective, reliable and fast protection for busbar faults and breaker failure in
medium, high and extra-high voltage substations with various possible busbar configurations.
The protection is suitable for all switchgear
types with iron-core or linearized current
transformers. The short tripping time is especially advantageous for applications with
high fault levels or where fast fault clearance is required for power system stability.
The modular hardware allows the protection to be optimally matched to the busbar
configuration. The decentralized arrangement allows the cabling costs in the substation to be drastically reduced. The 7SS52
busbar protection caters for single, double
or triple busbar systems with or without
and quadruple busbar systems without
transfer bus with up to: 48 bays,
16 bus couplers, and 24 sectionalizing
disconnectors and 12 busbar sections.

• Busbar differential protection
• Selective zone tripping
• Very short tripping time (<15 ms)
• Extreme stability against external fault,
short saturation-free time (≥ 2 ms)
• Phase-segregated measuring systems
• Integrated check zone
• 48 bays can be configured
• 12 busbar sections can be protected
• Bay-selective intertripping
Breaker failure protection functions
• Breaker failure protection
(single-phase with/without current)
• 5 operation modes, selectable per bay
• Separate parameterization possible for
busbar and line faults
• Independently settable delay times for
all operation modes
• 2-stage operation bay trip repeat/trip
busbar
• Intertrip facility
(via teleprotection interface)
• “Low-current” mode using the circuitbreaker auxiliary contacts
Additional protection functions
• End-fault protection with intertrip or
bus zone trip
• Backup overcurrent protection per bay
unit (definite-time or inverse-time)
• Independent breaker failure protection
per bay unit
Features
• Distributed or centralized installation
• Easy expansion capability
• Integrated commissioning aids
• Centralized user-friendly configuration / parameterization with DIGSI
• Universal hardware
Communication interfaces
• FO interface
– IEC 60870-5-103 protocol
• Electrical interface
– IEC 61850 protocol
with EN 100 module (firmware V4.6)

Siemens SIP · Edition No. 6
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Application
The 7SS52 distributed numerical busbar
and breaker failure protection system is a
selective, reliable and fast protection for
busbar faults and breaker failure in medium, high and extra-high voltage substations with various possible busbar
configurations. The protection is suitable
for all switchgear types with iron-core or
linearized current transformers. The short
tripping time is especially advantageous for
applications with high fault levels or where
fast fault clearance is required for power
system stability.
The modular hardware design allows the
protection system to be optimally matched
to the busbar configuration.
The distributed arrangement allows the cabling costs between bay and substation to
be drastically reduced. The 7SS52 busbar
protection caters for single, double, triple
and quadruple busbar systems with or
without transfer bus with up to:
– 48 bays
– 16 bus couplers
– 24 sectionalizing disconnectors
– 12 busbar sections

Fig. 9/19 Distributed system structure

9

Bay
units

Central unit

Fig. 9/20
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Protection functions of the central unit and the bay units
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The distributed bay units measure the
3 phase currents in each bay. The rated
input current is 1 or 5 A and therefore
eliminates the need for interposing current
transformers. The disconnector status,
breaker failure protection triggering, bay
out-of- service and other bay status information is derived via marshallable binary
inputs in the bay units. The complete information exchange is conveyed to the
central unit via a fiber-optic interface. The
bay unit also has an interface on the front
side for connection to a PC for operation
and diagnosis. The trip and intertrip commands are issued via trip contacts in the
bay units. The 7XP20 standard housing is
available in a flush or surface mounting
version (7SS523).

LSP2377-afpen.tif

Construction

Fig. 9/21 7SS522 Central unit
Front view of SIPAC subrack version

Because of its modular hardware design, it
is easy to adapt the central unit to the substation or to expand it with further modules each being connected with up to 8 bay
units.

LSP2515.tif

The central unit is connected to the bay
units via fiber-optic communication links.
The connection is built up in a star configuration. The central unit also contains
serial ports for system configuration via
PC or communication with a substation
control system, an integrated LC Display
with keypad and marshallable binary inputs, LEDs and alarm relays. The central
unit is available in a 19" SIPAC module
rack version for either cubicle or wall
mounting.

Fig. 9/22

9

7SS522 Central unit
Rear view

Fig. 9/23 7SS523 Bay unit
Front view of panel/flush/cubicle
mounting unit

Siemens SIP · Edition No. 6

LSP2516.tif

LSP2076-afp.tif

Each bay unit and the central unit has its
own internal power supply.

Fig. 9/24

7SS525 Bay unit
Front view of panel/flush/cubicle
mounting unit
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Protection functions
Busbar protection

9

The main function of the 7SS52 is busbar
protection, and has the following characteristics:
• Evaluation of differential currents, with
stabilization by through-currents based
on the proven performance of the
Siemens busbar protection 7SS1 and
7SS50/51, currently in service worldwide
• Selective busbar protection for busbars
with up to 12 busbar sections and 48 bays
• Integrated “check zone” (evaluation of all
busbar section currents without use of the
disconnector replica)
• Very short tripping time (15 ms typical)
• Selective detection of short-circuits, also
for faults on the transfer bus, with transfer
trip to the remote end.
• Detection and clearance of faults between
the current transformer and the circuitbreaker via current measurement and
selective unbalancing.
• Tripping only when all three fault detection modules recognize a busbar fault
(2 measurement processors and check
zone processor)
• No special CT requirements (stability is
guaranteed, even when the CTs saturate
after 2 ms)
• Selective output tripping relays per feeder
in bay units.
Mode of operation
The 7SS52 protection relay offers complete
numerical measured-value processing
from sampling to digital conversion of the
measured variables through to the circuitbreaker tripping decision. The bay units
dispose of sufficient powerful contacts to
directly trip the circuit-breaker.
For each busbar section and for all three
phases, two independent processors execute the protection algorithm on alternate
data samples. Based on the proven performance of the 7SS1 and 7SS50/51, this
method of measurement ensures highest
stability even in case of high short-circuit
currents and CT saturation.

9/22

The pickup characteristic can be set
independently for selective busbar
protection, for the “check zone”
and for the breaker failure protection.

Fig. 9/25
Standard characteristic

Fig. 9/26
Earth-fault characteristic

In addition, an disconnector status independent check-zone measurement is executed on a further processor thus increasing
the protection against unwanted operation.
All three processors must reach a trip decision independently before the trip command is released.
The disconnector status is monitored using
normally open and normally closed contacts to enable plausibility checks for both
status and transition time. The contact
monitoring voltage is also supervised.
In case of an auxiliary voltage failure in
the bay, the latest disconnector status is
stored and a bay-selective indication of the
failure is issued.
The assignment of the feeder currents to
the corresponding busbar systems is controlled by software via the disconnector
replica. The disconnector replica is applied
for both busbar protection and breaker
failure protection.
The integrated breaker failure protection
function provides phase-segregated
two-stage operation (bay-specific trip repeat, trip bus section). Alternatively, an external breaker failure protection relay can
issue its trip commands via the disconnector
replica in the 7SS52.

Breaker failure protection
The 7SS52 protection includes an integrated breaker failure protection with the
following features:
• Five breaker failure protection modes that
are selectable:
1. Following the issue of a trip signal from
a feeder protection, the busbar protection
monitors the drop-off of the trip signal.
If the feeder current is not interrupted before a set time delay the polarity of the
feeder current is reversed, which results in
a differential current in the corresponding section of the bus protection. For this
function, a separate parameter set is used.
2. Following a trip signal from a feeder
protection, a trip signal will be output
after a settable time delay from the 7SS52
protection to the corresponding feeder
circuit-breaker. If this second trip signal is
also unsuccessful, the unbalancing procedure according to mode 1) as described
above will take place.
3. With external stand-alone breaker failure protection, the disconnector replica
of the 7SS52 may be used to selectively
trip the busbar section with the faulty
circuit-breaker.

Siemens SIP · Edition No. 6
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Protection functions
4. Following a trip signal from the feeder
protection, the 7SS52 monitors the dropoff of the trip signal. If, after a settable
time, the current does not fall below a
settable limiting value, busbar-selective
feeder trip commands are issued with the
help of the disconnector replica within
the 7SS52.

busbar section or intertripping of the circuit-breaker at the opposite end occurs.

the central unit or locally in each bay unit
with the DIGSI operating program.

Backup protection

Disconnector replica

As an option, a two-stage backup protection, independent of the busbar protection
is included in every bay unit. This backup
protection is completed by means of a
breaker failure protection. The parametrization and operation can be carried out in

The disconnector replica is used for both
the busbar protection and the breaker failure protection.
The following features characterize the
disconnector replica function:
• Includes up to 48 bays and 12 busbar
sections
• Integrated bi-stable disconnector status
characteristic (status stored on loss of
auxiliary power).

5. Following a trip signal from a feeder
protection, a trip signal will be output after a settable time delay from the 7SS52
protection to the corresponding feeder
circuit-breaker. If this second trip signal is
also unsuccessful, the tripping as described under 4) will take place.
• For single-pole or multi-pole starting,
delay times are available.
• Breaker failure detection following a
busbar fault by comparison of the measured current with a set value.
• For all modes of breaker failure protection, a transfer trip command output
contact is provided for each feeder to initiate remote tripping.
Sensitive tripping characteristic

9
SIPV6.101en.tif

In some applications, e.g. within resistive
earthed networks, single-phase short-circuit currents are limited to rated current
values. In order to provide a busbar protection for these cases, an independent
characteristic is available. This characteristic presents separate parameters for the
pickup threshold, as well as for a limitation
of efficiency. The activation of the characteristic takes place by means of a binary input in the central unit, e.g. by recognizing
a displacement voltage.

Fig. 9/27 Fault record

End-fault protection

SIPV6.100en.tif

The location of the current transformer
normally limits the measuring range of the
busbar protection. When the circuitbreaker is open, the area located between
the current transformer and the circuitbreaker can be optimally protected by
means of the end-fault protection. In the
event of a fault, depending on the mounting position of the current transformer, instantaneous and selective tripping of the

Fig. 9/28 DIGSI plant monitoring
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Protection functions/Functions
• Disconnector transition time monitoring.
• By the assignment “NOT open = closed”,
the disconnector is taken to be CLOSED
during the transition time.
Accurate matching of the disconnector
auxiliary contacts with the main contact is
not required.
• Menu-guided graphic configuration with
DIGSI operating program.
• LEDs in the bay modules indicate the
actual status of the busbar disconnector.
• Dynamic visualization of the substation
with DIGSI on the central unit.
Tripping command/reset
The tripping output processing for the
7SS52 protection has the following features:
• Bay-selective tripping by bay units
• Settings provided for overcurrent release
of the tripping command (to enable selective tripping of infeeding circuits only)
• Settable minimum time for the trip command.
• Current-dependent reset of the tripping
command.
Disturbance recording

9

The digitized measured values from the
phase currents and the differential and stabilizing currents of the busbar sections and
check zone are stored following a trip decision by the 7SS52 or following an external
initiation via a binary input. Pre-trigger
and post-fault times with regard of the trip
command can be set. Up to 8 fault recordings are stored in the 7SS52. The fault records may be input to a PC connected to
the central unit, using the menu-guided
DIGSI operating program. Then, the
SIGRA graphics program makes it possible
to easily analyze the fault recordings.
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Marshallable tripping relays, binary inputs,
alarm relays and LEDs
The bay units are equipped with
marshallable command relays for direct
circuit-breaker tripping. For each bay there
are 9 (7SS523) or 8 (7SS525) duty contacts
available.
For user-specific output and indication of
events, 16 alarm relays and 32 LEDs in the
central unit are freely marshallable.
Several individual alarms may be grouped
together.
The central unit has marshallable binary
inputs with:
• Reset of LED display
• Time synchronization
• Blocking of protection functions
The bay units have marshallable binary
inputs:
• Disconnector status closed/open
• Phase-segregated start of circuit-breaker
failure protection
• Release of circuit-breaker failure protection
• Release of TRIP command
• Circuit-breaker auxiliary contacts
• Bay out of service
• Test of circuit-breaker tripping

Measurement and monitoring functions
In the 7SS52 protection relay, a variety of
measurement and monitoring functions is
provided for commissioning and maintenance. These functions include:
• Measurement and display of the phase
currents of the feeders in the central unit
and bay units.
• Measurement and display (on the integrated LCD or PC) of the differential and
stabilizing currents of all measuring systems in the central unit and the bay units.
• Monitoring of busbar-selective and
phase-segregated differential currents
with busbar-selective blocking/alarming
• Monitoring of the differential currents of
the check zone with alarming/blocking
• Phase-segregated trip test including control of feeder circuit-breaker (by central
or bay unit)
• Removal of a bay from the busbar measurement processing during feeder service
and maintenance via central or bay units
(bay out of service)
• Blocking of breaker failure protection or
tripping command for testing purposes.
• Disconnector replica freezing (maintenance) with alarm indication (”Disconnector switching prohibition”).
• Cyclic tests of measured-value acquisition
and processing and trip circuit tests including coils of the command relays.
Event recording
The 7SS52 protection provides complete
data for analysis of protection performance
following a trip or any other abnormal
condition and for monitoring the state of
the relay during normal service.
Up to 200 operational events and 80 fault
annunciations with a resolution of one
millisecond may be stored in two independent buffers:
• Operational indications
This group includes plant/substation
operation events, for example disconnector switching, disconnector status discrepancies (transition time limit exceeded, loss
of auxiliary voltage, etc.) or event/alarm
indications
• Tripping following a busbar short-circuit
fault or circuit-breaker failure.

Siemens SIP · Edition No. 6
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Protection functions/Functions
Settings
A PC can be connected to the operator interface located at the front panel or the rear
of the central unit. An operating program
is available for convenient and clear setting, fault recording and evaluation as well
as for commissioning. All settings of the
busbar or breaker failure protection, as
well as settings of additional functions such
as backup protection, need only be
parameterized at the central unit. Settings
at the bay units are not necessary.
With the help of the integrated keypad and
display on the central unit, all setting parameters may be read out.
Keypad, display (7SS523) and the front
side interface of the bay units serve for
commissioning, display of operational values and diagnosis.
All parameters are written into nonvolatile
memories to ensure that they are retained
even during loss of auxiliary voltage.
Configuration, visualization
The configuration of the 7SS52 is effected
by means of a graphics-orientated editor
included in the DIGSI operation program.
For frequently used bay types, a symbol library is available. Enhancements can be
easily effected anytime.
A graphical configuration visualizes the
states of the disconnector position, the
circuit-breaker and measuring values.
Self-monitoring
Hardware and software are continuously
monitored and any irregularity is immediately detected and alarmed. The self-monitoring feature improves both the reliability
and the availability of the 7SS52. The following quantities are monitored:
•
•
•
•
•

The current transformer circuits
The analog-to-digital conversion
All internal supply voltages
The program memory
The program running times by a watch
dog function
• The disconnector status
• The three channel tripping circuit

reliability. The experience gained by
Siemens in production of over 1 million
numerical protection units has been incorporated in the software design. The most
modern manufacturing methods together
with effective quality control ensure high
reliability and a long service life.
Battery monitoring
The internal battery is used to back-up the
clock and memory for storage of switching
statistics, status and fault indications and
fault recording, in the event of a power
supply failure. The processor checks its capacity at regular intervals. If the capacity of
the battery is found to be declining, an
alarm is generated. Routine replacement is
therefore not necessary. All setting parameters are stored in the Flash-EPROM, and
therefore not lost if the power supply or
the battery fails.

Communication
Serial communication
With respect to communication, particular
emphasis is placed on the customer requirements in energy automation:
• Every data item is time-stamped at the
source, i.e. where it originates.
• Already during the process of communication, information is assigned to the
cause thereof (e.g. assignment of the indication "circuit-breaker TRIP" to the corresponding command).
• The communication system automatically
handles the transfer of large data blocks
(e.g. fault recordings or parameter data
files). The user has access to these features
without any additional programming effort.
Local and remote communication

Functions for testing and commissioning
The 7SS52 offers auxiliary functions for
commissioning. The physical status of all
binary inputs and output relays of the central unit can be displayed and directly altered to facilitate testing.
All measured values can be clearly depicted
by means of DIGSI and simultaneously
displayed in different windows as primary
or percentage values.
The 7SS52 units are provided with a circuitbreaker test function. Single-pole and
three-pole TRIP commands can be issued.
Data transmission lockout
Data transmission lockout can be activated, so as to prevent transfer of information to the control center during work on a
circuit bay.
Test mode
During commissioning, a test mode can be
selected; all indications then have a test
mode suffix for transmission to the control
system.

The 7SS52 central unit provides several serial communication interfaces for various
tasks:
• Front interface for connecting a PC
• Rear-side service interface (always provided) for connection to a PC, either
directly or via a modern
• System interface for connecting to a control system via IEC 60870-5-103 protocol.
• System interface (EN 100 module)
for connecting to a control system via
IEC 61850 protocol
• Time synchronization via
IRIG-B/DCF/system interface
Serial front interface (central unit and bay
units)
There is a serial RS232 interface on the
front of all the units. All of the unit's functions can be set on a PC by means of the
DIGSI 4 protection operation program.
Commissioning tools and fault analysis are
also built into the program and are available through this interface.

Maximum lifetime and reliability
The hardware of the 7SS52 units is guaranteed by more than 20 years of experience in
numerical protection design at Siemens.
The number of components employed is
reduced through use of a powerful microprocessor in conjunction with highly-integrated components, thus enhancing the
Siemens SIP · Edition No. 6
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Communication (continued)
Rear-mounted interfaces (central unit only)
A number of communication modules
suitable for various applications can be
fitted in the rear of the flush-mounting
housing. The interface modules support
the following applications:
• Service interface
The service interface was conceived for
remote access to a number of protection
units via DIGSI. It can be an electrical
RS232/RS85 or an optical interface.
• RS485 bus
With this data transmission via copper
conductors, electromagnetic fault influences are largely eliminated by the use of
twisted-pair conductors. Upon failure of
a unit, the remaining system continues to
operate without any problem.
System interface
Communication with a central control system takes place through this interface. Radial or ring type station bus topologies can
be configured depending on the chosen interface. Furthermore, the units can exchange data through this interface via
Ethernet and IEC 61850 protocol and can
also be operated by DIGSI.

9

Fig. 9/29 Communication structure with DIGSI and IEC 60870-5-103

IEC 61850 protocol (retrofittable)
The Ethernet-based IEC 61850 protocol is
the worldwide standard for protection and
control systems used by power supply corporations. By means of this protocol, information can also be exchanged directly
between protection units so as to set up
simple masterless systems for bay and system interlocking. Access to the units via
the Ethernet bus will also be possible with
DIGSI.
IEC 60870-5-103 protocol
The IEC 60870-5-103 protocol is an international standard for the transmission of
protective data and fault recordings. All
messages from the unit and also control
commands can be transferred by means of
published, Siemens-specific extensions to
the protocol.

Fig. 9/30 Communication structure for station bus with Ethernet and IEC 61850, FO ring

Time synchronization
The battery-backed clock of the 7SS52 central unit can be synchronized via:
• DCF 77 signal via time synchronization
receiver
• IRIG-B satellite signal via time synchronization receiver
9/26

• Minute-pulse via binary input
• System interface by the substation
control, e.g. SICAM
Date and time with milliseconds resolution
is assigned to every indication. The synchronization of the 7SS52 bay units is automatically effected with the central unit.
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Technical data
General unit data

LEDs

Input circuits

Central unit
Operation
indication
Device failure
Marshallable

Rated current IN

1 or 5 A

Rated frequency fN

50/60 Hz

Thermal overload
Continuous
capability in current 10 s
path
1s

4 x IN
10 x IN
100 x IN

Dynamic overload
capability

250 x IN
At IN = 1 A
At IN = 5 A

< 0.1 VA
< 0.2 VA

Rated auxiliary
voltage Vaux

Central unit

Rated auxiliary
voltage Vaux

Bay unit

Burden of
current inputs

Bay unit
Operation
indication
Device failure
Indications

1

Red
Green
Red

1
5 (7SS523)/– (7SS525)
11 (7SS523)/1 (7SS525)

48, 60 to 250 V
DC

Bay unit (7SS523)
LC Display
Membrane keyboard

4 lines x 16 characters
12 keys

–20 to +20 %
Serial interfaces

Power consumption

Configuration dependent

Central unit

Quiescent
Energized

30 to 50 W
35 to 65 W

PC interface (front)

Quiescent
Energized

7SS523
12 W
16 W

7SS525
10 W
14 W

> 50 ms at Vaux ≥ 60 V

Binary inputs
Bay unit
Central unit

Green

4 lines x 20 characters
24 keys

≤ 15 %

Number of
binary inputs

1
32

48/60, 110/125, 220/250 V DC

Maximum ripple

Max. bridging time during
loss of voltage supply

Red
Red

Central unit
LC Display
Membrane keyboard

Permissible tolerance Vaux

Bay unit

1

Control, displays

Auxiliary voltage

Central unit

Green

7SS523

7SS525

20
12

10

Connection, electrical

SUB-D, 9-pin
(subminiature ISO 2110)

Baud rate

1200 to 115000 baud

System interface IEC 60870-5-103
(rear)
Connection, optical
electrical

ST connectors
SUB-D, 9-pin
(subminiature ISO 2110)

Baud rate

1200 to 115000 baud

Voltage range

24 to 250 V DC

Current consumption

Approx. 1.5 mA/input

Connection, electrical with EN 100
module

RJ45 connector

Alarm/event contacts

Baud rate

up to 100 Mbaud

Central unit
Number of
relays

Service interface (rear)
Marshallable
Fixed

16 (each 1 NO contact)
1 (2 NC contacts)

Switching capacity Make/Break

20 W/VA

Switching voltage

250 V AC/DC

Permissible current

7SS523

Connection, optical
electrical

ST connectors
SUB-D, 9-pin
(subminiature ISO 2110)

Baud rate

1200 to 115000 baud

Bay unit

1A

Bay unit

7SS525

PC interface (front)
Connection, electrical

SUB-D, 9-pin
(subminiature ISO 2110)

20 W/VA

Baud rate

1200 to 19200 baud

Switching voltage

250 V AC/DC

Central/bay unit

Permissible current

1A

Interface for high-speed data communication

7SS523

Connection
Fiber-optic cable
Optical wavelength
Permissible cable attenuation
Transmission distance

Number of
relays

Marshallable
Fixed

Switching capacity Make/Break

1 (1 NO contact) 1 (1 NO contact)
1 (2 NC contacts) 1 (1 NC contacts)

Command contacts
Number of relays (bay unit)

7SS525

4 (each 2 NO
3 (each 2 NO
contacts)
contacts)
1 (1 NO contact) 2 (1 NO contact)
Switching capacity

Make
Break

1000 W/VA
30 W/VA

Continuous
0.5 s

5A
30 A

Switching voltage
Permissible
current

9

System interface IEC 61850 (rear)

ST connectors
Glass fiber 62.5/125 µm
820 nm
Max. 8 dB
Max. 1.5 km

250 V AC/DC

Siemens SIP · Edition No. 6
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Technical data
Unit design (degree of protection according to EN 60529)

EMC tests for interference emission; type test

Central unit
Cubicle
Housing for wall mounting
SIPAC subrack

Standard
IP 54
IP 55
IP 20

EN 50081-2
(European generic standard for
industrial environment)

7SS523
IP 51
IP 21

Conducted interference voltage,
auxiliary voltage
CISPR 11, EN 55011
and VDE 0875 part 11

150 kHz to 30 MHz, limit class B

Bay unit
Housing
Terminals

Radio interference field strength
CISPR 11, EN 55011
and VDE 0875 part 11

30 to 1000 MHz, limit class B

Weight at max. configuration
Central unit
SIPAC subrack
Surface-mounting housing

14.3 kg
43.0 kg

Bay unit
Flush mounting
Surface mounting

7SS523
8.1 kg
11.8 kg

7SS525
IP 20

7SS525
5.5 kg

Mechanical stress tests
Specification
Standards
Permissible mechanical stress
During service

Electrical tests
Specification
Standards

IEC 60255-5, DIN 57435 part 303

High-voltage test (routine test),
except DC voltage supply input

2 kV (r.m.s.), 50 Hz

High-voltage test (routine test),
only DC voltage supply input

2.8 kV DC

Impulse voltage test (type test),
all circuits, class III

5 kV (peak), 1.2/50 µs, 0.5 J,
3 positive and 3 negative impulses at
intervals of 5 s

10 to 60 Hz, 0.035 mm amplitude
60 to 500 Hz, 0.5 g acceleration
5 to 8 Hz, 7.5 mm amplitude
8 to 500 Hz, 2 g acceleration

Climatic stress tests
Temperatures

EMC tests for interference immunity; type test
Standards

During transport

IEC 60255-21-1, IEC 6068-2

Standard
Permissible ambient temperature
– In service

IEC 60255-6
–10 °C to +55 °C (bay unit)
– 5 °C to +55 °C (central unit)
–25 °C to +70 °C
–25 °C to +70 °C
–10 °C to +55 °C (bay unit)
0 °C to +55 °C (central unit)

IEC 60255-6, IEC 60255-22
(international product standard),
EN 50082-2 (European generic
standard for industrial environment),
VDE 0435 part 303
(German product standard)

– For storage
– During transport
– During start-up

Standards

IEC 60068-2-3

High-frequency test with 1 MHz
interference
IEC 60255-2-1, class III and
VDE 0435 part 303, class III

2.5 kV (peak), 1 MHz, τ = 15 µs,
400 surges/s, duration 2 s

Annual average 75 % relative
humidity; on 56 days a year up to
93 % relative humidity;
condensation not permissible!

Electrostatic discharge
IEC 60255-22-2, class IV and
IEC 61000-4-2, class IV

8 kV contact discharge,
15 kV air discharge, both polarities,
150 pF, Rl = 330 Ω

It is recommended to arrange the
units in such a way that they are not
exposed to direct sunlight or pronounced temperature changes that
could cause condensation.

Irradiation with radio-frequency
field, non-modulated
IEC 60255-22-3, class III

10 V/m, 27 to 500 MHz

Irradiation with radio-frequency
field, amplitude-modulated
IEC 61000-4-3, class III

10 V/m, 80 to 1000 MHz,
AM 80 %, 1 kHz

Irradiation with radio-frequency
field, pulse-modulated
ENV 50204, class III

10 V/m, 900 MHz, repetition
rate 200 Hz, duty cycle 50 %

Fast transients interference/bursts
IEC 60255-22-4, class IV;
IEC 61000-4-4, class IV;
IEC 60801-4

4 kV, 5/50 ns, 5 kHz,
burst length = 15 ms,
repetition rate 300 ms, both polarities, RI = 50 Ω, duration 1 min

Line-conducted disturbances
induced by radio-frequency fields,
amplitude-modulated
IEC 61000-4-6, class III

10 V, 150 kHz to 80 MHz, AM 80 %,
1 kHz

Power frequency magnetic field
IEC 61000-4-8, class IV;
IEC 60255-6

30 A/m continuous,
300 A/m for 3 s, 50 Hz
0.5 mT; 50 Hz

9

Humidity

Busbar configuration
Quadruple or triple busbar with
transfer busbar;
Number of bays
Number of bus sections
Number of bus couplers
Number of sectionalizers
Number of coupler bus sections

48
12
16
24
12

Busbar protection
Tripping characteristics
Setting ranges
Overcurrent I/INO1)
Stabilizing factor k
for busbar-selective
protection
Stabilizing factor k
for check zone

0.2 to 4 (in steps of 0.01)
0.1 to 0.8 (in steps of 0.01)

0 to 0.8 (in steps of 0.01)

Tripping time
Typical trip time

15 ms

Differential current monitoring
Setting ranges
Current limit I/INO1)
Time delay

0.05 to 0.8 (in steps of 0.01)
1 to 10 s (in steps of 1 s)

1) INO = highest c.t. ratio.
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Technical data
Breaker failure protection

Additional functions

Tripping
Setting ranges
Overcurrent I/IN
Stabilizing factor k
Time delay for
unbalancing / I > query
Time delay for TRIP
repeat

Self-diagnosis
0.05 to 2 (in steps of 0.01)
0 to 0.8 (in steps of 0.01)
0.05 to 10 s (in steps of 0.01 s)
0.00 to 10 s (in steps of 0.01 s)

Modes of operation
Individually selectable per feeder:
I > query
TRIP repeat (1/3-phase) with I > query
Unbalancing (1-stage BF)
Unbalancing with TRIP repeat (1/3-phase, 2-stage BF)
TRIP by external BF protection (tripping via disconnector replica of
busbar protection)
Plus for each mode (except for TRIP by external BF): low-current
mode
Plus for modes with TRIP repeat: pulse mode
Breaker failure protection for busbar short-circuit
Setting value
0.05 to 2 (in steps of 0.01)
Overcurrent I/IN
Time delay
0.05 to 10.00 s (in steps of 0.01 s)
General data of the protection system
Min. time of TRIP commands
Setting range
Current threshold for
command reset I/IN

0.02 to 1 s (in steps of 0.01 s)
0.05 to 2 (in steps of 0.10)

Overcurrent release of TRIP commands
Setting range
0 to 25 (in steps of 0.01)
Disconnector transition time
Setting range

1 to 180 s (in steps of 0.01 s)

Overcurrent protection in the bay unit
Characteristics
Setting ranges
High-set stage; I >> (phase) I/IN
High-set stage; IE >>(earth) I/IN
Trip time delays; TI >>, TIE >>

Definite-time or inverse-time
overcurrent protection
0.05 to 25.00 (in steps of 0.01)
0.05 to 25.00 (in steps of 0.01)
0.00 to 60.00 s or ∞

Definite-time overcurrent protection
Overcurrent stage; I > (phase) I/IN 0.05 to 25.00 (in steps of 0.01)
Overcurrent stage; IE > (earth) I/IN
0.05 to 25.00 (in steps of 0.01)
Trip time delays; TI >, TIE >
0.00 to 60.00 s or ∞
Inverse-time overcurrent protection
Inverse time O/C stage; Ip (phase) I/IN
Inverse time O/C stage; IE (earth) I/IN
Trip time delays; TIp, TIE
Characteristics

0.10 to 4.00 (in steps of 0.01)
0.10 to 4.00 (in steps of 0.01)
0.00 to 10.00 s or ∞
Inverse (IEC 60255-3 type A)
Very inverse (IEC 60255-3 type B)
Extremely inverse (IEC 60255-3 type C)

Current monitoring per feeder
Auxiliary voltage monitoring
Cyclic test
Check of the data transmission between central unit and bay units
Memory tests
Operational measured values: Central unit
Feeder currents
Range
Tolerance
Differential and restraint (stabilizing)
currents of all bus sections (separate
for ZPS-BSZ1 and ZPS-BSZ2)
Range

IL1; IL2; IL3 in A primary and in % IN
0 to 1000 % IN
typically 2 % of measured value
IdL1; IdL2; IdL3
IsL1; IsL2; IsL3 in % IN
0 to 1000 % IN

Operational measured values: Bay unit
Feeder currents
Range
Tolerance

IL1; IL2; IL3; IE in A primary and in % IN
0 to 6 000 % IN
typically 2 % of measured value

Differential and restraint (stabilizing)
currents
Range
Frequency
Range
Tolerance

IdL1; IdL2; IdL3
IsL1; IsL2; IsL3
0 to 6 000 % IN
f in Hz (I > 0.1 IN)
fN ± 5 Hz
0.1 Hz

Event recording: Central unit
Storage of the last
200 operational events and 80 fault
events
Event recording: Bay unit

9

Storage of the last
50 operational events and 100 fault
events
Fault recording: Central unit
Resolution
Storage time (from busbar TRIP or
external initiation by binary input)

1 ms at 50 Hz;
0.83 ms at 60 Hz
– 500 to + 500 ms at 50 Hz
– 416 to + 416 ms at 60 Hz
(up to 8 fault records)

Fault recording: Bay unit
Resolution
Storage time (from busbar TRIP or
external initiation by binary input)

1 ms at 50 Hz;
0.83 ms at 60 Hz
– 500 to + 500 ms at 50 Hz
– 416 to + 416 ms at 60 Hz
(up to 8 fault records)

CE conformity
This product is in conformity with the Directives of the European
Communities on the harmonisation of the laws the Member States relating
to electromagnetic compatibility (EMC Council Directive 89/336/EEC) and
electrical equipment designed for use within certain voltage limits (Council
Directive 73/23/EEC).
This unit conforms to the international standard IEC 60255 and the German standard DIN 57435/Part 303 (corresponding to VDE 0435 part 303).
The unit has been developed and manufactured for application in an
industrial environment according to the EMC standards.
This conformity is the result of a test that was performed by Siemens AG
in accordance with Article 10 of the Council Directive complying with the
generic standards EN 50081-2 and EN 50082-2 for the EMC Directive and
standard EN 60255-6 for the “low-voltage Directive”.

1) INO = normalizing current.
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Selection and ordering data

Order
code

Description

Order No.

7SS522 distributed busbar/breaker failure protection

7SS52¨0-¨¨¨oo-ooA0 ¨¨o

Central unit
Central unit 50/60 Hz
Rated auxiliary voltage
48, 60 V DC
110, 125 V DC
220, 250 V DC
Unit design
In subrack ES902C
Regional presettings/regional functions and languages
Region DE, language German (language can be selected)
Region World, language English (UK) (language can be selected)
Region US, language English (US) (language can be selected)
Region FR, language French (language can be selected)
Region World, language Spanish (language can be selected)
Region World, language Italian (language can be selected)
Region World, language Russian (language can be selected)

2
3
4
5
A
A
B
C
D
E
F
G

System interface
Without
IEC 60870-5-103 protocol, optical 820 nm, ST connector
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector

0
3
9

Service interface (on rear of relay)
DIGSI 4/modem, electrical RS232
DIGSI 4/modem, electrical RS485
DIGSI 4/modem, optical 820 nm, ST connector

L0R
1
2
3

Additional functions
without
with cross stabilisation

9

1
2

Equipped for
8 bays
16 bays
24 bays
32 bays
40 bays
48 bays

7SS523 distributed busbar/breaker failure protection
Bay unit, frequency, housing, binary inputs and outputs
Bay unit, 50/60 Hz, housing 1/2 x 19", 20 BI, 6 BO, 2 live status contacts
Rated current
1A
5A
Rated auxiliary voltage
48 V DC
60 to 250 V DC
Unit design
7XP2040-2 for flush mounting or cubicle mounting
7XP2040-1 for surface mounting
7XP2040-2 for flush mounting without glass cover
Additional functions
Without additional functions
With overcurrent-time protection

9/30

A
B
C
D
E
F
7SS52oo-ooA01-oAA1
3

1
5

2
5

C
D
E

0
1
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Selection and ordering data

Description

Order No.

7SS525 distributed busbar/breaker failure protection
Bay unit, frequency 50/60 Hz;
Housing 1/3 x 19"; 10 BI, 6 BO, 1 live status contact

7SS525¨-¨¨A01-oAA1

Rated current at 50/60 Hz
1A
5A

1
5

Rated auxiliary voltage at converter
48 to 250 V DC

5

Unit design
7XP2040-2 for panel flush mounting or cubicle mounting without glass cover

F

Additional functions
Without additional functions
With overcurrent-time protection

Accessories

Description

0
1

Order No.

DIGSI 4
Software for configuration and operation of Siemens protection relays
running under MS Windows (version Windows 2000/XP Professional Edition)
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables (copper)
Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

Professional
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

Professional + IEC 61850
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CDC Editor (logic editor), Display Editor (editor for default
and control displays), and DIGSI 4 Remote (remote operation)
+ IEC 61850 system configurator

7XS5403-0AA00

IEC 61850 System configurator
Software for configuration of stations with IEC 61850 communication under
DIGSI, running under MS Windows 2000 or XP Professional Edition
Optional package for DIGSI 4 Basis or Professional
License for 10 PCs. Authorization by serial number. On CD-ROM

7XS5460-0AA00

9

SIGRA 4
(generally contained in DIGSI Professional, but can be ordered additionally)
Software for graphic visualization, analysis and evaluation of fault records.
Can also be used for fault records of devices of other manufacturers
(Comtrade format). Running under MS Windows 2000/XP Professional Edition.
Incl. templates, electronic manual with license for 10 PCs.
Authorization by serial number. On CD-ROM
(contained in DIGSI 4, but can be ordered additionally)
7XS5410-0AA00

Siemens SIP · Edition No. 6

Connection cable
Cable between PC/notebook (9-pin connector)
and protection relay (9-pin connector)
(contained in DIGSI 4, but can be ordered additionally)

7XV5100-4

Manual 7SS52 V4.7/V3.3
English

C53000-G1176-C182-5
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Connection diagram

9

Fig. 9/31 Connection diagram 7SS522

9/32

Siemens SIP · Edition No. 6

9 Busbar Differential Protection / 7SS52

Connection diagram
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Fig. 9/32 Connection diagram 7SS523
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Connection diagram

9

Fig. 9/33 Connection diagram 7SS525

9/34

Siemens SIP · Edition No. 6

Protection Systems

SIPROTEC 4 7VU683 V4.7
High Speed Busbar Transfer Device
Chapter for the Catalog SIP · Edition No. 7

Answers for infrastructure and cities.

7VU683
High Speed Busbar Transfer

Page
Description

3

Function overview

3

Applications

4

Construction

5

HSBT functions

6

Protection functions

12

Communication

13

Typical applications

16

Selection and ordering data

18

Accessories

20

Connection diagram

21

You will find a detailed overview of the technical data
under www.siemens.com/siprotec
2 SIPROTEC 4 · Chapter High Speed Busbar Transfer 7VU683 for the Edition Nr.7 of E50001-K400-A101-x-7600 · Status March 2014

7VU683
High Speed Busbar Transfer - Description and Function overview
Function overview
High speed busbar transfer function

LSP2187-afp.tif

• Starting conditions
- NORMAL condition
- FAULT condition
- Inadmissible under-voltage
- Inadmissible under-frequency
- Inadmissible df/dt
- Reverse power
- Inadvertent CB open

Fig. 1 SIPROTEC 4 7VU683 multifunction high speed busbar transfer device

Description
Permanent availability of electricity is essential for reliable
production of a great number of processes in power stations
and industrial plants where lots of inductive motor are
installed. To achieve this, a busbar is normally equipped
with two or more independent in-coming power sources to
provide the possibility to switch to standby source in case of
main source interruption or failure.
The power supply interruption with tens of millisecond has
small impact to rotating loads. Thus, the high speed busbar
transfer (HSBT) device helps to control and monitor the
progress to ensure the fast but reliable switching-over. It can
be initiated manually or automatically.
Based on the existing world-wide used SIPROTEC 4 platform,
the reliability, stability and efficiency of HSBT 7VU683 are
guaranteed. Thanks to its powerful and flexible performance,
multi functions are integrated into one system, e.g, power
supply transfer, relay protection and supervision.

• Switching sequences
- PARALLEL Auto switching sequence
- PARALLEL Half-Auto switching sequence
- SIMULTANEOUS switching sequence
- SEQUENTIAL sequence
• Transfer modes
- FAST transfer mode
- REAL-TIME FAST transfer mode
- IN-PHASE transfer mode
- RES-VOLT transfer mode
- LONG-TIME transfer mode
• Single busbar w. 2-CB, sectionalized single busbar
w. 3-CB and single busbar w. 3-CB supported
• High speed contact with approx.1ms for closing
• Permission of bi-direction switching settable
• Low voltage load-shedding settable
• CB de-coupling when OPEN failed
• NORMAL start locally or remotely
• Manual CB closing to block HSBT
• ON/OFF set locally or remotely
• HSBT test mode supported
Protection functions for tie-CB
• Overcurrent protection
• Ground overcurrent protection
• Overcurrent protection against switch-onto-fault
• Ground overcurrent protection against switch-onto-fault

The compact solution HSBT 7VU683 is designed to fit for the
primary diagrams of single busbar with 2-CB, sectionalized
single busbar with 3-CB and single busbar with 3-CB. It has
incorporated the traditional HSBT philosophy. Additionally,
the unique Real Time Fast Transfer mode helps to improve
the efficiency.

Monitoring functions

The integrated protective functions are to protect the tie-CB
in sectionalized single busbar diagram against short-circuit
and earth fault. The integrated supervision functions are to
monitor the voltage phase sequence and voltage secondary
circuit , then gives out alarm in case of failure.

Communication interfaces

The integrated programmable logic (CFC) allows the users to
implement their own functions. The flexible communication
interfaces are open for modern communication architectures
with control system.

• Self-supervision of the device
• Oscillographic fault recording
• Phase sequence of busbar voltage
• Voltage circuit of busbar and line

• PC front port for setting with DIGSI 4
• System interface
- IEC 60870-5-103, redundant optional
- IEC 61850, Ethernet
- DNP 3.0
- PROFIBUS DP or Modbus RTU
• Service interface for DIGSI 4 (modem)
• Time synchronization via IRIG B/DCF 77
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7VU683
High Speed Busbar Transfer - Application
Application

HSBT function

The 7VU683 high speed busbar transfer device of
SIPROTEC 4 family is compact multifunction unit which
has been developed for very fast power supply transfer of
busbar which is installed with big rotating loads. It accommodates the primary diagram of single busbar w. 2-CB,
sectionalized single busbar w. 3-CB and single busbar w.
3-CB. It incorporates all the necessary HSBT conditions and
even some protection functions. It is specially suitable for the
fast motor busbar transfer of:

In station service system of thermal power station and
some industrial plants, a lot of asynchronous motor are
connected. The restarting motors after some seconds power loss will cause heavy starting current and system voltage
drop. On the other hand, the incorrect reconnecting to
alternative power source will even damage the winding of
rotor.

• Combined cycle power station

The version HSBT 7VU683 is designed for this case. It will
evaluate the necessary switching conditions to ensure the
fast but secure transfer. Some improvements like as REALTIME FAST transfer mode, additional line current criteria
will significantly help to the efficiency and safety.

• Integrated gasification combined cycle (IGCC) power
station

Protection functions for tie-CB

• Coal-fired power station
• Gas-fired power station

• Nuclear power station

The integrated protections are intend to protect the tie-CB
in sectionalized single busbar diagram against short-circuit
or earth fault.

• Chemical plant
• Petrochemical plant
• Refinery plant

Some special concerning is done to the busbar switch-ontofault. Protection functions will only be active for a settable
time.

• Iron and steel plant
• Cement plant
The numerous other additional functions assist the user in
ensuring the cost effective system management and reliable
power supply. Local operation has been designed according
to economic criteria. A large, easy-to-use graphic display is a
major design aim.

Programmable logic
The integrated logic characteristics (CFC) allow the user to
•implement their own functions and generate user-defined
messages.
Measuring values
The measuring values like as U, I, f, dU, df, d Udiff/f and CB
closing time can be recorded and displayed.

Source1

Source2
7VU683

50

50N

50
SOF

50N
SOF

High Speed
Busbar Transfer

Open/Close
Trip

Open/Close

Line 2
Open/Close

Line 1

CB1

CB2

LEGEND
3-ph

CB3

1-ph

Busbar 1

Busbar 2
M

M

Fig. 2 Function diagram
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7VU683
High Speed Busbar Transfer- Construction
Function

Abbreviation

ANSI
Code

2 Line-CBs

2 Line-CBs
+1 Tie-CB

3 Line-CBs

Line1->Line2

X

X

X

Line2->Line1

X

X

X

HSBT

Line1->Line3

X

Line3->Line1

X

Line2->Line3

X

Line3->Line2

X

Busbar1->Busbar2

X

Busbar2->Busbar1

X

Busbar1->Line1

X

Busbar2->Line2

X
Protection

Time overcurrent protection

I>+V<

50

X

Earth time overcurrent protection

3I0>+3U0>

50N

X

Time overcurrent protection
for busbar energization

I>+V<

50.SOF

X

Earth time overcurrent protection
for busbar energization

3I0>+3U0>

50N.SOF

X
Supervision

Phase sequence

47

X

X

X

Voltage circuit

60FL

X

X

X

Table1 Functional scope of HSBT 7VU683

Construction
The SIPROTEC 4 units have a uniform design and a degree
of functionality which represents a whole new quality.
Local operation has been designed according to ergonomic
criteria. Large, easy-to read displays were a major design
aim. The device HSBT 7VU683 is equipped with a graphic
display thus providing and depicting more information
especially in industrial applications. The DIGSI 4 operating
program considerably simplifies planning and engineering
and reduces commissioning times.
1/1-rack size is the available housing width of the device
HSBT 7VU683, referred to a 19" module frame system. The
height is a uniform 245 mm. Only flush-mounting housing
with screw type terminals is available. All cables can be
connected with or without ring lugs.

Fig.3 Rear view with wiring terminal safety cover and serial interface
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7VU683
High Speed Busbar Transfer - HSBT functions
HSBT functions
Starting conditions
The device HSBT 7VU683 is designed to support the
following staring conditions,
– NORMAL condition
– FAULT condition
– Inadmissible Under-voltage condition
– Inadmissible Under-frequency condition
– Inadmissible df/dt
– Reverse power
– Inadvertent CB Open condition
The above conditions can be freely combined together, i.e,
one of them can be individually switched “OFF”.
• NORMAL condition
Under the NORMAL condition, the power system is fault free
and the starting command must be manually issued. This
command can come from remote control center and/or local
controller via wiring connection or communication over
protocol, e.g,
– DCS of power station
– Turbine control system
– Local panel

motor start recognition. To secure the starting reliability,
line current is used as the additional criterion to the above
conditions.
In case the operating CB is manually tripped, transfer must
not be started. This can be recognized via indication 17864
“>NonManu.Op.CB1” and 17865 “>NonManu.Op.CB2” in
configuration matrix. Or, the manual open signal can be
directly routed via indication 17620 “>Block HSBT”.
Switching sequences
The category HSBT 7VU683 is designed to serve for the
following switching sequences according to CBs’ operating
behavior,
– PARALLEL switching sequence
– SIMULTANEOUS switching sequence
– SEQUENTIAL switching sequence
PARALLEL switching sequences can exclusively support
the starting condition NORMAL while SIMULTANEOUS and
SEQUENTIAL can support all starting conditions.
• PARALLEL switching sequence
If the two sources are allowed to work on busbar in parallel
for a short time, the PARALLEL sequence can be used for
power supply transfer.

The switching of remote and local starting authority is done
by internal CFC logic and controlled by device switching key
“Remote/Local”. The starting command can only be remotely
executed over communication when the switching key is at
position “Remote”, vice versa.

Under PARALLEL sequence, HSBT 7VU683 will firstly issue a
CLOSE command to the running source CB after the device
get the starting command. When the closure is successful,
the device will trip the alternative source CB. The tripping
command can be automatically generated by device or derived from manual operation which are dependent on setting,

• FAULT condition

– PARALLEL Auto sequence

Under the FAULT condition, power system fault must be
there on the in-feeder line and the starting command must
be externally issued by other device, e.g, protection device.
The faults are classified into two types: type A, e.g, for
electric fault; type B, e.g, for non-electric fault.
• Abnormal condition
Under the abnormal condition, voltage disturbance must
be there on the busbar due to any causes. The starting
command can be internally issued by device HSBT 7VU683
according to the following abnormal conditions
– Inadmissible Under-voltage
– Inadmissible Under-frequency
– Inadmissible df/dt
– Reverse power
– Inadvertent CB Open

– PARALLEL Half-Auto sequence
Under PARALLEL Auto sequence, the device will automatically
issue an OPEN command after a settable time delay when
the closure is successful. Under PARALLE Half-Auto sequence,
the device will not issue the OPEN command until the
Manual Open command arrived. The sync-check criterions for
PARALLEL switching sequece are as below,
– df < 8851 “PARAL. Delta f”
– dU < 8852 “PARAL. Delta U”
– d < 8853 “PARAL. Delta Phi”
If the trunning source CB failed to open, the device will
automatically de-couple the closed alternative source CB.
The time sequence under PARALLE can be understandable
via the below figure (assumed switching of closing CB2 and
opening CB1),

During the electric fault or motor starting, the starting
will be blocked by integrated logic of fault detection and
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7VU683
High Speed Busbar Transfer - HSBT functions
Due to CB operating time of the difference (CB normally
opens faster than it closes), the power supply of busbar will
be interrupted for a few milliseconds. The length of this dead
interval depends on the difference of CB operating time. The
busbar dead interval can be shortened via the settable CB
open time delay. Or, the dead interval can be prolonged via
the settable CB close time delay to avoid any over-lapping.

START request cmd.
>Local Op. CB1
action time, appox. 4ms

CloseCommandCB2
PARALLEL-Cl.CB2

E.g, 61ms(=60+1)
CB2_52a
open time delay,
E.g, 60ms

OpenCommandCB1
PARALLEL-Op.CB1

E.g, 55ms
(50+5)
CB1_52b
115ms

• SEQUENTIAL switching sequence
Under SEQUENTIAL sequence, HSBT 7VU683 will firstly issue
a OPEN command to the running source CB after the device
get the starting request command. SEQUENTIAL sequence
can only issue CLOSE command after the running source CB
is opened.

Over-lapping time

The time sequence under SEQUENTIAL can be understandable via the below figure (assumed switching of closing CB2
and opening CB1),

Fig. 4 Switching sequence illustration of PARALLEL

The advantage of PARALLEL sequence is to avoid any interruption of busbar power supply. PARALLEL Auto sequence
should be always preferred to reduce the overlapping risk of
two sources.
• SIMULTANEOUS switching sequence

START request cmd.
>Local Op. CB1
Action time, approx. 4ms
OpenCommandCB1
SEQUENTIAL-Op.CB1
E.g, 55ms(=50+5)

If the two sources are not allowed to work on busbar in
parallel, the SIMULTANEOUS sequence can be used for power
supply transfer. Under SIMULTANEOUS sequence, HSBT
7VU683 will firstly issue a OPEN command to the runnning
source CB after the device gets the starting command.
Meanwhile, the device will issue a CLOSE command to the
alternative source CB if criterions are met.
If the running source CB failed to open, the device will
automatically de-couple the closed alternative source CB.
The time sequence under SIMULTANEOUS can be understandable via the below figure (assumed switching of closing CB2
and opening CB1),

CB1_52b
Action time, approx. 20ms
CloseCommandCB2
SEQUENTIAL-Cl.CB2
E.g, 61ms(=60+1)
CB2_52a

Dead time, 81ms
Busbar live voltage

Fig. 6 Switching sequence illustration of SEQUENTIAL

START request cmd.
>Local Op. CB1
Action time, approx. 4ms

w/o. OPEN time delay

OpenCommandCB1
SIMULTANEOUS-Op.CB1
E.g, 55ms(=50+5)
CB1_52b
Action time, approx. 6ms

w/o. CLOSE time delay

CloseCommandCB2
SIMULTANEOUS-Cl.CB2
E.g, 61ms(=60+1)
CB2_52a

Dead time, 6ms
Busbar live voltage

Fig. 5 Switching sequence illustration of SIMULTANEOUS

SIPROTEC 4 · Chapter High Speed Busbar Transfer 7VU683 for the Edition Nr.7 of E50001-K400-A101-x-7600 · Status March 2014 7

7VU683
High Speed Busbar Transfer - HSBT functions
Transfer modes
In the station service system of power station and industrial plants, lots of asynchronous motors are connected. In
case of the main source interruption, the residual voltage
of busbar will be induced by connected asynchronous
motors. Fig.7 shows the well-known typical diagram of
vector trajectory of residual voltage.
Un-safe
Area

Fig.9 illustrates the differential voltage Udiff resulted from
reference voltage Uref and motor busbar residual voltage
Ures.
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Fig. 7 Vector trajectory of residual voltage Ures

Some notes are there regarding curve A according to Fig.7
The amplitude and frequency of residual voltage will decrease regarding time, while the delta phase angle against
referred voltage will increase. Fig.8 gives more messages
to differential voltage Udiff.

General conclusion can be made based on Fig.9 that transient impact must be there due to the differential voltage
during fast transfer. ANSI C50.41-2012 describes the transfer
impact to motors as below,
– Induction motors are inherently capable of developing
transient current and torque considerably in excess of rated current and torque when exposed to out-of phase bus
transfer or momentary voltage interruptions and reclosing
on the same bus. The magnitude of this transient current
and torque may range from 2 to20 times rated and is a
function of the motor’s electrical characteristics, operating
conditions, switching time, rotating system inertia and
torsional spring constants, number of motors on the bus,
etc.
– Studies to determine the magnitude of the transient current and torque are recognized to be complex and require
detailed knowledge of the motor, the driven equipment,
and the power supply.
It’s known from the above description that to calculate the
transient impact for each case is not practical. Then, one
simplified guideline was made in ANSI C50.41-2012 to motor
busbar fast transfer as below,
• Based on limited studies and experience, a fast transfer or
reclosing is defined as one which:

Fig. 8 Characteristic of vector Udiff

– Occurs within a time period of 10 cycles or less, and
– The max. phase angle between the motor residual volts
per hertz vector and the system equivalent volts per
hertz doesn’t exceed 90 degrees, and
• The resultant volts per hertz between the motor residual
volts per hertz phasor and the incoming source volts
per hertz phasor at the instant of transfer or reclosing is
completed doesn’t exceed 1.33 per unit volts per hertz on
the motor rated voltage and frequency basis.
Refer to fig. 10
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7VU683
High Speed Busbar Transfer - HSBT functions
• REAL-TIME FAST transfer mode
M1=(Uref/Un)/(fref/fn)

M2=
(Ures.predict/Un)/(fres.predict/fn)

predict

M= Udiff/f)predict

Fig.10 Fast transfer definition in ANSI C50.41-2012

Accordingly, the plane is divided into two parts by Curve B.
The left is defined as un-safe transfer area because Udiff/f at
alternative CB closing instant is bigger than the permitted
maximum 1.33 p.u. Vice versa, the right is safe area.
Based on the above principles, the device HSBT 7VU683
is designed to have the following transfer modes (refer to
Fig.7) to fit for the safe transfer,
– FAST transfer mode (area I)
– REAL-TIME FAST transfer mode (area II and IV)
– IN-PHASE transfer mode (area V)

If FAST transfer area is impossible, the device can automatically, if activated, turn to next transfer area REAL-TIME FAST.
This mode is to extend the d at closing instant to 90oaccording to C50.41-2012. Meanwhile the Udiff/f at closing
instant regarding C50.41-2012 must not exceed1.33p.u.
The intelligent device 7VU683 then estimates the values of
d and Udiff/f at the instant of CB closing based on real-time
slipping rate and the settable “CBx Closing Time” by exclusive
predictive algorithm. If all the quantity of predicted dand
Udiff/f , the real-time df and Ures meet the pre-set criterions,
the device will immediately issue the CLOSE command to the
alternative source CB. The criterions are as below,
– df < 8861 ” FT Delta f”
– dU < 8862 “RTFT Udiff/f“
– d< 8863 “FT Delta Phi“
– Ures > 8864 “RTFT U/V Blk“
• IN-PHASE transfer mode
When the residual voltage comes close to the referred
voltage, it comes to transfer mode IN-PHASE. It’s good for
safe transfer if the CB closes at the instant the value d is
close to zero.

– RES-VOLT transfer mode
– LONG-TIME transfer mode
Transfer mode combination of FAST and REAL-TIME FAST
seamlessly meets the fast transfer definition in C50.41-2012.
Meanwhile the transfer modes of IN-PHASE, RES-VOLT and
LONG-TIME are served as the backup. All of above modes can
be freely combined together, i.e, one of them can be individually switched “ON” or “OFF” remotely via communication or
locally at device panel.
To be noted that the original dand dU between busbar
voltage and alternative voltage due to wiring and installation
can be automatically compensated by device during configuration.
• FAST transfer mode
The study and testing results show, in most cases the typical
values of df, dand dU are smaller enough within the first
tens of millisecond from the instant the CB opens. It’s good
to safe and fast transfer due to the slight shock to motors.
FAST transfer mode is aimed to restrict the d at closing instant within a small value, e.g, 60o. If the real-time measured
values of df, d and Ures meet the set criterions, the device
will immediately issue the CLOSE command to the alternative
source CB. The criterions are as below,
– df < 8858 ”FT Delta f”
– d< 8859 “FT Delta Phi“
– Ures > 8860 “FT U/V Blk“

The intelligent device 7VU683 estimates the delta phase
angle d at the instant of CB closing based on real-time
slipping rate and the settable “CBx Closing Time”. If all the
quantity of predicted d, the real-time df and Ures meet the
defined criterions, the device will immediately issue the
CLOSE command to the alternative source CB. The criterions
are as below,
– df < 8868 ”IN-PHA Delta f”
– d < 8869 “IN-PHA Delta Phi“
– Ures > 8870 “IN-PHA U/V Blk“
• RES-VOLT transfer mode
If the above mentioned transfer modes failed, the transfer
can still go on with mode RES-VOLT.
When the residual voltage Ures under-shots the settable
parameter 8871 “RES-VOLT Threshold”, the RES-VOLT transfer
mode will perform and the device will immediately issue the
CLOSE command to the alternative source CB. The typical
setting could be 30%Un.
To avoid the alternative source overloading in case of motors’
low voltage restarting it is helpful to implement low voltage
load-shedding (LVLSH) function before the RES-VOLT transfer. LVLSH is setting free which pickup value is taken from
“8870 IN-PHASE mode: under-voltage block” , and one stage
no time delay. This function can be activated or de-activated
manually on site.

The typical operating time of 7VU683 in this case is
approx.20ms under fn@50Hz.
SIPROTEC 4 · Chapter High Speed Busbar Transfer 7VU683 for the Edition Nr.7 of E50001-K400-A101-x-7600 · Status March 2014 9

7VU683
High Speed Busbar Transfer - HSBT functions
• LONG-TIME transfer mode

In some cases, the switching is limited to mono-direction, i.e,
from main source to alternative, under starting conditions
of FAULT and ABNORMAL. The requirement can be implemented by set the parameter 8831 “Mono-direction against
NORMAL condition” = “YES”. The default setting “NO” means
bi-direction switching is always supported under any starting
condition.

The last criterion to start the transfer is LONG-TIME mode if
all above mentioned modes failed.
When the transfer time is more than the settable parameter
8872 “LONG-TIME Threshold”, the LONG-TIME transfer mode
will perform and the device will immediately issue the CLOSE
command to the alternative source CB. The typical setting
could be 3s.
Switching directions

To be noted that the device has default agreement that
source1 is exclusively defined as main while others as alternative. Then, if mono-direction against NORMAL condition is
required, main source must be always connected to Ux_L1.

HSBT supports bi-direction busbar transfer under NORMAL
condition, i.e from main source alternative source, vice
versa.

The transfer permission under various starting conditions
and switching directions can be referred to below three
tables.

CB1
Status

CB2
Status

Switchingover
From

To

Voltage
Comparison

Busbar Transfer Permitted?
NORMAL

FAULT

Inadmissible
Under-volt.

Inadmissible
Under-Freq.

Inadmissible
Neg.df/dt

Reverse
Power

Inadvertent
CB Open

ON

OFF

L1

L2

U_B

U_L2

Yes

Yes

Yes

Yes

Yes

Yes

Yes

OFF

ON

L2

L1

U_B

U_L1

Yes

Yes1)

Yes1)

Yes1)

Yes1)

Yes1)

Yes1)

Inadmissible

Inadmissible

Inadmissible

Reverse

Inadvertent

Under-volt.

Under-Freq.

Neg. df/dt

Power

CB Open

1) If parameter 8831 "Mono-direction against NORMAL" = "NO", this cell says Yes. Otherwise, this cell says No.

Table 2 Transfer permission under default setting, single busbar w. 2-CB

CB1

CB3

CB2

Status

Status

Status

Switchingover
From

Voltage

Busbar Transfer Permitted?

Comparison

To

NOR-

FAULT

MAL

ON

ON
OFF

OFF

ON
ON

ON

OFF
ON

L1

L2

U_B2

U_L2

Yes

Yes

Yes

Yes

Yes

Yes

Yes

2)

2)

2)

2)

2)

-- 2)

B2

L2

U_B2

U_L2

Yes

--

B1

B2

U_B1

U_B2

Yes

Yes

--

--

Yes
1)

--

Yes
1)

--

Yes
1)

Yes
1)

Yes
1)

Yes 1)
Yes 1)

B2

B1

U_B2

U_B1

Yes

Yes

L2

L1

U_B1

U_L1

Yes

Yes 1)

Yes 1)

Yes 1)

Yes 1)

Yes 1)

Yes

2)

2)

2)

2)

2)

B1

L1

U_B1

U_L1

--

Yes
--

Yes
--

Yes
--

Yes
--

-- 2)

1) If parameter 8831 "Mono-direction against NORMAL" = "NO", this cell says Yes. Otherwise, this cell says No.
2) Not applicable for this cell

Table 3 Transfer permission under default setting, sectionalized single busbar w. 3-CB

CB1

CB2

CB3

Status

Status

Status

Switchingover
From

Voltage

Busbar Transfer Permitted?

Comparison

To

NOR-

FAULT

MAL

ON

OFF
OFF

OFF

ON
OFF

OFF

OFF
ON

L1

L2

U_B

U_L2

Yes

Yes

L1

L3

U_B

U_L3

Yes

Yes

L2

L3

U_B

U_L3

Yes

Inadmissible

Inadmissible

Inadmissible

Reverse

Inadvertent

Under-volt.

Under-Freq.

Neg. df/dt

Power

CB Open

Yes

Yes

Yes

Yes

Yes

Yes

Yes

1)
1)

Yes

Yes

1)

Yes

1)

Yes

Yes

1)

Yes

1)

Yes

Yes

1)

Yes

1)

Yes

Yes

1)

Yes 1)

Yes

1)

Yes 1)

L2

L1

U_B

U_L1

Yes

Yes

L3

L1

U_B

U_L1

Yes

Yes 1)

Yes 1)

Yes 1)

Yes 1)

Yes 1)

Yes 1)

Yes

1)

1)

1)

1)

1)

Yes 1)

L3

L2

U_B

U_L2

Yes

Yes

Yes

Yes

Yes

1) If parameter 8831 "Mono-direction against NORMAL" = "NO", this cell says Yes. Otherwise, this cell says No.

Table 4 Transfer permission under default setting, single busbar w. 3-CB
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7VU683
High Speed Busbar Transfer - HSBT functions
HSBT on-line test mode

Sample of oscillographic FAST transfer

To facilitate the functional testing and site commissioning,
the on-line test mode is specially designed for this purpose.
This function can be activated on site by parameter setting
8820 “HSBT Test Mode” = “Yes” or by indication 18020
“>HSBT Test Mode” via binary input.
If the function HSBT goes into test mode, the transfer
process is the same except that the CLOSE command will
be blocked. Instead, CLOSE command with test mark will be
issued for indicating.
HSBT Test Mode could be helpful before the device is put into
service. Under on-line test mode, transfer process can be
monitored. Under the assistance of integrated Fault Recorder
and Event Log, the operating progress and settings can be
assessed. Optimization to parameter settings can be done
based on the assessment.
8819

Fig.12 Oscillographic FAST transfer

HSBT Test Mode
17767
ON

OR

Ā1ā

AND

CommandCloseCB1
17768

OFF

CommandCloseCB2
17769

18020

CommandCloseCB3

>HSBT Test Mode

18021
AND
CLOSE

cmd.Cl.CB1.Test
18022
cmd.Cl.CB2.Test
18023

CB1
CB2
CB3

cmd.Cl.CB3.Test

Fig.11 Logic diagram of on-line test mode
Fig.13 Transfer log of FAST mode

Reset of transfer

Some notes to the two figures,

HSBT will be in “un-ready” status and has to be manually
reset after every transfer failure.

– Sectionalized single busbar with 3-CB

In some cases, it is required to block the device even after
the successful transfer and can only conduct the next transfer request after manual reset. This can be actualized by setting the parameter 8817 ”Manual Reset HSBT” = “YES”. The
reset command can be recognized via BI indication 17863
“>Manually reset” or LED reset button on device panel.
Default setting is “NO”.

– CB1 and CB3 in closing status while CB2 in open status
– Manually open CB1, SEQUENTIAL switching sequence,
L1->L2
– At instant -4ms, get transfer request “>NORMAL Op. CB1”
– At instant 0ms, HSBT picked up and issued “CommandOpenCB1” 1ms later
– At instant 53ms, CB1 is opened
– At instant 76ms, FAST transfer mode picked up and issued
“CommandCloseCB2” 1ms later
– At instant 139ms, CB2 is closed
– HSBT succeeded. Busbar dead time is approx. 86ms.
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7VU683
High Speed Busbar Transfer - Protection functions
Protection functions

Phase-overcurrent protection

Protection functions for tie-CB in primary connection of
sectionalized single busbar w. 3-CB are integrated in high
speed busbar transfer device 7VU683. This function can be
set “Enabled” or “Disabled” during configuration.

The function is designed to detect short-circuit faults in MV
system. The device will evaluate all current inputs at channel
I_B and will pickup immediately if one of phase current overshots the settable threshold.

Below protection functions are included,

The function has two stages, one time delay for each stage.

– Phase over-current protection

The voltage element can be activated or de-activated under
parameter 9001 “Compound Voltage Control”.

– Ground over-current protection
– Phase over-current SOF protection
– Ground over-current SOF protection

Ground-overcurrent protection

To secure the reliability and sensitivity, the voltage element
is additionally introduced to current criterion to release trip
command.
For functions of phase over-current protection and phase
over-current protection against switch-onto-fault, compound
voltage elements are used. The criterion of compound
voltage elements is illustrated in Fig.14,
9003

U2 over-voltage

9002

Ph-ph under-voltage

This function is designed to detect ground fault in MV system. The device will evaluate zero sequence current and will
pickup immediately if it over-shots the settable threshold.
The quantity of zero sequence current be derived from
calculated 3I0 or measured earth current Ie. This can be set
under parameter 9018 “3I0/Ie Assignment”.
The function has two stages, one time delay for each stage.
The voltage element can be activated or de-activated under
parameter 9011 “3U0 Control”.

Busbar1 U2

OR

Compound Voltage

Busbar1 Uab
Busbar1 Ubc

OR

Busbar1 Uca

Fig.14 Logic of compound voltage element

Phase-overcurrent protection against switch-onto-fault
To fast clear the short-circuit fault in case of switch-ontofault, the function phase over-current protection can trip without time delay. But this special consideration should only be
applied for short time. A special function “phase over-current
SOF protection” is specially designed for this utilization.

For functions of ground over-current protection and ground
over-current protection against switch-onto-fault, the
element of zero sequence over-voltage is used. The quantity
is derived from calculated 3U0 based on measured busbar1
voltage.

The function has the same criterion and stages to phase
over-current protection. It will only be activated for a settable
active time after tie-CB is closed.

The validity of protections against switch-onto-fault can be
set under parameter 9019A “Active time for Switch-ontofault”.

To fast clear the ground fault in case of switch-onto-fault,
the function ground over-current protection can trip without
time delay. But this special consideration should only be applied for short time. A special function “ground over-current
SOF protection” is specially designed for this utilization.

Each of above functions can be separately switched “ON” or
“OFF” remotely via communication or locally at device panel.

Ground-overcurrent protection against switch-onto-fault

The function has the same criterion and stages to ground
over-current protection. It will only be activated for a settable
active time after tie-CB is closed.
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7VU683
High Speed Busbar Transfer - Communication
Communication

IEC 60870-5-103

With respect to communication, particular emphasis has
been placed on high levels of flexibility, data integrity and
utilization of standards common in energy automation. The
design of the communication modules permits interchangeability on the one hand, and on the other hand provides
openness for future standards (for example, Industrial
Ethernet).

IEC 60870-5-103 is an internationally standardized protocol
for communication in the protected area. IEC 60870-5-103
is supported by a number of manufacturers and is used
worldwide.
PROFIBUS DP

The PC interface from the front of the unit permits quick
access to all parameters and fault event data. The use of
the DIGSI 4 operating program during commissioning is
particularly advantageous.

PROFIBUS is an internationally standardized communication
system (EN 50170). PROFIBUS is supported internationally
by several hundred manufacturers and has to date been
used in more than 1,000,000 applications all over the world.
With the PROFIBUS-DP, the device can be directly connected
to a SIMATIC S5/S7. The transferred data are fault data,
measured values and information from or to the logic (CFC).

Rear mounted interface

Modus RTU

At the rear of the unit there is one fixed interface and
two communication modules which incorporate optional
equipment complements and permit retrofitting. They assure
the ability to comply with the requirements of different communication interfaces (electrical or optical) and protocols
(IEC 60870, PROFIBUS, DIGSI). The interfaces make provision
for the following applications:

MODBUS is also a widely utilized communication standard
and is used in numerous automation solutions.

Local PC interface

Service interface (fixed)
In the RS485 version, several protection units can be
centrally operated with DIGSI 4. By using a modem, remote
control is possible. This provides advantages in fault clearance, in particular in unmanned substations.
System interface
This is used to communicate with a control or protection and
control system and supports, depending on the module connected, a variety of communication protocols and interface
designs. Furthermore, the units can exchange data through
this interface via Ethernet and IEC 61850 protocol and can
also be operated by DIGSI.
IEC 61850 protocol
As of mid-2004, the Ethernet-based IEC 61850 protocol is
the worldwide standard for protection and control systems
used by power supply corporations. Siemens is the first
manufacturer to support this standard. By means of this protocol, information can also be exchanged directly between
bay units so as to set up simple masterless systems for bay
and system interlocking. Access to the units via the Ethernet
bus will also be possible with DIGSI.

DNP 3.0
DNP 3.0 (Distributed Network Protocol version 3) is a
messaging-based communication protocol. The SIPROTEC 4
units are fully Level 1 and Level 2 compliant with DNP 3.0.
DNP 3.0 is supported by a number of protection device
manufacturers.
Safe bus architecture
• RS485 bus
With this data transmission via copper conductors, electromagnetic interference influences are largely eliminated by
the use of twisted-pair conductor. Upon failure of a unit, the
remaining system continues to operate without any faults.
• Fiber-optic double ring circuit
The fiber-optic double ring circuit is immune to electromagnetic interference. Upon failure of a section between
two units, the communication system continues to operate
without disturbance.

Option:
SICAM
PAS

',*6,

Control
center

6ZLWFK

S

SIPROTEC

S

SIPROTEC

S

SIPROTEC

Fig. 15 IEC 60870-5-103: Radial electrical or fiber-optic connection
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7VU683
High Speed Busbar Transfer - Communication
Option:
SICAM
PAS

',*6,

Control
center

6ZLWFK

S

Fig.16

SIPROTEC

S

SIPROTEC

S

SIPROTEC

Bus structure for station bus with Ethernet and IEC 61850, fiberoptic ring

Fig.19

Optical Ethernet communication module for IEC 61850 with
integrated Ethernet-switch

Fig.17 PROFIBUS: Optical double ring cirucuit

Fig.20 Fiber-optic communication module

Fig.18 RS232/RS485 electrical communication module
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7VU683
High Speed Busbar Transfer - Communication
System solution
SIPROTEC 4 is tailor-made for use in SIMATIC-based automation systems.
Via the PROFIBUS-DP, indications (pickup and tripping) and
all relevant operational measured values are transmitted
from the protection unit.
Via modem and service interface, the protection engineer
has access to the protection devices at all times. This permits
remote maintenance and diagnosis (cyclic testing).

Parallel to this, local communication is possible, for example,
during a major inspection.
For IEC 61850, an interoperable system solution is offered
with SICAM PAS. Via the 100 Mbit/s Ethernet bus, the unit
are linked with PAS electrically or optically to the station
PC. The interface is standardized, thus also enabling direct
connection of units of other manufacturers to the Ethernet
bus. With IEC 61850, however, the units can also be used in
other manufacturers' systems.

2SHUDWLRQDQG
PRQLWRULQJ
$XWRPDWLRQV\VWHPV
HJ6,0$7,&

352),%86'3

SS

SIPROTEC

SS

SIPROTEC

SS

SIPROTEC

SS

56
RSWLFDOFRQYHUWHU
SIPROTEC

56
RSWLFDOFRQYHUWHU

0RGHP
7VU68

7VU68

7VU68

&RPP
QHWZRUN

0RGHP

7VU68

',*6,
/RFDOIRUFRPPLVVLRQLQJ

',*6,
5HPRWHFRQWURO
YLDPRGHP

Fig.21 System solution: communication
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7VU683
High Speed Busbar Transfer - Typical applications
Typical applications
Primary connection of single busbar w. 2-CB
Under normal operation only one CB is in closing status and
only one switching direction is possible. HSBT 7VU683 will
automatically determine the switching direction based on the
actual CBs’ status and the source of starting request command.

Line1

Single busbar w. 2-CB
Switching
directions

NORMAL
start

ON OFF

LINE1 ї LINE2

Open CB1

OFF ON

LINE2 ї LINE1

Open CB2

CBSÿstatus
CB1 CB2

Each switching-over can be individually switched “ON” or “OFF”
remotely via communication or locally at device panel.

Line2

Single busbar w. 2-CB

CB1

CB2
MV Busbar

M

M

M

M

Fig.22 Switching direction and primary diagram

Primary connection of sectionalized single busbar w. 3-CB
Under normal operation only one CB is in opening status and
two switching directions are possible. HSBT 7VU683 will
automatically determine the switching direction based on the
actual CBs’ status and the source of starting request command.

Line1

Sectionalized single busbar w. 3-CB
CBSÿstatus
CB1 CB2 CB3
ON

Switching
directions

NORMAL
start

BUS1 ї BUS2

Open CB1

BUS2 ї BUS1

Open CB2

LINE1 ї LINE2

Open CB1

BUS2 ї LINE2

Open CB3

LINE2 ї LINE1

Open CB2

BUS1 ї LINE1

Open CB3

Each switching direction can be individually switched “ON” or
“OFF” remotely via communication or locally at device panel.

Sectionalized single busbar w. 3-CB

Line2

CB1

CB2
MV Busbar1

MV Busbar2

CB3

ON OFF

ON OFF ON

OFF ON

ON

M

M

M

M

Fig.23 Switching direction and primary diagram
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7VU683
High Speed Busbar Transfer - Typical applications

Primary connection of single busbar w. 3-CB
Under normal operation only one CB is in closing status and
two switching directions are possible. HSBT 7VU683 will
automatically determine the switching direction based on the
actual CBs’ status, switching priority and the source of starting
request command.

Line2

Line1

Single busbar w. 3-CB
CBSÿstatus
CB1 CB2 CB3

Each switching direction can be individually switched “ON” or
“OFF” remotely via communication or locally at device panel.

Switching
directions

NORMAL
start

LINE1 ї LINE2

Open CB1

LINE1 ї LINE3

Open CB1

LINE2 ї LINE3

Open CB2

LINE2 ї LINE1

Open CB2

LINE3 ї LINE1

Open CB3

Line3
CB2

CB1

CB3

MV Busbar

ON OFF OFF

OFF ON OFF

OFF OFF ON
LINE3 ї LINE2

Open CB3

Single busbar w. 3-CB

M

M

M

M

Fig.24 Switching direction and primary diagram
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7VU683
High Speed Busbar Transfer – Selection and ordering data
Description

Order No.

Multifunctional High Speed Busbar Transfer 7VU683 V4.7

7VU683

Short code
-

E

-1

A 0–

Case, binary inputs and outputs
Case 1/1 19'', 17 BI, 18 BO (incl.5 High Speed), 1 life-status contact
Current transformer: In
IN=1A1)

1

1)

5

IN=5A

Auxiliary Voltage
DC 24 to 48 V, binary input threshold DC 19 V3)

2

DC 60 to 125 V2), binary input threshold DC 19 V3)

4

DC 110 to 250 V2), 115/230 V AC, binary input threshold DC 88 V3)

5

DC 220 to 250 V2), 115/230 V AC, binary input threshold DC 176 V3)

6

Construction
Flush-mounting case, screw-type terminals (direct connecting/ ring-type cable lugs)

E

Region-specific default settings/ language Settings
B

Region World,English4), 50/60Hz
4)

W

Region China,Chinese , 50/60Hz
Port B: (System port on rear of device)
No system port

0

IEC 60870-5-103 Protocol, electric RS232

1

IEC 60870-5-103 Protocol, electric RS485

2

IEC 60870-5-103 Protocol, 820 nm fibre, ST-connector

3

Profibus DP Slave, RS485

9

A

Profibus DP Slave, 820 nm fibre, double ring, ST-connector

9

B

Modbus, RS485

9

D

Modbus, 820 nm fibre, ST-connector

9

E

DNP 3.0, RS485

9

G

DNP 3.0, 820 nm fibre, ST-connector

9

H

IEC 60870-5-103 Protocol, redundant RS485

9

P

IEC 61850, 100 Mbit Ethernet, electric, double, RJ45-connector

9

R

IEC 61850, 100 Mbit Ethernet, with integrated switch optical, double, LC-connector

9

S

L 0

Only Port C
DIGSI 4/Modem, electric RS232;

1

DIGSI 4/Modem/ RTD-box, electric RS485;

2

Measuring/ fault recording
Basic measured values

1

Functions
HSBT function (single busbar w. 2-CB), ANSI C50.41-2012

B

Supervision functions
HSBT function (sectionalized single busbar w. 3-CB), ANSI C50.41-2012

C

Protection functions (Phase/earth O/C prot., Phase/earth O/C prot. against switch-onto-fault)
Supervision functions
HSBT function (single busbar w. 3-CB), ANSI C50.41-2012

D

Supervision functions
1) Rated current 1/5 A can be selected by means of jumpers

3) The threshold of each binary input can be set via jumpers

2) Transition between the three auxiliary voltage can be selected by mean of jumpers

4) Device language can be selected via DIGSI.
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7VU683
High Speed Busbar Transfer - Accessories
Description

Order No.

DIGSI 4
Software for configuration and operation of Siemens protection units
running underMSWindows 2000/XP Professional Edition
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables (copper)
Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

Professional
Professional
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

Professional + IEC 61850
Complete version
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)
+ IEC 61850 system configurator

7XS5403-0AA00

IEC 61850 Systemconfigurator
Software for configuration of stations with IEC 61850 communication under
DIGSI, running underMSWindows 2000 or XP Professional Edition
Optional package for DIGSI 4 Basis or Professional
License for 10 PCs. Authorization by serial number. On CD-ROM

7XS5460-0AA00

SIGRA 4
(generally contained in DIGSI Professional, but can be ordered additionally)
Software for graphic visualization, analysis and evaluation of fault records.
Can also be used for fault records of devices of other manufacturers
(Comtrade format). Running underMSWindows 95/98/ME/NT/2000/XP Professional.
Incl. templates, electronic manual with license for 10 PCs.
Authorization by serial number. On CD-ROM

7XS5410-0AA00

Connecting cable
able between PC/notebook (9-pin connector)
and protection unit (9-pin connector)
(contained in DIGSI 4, but can be ordered additionally)

7XV5100-4
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7VU683
High Speed Busbar Transfer - Accessories
Description

Order No.

Size of

Supplier

Fig.

package

Mounting rail
Short-circuit link

Safety cover for
terminals

C73165-A63-D200-1

1

Siemens

29

For current terminals

C73334-A1-C34-1

1

Siemens

30

For other terminals

C73334-A1-C34-1

1

Siemens

31

Large

C73334-A1-C31-1

1

Siemens

Small

C73334-A1-C32-1

1

Siemens

1) Your local Siemens representative can inform you on local suppliers.

Fig.25 Mounting rail for 19" rack

Fig.26 Short-circuit link for
current terminals

Fig.27 Short-circuit link for
voltage terminals/indications
terminals
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7VU683
High Speed Busbar Transfer - Connection diagram

Source1

HSBT 7VU683 typical connection diagram for single busbar w. 2-CB
7VU683x-xExxx-1BA0

+
Line1

R13
R14

Ux_L1

17620 >Block HSBT
17863 >Manual reset

BUs fault or
man. OPEN cmd

BI1

F5

BI2

F6

BI3

F7

FAULT start
Line1(Type A)

BI4

F8

BI5

F9
F10

FAULT start
Line2(Type A)

BO1

R1

BO2

R2

BO3

R3
R4

BO4

R5
R6

BO5

R7
R8

BO62)

P3
P4

1)

P6

BO81)

P7

BO91)

P8
P5

BO102)
2)

Button

VT_L1
J1
J2

Ix_L1

17667 >L2 FAULT A st.

J3
J4

CT_L1

N/A.
Spare

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

CB1

17627 >L1 FAULT A st.

N/A.
N/A.
N/A.
17948 HSBT succeeded
N/A.
17949 HSBT failed
18012 HSBT is ready

R15
R17
R18
R16

Ua_B
Ub_B
Uc_B

Spare

Spare

VT_B

Busbar

17760 CommandOpenCB1

Spare
N/A.
N/A.
N/A.

Spare

17767 CommandCloseCB1

e.g, 6.3kV

CB2
.

J7
J8

N/A.

17768 CommandCloseCB2

Spare

Line2

CT_L2

Source2

VT_L2

J5
J6

Ix_L2

K13
K14

Ux_L2

17761 CommandOpenCB2

Spare
Spare

+
-

Spare

52b_CB1

R9
R10

BI6

52a_CB1

R11
R12

BI7

52b_CB2

P17
P18

BI8

52a_CB2

N1
N2

BI9

Switch

N3

BI10

N4

BI11

N6
N5

BI12

N7
N8

BI13

CB1 trip coil

P9
P10

+
-

CB1 close coil

BO11

P11
P12

+
-

CB2 close coil

BO122)

P13
P14

BO132)

P15
P16

+
-

CB2 trip coil

BO14

K1

BO7

Spare
K15
K17
K18
K16

+
-

BO15

K2

BO16

K3
K4

BO17

K5
K6

BO18

K7
K8

17622 >CB1 52b
30410 Busbar LVLSH trip
17621 >CB1 52a
Spare
17624 >CB2 52b

17623 >CB2 52a

Life Contact

1 2

F3

3 2

F4

Busbar LVLSH cmd

Spare
Spare

=
(~)

Auxiliary Power Supply

F1
F2

=

>Local Open CB1

C.3

N9
N10

BI14

FAULT start Line1
(Type B)

N11
N12

BI15

FAULT start Line2
(Type B)

K9
K10

BI16

K11
K12

BI17

>Local Open CB2

Service_Port C

C

C.8
B.3

Remote DIGSI

System_Port B

B
A

B.8
A.2
A.3

Control center

Time Sync_Port A

Spare

30453 >L1 FAULT B st.

IRIG-B/DCF77
Local PC DIGSI

Front PC Port_RS232

30454 >L2 FAULT B st.

Spare

1) fast speed relay w. approx. 5ms action time
2) high speed relay w. approx. 1ms action time

Earthing

LED1
LED2
LED3
LED4
LED5
LED6
LED7

Open CB1
Open CB2
Close CB1
Close CB2
PARALLEL
SIMULTANEOUS
SEQUENTIAL

LED8
LED9
LED10
LED11
LED12
LED13
LED14

HSBT is ready
HSBT succeeded
HSBT failed
NORMAL start
ABNORMAL start
FAULT start
LV load-shedding

Fig.28 7VU683*-*E***-1BA0 typical connection and default configuration

SIPROTEC 4 · Chapter High Speed Busbar Transfer 7VU683 for the Edition Nr.7 of E50001-K400-A101-x-7600 · Status March 2014 21

7VU683
High Speed Busbar Transfer - Connection diagram

Source1

HSBT 7VU683 typical connection diagram for sectionalized single busbar w. 3-CB
7VU683x-xExxx-1CA0

+
Line1

R13
R14

Ux_L1

17620 >Block HSBT
17863 >Manual reset

BI1

F5

BI2

F6

Bus fault or
man. OPEN cmd
Button

VT_L1
J1
J2
CT_L1

Ix_L1

17627 >L1 FAULT A st.
17667 >L2 FAULT A st.

J3
J4

N/A.

R15
R17
R18
R16

Ua_B1
Ub_B1
Uc_B1

Spare

BI3

F7

FAULT start
Line1(Type A)

BI4

F8

BI5

F9
F10

FAULT start
Line2(Type A)

BO1

R1

BO2

R2

BO3

R3
R4

BO4

R5
R6

BO5

R7
R8

Busbar1

CB1
17948 HSBT succeeded
17949 HSBT failed
18012 HSBT is ready

VT_B1
CB3

Spare

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

CT_B

Ia_B
Ib_B

17760 CommandOpenCB1

Protection trip

Ua_B2
Ub_B2
Uc_B2

17762 CommandOpenCB3

VT_B2
17767 CommandCloseCB1

e.g, 6.3kV

CB2
.

17768 CommandCloseCB2
J7
J8

N/A.

J5
J6

Ix_L2

K13
K14

Ux_L2

17769 CommandCloseCB3

Line2

CT_L2

17761 CommandOpenCB2

30412 B1 LVLSH trip

Source2

VT_L2

+
-

30414 B2 LVLSH trip

52b_CB1

R9
R10

BI6

52a_CB1

R11
R12

BI7

52b_CB2

P17
P18

BI8

52a_CB2

N1
N2

BI9

52b_CB3
52a_CB3

N3
N4

BO6

2)

P3
P4

BO7

1)

P6

BO81)

P7

BO91)

P8
P5

+
-

CB3 trip coil

BO102)

P9
P10

+
-

CB1 close coil

BO112)

P11
P12

+
-

CB2 close coil

BO122)

P13
P14

+
-

CB3 close coil

BO132)

P15
P16

+
-

CB2 trip coil

Ie_B

K15
K17
K18
K16

Busbar2

Spare

Ic_B

BI10
BI11

Switch1

N6
N5

BI12

Switch2

N7
N8

BI13

Switch3

N9
N10

BI14

FAULT start Line1
(Type B)

N11
N12

BI15

FAULT start Line2
(Type B)

K9
K10

BI16

K11
K12

BI17

Protection trip

BO14

K1

BO15

K2

BO16

K3
K4

BO17

K5
K6

BO18

K7
K8

17622 >CB1 52b
Spare
17621 >CB1 52a
Spare
17624 >CB2 52b
Life Contact

1 2

F3

3 2

F4

= +
(~) -

F1
F2

17623 >CB2 52a

17626 >CB3 52b
Auxiliary Power Supply

17625 >CB3 52a

+
-

Protection trip cmd

Busbar1 LVLSH cmd
Busbar2 LVLSH cmd
Protection trip signal

=

>Local Open CB1

C.3
Service_Port C

C

System_Port B

B

>Local Open CB3

Time Sync_Port A

A

30453 >L1 FAULT B st.

Front PC Port_RS232

>Local Open CB2

C.8
B.3

Remote DIGSI

B.8
A.2
A.3

Control center

Spare

Earthing

LED1
LED2
LED3
LED4
LED5
LED6
LED7

Open CB1
Open CB2
Open CB3
Close CB1
Close CB2
Close CB3
Relay trip

LED8
LED9
LED10
LED11
LED12
LED13
LED14

IRIG-B/DCF77
Local PC DIGSI

30454 >L2 FAULT B st.

1) fast speed relay w. approx. 5ms action time
2) high speed relay w. approx. 1ms action time

CB1 trip coil

HSBT is ready
HSBT succeeded
HSBT failed
NORMAL start
ABNORMAL start
FAULT start
LV load-shedding

Fig.29 7VU683*-*E***-1BC0 typical connection and default configuration
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7VU683
High Speed Busbar Transfer - Connection diagram

Source1

HSBT 7VU683 typical connection diagram for single busbar w. 3-CB
7VU683x-xExxx-1DA0

+
Line1

R13
R14

Ux_L1

17620 >Block HSBT
17863 >Manual reset

BI1

F5

BI2

F6

BI3

F7

Bus fault or
man. OPEN cmd
Button

VT_L1
J1
J2
J3
J4

CT_L1

Ix_L1
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SIPROTEC 4 7SD52/53
Multi-End Differential and Distance Protection in One Relay

LSP2314-afp.eps

LSP2173f.eps

Function overview

Fig. 7/42
SIPROTEC 4
7SD52/53 differential protection relay

Description
The 7SD52/53 relay provides full scheme
differential protection and incorporates all
functions usually required for the protection of power lines. It is designed for all
power and distribution levels and protects
lines with two up to six line ends. The relay
is designed to provide high-speed and
phase-selective fault clearance. The relay
uses fiber-optic cables or digital communication networks to exchange telegrams and
includes special features for the use in multiplexed communication networks. Also
pilot wires connections can be used with
an external converter. This contributes toward improved reliability and availability
of the electrical power system.
The relay is suitable for single and
three-phase tripping applications for two
up to six line ends. Also, transformers and
compensation coils within the differential
protection zone are protected as are serial
and parallel-compensated lines and cables.
The relays may be employed with any type
of system earthing.
The relay also provides a full-scheme and
non-switched distance protection as an optional main 2 protection. Several teleprotection schemes ensure maximum selectivity and high-speed tripping time.
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The units measure the delay time in the
communication networks and adaptively
match their measurements accordingly.
A special GPS-option allows the use of the
relays in communication networks, where
the delay time in the transmit and receive
path may be quite different.
The 7SD52/53 has the following features:

− 2 full-scheme main protections in one
unit (differential and distance protection)
− High-speed tripping 10 - 15 ms
− The serial protection data interfaces
(R2R interfaces) of the relays can flexibly
be adapted to the requirements of all
communication media available.
− If the communication method is
changed, flexible retrofitting of communication modules to the existing configuration is possible.
− Tolerates loss of one data connection in
a ring topology (routing in 120 ms). The
differential protection scheme is fully
available in a chain topology.
− Browser-based commissioning tool.
− Fault locator for one and two terminal
measurement for high accuracy on long
lines with high load and high fault resistance.
− Capacitive charge current compensation
increases the sensitivity of the differential
protection on cables and long lines.

Protection functions
• Differential protection with phasesegregated measurement (87L, 87T)
• Restricted earth-fault protection (87N) if a
transformer is within the protection zone
• Sensitive meas. stage f. high-resist. faults
• Non-switched distance protection with
7 measuring systems (21/21N)
• High resistance ground (earth)-fault
protection for single and three-pole
tripping (50N/51N/67N)
• Phase-selective intertripping (85)
• Earth-fault detection in isolated and
resonant-earthed networks
• Tele (pilot) protection (85/21, 85/67N)
• Weak-infeed protection (27WI)
• Fault locator (FL)
• Power swing detection/tripping (68/68T)
• 3-stage overcurrent protection
(50, 50N, 51, 51N)
• STUB bus protection (50 STUB)
• Switch-onto-fault protection (50HS)
• Over/undervoltage protection (59/27)
• Over/underfrequency protection (81O/U)
• Auto-reclosure (79), Synchro-check (25)
• Breaker failure protection (50BF)
• Overload protection (49)
• Lockout function (86)
Control functions
• Commands f. ctrl of CB and isolators
Monitoring functions
• Self-supervision of relay and protection
data (R2R) communication
• Trip circuit supervision (74TC)
• Measured-value supervision
• Oscillographic fault recording
• Event logging/fault logging
• Switching statistics
Front design
• User-friendly local operation
• PC front port for relay setting
• Function keys and 14 LEDs f. local alarm
Communication interfaces
• 2 serial protection data (R2R) interfaces
for ring and chain topology
• Front interface for connecting a PC
• System interface for connection to a
control system via various protocols
– IEC 61850 Ethernet
– IEC 60870-5-103
– PROFIBUS-FMS/-DP and DNP 3.0
• Rear-side service/modem interface
• Time synchronization via IRIG-B or
DCF77 or system interface
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Application
ANSI

7

ANSI

87L

Δ I for lines / cables

50HS

Instantaneous high-current
tripping (switch-onto-fault)

87T

Δ I for lines / cables
with transformers

59 27

Overvoltage/undervoltage
protection

87N

Low impedance restricted
earth-fault protection for
transformers

81O/U

Over/underfrequency protection

85

Phase-selective
intertrip, remote trip

25

Synchro-check

86

Lockout function

79

Single or three-pole
auto-reclosure with new
adaptive technology

21 21N

Distance protection

49

Overload protection

FL

Fault locator

50BF

Breaker failure protection

68 68T

Power swing detection/tripping

74TC

Trip circuit supervision

85/21

Teleprotection for distance
protection

50-STUB

STUB bus protection

27WI

Weak-infeed protection

50N 51N
67N

Directional earth(ground)fault protection

85/67N

Teleprotection for earth
(ground)-fault protection

50 50N
51 51N

Three-stage overcurrent
protection

*) Option
Fig. 7/43
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Application
Typical applications
SIPROTEC 7SD52/53 is a full-scheme differential protection relay for two up to six
line ends, incorporating all the additional
functions for protection of overhead lines
and cables at all voltage levels. Also transformers and compensation coils within
the protection zone are protected. The
7SD52/53 is suitable for single-pole and
three-pole tripping. The power system star
point can be solid or impedance-grounded
(earthed), resonant-earthed via Peterson
coil or isolated. On the TAP-line, the
7SD52/53 differential relay is connected to
current (CT) and optionally voltage (VT)
transformers. For the differential functions, only CTs are necessary. By connecting the relay to VTs, the integrated
"main 2" distance protection can be applied (full-scheme, nonswitched). Therefore, no separate distance protection relay
is required.

The link to the other relays is made by
multi-mode or mono-mode FO cables.
There are 5 options available, which correspondingly cover:
1.5 km, multi-mode
• 820 nm, up to
3.5 km, multi-mode
• 820 nm, up to
• 1300 nm, up to 24 km, mono-mode
• 820 nm support of the IEEE C37.94
interface

• 1300 nm, up to 60 km, mono-mode
• 1550 nm, up to 100 km, mono-mode
Direct fiber-optic connection offers highspeed data exchange with 512 kbit/s and
improves the speed for remote signaling.
At the main line two differential relays are
connected to CTs. The communication is
made via a multiplexed communication
network.

The 7SD52/53 offers many features to
reliably and safely handle data exchange
via communication networks.
Depending on the bandwidth available in
the communication system, 64, 128 or
512 kbits/s can be selected for the X21
(RS422) interface; the G703 interface with
64 kbit/s, and G703-E1 (2,048 kbit/s) or
G703-T1 (1,554 kbit/s). Furthermore the
7SD610 supports the IEEE C37.94 interface
with 1/2/4 and 8 timeslots.
The connection to the communication
device is effected via cost-effective 820 nm
interface with multi-mode FO cables.
A communication converter converts the
optical to electrical signals. This offers an
interference-free and isolated connection
between the relay and the communication
device.

7

Fig. 7/44 Application for three line ends (Ring topology)

Cost-effective power system management
The SIPROTEC 4 units are numerical relays which also provide control and monitoring functions and therefore support the
user in view of a cost-effective power system management. The security and reliability of power supply is increased as a
result of minimizing the use of hardware.
The local operation has been designed
according to ergonomic criteria. Large,
easy- to-read backlit displays are provided.
Siemens SIP · Edition No. 6

The SIPROTEC 4 units have a uniform
design and a degree of functionality which
represents a benchmark-level of performance in protection and control. If the
requirements for protection, control or
interlocking change, it is possible in the
majority of cases to implement such
changes by means of parameterization
using DIGSI 4 without having to change
the hardware.

The use of powerful microcontrollers and
the application of digital measured-value
conditioning and processing largely suppresses the influence of higher-frequency
transients, harmonics and DC components.
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Construction

LSP2166-afp.tif

1/3, 1/2, 2/3, and 1/1-rack sizes:
These are the available housing widths of
the 7SD52/53 relays, referred to a 19" module frame system. This means that previous
models can always be replaced. The height
is a uniform 245 mm for flush-mounting
housings and 266 mm for surface-mounting housings for all housing widths. All cables can be connected with or without ring
lugs. Plug-in terminals are available as an
option. It is thus possible to employ prefabricated cable harnesses. In the case of
surface mounting on a panel, the connection terminals are located above and below
in the form of screw-type terminals. The
communication interfaces are located in
a sloped case at the top and bottom of the
housing.

LSP2174-afp.tif

Connection techniques and housing with
many advantages

Fig. 7/45
Flush-mounting housing
with screw-type terminals

Fig. 7/46
Rear view of flush-mounting housing with
covered connection terminals and wirings

LSP2237-afp.tif

LSP2219-afp.eps
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Fig. 7/48
Communication interfaces
in a sloped case in a surfacemounting housing

Fig. 7/47
Surface-mounting housing with screw-type
terminals
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Protection functions

• Differential and restraint currents are

Differential protection (ANSI 87L, 87T, 87N)
The differential protection function has the
following features:

•

• It is possible to select the operating mode

•
•

•

•

•

•
•

•

•

as "main" or as "main 1", if the back-up
distance protection is activated as
"main 2".
Measurements are performed separately
for each phase; thus the trip sensitivity is
independent of the fault type.
An adaptive, sensitive measurement
method with high sensitivity for differential fault currents below the rated current
offers the detection of highly resistive
faults. This trip element uses special filters, which offers high security even with
high level DC-components in the shortcircuit current. The trip time of this stage
is about 30 ms.
A high-set differential trip stage which
clears differential fault currents higher
than the rated current within 10 – 15 ms
offers fast tripping time and high-speed
fault clearence time.
When a long line or cable is switched on,
transient charge currents load the line.
To avoid a higher setting of the sensitive
differential trip stage, this setpoint may
be increased for a settable time. This offers greater sensitivity under normal load
conditions.
With the setting of the CT-errors the
relay automatically calculates the restraint/stabilization current and adapts
its permissible sensitivity according to
the CT’s data in the differential configuration, optimizing sensitivity.
Different CT ratios at the line ends are
handled inside the relay. The mismatch
of 1 to 6 is allowed.
The differential protection trip can be
guarded with an overcurrent pickup.
Thus differential current and overcurrent lead to a final trip decision.
Easy to set tripping characteristic.
Because the relay works adaptively, only
the setpoint IDiff > (sensitive stage) and
IDiff >> (high-set current differential
stage) must be set according to the
charge current of the line/cable.
With an optional capacitive charge current compensation, the sensitivity can be
increased to 40 % of the normal setting
of IDIFF>. This function is recommended
for long cables and long lines.
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•

•

•

monitored continuously during normal
operation and are displayed as operational measurements.
High stability during external faults even
with different current transformers saturation level. For an external fault, only
5 ms saturation-free time are necessary
to guarantee the stability of the differential configuration.
With transformers or compensation coils
in the protection zone, the sensitive trip
stage can be blocked by an inrush detection function. It works with the second
harmonic of the measured current which
is compared with the fundamental component.
With transformers in the protection
zone, vector group adaptation and
matching of different CT ratios are
carried out in the relay. Additionally, the
zero-sequence current flowing through
an earthed neutral is eliminated from the
differential measurement. The 7SD52/53
therefore works like a transformer differential relay, whereas the line ends may be
far away.
A more sensitive protection for transformers within the protection zone is
given by measurement of the star-point
current on an earthed winding. Therefore the IE current measuring input has
to be used.
If the sum of the phase currents of winding is compared with the measured
star-point current, a sensitive earth-current differential protection (REF) can be
implemented.
This function is substantially more sensitive than the differential protection during faults to earth in a winding, detecting
fault currents as small as 10 % of the
transformer rated current.

Enhanced communication features for
communication networks
The data required for the differential
calculations are cyclically exchanged in
full-duplex mode in form of synchronous,
serial telegrams between the protection
units. The telegrams are secured with CRC
check sums, so that transmission errors in
a communication network are immediately
detected.

Fig. 7/49 Tripping characteristic

• Data communication is immune to

•

•

•
•
•

•

•

electromagnetic interference because
fiber-optic cables are employed in the
critical region
Supervision of each individual incoming
telegram and of the entire communication path between the units without
additional equipment.
Unambiguous identification of each unit
is ensured by assignment of a settable
communication address within a differential protection topology. Only those
units mutually known to each other can
cooperate. Incorrect interconnection of
the communication links results in
blocking of the protection system.
Detection of reflected telegrams in the
communication system.
Detection of delay time changes in
communication networks.
Measurement of the delay time to the
remote line ends with dynamic compensation of the delay in the differential
measurement. Supervision of the maximum permissible delay time is included.
Generation of alarms on heavily disturbed communication links. Faulty
telegram counters are available as
operational measurement.
With a GPS high-precision 1-s pulse from
a GPS receiver the relays can be synchronized with an absolute, exact time at each
line end. In this way, the delay in the receive and transmit path can be measured
exactly. With this optional feature the relay
can be used in communication networks
where this delay times are quite different.
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Protection functions
Phase-selective intertrip and remote
trip/indications
Normally the differential fault current is
calculated for each line end nearly at the
same time. This leads to fast and uniform
tripping times. Under weak infeed conditions, especially when the differential function is combined with an overcurrent
pickup a phase-selective intertrip offers a
tripping of all line ends.

• 7SD52/53 has 4 intertrip signals which are
transmitted in high-speed (< 20 ms) to
the other line ends. These intertrip signals
can also be initiated by an external relay
via binary inputs and therefore be used to
indicate, for example, a directional decision of the backup distance relay.
• In addition, 4 high-speed remote trip signals are available, which may be initiated
by an external or internal event.

• 24 remote signals can be freely assigned

7

to inputs and outputs at each line end
and are circulating between the different
devices.
Communication topologies / modes of
operation
The differential relays may work in a ring
or daisy chain line topology. Use of a test
mode offer advantages under commissioning and service conditions.

• The system tolerates the loss of one data

Fig. 7/50 Differential protection in ring or chain topology

• In a ring topology, one line end can be
logged out from the differential protection topology for service or maintenance
reasons by a signal via binary input.
Checks for the breaker position and load
current are made before this logout is initiated. In a chain topology, the relays at
the end of the line can be logged out from
the differential protection topology.
• The whole configuration can be set up
into a test mode. All functions and indications are available except the breakers
are not tripped. The local relay can be
tested and no trip or intertrip reaction is
effected by the other relays.

connection in a ring topology. The ring
topology is rerouted within 20 ms forming then a chain topology, while the differential protection function is
immediately reactivated.
• When the communication connections
need to be reduced or when these are not
available, the whole system is able to
function without interruption as chain
topology. At the line ends, only costeffective 7SD52/53 relays with one protection data interface are necessary for
this application.
• The two-end line is a special case, because when the main connection is interrupted, the communication switches
over from a main path to a secondary
path. This hot standby transmission
function ensures a high availability of the
system and protects differential protection against communication route failure
on important lines.
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Protection functions
Distance protection (ANSI 21, 21N)
7SD52/53 provides a non-switched distance protection featuring all well-proven
algogrithms of 7SA522 and 7SA6. It is possible to select the operating mode "main"
or "main 2", if the back-up differential is
activated as "main 1". By parallel calculation and monitoring of all six impedance
loops, a high degree of sensitivity and selectivity is achieved for all types of faults.
The shortest tripping time is less than one
cycle. All methods of neutral-point connection (resonant earthing, isolated, solid
or low-resistance earthing) are reliably
dealt with. Single and three-pole tripping is
possible. Overhead lines can be equipped
with or without series capacitor compensation.

Fig. 7/51
Distance protection:
quadrilateral characteristic

Quadrilateral and mho characteristics
The 7SD52/53 relay provides quadrilateral
as well as mho zone characteristics. Both
characteristics can be used separately for
phase and ground (earth) faults. Resistance
ground (earth) faults can, for instance, be
covered with the quadrilateral characteristic and phase faults with the mho characteristic.

7

Alternatively, the quadrilateral characteristic is available with 4 different pickup
methods:

• Overcurrent pickup I>>
• Voltage-dependent overcurrent pickup
V/I

Fig. 7/52
Distance protection:
mho characteristic

• Voltage-dependent and phase angledependent overcurrent pickup V/I/ϕ

• Impedance pickup Z<
Load zone
In order to guarantee a reliable discrimination between load operation and shortcircuit – especially on long high loaded
lines – the relay is equipped with a selectable load encroachment characteristic.
Impedances within this load encroachment
characteristic prevent the distance zones
from unwanted tripping.
Absolute phase-selectivity
The distance protection incorporates a
well-proven highly sophisticated phase selection algorithm. The pickup of unfaulted
loops is reliably eliminated to prevent the
adverse influence of currents and voltages
in the fault-free loops. This phase selection
algorithm achieves single-pole tripping and
correct distance measurement in a wide
application range.

Siemens SIP · Edition No. 6

Parallel line compensation
The influence of wrong distance measurement due to parallel lines can be compensated by feeding the neutral current of the
parallel line to the relay. Parallel line compensation can be used for distance protection as well as for fault locating.
7 distance zones
6 independent distance zones and one separate overreach zone are available. Each
distance zone has dedicated time stages,
partly separate for single-phase or multiphase faults. Ground (earth) faults are detected by monitoring the neutral current
3I0 and the zero-sequence voltage 3V0.
The quadrilateral tripping characteristic permits separate setting of the reactance X and
the resistance R. The resistance section R can

be set separately for faults with and without earth involvement. This characteristic
has therefore an optimal performance in
case of faults with fault resistance. The distance zones can be set forward, reverse or
non-directional. Sound phase polarization
and voltage memory provides a dynamically unlimited directional sensitivity.
Mho
The mho tripping characteristic provides
sound phase respectively memory polarization for all distance zones. The diagram
shows characteristic without the expansion
due to polarizing. During a forward fault
the polarizing expands the mho circle
towards the source so that the origin is
included. This mho circle expansion guarantees safe and selective operation for all
types of faults, even for close-in faults.
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Protection functions
Elimination of interference signals
Digital filters render the unit immune to
interference signals contained in the measured values. In particular, the influence of
DC components, capacitive voltage transformers and frequency changes is considerably reduced. A special measuring method
is employed in order to assure protection
selectivity during saturation of the current
transformers.
Measuring voltage monitoring
Tripping of the distance protection is
blocked automatically in the event of failure of the measuring voltage, thus preventing spurious tripping.

7

The measuring voltage is monitored by the
integrated fuse failure monitor. Distance
protection is blocked if either the fuse failure monitor or the auxiliary contact of the
voltage transformer protection switch operates and, in this case, the EMERGENCY
definite-time overcurrent protection can
be activated.

Fig. 7/53
Power swing current and voltage wave forms

Power swing detection (ANSI 68, 68T)
Dynamic transient reactions, for instance
short-circuits, load fluctuations,
auto-reclosures or switching operations
can cause power swings in the transmission
network. During power swings, large currents along with small voltages can cause
unwanted tripping of distance protection
relays. To avoid uncontrolled tripping of
the distance protection and to achieve controlled tripping in the event of loss of synchronism, the 7SD52/53 relay is equipped
with an efficient power swing detection
function. Power swings can be detected
under symmetrical load conditions as well
as during single-pole auto-reclosures.
Tele (pilot) protection for distance protection
(ANSI 85-21)
A teleprotection function is available for
fast clearance of faults up to 100 % of the
line length. The following operating modes
may be selected:

• PUTT, permissive underreaching zone
transfer trip

• POTT, permissive overreaching zone
•
•
•
•
•

transfer trip
UNBLOCKING
BLOCKING
Directional comparison pickup
Pilot-wire comparison
Reverse interlocking
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Fig. 7/54
Power swing
circle diagram

• DUTT, direct underreaching zone transfer trip (together with Direct Transfer
Trip function)
The carrier send and receive signals are
available as binary inputs and outputs and
can be freely assigned to each physical relay
input or output. At least one channel is required for each direction.
Common transmission channels are
power-line carrier, microwave radio and
fiber-optic links. The serial protection data
interface can be used for direct connection
to a digital communication network, fiberoptic or pilot-wire link as well.

Phase-selective transmission is also possible with multi-end applications, if some
user-specific linkages are implemented by
way of the integrated CFC logic. During
disturbances in the transmission receiver
or on the transmission circuit, the teleprotection function can be blocked by a binary input signal without losing the zone
selectivity. The control of the overreach
zone Z1B (zone extension) can be switched
over to the auto-reclosure function.
A transient blocking function (Current reversal guard) is provided in order to suppress interference signals during tripping
of parallel lines.

7SD52/53 also permits the transfer of
phase-selective signals. This feature is particularly advantageous as it ensures reliable
single-pole tripping, if two single-pole
faults occur on different lines. The transmission methods are suitable also for lines
with three ends (three-terminal lines).
Siemens SIP · Edition No. 6
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Protection functions
Direct transfer tripping
Under certain conditions on the power
system it is necessary to execute remote
tripping of the circuit-breaker. The
7SD52/53 relay is equipped with phaseselective “external trip inputs” that can be
assigned to the received inter-trip signal
for this purpose.
Weak-infeed protection: echo and/or trip
(ANSI 27 WI)
To prevent delayed tripping of permissive
schemes during weak or zero infeed situations, an echo function is provided.
If no fault detector is picked up at the
weak-infeed end of the line, the signal
received here is returned as echo to allow
accelerated tripping at the strong infeed
end of the line. It is also possible to initiate
tripping at the weak-infeed end. A phaseselective 1-pole or 3-pole trip is issued if a
permissive trip signal (POTT or Unblocking) is received and if the phase-earth voltage drops correspondingly. As an option,
the weak-infeed logic can be equipped according to a French specification.
Directional ground(earth)-fault protection
for high-resistance faults
(ANSI 50N, 51N, 67N)
In grounded (earthed) networks, it may
happen that the distance protection sensitivity is not sufficient to detect high-resistance ground (earth) faults. The 7SD52/53
protection relay has therefore protection
functions for faults of this nature.
The ground (earth)-fault overcurrent protection can be used with 3 definite-time
stages and one inverse-time stage (IDMT).
A 4th definite-time stage can be applied instead of the 1st inverse-time stage.
Inverse-time characteristics according to
IEC 60255-3 and ANSI/IEEE are provided
(see “Technical data”). An additional logarithmic inverse-time characteristic is also
available.
The direction decision can be determined
by the neutral current and the zerosequence voltage or by the negativesequence components V2 and I2. In addition or as an alternative to the directional
determination with zero-sequence voltage,
the star-point current of a grounded
(earthed) power transformer may also be
used for polarization. Dual polarization
applications can therefore be fulfilled.
Alternatively, the direction can be determined by evaluation of zero-sequence
Siemens SIP · Edition No. 6

power. Each overcurrent stage can be set in
forward or reverse direction or for both directions (non-directional). As an option
the 7SD52/53 relay can be provided with a
sensitive neutral (residual) current transformer. This feature provides a measuring
range for the neutral (residual) current
from 5 mA to 100 A with a nominal relay
current of 1 A and from 5 mA to 500 A
with a nominal relay current of 5 A. Thus
the ground (earth)-fault overcurrent protection can be applied with extreme sensitivity.
The function is equipped with special digital filter algorithms, providing the elimination of higher harmonics. This feature
is particularly important for low zerosequence fault currents which usually have
a high content of 3rd and 5th harmonics.
Inrush stabilization and instantaneous
switch-onto-fault trip can be activated separately for each stage as well.
Different operating modes can be selected.
The ground(earth)-fault protection is suitable for three-phase and, optionally, for
single-phase tripping by means of a sophisticated phase selector. It may be blocked
during the dead time of single-pole autoreclose cycles or during pickup of the distance protection.
Tele (pilot) protection for directional
ground(earth)-fault protection
(ANSI 85-67N)
The directional ground(earth)-fault
overcurrent protection can be combined
with one of the following teleprotection
schemes:

• Directional comparison
• BLOCKING
• UNBLOCKING
The transient blocking function (current
reversal guard) is also provided in order to
suppress interference signals during tripping of parallel lines.
The pilot functions for distance protection
and for ground(earth)-fault protection can
use the same signaling channel or two separate and redundant channels.
Backup overcurrent protection
(ANSI 50, 50N, 51, 51N)
The 7SD52/53 provides a backup overcurrent protection. Two definite-time
stages and one inverse-time stage (IDMTL)
are available, separately for phase currents
and for the neutral (residual) current. Two
operating modes are selectable. The function can run in parallel to the differential
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protection and the distance protection
or only during interruption of the protection communication and/or failure of
the voltage in the VT secondary circuit
(emergency operation). The secondary
voltage failure can be detected by the integrated fuse failure monitor or via a binary
input from a VT miniature circuit-breaker
(VT m.c.b. trip).
The following inverse-time characteristics
according to IEC 60255-3 and ANSI/IEEE
are provided:

• Inverse
• Short inverse
• Long inverse
• Moderately inverse
• Very inverse
• Extremely inverse
• Definite inverse
STUB bus overcurrent protection
(ANSI 50(N)-STUB)
The STUB bus overcurrent protection is
a separate definite-time overcurrent stage.
It can be activated from a binary input
signaling the line isolator (disconnector) is
open. Settings are available for phase and
ground (earth)-faults.
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Protection functions
Instantaneous high-speed switch-ontofault overcurrent protection (ANSI 50HS)
Instantaneous tripping is possible when
energizing a faulty line. In the event of
large fault currents, the high-speed
switch-onto-fault overcurrent stage can
initiate very fast 3-pole tripping.
With lower fault currents, instantaneous
tripping after switch-onto-fault is also possible

− if the breaker positions at the line ends
are monitored and connected to the relays. This breaker position monitor offers
a high-speed trip during switch-ontofault conditions.
− with the overreach distance zone Z1B or
just with pickup in any zone.
The switch-onto-fault initiation can be detected via the binary input "manual close"
or automatically via measurement.

7

Fault locator
The integrated fault locator calculates the
fault impedance and the distance-to-fault.
The result is displayed in ohms, miles,
kilometers or in percent of the line length.
Parallel line and load current compensation is also available.
As an option for a line with two ends, a
fault locator function with measurement
at both ends of the line is available.
Thanks to this feature, accuracy of measurement on long lines under high load
conditions and high fault resistances is
considerably increased.
Overvoltage protection, undervoltage
protection (ANSI 59, 27)
A voltage rise can occur on long lines that
are operating at no-load or are only lightly
loaded. The 7SD52/53 contains a number
of overvoltage measuring elements. Each
measuring element is of two-stage design.
The following measuring elements are
available:

• Phase-to-earth overvoltage
• Phase-to-phase overvoltage
• Zero-sequence overvoltage
The zero-sequence voltage can be connected to the 4th voltage input or be derived from the phase voltages.
• Positive-sequence overvoltage of the local end or calculated for the remote end
of the line (compounding).
• Negative-sequence overvoltage
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Tripping by the overvoltage measuring
elements can be effected either at the local
circuit-breaker or at the remote station by
means of a transmitted signal.

Auto-reclosure (ANSI 79)

The 7SD52/53 is fitted, in addition, with
three two-stage undervoltage measuring
elements:

• 3-pole auto-reclosure for all types of

• Phase-to-earth undervoltage
• Phase-to-phase undervoltage
• Positive-sequence undervoltage

•

The 7SD52/53 relay is equipped with an
auto-reclose function (AR). The function
includes several operating modes:

•

The undervoltage measuring elements can
be blocked by means of a minimum current criterion and by means of binary inputs.

•

Frequency protection (ANSI 81O/U)

•

Frequency protection can be used for overfrequency and underfrequency protection.
Unwanted frequency changes in the network can be detected and the load can be
removed at a specified frequency setting.
Frequency protection can be used over a
wide frequency range (45 to 55, 55 to
65 Hz). There are four elements (selectable
as overfrequency or underfrequency) and
each element can be delayed separately.

•
•
•
•

Breaker failure protection (ANSI 50BF)
The 7SD52/53 relay incorporates a twostage breaker failure protection to detect
the failure of tripping command execution,
for example due to a defective ciruitbreaker. The current detection logic is
phase-segregated and can therefore also
be used in single-pole tripping schemes. If
the fault current is not interrupted after a
settable time delay has expired, a retrip
command or a busbar trip command is
generated. The breaker failure protection
can be initiated by all integrated protection
functions as well as by external devices via
binary input signals.

•
•

faults; different dead times are available
depending the type of fault
1-pole auto-reclosure for 1-phase faults,
no reclosing for multi-phase faults
1-pole auto-reclosure for 1-phase faults
and for 2-phase faults without earth, no
reclosing for multi-phase faults
1-pole auto-reclosure for 1-phase and
3-pole auto-reclosing for multi-phase
faults
1-pole auto-reclosure for 1-phase faults
and 2-phase faults without earth and
3-pole auto-reclosure for other faults
Multiple-shot auto-reclosure
Interaction with an external device for
auto-reclosure via binary inputs and
outputs
Control of the integrated AR function
by external protection
Adaptive auto-reclosure. Only one line
end is closed after the dead time. If the
fault persists this line end is switched off.
Otherwise the other line ends are closed
via a command over the communication
links. This avoids stress when heavy fault
currents are fed from all line ends again.
Interaction with the internal or an external synchro-check
Monitoring of the circuit-breaker auxiliary contacts

In addition to the above-mentioned operating modes, several other operating principles can be employed by means of the
integrated programmable logic (CFC).
Integration of auto-reclosure in the feeder
protection allows evaluation of the
line-side voltages. A number of voltagedependent supplementary functions are
thus available:

• DLC
By means of dead-line check, reclosure is
effected only when the line is
deenergized (prevention of asynchronous breaker closure).
• ADT
The adaptive dead time is employed only
if auto-reclosure at the remote station
was successful (reduction of stress on
equipment).
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Protection functions

• RDT
Reduced dead time is employed in conjunction with auto-reclosure where no
tele-protection method is employed:
When faults within the zone extension,
but external to the protected line, are
switched off for rapid auto-reclosure
(RAR), the RDT function decides on the
basis of measurement of the return voltage from the remote station which has not
tripped whether or not to reduce the dead
time.
Synchronism check (ANSI 25)
Where two network sections are switched
in by control command or following a
3-pole auto-reclosure, it must be ensured
that both network sections are mutually
synchronous. For this purpose, a synchronism-check function is provided. After
verification of the network synchronism
the function releases the CLOSE command. Alternatively, reclosing can be enabled for different criteria, e.g., checking
that the busbar or line is not carrying a
voltage (dead line or dead bus).
Thermal overload protection (ANSI 49)
A built-in overload protection with a current and thermal alarm stage is provided
for the thermal protection of cables and
transformers. The trip time characteristics
are exponential functions according to
IEC 60255-8. The preload is thus considered in the trip times for overloads. An
adjustable alarm stage can initiate an alarm
before tripping is initiated.

Monitoring and supervision functions

Local measured values

The 7SD52/53 relay provides comprehensive monitoring functions covering both
hardware and software. Furthermore, the
measured values are continuously checked
for plausibility. Therefore the current and
voltage transformers are also included in
this monitoring system.

The measured values are calculated from
the measured current and voltage signals
along with the power factor (cos ϕ), the
frequency, the active and reactive power.
Measured values are displayed as primary
or secondary values or in percent of the
specific line rated current and voltage. The
relay uses a 20 bit high-resolution AD converter and the analog inputs are factorycalibrated, so a high accuracy is reached.
The following values are available for measured-value processing:

Current transformer / Monitoring functions
A broken wire between the CTs and relay
inputs under load may lead to maloperation of a differential relay if the load current exceeds the differential setpoint. The
7SD52/53 provides fast broken wire supervision which immediatelly blocks all line
ends if a broken wire condition is measured by a local relay. This avoids maloperation due to broken wire condition.
Only the phase where the broken wire is
detected is blocked. The other phases
remain under differential operation.
Fuse failure monitoring
If any measured voltage is not present due
to short-circuit or open circuit in the voltage transformer secondary circuit the distance protection would respond with an
unwanted trip due to this loss of voltage.
This secondary voltage interruption can be
detected by means of the integrated fuse
failure monitor. Immediate blocking of
distance protection is provided for all types
of secondary voltage failures.

• Currents 3 x IPhase, 3 I0, IE, IE sensitive
• Voltages 3 x VPhase-Ground, 3 x VPhase-Phase,
3 V0,Ven, VSYNC, VCOMP

• Symmetrical components I1, I2, V1, V2
• Real power P (Watt), reactive power
Q (Var), apparent power S (VA)

• Power factor PF (= cos ϕ)
• Frequency f
• Differential and restraint current per
phase

• Load impedances with directional indica-

•
•

Additional measurement supervision functions are

•

• Symmetry of voltages and currents
• Summation of currents and voltages

•

Trip circuit supervision (ANSI 74TC)

•

One or two binary inputs for each circuitbreaker pole can be used for monitoring
the circuit-breaker trip coils including the
connecting cables. An alarm signal is issued whenever the circuit is interrupted.
Lockout (ANSI 86)

tion
3 x RPhase-Ground, XPhase-Ground
3 x RPhase-Phase, XPhase-Phase
Long term mean values
3 x IPhase; I1; P; P+; P-; Q; Q+; Q-; S
Minimum/maximum memory
3 x IPhase; I1; 3 x VPhase-Ground
3 x VPhase-Phase, 3V0; V1; P+; P-; Q+; Q-; S;
f; power factor (+); power factor (-);
from mean values
3 x IPhase; I1; P; Q; S
Energy meters
Wp+; Wp-; WQ+; WQAvailability of the data connection to the
remote line ends per minute and per hour
Regarding delay time measuring with the
GPS-version the absolute time for transmit and receive path is displayed separately.

Limit value monitoring: Limit values
are monitored by means of the CFC.
Commands can be derived from these
limit value indications.

All binary outputs can be stored like LEDs
and reset using the LED reset key. The
lockout state is also stored in the event of
supply voltage failure. Reclosure can only
be issued after the lockout state is reset.
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Protection functions
Measured values at remote line ends
Every two seconds the currents and voltages are freezed at the same time at all
line ends and transmitted via the communication link. At a local line end, currents
and voltages are thus available with their
amount and phases (angle) locally and remotely. This allows checking the whole
configuration under load conditions. In
addition, the differential and restraint currents are also displayed. Important communication measurements, such as delay
time or faulty telegrams per minute/hour
are also available as measurements. These
measured values can be processed with the
help of the CFC logic editor.

Fig. 7/56
Browser-aided commissioning: Phasor diagram

Furthermore, all currents and optional
voltages and phases are available via communication link at the local relay and are
displayed in the relay, with DIGSI 4 or with
the Web Monitor.
The operational and fault events and fault
records from all line ends share a common
time tagging which allows to compare
events registered in the different line
ends on a common time base.
WEB Monitor – Internet technology
simplifies visualization
In addition to the universal DIGSI 4 operating program, the relay contains a WEB
server that can be accessed via a telecommunication link using a browser (e.g.
Internet Explorer). The advantage of this
solution is to operate the unit with standard software tools and at the same time
make use of the Intranet/Internet infrastructure. This program shows the protection topology and comprehensive
measurements from local and remote line
ends. Local and remote measurements are
shown as phasors and the breaker
positions of each line end are depicted. It is
possible to check the correct connection of
the current transformers or the correct
vector group of a transformer.
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Special attention has been paid to commissioning. All binary inputs and outputs can
be displayed and activated directly. This
can simplify the wiring check significantly
for the user. The operational and fault
events and the fault records are clearly
arranged.

LSP2845.tif

Commissioning

Fig. 7/57
Browser-aided commissioning:
Differential protection tripping characteristic

Stability can be checked by using the operating characteristic as well as the calculated
differential and restraint values in the
browser windows.
If the distance protection is active, then the
valid zone characteristic (quadrilateral/
mho) is displayed.

Event log and trip log messages are also
available. Remote control can be used, if
the local front panel cannot be accessed.
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Switching authority

Indication derivation

Control

Switching authority is determined according to parameters, communication or by
key-operated switch (when available).

In addition to the protection functions, the
SIPROTEC 4 units also support all control
and monitoring functions that are required
for operating medium-voltage or highvoltage substations.

If a source is set to “LOCAL”, only local
switching operations are possible. The following sequence of switching authority is
laid down: “LOCAL”; DIGSI PC program,
“REMOTE”

A further indication (or a command) can
be derived from an existing indication.
Group indications can also be formed. The
volume of information to the system interface can thus be reduced and restricted to
the most important signals.

Protection functions
n Control and automation functions

Every switching operation and change of
breaker position is kept in the status indication memory. The switch command
The status of primary equipment or auxil- source, switching device, cause (i.e. sponiary devices can be obtained from auxiliary taneous change or command) and result
contacts and communicated via binary in- of a switching operation are retained.
puts. Therefore it is possible to detect and
indicate both the OPEN and CLOSED po- Assignment of feedback to command
sition or a fault or intermediate circuitThe positions of the circuit-breaker or
breaker or auxiliary contact position.
switching devices and transformer taps are
The switchgear or circuit-breaker can be
acquired by feedback. These indication incontrolled via:
puts are logically assigned to the corresponding command outputs. The unit can
− integrated operator panel
therefore distinguish whether the indica− binary inputs
tion change is a consequence of switching
− substation control and protection system operation or whether it is a spontaneous
− DIGSI 4
change of state (intermediate position).
The main application is reliable control of
switching and other processes.

Command processing

Chatter disable

All the functionality of command processing is offered. This includes the processing
of single and double commands with or
without feedback, sophisticated monitoring of the control hardware and software,
checking of the external process, control
actions using functions such as runtime
monitoring and automatic command termination after output. Here are some typical applications:

The chatter disable feature evaluates
whether, in a configured period of time,
the number of status changes of indication
input exceeds a specified figure. If exceeded, the indication input is blocked for
a certain period, so that the event list will
not record excessive operations.

• Single and double commands using 1,
1 plus 1 common or 2 trip contacts

• User-definable bay interlocks
• Operating sequences combining several
switching operations such as control of
circuit-breakers, disconnectors and
earthing switches
• Triggering of switching operations, indications or alarm by combination with
existing information
Automation/user-defined logic
With integrated logic, the user can set, via a
graphic interface (CFC), specific functions
for the automation of switchgear or substation. Functions are activated via function
keys, binary input or via communication
interface.
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Transmission lockout
A data transmission lockout can be activated, so as to prevent transfer of information to the control center during work on
a circuit bay.
Test operation
During commissioning, all indications can
be passed to an automatic control system
for test purposes.

7

Filter time
All binary indications can be subjected to
a filter time (indication suppression).
Indication filtering and delay
Indications can be filtered or delayed.
Filtering serves to suppress brief changes in
potential at the indication input. The indication is passed on only if the indication
voltage is still present after a set period of
time. In the event of indication delay, there
is a wait for a preset time. The information
is passed on only if the indication voltage is
still present after this time.
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Communication
With respect to communication, particular
emphasis has been placed on high levels of
flexibility, data integrity and utilization of
standards common in energy automation.
The design of the communication modules
permits interchangeability on the one
hand, and on the other hand provides
openness for future standards (for example, Industrial Ethernet).
Local PC interface
The PC interface accessible from the front
of the unit permits quick access to all parameters and fault event data. Of particular
advantage is the use of the DIGSI 4 operating program during commissioning.
Rear-mounted interfaces

7

Two communication modules located on
the rear of the unit incorporate optional
equipment complements and readily permit retrofitting. They assure the ability to
comply with the requirements of different
communication interfaces.
The interfaces make provision for the following applications:

• Service /modem interface
By means of the RS232/RS485 or optical
interface, it is possible to efficiently operate a number of protection units centrally via DIGSI 4 or standard browser.
Remote operation is possible on connection of a modem. This offers the advantage of rapid fault clarification, especially
in the case of unmanned power plants.
With the optical version, centralized operation can be implemented by means of
a star coupler.
• System interface
This interface is used to carry out communication with a control or protection
and control system and supports a variety of communication protocols and interface designs, depending on the module connected.
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Commissioning aid via a standard Web
browser
In the case of the 7SD52/53, a PC with a
standard browser can be connected to the
local PC interface or to the service interface
(refer to “Commissioning program”).
The relays include a small Web server that
sends its HTML pages to the browser via
an established dial-up network connection.
Retrofitting: Modules for every type of
communication
Communication modules for retrofitting
are available for the entire SIPROTEC 4
unit range. These ensure that, where different communication interfaces (electrical or
optical) and protocols (IEC 61850
Ethernet, IEC 60870-5-103,
PROFIBUS-FMS/-DP, DNP 3.0, DIGSI,
etc.) are required, such demands can be
met.

Fig. 7/58
IEC 60870-5-103 star-type RS232 copper
conductor connection or fiber-optic connection

Safe bus architecture

• RS485 bus
With this data transmission via copper
conductors electromagnetic fault influences are largely eliminated by the use
of twisted-pair conductors. Upon failure
of a unit, the remaining system continues
to operate without any disturbances.
• Fiber-optic double ring circuit
The fiber-optic double ring circuit is immune to electromagnetic interference.
Upon failure of a section between two
units, the communication system continues to operate without disturbance.
It is generally impossible to communicate
with a unit that has failed. If a unit were to
fail, there is no effect on the communication with the rest of the system.

Fig. 7/59
Bus structure for station bus with
Ethernet and IEC 61850
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Communication

Fig. 7/60
RS232/RS485 electrical communication module

Fig. 7/61
PROFIBUS communication module, optical double-ring

LSP2162-afpen.tif

The Ethernet-based IEC 61850
protocol is the worldwide standard
for protection and control systems
used by power supply corporations. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to
set up simple masterless systems
for bay and system interlocking.
Access to the units via the Ethernet
bus is also possible with DIGSI.

LSP2164-afpen.tif

IEC 61850 Ethernet

IEC 60870-5-103

LSP3.01-0021.tif

IEC 60870-5-103 is an internationally standardized protocol for the
efficient communication in the
protected area. IEC 60870-5-103 is
supported by a number of protection device manufacturers and is
used worldwide.
PROFIBUS-DP
PROFIBUS-DP is an industryrecognized standard for communications and is supported by a number of PLC and protection device
manufacturers.

Fig. 7/62
820 nm fiber-optic communication module
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Fig. 7/63
Fiber-optic Ethernet communication module for
IEC 61850 with integrated Ethernet switch

DNP 3.0
DNP 3.0 (Distributed Network
Protocol Version 3) is a messagingbased communication protocol.
The SIPROTEC 4 units are fully
Level 1 and Level 2 compliant with
DNP 3.0. DNP 3.0 is supported by
a number of protection device
manufacturers.

Fig. 7/64
System solution: Communications
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Communication
System solutions for protection and station
control
Together with the SICAM power automation system, SIPROTEC 4 can be used with
PROFIBUS-FMS. Over the low-cost electrical RS485 bus, or interference-free via
the optical double ring, the units exchange
information with the control system.
Units featuring IEC 60870-5-103 interfaces
can be connected to SICAM in parallel via
the RS485 bus or radially by fiber-optic
link. Through this interface, the system is
open for the connection of units of other
manufacturers (see Fig. 7/58).
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Because of the standardized interfaces,
SIPROTEC units can also be integrated
into systems of other manufacturers or in
SIMATIC. Electrical RS485 or optical interfaces are available. The optimum physical data transfer medium can be chosen
thanks to opto-electrical converters. Thus,
the RS485 bus allows low-cost wiring in
the cubicles and an interference-free optical connection to the master can be established.
For IEC 61850, an interoperable system solution is offered with SICAM PAS. Via the
100 Mbits/s Ethernet bus, the units are
linked with PAS electrically or optically to
the station PC. The interface is standardized, thus also enabling direct connection
of units of other manufacturers to the
Ethernet bus. With IEC 61850, however,
the units can also be used in other manufacturers' systems (see Fig. 7/59).
Via modem and service interface, the protection engineer has access to the protection devices at all times. This permits
remote maintenance and diagnosis (cyclic
testing).
Parallel to this, local communication is
possible, for example, during a major inspection.
Serial protection data interface
(R2R interface)
As an option, the 7SD52/53 provides one
or two protection data interfaces to cover
two up to six line end applications in ring
or chain topology and hot standby communication between two line ends.

1) For flush-mounting housing.
2) For surface-mounting housing.
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In addition to the differential protection
function, other protection functions can
use this interface to increase selectivity and
sensitivity as well as covering advanced applications.

• Fast phase-selective teleprotection signaling for distance protection, optionally
with POTT or PUTT schemes
• Two and three-terminal line applications
can be implemented without additional
logic
• Signaling for directional ground(earth)fault protection – directional comparison for high-resistance faults in solidly
earthed systems
• Echo function
• Interclose command transfer with the
auto-reclosure “Adaptive dead time”
(ADT) mode
• 28 remote signals for fast transfer of
binary signals
Flexible utilization of the communication
channels by means of the programmable
CFC logic
The protection data interfaces have different options to cover new and existing communication infrastructures.

• FO51), OMA12) module:
820 nm fiber-optic interface with clock
recovery/ST connectors for direct connection with multi-mode FO cable up to
1.5 km for the connection to a communication converter.
• FO61), OMA22) module:
820 nm fiber-optic interface/ST connectors for direct connection up to 3.5 km
with multi-mode FO cable.
New fiber-optic interfaces, series FO1x

• FO171): For direct connection

up to 24 km3), 1300 nm, for mono-mode
fiber 9/125 μm, LC-Duplex connector
• FO181): For direct connection up to
60 km3), 1300 nm, for mono-mode fiber
9/125 μm, LC-Duplex connector
• FO191): For direct connection up to
100 km3), 1550 nm, for mono-mode
fiber 9/125 μm, LC-Duplex connector
• FO30: 820 nm fiber-optic interface/
ST connectors for direct connection
up to 1.5 km and for connections to a
IEEE C37.94 multiplexer interface.

The link to a multiplexed communication
network is made by separate communication converters (7XV5662). These have
a fiber-optic interface with 820 nm and
2 ST connectors to the protection relay.
The link to the communication network
is optionally an electrical X21 or a
G703/-E1/-T1 interface. Furthermore the
IEEE C37.94 interface is supported by the
FO30 module.
For operation via copper wire communication (pilot wires or twisted telephone pair),
a modern communication converter for
copper cables is available. This operates
with both the two-wire and three-wire
copper connections which were used by
conventional differential protection systems before. The communication converter for copper cables is designed for
5 kV insulation voltage. An additional
20 kV isolation transformer can extend the
field of applications of this technique into
ranges with higher insulation voltage requirements. The connection via FO cable
to the relay is interference-free. With
SIPROTEC 4 and the communication converter for copper cables a digital follow-up
technique is available for two-wire protection systems (typical 8 km) and all
three-wire protection systems using existing copper communication links.
Different communication converters are
listed under "Accessories".
Communication data:

• 32-bit CRC-check according to CCITT
and ITU

• Each protection relay possesses a unique
relay address

• Continuous communication link supervision: Individual faulty data telegrams
do not constitute an immediate danger,
if they occur only sporadically. The statistical availability, per minute and hour,
of the serial protection data interface can
be displayed.
• Supported network interfaces X21/RS422
with 64 or 128 or 512 kbit/s; or G70364 kbit/s and G703-E1 (2,048 kbit/s) or
G703-T1 (1,554 kbit/s).
• Max. channel delay time 0.1 ms to 30 ms
(in steps of 0.1 ms) or IEEE C37.94.
• Protocol HDLC

3) For surface-mounting housing the internal
FO module OMA1 will be delivered
together with an external repeater.
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Communication
Communication possibilities between relays

Fig. 7/65
Direct optical link up to 1.5 km/3.5 km, 820 nm

Fig. 7/66
Direct optical link up to 25/60 km with 1300 nm
or up to 100 km with 1550 nm
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Fig. 7/67
Connection to a communication network CC-XG

Fig. 7/68
Connection to a communication network CC-2M

Fig. 7/69
Connection to a communication network via IEEE C37.94

Fig. 7/70
Connection to a pilot wire
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Typical connection
Typical connection for current
and voltage transformers
3 phase current transformers with neutral
point in the line direction, I4 connected as
summation current transformer (=3I0):
Holmgreen circuit
3 voltage transformers, without connection
of the broken (open) delta winding on the
line side; the 3V0 voltage is derived internally.
Note:
Voltage inputs are always available in the
relay. But there is no need to connect it to
voltage transformers for the differential
protection function.
Fig. 7/71
Example of connection for current and voltage transformers

Alternative current measurement

7

The 3 phase current transformers are connected in the usual manner. The neutral
point is in line direction. I4 is connected to
a separate neutral core-balance CT, thus
permitting a high sensitive 3I0 measurement.
Note: Terminal Q7 of the I4 transformer
must be connected to the terminal of the
core-balance CT pointing in the same direction as the neutral point of the phase
current transformers (in this case in line
direction). The voltage connection is effected in accordance with Fig. 7/71, 7/76
or 7/77.

Fig. 7/72
Alternative connection of current transformers for sensitive
ground(earth)-current measuring with core-balance current transformers

7/60

Siemens SIP · Edition No. 6

7 Line Differential Protection / 7SD52/53

Typical connection
Alternative current connection
3 phase current transformers with neutral
point in the line direction, I4 connected to
a current transformer in the neutral point
of a grounded (earthed) transformer for
directional ground(earth)-fault protection.
The voltage connection is effected in accordance with Fig. 7/71, 7/76 or 7/77.

Fig. 7/73 Alternative connection of current transformers for measuring
neutral current of a grounded (earthed) power transformer

Alternative current connection
3 phase current transformers with neutral
point in the line direction, I4 connected to
the summation current of the parallel line
for parallel line compensation on overhead
lines. The voltage connection is effected in
accordance with Fig. 7/71, 7/76 or 7/77.

7

Fig. 7/74 Alternative connection of current transformers for measuring
the ground (earth) current of a parallel line

Fig. 7/75 Connection of current transformer with
restricted earth-fault protection (REF)
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Typical connection
Alternative voltage connection
3 phase voltage transformers, V4 connected
to broken (open) delta winding (Ven) for
additional summation voltage monitoring
and ground(earth)-fault directional protection. The current connection is effected
in accordance with Fig. 7/71, 7/72, 7/73
and 7/74.

Fig. 7/76 Alternative connection of voltage transformers for measuring the
displacement voltage (e-n voltage)

Alternative voltage connection

7

3 phase voltage transformers, V4 connected
to busbar voltage transformer for synchrocheck.
Note: Any phase-to-phase or phase-toground(earth) voltage may be employed
as the busbar voltage. Parameterization is
carried out on the unit. The current connection is effected in accordance with
Fig. 7/71, 7/72, 7/73 and 7/74.

Fig. 7/77 Alternative connection of voltage transformers for measuring the
busbar voltage
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Technical data
General unit data

LEDs

Analog inputs

Quantity

Rated frequency

50 or 60 Hz (selectable)

RUN (green)

1

Rated current IN

1 or 5 A (selectable, controlled by
firmware)

ERROR (red)

1

80 to 125 V (selectable)

Indication (red), function can be
assigned

14

Rated voltage
Power consumption
In CT circuits with IN = 1 A
In CT circuits with IN = 5 A
In VT circuits

Approx. 0.05 VA
Approx. 0.30 VA
Approx. 0.10 VA

Thermal overload capacity
In CT circuits

In VT circuits

Unit design

500 A for 1 s
150 A for 10 s
4 x IN continuous
230 V, continuous per phase

Dynamic overload capacity
In CT circuits
1250 A (half cycle)
In the CT circuit for high sensitive
earth-fault protection
(refer to ordering code)
Auxiliary voltage
Rated voltage

24 to 48 V DC
60 to 125 V DC 1)
110 to 250 V DC 1)
and 115 V AC with 50/60 Hz1)

Permissible tolerance

-20 % to +20 %

Max. superimposed AC voltage
(peak-to-peak)

≤ 15 %

Power consumption
During normal operation
During pickup with all inputs
and outputs activated

Approx. 8 W
Approx. 18 W

Bridging time during auxiliary
voltage failure Vaux 110 V AC/DC

≥ 50 ms

Binary inputs
Quantity
Function can be assigned

8 or 16 or 24

Minimum permissible voltage
Range is selectable with jumpers
for each binary input

19 or 88 or 176 V DC, bipolar
(3 operating ranges)

Maximum permissible voltage

300 V DC

Current consumption, energized

Approx. 1.8 mA

Output relays
Quantity
Function can be assigned

16 or 24 or 32

Housing 7XP20
1/2 x 19″ or 1/1 x 19″
Degree of protection acc. to EN 60529
Surface-mounting housing
Flush-mounting housing
Rear
Front
For the terminals
Weight
Flush-mounting housing
1/2 x 19″
1/1 x 19″
Surface-mounting housing
1/2 x 19″
1/1 x 19″

See dimension drawings, part 15

IP 51
IP 50
IP 51
IP 2x with cover cap

6 kg
10 kg
11 kg
19 kg

Serial interfaces (front of unit)

7

Operating interface 1 for DIGSI 4 or browser
Connection

Front panel, non-isolated, RS232,
9-pin subminiature connector

Baud rate

4800 to 115200 baud

Time synchronization (rear of unit)
IRIG-B/DCF77/SCADA or 1 sec pulse from GPS (format IRIG-B000)
Connection

9-pin subminiature connector
(SUB-D)

Voltage levels

5 or 12 or 24 V

Dielectric test

500 V/50 Hz

Service interface (operating interface 2) for DIGSI 4 / modem / service
Isolated RS232/RS485
Dielectric test
Distance for RS232
Distance for RS485, depends on
the baud rate

9-pin subminiature connector
500 V/50 Hz
Max. 15 m
Max. 1000 m

Fiber-optic
Optical wavelength
Permissible attenuation
Distance

Integrated ST connector
λ = 820 nm
Max. 8 dB for glass-fiber 62.5/125 µm
Max. 1.5 km

System interface

Switching capacity
Make
Break
Break (for resistive load)
Break (for τ = L/R ≤ 50 ms)

1000 W /VA
30 VA
40 W
25 VA

Switching voltage

250 V

Permissible current

30 A for 0.5 s
5 A continuous

(refer to ordering code)

IEC 61850 Ethernet
IEC 60870-5-103
PROFIBUS-FMS
PROFIBUS-DP
DNP 3.0

Isolated RS232/RS485
Baud rate
Dielectric test
Distance for RS232
Distance for RS485

9-pin subminiature connector
4800 to 38400 baud
500 V/50 Hz
Max. 15 m
Max. 1000 m

1) Ranges are settable by means of jumpers.
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Technical data
System interface, continued

External communication converter 7XV5662-0AC00 for pilot wires

PROFIBUS RS485
Dielectric test
Baud rate
Distance

500 V/50 Hz
Max. 12 Mbaud
1 km at 93.75 kB; 100 m at 12 MB

PROFIBUS fiber-optic2)
Only for flush-mounting housing
For surface-mounting housing
Baud rate
Optical wavelength
Permissible attenuation
Distance

ST connector
Optical interface with OLM2)
Max. 1.5 Mbaud
λ = 820 nm
Max. 8 dB for glass-fiber 62.5/125 μm
500 kB/s 1.6 km, 1500 kB/s 530 m

Protection data interface (R2R interface)
FO51), OMA12): Fiber-optic interface For multi-mode fiber 62.5/125 μm,
with clock recovery for direct connec- ST connectors
tion up to 1.5 km or for connection to Permissible fiber attenuation 8 dB
a communication converter, 820 nm
FO61), OMA22): Fiber-optic interface For multi-mode fiber 62.5/125 μm,
for direct connection up to 3.5 km,
ST connectors
820 nm
Permissible fiber attenuation 16 dB

External communication converter
to interface between relays, optical
820 nm interface and a pilot wire or
twisted telephone pair.
Typical distance

15 km

Fiber-optic 820 nm with clock
recovery

Max. 1.5 km with 62.5/125 µm
multi-mode FO cable

Pilot wire

Screw-type terminal 5 kV isolated

Permissible time delay (duration of data transmission)
Delay of telegrams due to transmission for one unit to the other.
Delay is constantly measured and
adjusted
Electrical tests
Specifications
Standards

New fiber-optic interfaces, series FO1x

7

FO171): for direct connection up to
24 km3), 1300 nm

For mono-mode fiber 9/125 μm,
LC-Duplex connector
Permissible fiber attenuation 13 dB

FO181): for direct connection up to
60 km3), 1300 nm

For mono-mode fiber 9/125 μm,
LC-Duplex connector
Permissible fiber attenuation 29 dB

FO191): for direct connection up to
100 km3), 1550 nm

For mono-mode fiber 9/125 μm,
LC-Duplex connector
Permissible fiber attenuation 29 dB

External communication converter 7XV5662-0AA00
for communication networks X21/G703-64 kbit/s
External communication converter to
interface between the relays, optical
820 nm interface and the X21(RS422)
G703-64 kbit/s interface of a communication device

Input: fiber-optic 820 nm
with clock recovery

Max. 1.5 km with 62.5/125 µm
multi-mode FO cable to device side

Output: X21 (RS422) electrical
interface on communication device

64/128/512 kbit (selectable by jumper)
max. 800 m, 15-pin connector

G703-64 kbit/s electrical interface on 64 kbit/s, max. 800 m, screw-type
communication device
terminal
External communication converter 7XV5662-0AD00
for communication networks with G703-E1 or G703-T1
External communication converter to
interface between the relays, optical
820 nm interface and G703-E1 or
G703-T1 interface of a communication network.
Inputs: 2 fiber-optic inputs 820 nm,
1RS232 input

Max. 1.5 km with 62.5/125µm
multi-mode 1 FO cable to device side

Output:
G703.5
G703.6

E1: 2,048 kbit/s
T1: 1,554 kbit/s

Electrical interface on communication network
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Standards
Voltage test (100 % test)
All circuits except for auxiliary
supply, binary inputs and
communication interfaces

max. 800 m, screw-type terminal

IEC 60255-5
2.5 kV (r.m.s.), 50/60 Hz

3.5 kV DC

RS485/RS232 rear side communi- 500 V (r.m.s.), 50/60 Hz
cation interfaces and time
synchronization interface
(100 % test)
Impulse voltage test (type test)
All circuits except for communication interfaces and time synchronization interface, class III

X21/G703, RS422 selectable by jumpers. Baud rate selectable by jumpers

IEC 60255 (product standards)
ANSI/IEEE C37.90.0/.1/.2
UL 508
For further standards see
“Individual functions”

Insulation tests

Auxiliary voltage and binary
inputs (100 % test)

Relay communication equipment

Max. 30 ms per transmission path
Permissible max. value can be
selected

5 kV (peak); 1.2/50 μs; 0.5 J
3 positive and 3 negative impulses at
intervals of 5 s

EMC tests for noise immunity; type tests
Standards

IEC 60255-6, IEC 60255-22
(product standards) (type tests)
EN 50082-2 (generic standard)
DIN 57435 part 303

High frequency test
IEC 60255-22-1, class III and
VDE 0435 part 303, class III

2.5 kV (peak); 1 MHz; τ = 15 ms;
400 surges per s;
test duration 2 s

Electrostatic discharge
IEC 60255-22-2, class IV
EN 61000-4-2, class IV

8 kV contact discharge; 15 kV air
discharge; both polarities; 150 pF;
Ri = 330 Ω

Irradiation with RF field,
non-modulated
IEC 60255-22-3 (report), class III

10 V/m; 27 to 500 MHz

Irradiation with RF field,
amplitude-modulated
IEC 61000-4-3, class III

10 V/m; 80 to 1000 MHz;
80 % AM; 1 kHz

1) For flush-mounting housing.
2) For surface-mounting housing.
3) For surface-mounting housing the internal FO module OMA1
will be delivered together with an external repeater.
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Technical data
Irradiation with RF field,
pulse-modulated IEC 61000-4-3/
ENV 50204, class III

10 V/m; 900 MHz; repetition
frequency 200 Hz; duty cycle 50 %

Fast transients, bursts
IEC 60255-22-4 and
IEC 61000-4-4, class IV

4 kV; 5/50 ns; 5 kHz;
burst length = 15 ms;
repetition rate 300 ms;
both polarities; Ri = 50 Ω;
test duration 1 min

High-energy surge voltages (SURGE)
IEC 61000-4-5, installation class III
Auxiliary supply
Common mode: 2 kV, 12 Ω, 9 µF
Differential mode: 1 kV; 2 Ω, 18 µF
Measurements inputs, binary inputs, Common mode: 2 kV, 42 Ω, 0.5 µF
binary outputs
Differential mode: 1 kV; 42 Ω, 0.5 µF

During transport
Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60255-2-6

Sinusoidal
5 to 8 Hz: ± 7.5 mm amplitude;
8 to 150 Hz: 2 g acceleration
frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
Acceleration 15 g, duration 11 ms,
3 shocks each in both directions
of the 3 axes

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

Half-sinusoidal
Acceleration 10 g, duration 16 ms,
1000 shocks each in both directions
of the 3 axes

Line-conducted HF, amplitude-mod- 10 V; 150 kHz to 80 MHz; 80 % AM;
ulated, IEC 61000-4-6, class III
1 kHz
Magnetic field with power frequency 30 A/m continuous; 300 A/m for 3 s;
IEC 61000-4-8, class IV;
50 Hz; 0.5 mT; 50 MHz
IEC 60255-6

Climatic stress tests

Oscillatory surge withstand capability 2.5 to 3 kV (peak); 1 to 1.5 MHz
ANSI/IEEE C37.90.1
Damped wave; 50 surges per second;
Duration 2 s; Ri = 150 Ω to 200 Ω

Type-tested acc. to IEC 60068-2-1
and -2, test Bd, for 16 h

-25 °C to +85 °C / -13 °F to +185 °F

Temporarily permissible operating
temperature, tested for 96 h

-20 °C to +70 °C / -4 °F to +158 °F

Fast transient surge withstand
capability, ANSI/IEEE C37.90.1

4 to 5 kV; 10/150 ns; 50 surges
per second;
both polarities; duration 2 s; Ri = 80 Ω

Radiated electromagnetic interference, IEEE C37.90.2

35 V/m; 25 to 1000 MHz
amplitude and pulse-modulated

Damped oscillations IEC 60894,
IEC 61000-4-12

2.5 kV (peak value), polarity
alternating 100 kHz
1, 10 and 50 MHz, Ri = 200 Ω

Temperatures

Recommended permanent operating -5 °C to +55 °C / +25 °F to +131 °F
temperature acc. to IEC 60255-6
(Legibility of display may be impaired above +55 °C / +131 °F)
– Limiting temperature during
-25 °C to +55 °C / -13 °F to 131 °F
permanent storage
-25 °C to +70 °C / -13 °F to +158 °F
– Limiting temperature during
transport

EMC tests for interference emission; type tests

Humidity

Standard

EN 50081-* (generic standard)

Conducted interference voltage on
lines, only auxiliary supply,
IEC-CISPR 22

150 kHz to 30 MHz
Limit class B

Radio interference field strength
IEC-CISPR 22

30 to 1000 MHz
Limit class B

Permissible humidity stress
It is recommended to arrange the
units in such a way, that they are not
exposed to direct sunlight or pronounced temperature changes that
could cause condensation.

Yearly average ≤ 75 % relative humidity; on 56 days in the year up to 93 %
relative humidity; condensation is not
permitted

Mechanical dynamic tests

Functions

Vibration, shock stress and seismic vibration

Differential protection (ANSI 87L, 87T)

During operation

Sensitive normal trip stage IDiff>

Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
10 to 60 Hz: ± 0.075 mm amplitude;
60 to 150 Hz: 1 g acceleration
frequency sweep 1 octave/min
20 cycles in 3 othogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
acceleration 5 g, duration 11 ms,
3 shocks each in both directions
of the 3 axes
Seismic vibration
Sinusoidal
IEC 60255-21-2, class 1
1 to 8 Hz: ± 3.5 mm amplitude
IEC 60068-3-3
(horizontal axis),
1 to 8 Hz: ± 1.5 mm amplitude
(vertical axis),
8 to 35 Hz: 1 g acceleration
(horizontal axis),
8 to 35 Hz: 0.5 g acceleration
(vertical axis),
frequency sweep 1 octave/min
1 cycle in 3 orthogonal axes
1) Ordering option with high-speed contacts required.
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Setting range of
IDiff > secondary 1 A
secondary 5 A
Tripping time (three line ends)
IDiff > 2.5 × IDiff > (setting)

0.1 to 20 A (step 0.1)
0.5 to 100 A
50 Hz
Min. 27 ms
Typ. 29 ms
60 Hz
Min. 24 ms
Typ. 26 ms

Delay time of IDiff> trip stage
Delay time

0 to 60 s (step 0.01 s)

Capacitive current load compensation
Restraint ratio
IC STAB / ICN

2 to 4 (steps 0.1)

High-set fast trip stage IDiff>>
Setting range
IDiff>> secondary 1 A
secondary 5 A

0.8 to 100 A (step 0.1)
4 to 500 A (step 0.5)

Tripping time (three line ends)
IDiff ≥ 2.5 × IDiff >> (setting)

Min. 9 ms1)
Typ. 12 ms1)
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Technical data
Vector group adaptation with transformers in the differential zone
Adaptation of connection symbol

0 to 11 (x 30 °) (step 1)

Neutral point connection

Grounded (earthed) or not grounded
(earthed) (for each winding)

Inrush restraint

Ground(earth)-fault pickup
Neutral (residual) current 3I0
(Ground current)
Zero-sequence voltage 3V0>
for earthed networks
for resonant-earthed networks

0.05 to 4 A (1A)/ 0.25 to 20 A (5A)
(step 0.01 A)
1 to 100 V (step 1 V) or deactivated
10 to 200 V (step 1 V)

Restraint ratio
2nd harmonic I2fN/IfN

10 % to 45 % (step 1 %)

Max. current for restraint

1.1 A to 25 A1) (step 0.1 A)

Crossblock function

Can be switched on and off

Separately selectable for zones

Max. operative time for crossblock
Toper crossblk

0 to 60 s (step 0.01 s) or
deactivated (operating up to release)

Z1
higher zones (Z1B, Z2 to Z5)

RE/RL and XE/XL

-0.33 to 7 (step 0.01)

k0
ϕ(k0)

0 to 4 (step 0.001)
-135 to 135 ° (step 0.01 °)

Distance protection (ANSI 21, 21N)
Distance protection zones

Zero-sequence compensation
Selectable input formats

RE/RL and XE/XL
k0 and ϕ(k0)

6, 1 of which as controlled zone, all
zones can be set forward or/and
reverse

Parallel line mutual compensation
RM/RL and XM/XL

(refer to ordering code)
0.00 to 8 (step 0.01)

6 for multi-phase faults
3 for single-phase faults
0 to 30 s or deactivated (steps 0.01 s)

Phase reference on double
earth-faults in resonant-earthed/
non-earthed network

Phase preference or no preference
(selectable)

Characteristic
Selectable separately for phase
and ground (earth) faults

(refer to ordering code)
quadrilateral and/or
Mho (only impedance pickup)

Load encroachment
Minimum load resistance

Types of pickup

Overcurrent pickup (I>);
Voltage-dependent overcurrent
pickup (V< / I>);
Voltage-dependent and phase angle-dependent overcurrent pickup
(V< / I> / ϕ>);
Impedance pickup (Z<)

Maximum load angle

20 to 60 ° (step 1 °)

Directional decision for all types of
faults

With sound phase polarization and/or
voltage memory

Time stages for tripping delay
Setting range

7

Types of tripping

Three-pole for all types of faults;
Single-pole for single-phase faults /
otherwise three-pole;

Directional sensitivity
Tolerances
Impedances
(in conformity with DIN 57435,
Part 303)

30 ° to 89 ° (step 1 °)

Inclination angle for quadrilateral
characteristic

30° to 90° (step 1°)

Quadrilateral reactance reach X

0.05 to 600 Ω(1A) / 0.01 to 120 Ω(5A)
(step 0.001 Ω)

Quadrilateral resistance reach R
for phase-to-phase faults and
phase-to-ground(earth) faults

0.05 to 600 Ω(1A) / 0.01 to 120 Ω(5A)
(step 0.001Ω)

Mho impedance reach ZR

0.05 to 200 Ω(1A) / 0.01 to 40 Ω(5A)
(step 0.01 Ω)

Minimum phase current I

0.05 to 4 A (1A) / 0.25 to 20 A (5A)
(step 0.01 A)

Overcurrent pickup I>>
(for I>>, V</I>, V</I>/ϕ>)

0.25 to 10 A (1A) / 1.25 to 50 A (5A)
(step 0.01 A)

Minimum current pickup I>
(for V</I>, V</I>/ϕ> and Z<)

0.05 to 4 A (1A) / 0.25 to 20 A (5A)
(step 0.01 A)

Minimum current pickup Iϕ>
(for V</I>, V</I>/ϕ>)

0.1 to 8 A (1A) / 0.5 to 40 A (5A)
(step 0.01 A)

ΔX
≤ 5 % for 30 ° ≤ ϕ SC ≤ 90 °
X

ΔZ
≤ 5% for-30°≤ (ϕ SC -ϕline)≤+30°
Z

0 to 30 s (step 0.01 s) or deactivated

Line angle ϕ L

Dynamically unlimited
For sinusodial quantities

ΔR
≤ 5 % for 0 ° ≤ ϕ SC ≤ 60 °
R

Single-pole for single-phase faults and
two-pole phase-to-phase faults /
otherwise three-pole
Time range

0.10 to 600 Ω(1A) / 0.02 to 120 Ω(5A)
(step 0.001 Ω) or deactivated

Response values (in conformity
with DIN 57435, Part 303)
V and I
Angle (ϕ)

≤ 5 % of setting value
≤3°

Timer tolerance

± 1 % of set value or 10 ms

Operating times
Minimum trip time
with fast relays
Minimum trip time
with high-speed relays
Reset time

Approx. 17 ms at 50 Hz
Approx. 15 ms at 60 Hz
Approx. 12 ms at 50 Hz
Approx. 10 ms at 60 Hz
Approx. 30 ms

Undervoltage pickup (for V</I> and
V</I>/ϕ>)
20 to 70 V (step 1 V)
Vph-e<
40 to 130 V (step 1 V)
Vph-ph<
Load angle pickup (for V</I>/ϕ>)
Load angle ϕ
Load angle ϕ

30 ° to 80 °
90 ° to 120 °
1) Secondary data for IN = 1 A; with IN = 5 A the values must be multiplied.
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Technical data
Power swing detection (ANSI 68, 68T)

Inverse-time stage (ANSI 51, 51N)

Power swing detection principle

Measurement of the rate of impedance vector change and monitoring
of the vector path

Max. detectable power swing frequency

Approx. 7 Hz

Operating modes

Power swing blocking and/or power
swing tripping (out-of-step tripping)

Power swing blocking programs

All zones blocked
Z1/Z1B blocked
Z2 to Z5 blocked
Z1, Z1B, Z2 blocked

Detection of faults during power
swing blocking

Additional functions

Transmission and reception signals

0.1 to 4 A (1A) /0.5 to 20 A (5A)
(step 0.01 A) or deactivated

Neutral (residual) current pickup

0.05 to 4 A (1A) /0.25 to 20 A (5A)
(step 0.01 A) or deactivated

Characteristics

Reset of power swing blocking for all
types of faults

Tele (pilot) protection for distance protection (ANSI 85-21)
Modes of operation

Phase current pickup

PUTT (Z1B acceleration); DUTT
PUTT (acceleration with pickup);
POTT; Directional comparison;
Reverse interlocking
Pilot-wire comparison; Unblocking;
Blocking
Echo function
(refer to weak-infeed function)
Transient blocking for schemes with
measuring range extension
Phase-selective signals available for
maximum selectivity with single-pole
tripping; signals for 2 and 3-endlines

Direct transfer trip (DTT)
Direct phase-selective tripping via
binary input

Alternatively with or without
auto-reclosure

Trip time delay

0 to 30 s (step 0.01 s) or deactivated

Timer tolerance

± 1 % of setting value or 10 ms

Characteristics
according to IEC 60255-3

Normal inverse
Very inverse
Extremely inverse
Long time inverse

Time multiplier

Tp = 0.05 to 3 s (step 0.01 s)
or deactivated

Pickup threshold

Approx. 1.1 x I / Ip

Reset threshold

Approx. 1.05 x I / Ip

Tolerances
Operating time for 2 ≤I/Ip ≤ 20

≤ 5 % of setpoint ± 15 ms

Characteristics
according to ANSI/IEEE

Inverse
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

Time dial

0.5 to 15 (step 0.01) or deactivated

Pickup threshold

Approx. 1.1 x M

Reset threshold

Approx. 1.05 x M

Tolerances
Operating time for 2 ≤ M ≤ 20

≤ 5 % of setpoint ± 15 ms

Instantaneous high-speed switch-onto-fault overcurrent protection
(ANSI 50HS)
Operating mode

Active only after c.b. closing;
instantaneous trip after pickup

Characteristic

2 definite-time stages

Pickup current I >>>

Active only with loss of data
connection and voltage or always
active

0.1 to 15 A (1A) /0.5 to 75 A (5A)
(step 0.01 A) or deactivated

Pickup current I >>>>

1 to 25 A (1A)/5 to 125 A (5A)
(step 0.01 A) or deactivated

3 definite-time stages / 1 inverse-time
stage

Reset ratio

Approx. 0.95

Tolerances

< 3 % of set value or 1 % of IN

Pickup definite time stage 1,
phase current

0.1 to 25 A (1A) / 0.5 to 125 A (5A)
(step 0.01 A) or deactivated

Directional ground (earth)-fault overcurrent protection
for high-resistance faults in systems with earthed star point
(ANSI 50N, 51N, 67N)

Pickup definite-time stage 1,
neutral (residual) current

0.5 to 25 A (1A) / 0.25 to 125 A (5A)
(step 0.01 A) or deactivated

Characteristic

Pickup definite-time stage 2,
phase current

0.1 to 25 A (1A) / 0.5 to 125 A (5A)
(step 0.01 A) or deactivated

3 definite-time stages / 1 inverse-time
stage or 4 definite-time stages or
3 definite-time stages / 1 V0invers. stage

Phase selector

Pickup definite-time stage 2,
neutral (residual) current

0.05 to 25 A (1A) / 0.25 to 125 A (5A)
(step 0.01 A) or deactivated

Permits 1-pole tripping for singlephase faults or 3-pole tripping for
multi-phase faults

Pickup definite-time stage 3,
phase current

0.1 to 25 A (1A) / 0.5 to 125 A (5A)
(step 0.01 A) or deactivated

Inrush restraint

Selectable for every stage

0.05 to 25 A (1A) / 0.25 to 125 A (5A)
(step 0.01 A) or deactivated

Instantaneous trip after
switch-onto-fault

Selectable for every stage

Pickup definite-time stage 3,
neutral (residual) current
Time delay for definite-time stages

0 to 30 s, (step 0.01 s) or deactivated

Tolerances
Current pickup
Delay times
Operating time

≤ 3 % of set value or 1 % of IN
± 1 % of set value or 10 ms
Approx. 25 ms

Backup overcurrent protection (ANSI 50N, 51N)
Operating modes

Characteristics
Definite-time stage (ANSI 50, 50N )

Siemens SIP · Edition No. 6

Influence of harmonics
Stages 1 and 2 (I>>> and I>>)
Stages 3 and 4
(I> and inverse 4th stage)

3rd and higher harmonics are completely suppressed by digital filtering
2nd and higher harmonics are completely suppressed by digital filtering
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Technical data
Definite-time stage (ANSI 50N)
Pickup value 3I0>>>
Pickup value 3I0>>

0.2 to 25 A (1A) / 1 to 125 A (5A)
(step 0.01 A)

Pickup value 3I0>

0.05 to 25 A (1A) / 0.25 to 125 A (5A)
(step 0.01 A)
Neutral (residual) current transformer
with normal sensitivity
(refer to ordering data, position 7);
0.003 to 25 A (1A) / 0.015 to 125 A (5A)
(step 0.001 A)
Neutral (residual) current transformer
with high sensitivity (refer to ordering
data, position 7)

Pickup value 3I0, 4th stage

7

Zero-sequence voltage protection V0inverse
0.5 to 25 A (1A) / 2.5 to 125 A (5A)
(step 0.01 A)

0.05 to 25 A (1A) / 0.25 to 125 A (5A)
(step 0.01 A)
Neutral (residual) current transformer
with normal sensitivity (refer to ordering data, position 7);
0.003 to 25 A (1A) / 0.015 to 125 A (5A)
(step 0.001 A)
Neutral (residual) current transformer
with high sensitivity (refer to ordering
data, position 7)

Time delay for definite-time stages

0 to 30 s (step 0.01 s) or deactivated

Tolerances
Current pickup
Delay times

≤ 3 % of setting value or 1 % IN
1 % of setting value or 10 ms

Command / pickup times 3I0>>>
and 3I0>>

Approx. 30 ms

Command / pickup times 3I0> and
3I0, 4th stage

Approx. 40 ms

Inverse-time stage (ANSI 51N)
Ground (earth)-current pickup 3I0P 0.05 to 4 A (1A) / 0.25 to 20 A (5A)
(step 0.01 A)
Neutral (residual) current transformer
with normal sensitivity
(refer to ordering data, position 7)
0.003 to 4 A (1A) / 0.015 to 20 A (5A)
(step 0.001 A)
Neutral (residual) current transformer
with high sensitivity (refer to ordering
data, position 7)
Tripping characteristics acc. to
IEC 60255-3

Normal inverse; very inverse;
extremely inverse; long inverse

ANSI/IEEE tripping characteristic
Inverse; short inverse; long inverse;
(not for region DE, refer to ordering moderately inverse; very inverse;
data, position 10)
extremely inverse; definite inverse
Inverse logarithmic tripping charac3I 0
teristics (not for regions DE and US, t = T3 I 0 Pmax − T3 I 0 P ⋅ ln
3
I 0p
refer to ordering data, position 10)

Tripping characteristic

t =

2s
V0
4

− V 0inv min

Direction decision (ANSI 67N)
Measured signals for direction deci- 3I0 and 3V0 or
sion
3I0 and 3V0 and IY (star point current
of an earthed power transformer) or
3I2 and 3V2 (negative-sequence
system) or zero-sequence power Sr or
automatic selection of zero-sequence
or negative-sequence quantities dependent on the magnitude of the component voltages
Min. zero-sequence voltage 3V0

0.5 to 10 V (step 0.1 V)

Min. current IY (of grounded
(earthed) transformers)

0.05 to 1 A (1A) / 0.25 to 5 A (5A)
(step 0.01 A)

Min. negative-sequence voltage 3V2 0.5 to 10 V (step 0.1 V)
Min. negative-sequence current 3I2

0.05 to 1 A (1A) / 0.25 to 5 A (5A)
(step 0.01 A)

Inrush current blocking, capable of being activated for each stage

Component of the 2nd harmonic

10 to 45 % of the fundamental
(step 1 %)

Max. current, which cancels inrush
current blocking

0.5 to 25 A (1A) / 2.5 to 125 A (5A)
(step 0.01 A)

Tele (pilot) protection for directional ground(earth)-fault overcurrent
protection (ANSI 85-67N)
Operating modes

Directional comparison: Pickup
Directional comparison: Blocking
Directional comparison: Unblocking

Additional functions

Echo (see function "weak infeed");
transient blocking for schemes with
parallel lines

Transmission and reception signals

Phase-selective signals available for
maximum selectivity with single-pole
tripping; signals for 2 and 3-end-lines

Weak-infeed protection with undervoltage (ANSI 27WI)
Operating modes with carrier
(signal) reception

Echo
Echo and trip with undervoltage

Undervoltage phase – ground
(earth)

2 to 70 V (step 1 V)

Time delay

0.00 to 30 s (step 0.01 s)

Echo impulse

0.00 to 30 s (step 0.01 s)

Tolerances
Voltage threshold
Timer

≤ 5 % of set value or 0.5 V
± 1 % of set value or 10 ms

Fault locator
Output of the distance to fault

X, R (secondary) in Ω
X, R (primary) in Ω
Distance in kilometers or in % of line
length

Time multiplier for ANSI D charac- DI0P = 0.5 to 15 s (step 0.01 s)
teristics

Start of calculation

With trip, with reset of pickup, with
binary input

Pickup threshold

Reactance per unit length

0.005 to 6.5 Ω/km(1A) / 0.001 to
1.3 Ω/km(5A)
(step 0.0001 Ω/km)

Tolerance

For sinusoidal quantities
≤ 2.5 % line length for
30 ° ≤ ϕSC ≤ 90 ° and VSC/Vnom > 0.1

Pickup threshold

1.1 to 4.0 x I/Ip (step 0.1 s)

Time multiplier for IEC T character- Tp = 0.05 to 3 s (step 0.01 s)
istics

Approx. 1.1 x I/Ip (ANSI: I/Ip = M)

Inverse logarithmic pickup threshold 1.1 to 4.0 x I/I0P (step 0.1)
Reset threshold

Approx. 1.05 x I/I0P (ANSI: I/Ip = M)

Tolerance
Operating time for 2 ≤ I/Ip ≤ 20

≤ 5 % of setpoint ± 15 ms
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Technical data
Voltage protection (ANSI 59, 27)
Operating modes

Breaker failure protection (ANSI 50BF)
Local tripping or only indication

Number of stages

2

Overvoltage protection

Pickup of current element

Pickup values VPH-Gnd>>, VPH-Gnd> 1 to 170 V (step 0.1 V)
(phase-ground (earth) overvoltage) or deactivated

0.05 to 20 A(1A) / 0.25 to 100 A(5A)
(step 0.01 A)

Time delays T11phase, T13phase, T2

0 to 30 s (steps 0.01 s) or deactivated

Additional functions

End-fault protection
CB pole discrepancy monitoring

Reset time

Approx. 15 ms, typical; 25 ms max.

Tolerances
Current limit value
Time stages

≤ 5 % of setting value or 1 % Inom

Pickup values VPH-PH>>, VPH-PH>
(phase-phase overvoltage)

2 to 220 V (step 0.1 V)
or deactivated

Pickup values 3V0>>, 3V0>
(3V0 can be measured via V4 trans-

1 to 220 V (step 0.1 V)
or deactivated

formers or calculated by the relay)
(zero-sequence overvoltage)

1 % of setting value or 10 ms

Pickup values V1>>, V1>
(positive-sequence overvoltage)

2 to 220 V (step 0.1 V)
or deactivated

Auto-reclosure (ANSI 79)

Measured voltage

Local positive-sequence
voltage or calculated
remote positive-sequence
voltage (compounding)

Operating mode

Only 1-pole; only 3-pole, 1 or 3-pole

Operating modes with line voltage
check

DLC – dead-line check
ADT – adaptive dead time
RDT – reduced dead time

Pickup values V2>>, V2>
(negative-sequence overvoltage)
Reset ratio (settable)

2 to 220 V (step 0.1 V)
or deactivated
0.5 to 0.98 (step 0.01)

Undervoltage protection
Pickup values VPH-Gnd<<, VPH-Gnd< 1 to 100 V (step 0.1 V)
(phase-ground (earth) undervoltage) or deactivated
Pickup values VPH-PH<<, VPH-PH<
(phase-phase undervoltage)

1 to 175 V (step 0.1 V)
or deactivated

Pickup values V1<<, V1<
(positive-sequence undervoltage)

1 to 100 V (step 0.1 V)
or deactivated

Blocking of undervoltage protection Minimum current; binary input
stages
Reset ratio

1.05

Time delays

Number of auto-reclosures

Dead times T1-ph, T3-ph, TSeq

0 to 1800 s (step 0.01 s) or deactivated

Action times

0.01 to 300 s (step 0.01 s) or deactivated

Reclaim times

0.5 to 300 s (step 0.01 s)

Start-signal monitoring time

0.01 to 300 s (step 0.01 s)

Additional functions

Synchro-check request
3-phase intertripping
InterCLOSE command
to the remote end
Check of CB ready state
Blocking with manual CLOSE

Voltage limit values for DLC, ADT,
RDT
Healthy line voltage
Dead line

30 to 90 V (step 1 V)
2 to 70 V (step 1 V)
1 % of setting value or 10 ms
≤ 3 % of setting value or 0.5 V

Time delay for all over- and
undervoltage stages

0 to 100 s (steps 0.01 s) or deactivated

Tolerances
Time stages
Voltage limit values

Command / pickup time

Approx. 30 ms

Synchro-check (ANSI 25)

Tolerances
Voltage limit values
Time stages

≤ 3 % of setting value or 0.5 V
1 % of setting value or 10 ms

Initiate options

Frequency protection (ANSI 81)

Up to 8

Operating modes
with auto-reclosure

7

Auto-reclosure;
Manual CLOSE control
Control commands
Synchro-check
Line dead/busbar live
Line live/busbar dead
Line and busbar dead
Bypassing

Number of frequency elements

4

Setting range

45.5 to 54.5 Hz
(in steps of 0.01) at fnom = 50 Hz
55.5 to 64.5 Hz
(in steps of 0.01) at fnom = 60 Hz

Delay times

0 to 600 s or ∞ (in steps of 0.01 s)

Operating voltage range

6 to 230 V (phase-to-ground (earth))

Permissible voltage difference

1 to 60 V (step 0.1 V)

Pickup times

Approx. 80 ms

Permissible frequency difference

0.03 to 2 Hz (step 0.01 Hz)

Dropout times
Hysteresis
Dropout condition

Approx. 80 ms
Approx. 20 mHz
Voltage = 0 V and current = 0 A

Permissible angle difference

2 to 80 ° (step 1 °)

Max. duration of synchronization

0.01 to 600 s (step 0.01 s) or deactivated

Release delay with synchronous
networks

0 to 30 s (step 0.01 s)

Tolerances
Frequency
Delay times

12 m Hz for V = 29 to 230 V
1 % of the setting value or 10 ms

Siemens SIP · Edition No. 6

For manual closure
and control commands

Tolerances
Time stages
Voltage limit values

As for auto-reclosure

1 % of setting value or 10 ms
≤ 2 % of setting value or 2 V
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Technical data
Restricted earth-fault protection (ANSI 87N)

Thermal overload protection (ANSI 49)

Multiple availability

Setting ranges
Factor k acc. to IEC 60255-8
Time constant τ

2 times (option)

Settings
Differential current IREF >/INobj

0.05 to 2.00

(steps 0.01)

1 to 4 (steps 0.01)
1 to 999.9 min (steps 0.1 min)

Temperature alarm stage Θalarm/Θtrip 50 to 100 % in relation to the trip
temperature

Limit angle

ϕ REF

110 ° (fixed)

Time delay

TREF

0.00 to 60.00 s (steps 0.01 s)
or deactivated (no trip)

Current alarm stage Ialarm
Secondary 1 A
Secondary 5 A

0.1 to 4 A (step 0.1)
0.5 to 20 A (step 0.1)

50 Hz

60 Hz

Trip time characteristic

t = τ ln

25
24

Reset ratios
Θ / Θalarm
Θ / Θtrip
I / Ialarm

Approx. 0.99
Approx. 0.99
Approx. 0.99

Overcurrent-time protection for phase and residual currents

Tolerances

Class 10 % acc. to IEC

Multiple availability

Trip circuit supervision (ANSI 74TC)

The set times are pure delay times
Operating times
Pickup time (in ms) at frequency

At 1.5 · setting value IREF >, approx. 30
At 2.5 · setting value IREF >, approx. 28
26
Dropout time (in ms), approx.
Dropout ratio, approx.

23

0.7
3 times (option)

Definite-time stages (DT)

IPh >>, 3I0 >>, IPh >, 3I0 >

Inverse-time stages (IT)
Acc. to IEC

IP, 3I0P
Inverse, very inverse, extremely
inverse, long-time inverse
Inverse, moderately inverse, very
inverse, extremely inverse, definite
inverse, short inverse, long inverse

Acc. to ANSI

Reset characteristics (IT)
Current stages
High-current stages IPh >>
TIPh >>
3I0 >>
T3I0 >>
Definite-time stages IPh >
TIPh
3I0 >
T3I0 >
Inverse-time stages
Acc. to IEC

IP
TIP
3I0P
T3I0P

Inverse-time stages
Acc. to ANSI

IP
DIP
3I0P
D3I0P
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I 2 − (k ⋅ I N )

2

Number of supervisable trip circuits Up to 3

Characteristics

7

2
I 2 − I pre

Number of required binary inputs
per trip circuit

1 or 2

Indication relay

1 to 30 s (step 1 s)

Additional functions
Operational measured values

Alternatively, user-specified
trip and reset characteristics

Representation

Primary, secondary and percentage
referred to rated value

Acc. to ANSI with disk emulation

Currents

3 x IPhase; 3I0; IGnd sensitve; I1; I2; IY;
3I0PAR
3 x IDiff, 3 x IStab

Tolerances

≤ 0.5 % of indicated measured value
or 0.5 % Inom

Voltages

3 x VPhase-Ground; 3 x VPhase-Phase; 3V0,
V1, V2, VSYNC, Ven , VCOMP

Tolerances

≤ 0.5 % of indicated measured value
or 0.5 % Vnom

Power with direction indication

P, Q, S

0.10 to 35.00 A 1) (steps 0.01 A)
or deactivated (stage ineffective)
0.00 to 60.00 s
(steps 0.01 s)
or deactivated (no trip)
0.05 to 35.00 A 1) (steps 0.01 A)
or deactivated (stage ineffective)
0.00 to 60.00 s
(steps 0.01 s)
or deactivated (no trip)
0.10 to 35.00 A 1) (steps 0.01 A)
or deactivated (stage ineffective)
0.00 to 60.00 s
(steps 0.01 s)
or deactivated (no trip)
0.05 to 35.00 A 1) (steps 0.01 A)
or deactivated (stage ineffective)
0.00 to 60.00 s
(steps 0.01 s)
or deactivated (no trip)
0.10 to 4.00 A 1) (steps 0.01 A)
0.05 to 3.20 s
(steps 0.01 s)
or deactivated (no trip)
0.05 to 4.00 A 1) (steps 0.01 A)
0.05 to 3.20 s
(steps 0.01 s)
or deactivated (no trip)
0.10 to 4.00 A 1) (steps 0.01 A)
0.50 to 15.00 s
(steps 0.01 s)
or deactivated (no trip)
0.05 to 4.00 A 1) (steps 0.01 A)
0.50 to 15.00 s
(steps 0.01 s)
or deactivated (no trip)

Tolerances
P: for ⏐cos ϕ⏐ = 0.7 to 1 and
V/Vnom, I/Inom = 50 to 120 %
Q: for ⏐sin ϕ⏐ = 0.7 to 1 and
V/Vnom , I/Inom = 50 to 120 %
S: for V/Vnom, I/Inom = 50 to
120 %
Frequency
Tolerance

Typical ≤ 1 %
Typical ≤ 1 %
Typical ≤ 1 %

f
≤ 20 mHz

Power factor

PF (cos ϕ)

Tolerance for ⏐cos ϕ⏐ = 0.7 to 1

Typical ≤ 3 %

Load impedances with directional
indication

3 x RPhase-Ground, XPhase-Ground
3 x RPhase-Phase, XPhase-Phase

Overload measured values

Θ/ΘTrip L1; Θ/ΘTrip L2; Θ/ΘTrip L3;
Θ/ΘTrip

Long-term mean values
Interval for derivation of mean value 15 min / 1 min; 15 min / 3 min;
15 min / 15 min
Synchronization instant

Every ¼ hour; every ½ hour; every
hour

Values

3 x IPhase; I1; P; P+; P-; Q; Q+; Q–; S

Siemens SIP · Edition No. 6
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Technical data
Minimum/maximum memory

Further additional functions

Indication

Measured values with date and time

Resetting

Cyclically
Via binary input
Via the keyboard
Via serial interface

Values
Min./max. of measured values

Min./max. of mean values

3 x IPhase; I1; 3 x VPhase-Ground; 3 x
VPhase-to-phase; 3V0; V1;
P+; P–; Q+; Q–; S; f; power factor
(+); power factor (–)
3 x IPhase; I1; P; Q; S

Measurement supervision

Annunciations
Event logging
Fault logging

WP+; WP–; WQ+; WQ–

Tolerance
for ⏐cos ϕ⏐ > 0.7 and V > 50 %
Vnom and I> 50 % Inom

5%

Oscillographic fault recording
Analog channels

3 x IPhase, 3I0, 3I0PAR, 3I0 Gnd sensitive,
3 x IDiff, 3 x IStab
3 x VPhase, 3V0, VSYNC, Ven, Vx

Number of breaking operations per
c.b. pole
Sum of breaking current per phase
Breaking current of last trip operation
Max. breaking current per phase

Circuit-breaker test

TRIP/CLOSE cycle 3-phase
TRIP/CLOSE cycle per phase

Setting range
Dead time for CB TRIP/CLOSE
cycle

0.00 to 30 s (step 0.01 s)
0.00 to 30 s (step 0.01 s)

Commissioning support

Operational measured values
Circuit-breaker test
Read binary test
Initiate binary inputs
Set binary outputs
Set serial interface outputs
Lockout of a device
Test mode ot the differential
protection topology

Max. number of available recordings 8, backed-up by battery if auxiliary
voltage supply fails
Sampling intervals

20 samplings per cycle

Total storage time

Approx. 15 s

Binary channels

Pickup and trip information; number
and contents can be freely configured
by the user

Max. number of displayed binary
channels

40

7

CE conformity

Control
Number of switching units

Depends on the number of binary /
indication inputs and indication /
command outputs

Control commands

Single command / double command
1, 1 plus 1 common or 2 pole

Feed back

CLOSE, TRIP, intermediate position

Interlocking

Freely configurable

Local control

Control via menu, function keys

Remote control

Control protection, DIGSI, pilot
wires

Siemens SIP · Edition No. 6

Buffer size 200
Storage of signals of the last 8 faults,
buffer size 800

Switching statistics

Energy meters
Four-quadrant meters

Current sum
Current symmetry
Voltage sum
Voltage symmetry
Voltage phase sequence
Fuse failure monitor

This product is in conformity with the Directives of the European Communities on the harmonization of the laws of the Member States relating to
electromagnetic compatibility (EMC Council Directive 89/336/EEC) and
electrical equipment designed for use within certain voltage limits (Council
Directive 73/23/EEC).
This unit conforms to the international standard IEC 60255, and the German standard DIN 57435/Part 303 (corresponding to VDE 0435/Part 303).
Further applicable standards: ANSI/IEEE C37.90.0 and C37.90.1.
The unit has been developed and manufactured for application in an
industrial environment according to the EMC standards.
This conformity is the result of a test that was performed by Siemens AG
in accordance with Article 10 of the Council Directive complying with the
generic standards EN 50081-2 and EN 50082-2 for the EMC Directive and
standard EN 60255-6 for the “low-voltage Directive”.

7/71

7 Line Differential Protection / 7SD52/53

Selection and ordering data

Description

Order No.

7SD5 combined multi-end line differential protection
with distance protection

7SD5 ¨¨¨ - ¨¨¨¨¨ - ¨¨¨¨ - ¨¨¨

Device type1)
Two-terminal differential relay with 4-line display
Two-terminal differential relay with grapical display
Multi-terminal differential relay with 4-line display
Multi-terminal differential relay with graphical display

2
3
2
3

Measurement input
Iph = 1 A 2), Ie = 1 A 2)
Iph = 1 A 2), Ie = sensitive (min. = 0.005 A)
Iph = 5 A 2), Ie = 5 A 2)
Iph = 5 A 2), Ie = sensitive (min. = 0.005 A)

Fast
High Speed 6)
relays 5) trip outputs

Housing
width
referred
to 19"

8
8
8

Signal /
command
outputs incl.
one live
contact
4
4
4

7

12
12
12

–
–
–

1/2
1/2
1/2

16
16
16

12
12
12

12
12
12

–
–
–

1/1
1/1
1/1

n

16
16
16

4
4
4

15
15
15

5
5
5

1/1
1/1
1/1

n

24
24
24

20
20
20

12
12
12

–
–
–

1/1
1/1
1/1

n

24
24
24
24

12
12
12
4

15
15
15
18

5
5
5
10

1/1
1/1
1/1
1/1

n

Flushmounting
housing /
screw-type
terminals
n

Flushmounting
housing /
plug-in
terminals
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2
4
5
6

Surfacemounting
housing /
screw-type
terminals
n

A
E
J

n

C
G
L

n

N
Q
S

n

D
H
M

n

P
R
T

n

n

n

n

n
n

Region-specific default/language settings and funtion versions
Region GE, German language (can be changed)
Region world, English language (can be changed)
Region US, US-English language (can be changed)
Region world, French language (can be changed)
Region world, Spanish language (can be changed)
Region world, Italian language (can be changed)

1) Redundant prot. data interface for Hot-Standbyservice is possible with a two terminal differential
relay (second prot. data interface is needed)
2) Rated current 1/5 A can be selected by the means
of jumpers.
3) Transition between three auxiliary voltage ranges
can be selected by means of jumpers.

123

2
2
3
3

1
2
5
6

Auxiliary voltage (Power supply, BI trigger level)
24 to 48 V DC, trigger level binary input 19 V 4)
60 to 125 V DC 3), trigger level binary input 19 V 4)
110 to 250 V DC 3), 115 V AC, trigger level binary input 88 V 4)
220 to 250 V DC 3), 115 V AC. trigger level binary input 176 V 4)
Binary /
indication
inputs

Short code

W

A
B
C
D
E
F

4) The binary input thresholds are selectable in three stepy by
means of jumpers.
5) Fast relays are indentified in the terminal diagram.
The time advantage compared to signal/command outputs
is approx. 3 ms, mainly for protection commands
6) High-speed trip outputs are identified in the in the terminal diagram.
The time advantage compared to fast relays is approx. 5 ms
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Selection and ordering data

Description

Order No.

7SD5 combined multi-end line differential protection
with distance protection (continued)

7SD52 ¨¨ - ¨¨¨¨¨ - ¨¨¨¨ - ¨¨¨

Short code

System interfaces
No system interface
IEC protocol, electrical RS232
IEC protocol, electrical RS485
IEC protocol, optical 820 nm, ST-plug
PROFIBUS FMS Slave, electrical RS485
PROFIBUS FMS Slave, optical 820 nm, twin-ring, ST-plug

0
1
2
3
4
6

Further protocols see supplement L

9

see next
page

L0 ¨

PROFIBUS DP slave, RS485
PROFIBUS DP slave, optical 820 nm, double ring, ST connector 1)
DNP 3.0, RS485
DNP 3.0, optical 820 nm, ST connector 1)
IEC 61850, 100 Mbit Etherrnet, electrical, double, RS45 connector (EN100)
IEC 61850, 100 Mbit Ethernet, with integrated switch
optical, double, LC-connector (EN100) 2)
DIGSI/Modem interface (on rear of device) and protection interface 1
See additional indication M

A
B
G
H
R
S

9

DIGSI/Modem interface (on rear of device)
Without DIGSI-interface on rear
DIGSI 4, electric RS232
DIGSI 4, electric RS485
DIGSI 4, optical 820 nm, ST plug
Protection data interface 1
FO5: Optical 820 nm, 2 ST-plugs, line length up to 1.5 km
via multimode FO cable for communication converter or direct FO connection 3)
FO6: Optical 820 nm, 2 ST-plugs, line length up to 3.5 km
via multimode FO cable for direct FO connection
FO17: Optical 1300 nm, LC-Duplex-plugs, line length up to 24 km
via monomode FO cable for direct FO connection 4)
FO18: Optical 1300 nm, LC-Duplex-plugs, line length up to 60 km
via monomode FO cable for direct FO connection 4)5)
FO19: Optical 1550 nm, LC-Duplex-plugs, line length up to 100 km
via monomode FO cable for direct FO connection 4)6)
FO30: Optical 820 nm, 2 ST-plugs, line length up to 1.5 km
via multimode FO cable for communication networks with
IEEE C37.94 interface or direct FO connection 7)

M¨¨

7

0
1
2
3

A
B
G
H
J
S

1) Not possible for surface mounting housing (Order No. pos. 9 = E/G/H/Q/R). For the surface mounted version,
please order a device with the appropriate electrical RS485 interface and an external FO-converter
2) Not possible for surface mounting housing (Order No. pos. 9 = E/G/H/Q/R) please order the relay with electrical interface and
use a separate fiber-optic switch.
3) Communication converter 7XV5662, see Accessories.
4) Device for surface mounting housing (Order No. pos. 9 = E/G/H/Q/R) will be delivered with external repeater 7XV5461-0Bx00.
5) For distances less than 25 km a set of optical attenuators 7XV5107-0AA00 must be installed to avoid saturation of the receiver element
6) For distances less than 50 km a set of optical attenuators 7XV5107-0AA00 must be installed to avoid saturation of the receiver element
7) Only available in flush-mounting housing (Order No. pos. 9 ⫽, E/G/H/Q/R).
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Selection and ordering data

Description

Order No.

7SD5 combined multi-end line differential protection
with distance protection (continued)

7SD52 ¨¨ - ¨¨¨¨¨ - ¨¨¨¨ - ¨¨¨

Short code

Functions 1 / Protection data interface 2
Trip mode
Auto-reclosure (ANSI 79)
Synchrocheck (ANSI 25)
3-pole
without
without
3-pole
with
without
1-/3-pole
without
without
1-/3-pole
with
without
3-pole
without
with
3-pole
with
with
1-/3-pole
without
with
1-/3-pole
with
with
With protection data interface 2 see additional specification N
Relays (Ord.-No. 6 = 2) are available with a second protection data interface (Hot Standby)

0
1
2
3
4
5
6
7
9

see next
page

N ¨¨

Functions 1
Trip mode
3-pole
3-pole
1-/3-pole
1-/3-pole
3-pole
3-pole
1-/3-pole
1-/3-pole

7

Auto-reclosure (ANSI 79)
Synchrocheck (ANSI 25)
without
without
with
without
without
without
with
without
without
with
with
with
without
with
with
with

0
1
2
3
4
5
6
7

Protection interface 2
FO5: Optical 820 nm, 2 ST-plugs, line length up to 1.5 km via multimode FO cable
for communication converter or direct FO connection 1)
FO6: Optical 820 nm, 2 ST-plugs, line length up to 3.5 km via multimode FO cable
for direct FO connection
FO17: Optical 1300 nm, LC-Duplex-plugs, line length up to 24 km via monomode FO cable
for direct FO connection 2)
FO18: Optical 1300 nm, LC-Duplex-plugs, line length up to 60 km via monomode FO cable
for direct FO connection 2)3)
FO19: Optical 1550 nm, LC-Duplex-plugs, line length up to 100 km via monomode FO cable
for direct FO connection 2)4)
FO 30: Optical 820 nm, 2 ST-plugs, line length up to 1.5 km via multimode FO cable
for communication networks with IEEE C37.94 interface or direct FO connection 5)

A
B
G
H
J
S

1) Communication converter 7XV5662, see Accessories.
2) Device for surface mounting housing (Order No. pos. 9 = E/G/H/Q/R) will be delivered with external repeater 7XV5461-0Bx00.
3) For distances less than 25 km a set of optical attenuators 7XV5107-0AA00 must be installed to avoid saturation of the receiver element
4) For distances less than 50 km a set of optical attenuators 7XV5107-0AA00 must be installed to avoid saturation of the receiver element
5) Only available in flush-mounting housing (Order No. pos. 9 ⫽‚ E/G/H/Q/R).
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7 Line Differential Protection / 7SD52/53

Selection and ordering data

Description

Order No.

7SD5 combined multi-end line differential protection
with distance protection (continued)

7SD5 ¨¨¨ - ¨¨¨¨¨ - ¨¨¨¨ - ¨¨¨

Short code

Functions
Time overcurrent protection/
Breaker failure protection (ANSI 50, 50N, 51, 51N, 50BF)
Earth fault protection (ANSI 67N)
Distance protection (Pickup Z<, polygon, MHO, parallel line comp.)
Power Swing detection (ANSI 21, 21N, 68, 68T)
Distance protection (Ipickup I>,-VI/ϕ, -Z<),
polygon, parallel line comp. 2), power swing det. (ANSI 21, 21N, 68, 68T)
Earth fault detection for
isolated/compensated networks 1)
with
with
with
with
with
with
with
with
with
with

without
without
without
with
with
with
without
without
with
with

without
without
with
without
without
with
without
without
without
without

without
with
without
without
with
without
without
with
without
with

without
without
without
without
without
without
with
with
with
with

C
D
E
F
G
H
J
K
L
M

Additional functions 1
4 Remote commands/24 Remote indications
Transformer expansions
Fault locator

7
Voltage protection, frequence protection (ANSI 27, 50)
Restricted earth fault low impedance (ANSI 87N) 2)

with
with
with
with
with
with
with
with
with
with
with
with

without
without
without
without
with
with
with
with
with
with
with
with

1-side measuring
1-side measuring
2-side measuring
2-side measuring
1-side measuring
1-side measuring
2-side measuring
2-side measuring
1-side measuring
1-side measuring
2-side measuring
2-side measuring

without
with
without
with
without
with
without
with
without
with
without
with

without
without
without
without
without
without
without
without
with
with
with
with

J
K
L
M
N
P
Q
R
S
T
U
V

Additional functions 2
Measured values, extended, Min/Max values
External GPS synchronization
Capacitive current load compensation
without
without
with
with
without
without
with
with

without
with
without
with
without
with
without
with

without
without
without
without
with
with
with
with

0
1
2
3
4
5
6
7

1) Only available with Order No. Pos. 7 = 2 or 6
2) Only available with Order No. Pos. 7 = 1 or 5
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7 Line Differential Protection / 7SD52/53

Accessories

Description

Order No.

Opto-electric communication converter CC-XG (connection to communication network)
Converter to interface to X21 or RS422 or G703-64 kbit/s synchronous
communication interfaces
Connection via FO cable for 62.5 / 125 μm or 50 / 120 μm and 820 nm
wavelength (multi-mode FO cable) with ST connector, max. distance 1.5 km
Electrical connection via X21/RS422 or G703-64 kbit/s interface

7XV5662-0AA00

Opto-electric communication converter CC-2M to G703-E1/-T1 communication networks
with 2,048/1,554 kbit/s
Converter to interface between optical 820 nm interface and G703-E1/-T1 interface
of a communication network
Connection via FO cable for 62.5/125 µm or 50/120 µm and
820 nm wavelength (multi-mode FO cable) with ST connector, max. distance 1.5 km
Electrical connection via G703-E1/-T1 interface

7XV5662-0AD00

Opto-electric communication converter (connection to pilot wire)
Converter to interface to a pilot wire or twisted telephone pair (typical 15 km length)
Connection via FO cable for 62.5/125 μm or 50/120 μm and 820 nm
wavelength (multi-mode FO cable) with ST connector;
max. distance 1.5 km, screw-type terminals to pilot wire

7XV5662-0AC00

Additional interface modules
Protection data interface mod. opt. 820 nm, multi-mode FO cable, ST connector, 1.5 km
Protection data interface mod. opt. 820 nm, multi-mode FO cable, ST connector, 3.5 km

C53207-A351-D651-1
C53207-A351-D652-1

Further modules
Protection data interface mod. opt. 1300 nm, mono-mode FO cable,
LC-Duplex connector, 24 km
Protection data interface mod. opt. 1300 nm, mono-mode FO cable,
LC-Duplex connector, 60 km
Protection data interface mod. opt. 1550 nm, mono-mode FO cable,
LC-Duplex connector, 100 km

7

Optical repeaters
Serial repeater (2-channel), opt. 1300 nm, mono-mode FO cable,
LC-Duplex connector, 24 km
Serial repeater (2-channel), opt. 1300 nm, mono-mode FO cable,
LC-Duplex connector, 60 km
Serial repeater (2-channel), opt. 1550 nm, mono-mode FO cable,
LC-Duplex connector, 100 km
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C53207-A351-D655-1
C53207-A351-D656-1
C53207-A351-D657-1

7XV5461-0BG00
7XV5461-0BH00
7XV5461-0BJ00

Time synchronizing unit with GPS output
GPS 1 sec pulse and time telegram IRIG B/DCF 77

7XV5664-0AA00

Isolation transformer (20 kV) for pilot wire communication

7XR9516

Voltage transformer miniature circuit-breaker
Rated current 1.6 A; thermal overload release 1.6 A; overcurrent trip 6 A

3RV1611-1AG14
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7 Line Differential Protection / 7SD52/53

Accessories

Description

Order No.

DIGSI 4
Software for configuration and operation of Siemens protection units
running under MS Windows (Windows 2000 or XP Professional)
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables (copper)
Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

Professional
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

SIGRA 4
(generally contained in DIGSI Professional, but can be ordered additionally)
Software for graphic visualization, analysis and evaluation of fault records.
Can also be used for fault records of devices of other manufacturers
(Comtrade format). Running under MS Windows (Windows 2000 or XP Professional).
Incl. templates, electronic manual with license for 10 PCs.
Authorization by serial number. On CD-ROM.
7XS5410-0AA00
Connecting cable
Cable between PC/notebook (9-pin connector)
and protection unit (9-pin connector)
(contained in DIGSI 4, but can be ordered additionally)

7

Manual for 7SD522/523 V4.6
English

C53000-G1176-C169

LSP2089-afpen.tif

Description

Fig. 7/78 Mounting rail for 19" rack

Fig. 7/81
Short-circuit link
for current
contacts

LSP2092-afpen.eps

Fig. 7/82
Short-circuit link
for voltage
contacts/
indications
contacts
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Size of
package

Supplier

Fig.
7/79
7/80

2-pin
3-pin

C73334-A1-C35-1
C73334-A1-C36-1

1
1

Siemens
Siemens

Crimp
connector

CI2 0.5 to 1 mm 2

0-827039-1
0-827396-1

4000
1

AMP
1)
AMP

2

0-827040-1
0-827397-1

4000
1

AMP
1)
AMP

0-163083-7
0-163084-2

4000
1

AMP
1)
AMP

0-539635-1
0-539668-2
0-734372-1
1-734387-1

1

AMP 1)
1)
AMP
1)
AMP
1)
AMP

C73165-A63-D200-1

1

Siemens

7/78

1
1

Siemens
Siemens

7/81
7/82

1
1

Siemens
Siemens

LSP2091-afpen.eps

LSP2090-afpen.eps
LSP2093-afpen.eps

Fig. 7/80
3-pin connector

Order No.

Connector

CI2 1 to 2.5 mm

Fig. 7/79
2-pin connector

7XV5100-4

Type III+ 0.75 to 1.5 mm

Crimping
tool

For Type III+
and matching female
For CI2
and matching female

19"-mounting rail
Short-circuit links

2

For current terminals C73334-A1-C33-1
For other terminals
C73334-A1-C34-1

Safety cover for terminals large
small

C73334-A1-C31-1
C73334-A1-C32-1

1

1)

1)

1)

1) Your local Siemens representative
can inform you on local suppliers.
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Connection diagram

BO8
BO9
BO10
BO11
BO12

BO13

BO14

BO15

Fig. 7/85
Additional setting by jumpers:

7

Separation of common circuit of
BO8 to BO12 with jumpers X80, X81,
X82. Switching of BO14, BO15 as NO
contact or NC contact with jumpers
X41, X42, X43.

Fig. 7/83

1) Configuration of binary outputs
until Hardware-version /EE.
For advanced flexibility see
Fig. 7/85.

7/78

Basic version in housing 1/2 x 19” with 8 binary inputs
and 16 binary outputs

Fig. 7/84 Serial interfaces
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7 Line Differential Protection / 7SD52/53

Connection diagram

BO8
BO9
BO10
BO11
BO12

BO13

BO14

BO15

Fig. 7/87
Additional setting by jumpers:
Separation of common circuit of
BO8 to BO12 with jumpers X80, X81,
X82. Switching of BO14, BO15 as NO
contact or NC contact with jumpers
X41, X42, X43.

*) For unit version 7SD52xx-xN/S/Q
high-speed contacts

7

Fig. 7/86 Medium version in housing 1/1 x 19”

1) Configuration of binary outputs
until Hardware-version /EE.
For advanced flexibility see
Fig. 7/87.
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7 Line Differential Protection / 7SD52/53

Connection diagram

BO8
BO9
BO10
BO11
BO12

BO13

BO14

BO15

Fig. 7/89
Additional setting by jumpers:

7

Separation of common circuit of
BO8 to BO12 with jumpers X80, X81,
X82. Switching of BO14, BO15 as NO
contact or NC contact with jumpers
X41, X42, X43.

*) For unit version 7SD52xx-xR/P/T
high-speed contacts

Fig. 7/88 Maximum version in housing 1/1 x 19”

1) Configuration of binary outputs
until Hardware-version /EE.
For advanced flexibility see
Fig. 7/89.
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11 Generator Protection / 7UM62

SIPROTEC 4 7UM62
Multifunction Generator, Motor and Transformer Protection Relay
Function overview

LSP2171-afpen.eps

Standard version
Scope of basic version plus:
• Inadvertent energization protection
• 100 %-stator earth-fault protection
with 3rd harmonic
• Impedance protection

Fig. 11/34 SIPROTEC 4 7UM62 multifunction protection relay for
generators, motors and transformers

Description
The SIPROTEC 4 7UM62 protection relays
can do more than just protect. They also
offer numerous additional functions. Be it
earth faults, short-circuits, overloads, overvoltage, overfrequency or underfrequency
asynchronous conditions, protection relays
assure continued operation of power stations. The SIPROTEC 4 7UM62 protection
relay is a compact unit which has been
specially developed and designed for the
protection of small, medium-sized and
large generators. They integrate all the
necessary protection functions and are particularly suited for the protection of:
− Hydro and pumped-storage generators
− Co-generation stations
− Private power stations using regenerative energy sources such as wind or
biogases
− Diesel generator stations
− Gas-turbine power stations
− Industrial power stations
− Conventional steam power stations.
The SIPROTEC 4 7UM62 includes all
necessary protection functions for large
synchronous and asynchronous motors
and for transformers.
The integrated programmable logic
functions (continuous function chart
CFC) offer the user high flexibility so that

Siemens SIP · Edition No. 6

adjustments can easily be made to the
varying power station requirements on the
basis of special system conditions.
The flexible communication interfaces are
open for modern communication architectures with the control system.
The following basic functions are available
for all versions:
Current differential protection for
generators, motors and transformers,
stator earth-fault protection, sensitive
earth-fault protection, stator overload protection, overcurrent- time protection (either definite time or inverse time),
definite-time overcurrent protection with
directionality, undervoltage and overvoltage protection, underfrequency and
overfrequency protection, overexcitation
and underexcitation protection, external
trip coupling, forward-power and reversepower protection, negative-sequence protection, breaker failure protection, rotor
earth-faults protection (fn, R-measuring),
motor starting time supervision and restart
inhibit for motors.

Full version
Scope of standard version plus:
• DC voltage protection
• Overcurrent protection during start-ups
• Earth-current differential protection
• Out-of-step protection
Additional version
Available for each version:
• Sensitive rotor earth-fault protection
(1-3 Hz method)
• Stator earth-fault protection with
20 Hz voltage
• Rate-of-frequency-change protection
• Vector jump supervision
Monitoring function
• Trip circuit supervision
• Fuse failure monitor
• Operational measured values V, I, f, …
• Energy metering values Wp, Wq
• Time metering of operating hours
• Self-supervision of relay
• 8 oscillographic fault records
Communication interfaces

11

• System interface
– IEC 61850 protocol
– IEC 60870-5-103 protocol
– PROFIBUS-DP
– MODBUS RTU
– DNP 3.0
Hardware
• Analog inputs
• 8 current transformers
• 4 voltage transformers
• 7/15 binary inputs
• 12/20 output relays
Front design
• User-friendly local operation
• 7/14 LEDs for local alarm
• Function keys
• Graphic display with 7UM623
11/33

11 Generator Protection / 7UM62

Application
The 7UM6 protection relays of the
SIPROTEC 4 family are compact multifunction units which have been developed
for small to medium-sized power generation plants. They incorporate all the necessary protective functions and are especially
suitable for the protection of:

Generator Basic
One application concentrates on small and
medium generators for which differential
protection is required. The function mix is
also suitable as backup protection. Protection of synchronous motors is a further application.
Generator Standard

– Hydro and pumped-storage generators
– Co-generation stations
– Private power stations using regenerative energy sources such as wind or
biogases
– Power generation with diesel
generators
– Gas turbine power stations
– Industrial power stations
– Conventional steam power stations.

In the case of medium-size generators
(10 to 100 MVA) in a unit connection, this
scope of functions offers all necessary
protection functions. Besides inadvertent
energization protection, it also includes
powerful backup protection for the transformer or the power system. The scope of
protection is also suitable for units in the
second protection group.

They can also be employed for protection
of motors and transformers.

Here, all protection functions are available
and the main application focuses on large
block units (more than 100 MVA). The
function mix includes all necessary protection functions for the generator as well as
backup protection for the block transformer including the power system. Additional functions such as protection during
start-up for generators with starting converters are also included.

The numerous other additional functions
assist the user in ensuring cost-effective
system management and reliable power
supply. Measured values display current
operating conditions. Stored status indications and fault recording provide assistance
in fault diagnosis not only in the event of a
disturbance in generator operation.
Combination of the units makes it possible
to implement effective redundancy concepts.

Generator Full

The scope of functions can be used for the
second protection group, and functions
that are not used, can be masked out.

Construction
The SIPROTEC 4 units have a uniform
design and a degree of functionality which
represents a whole new quality in protection and control.
Local operation has been designed according to ergonomic criteria. Large, easy-toread displays were a major design aim. The
7UM623 is equipped with a graphic display
thus providing and depicting more information especially in industrial applications. The DIGSI 4 operating program
considerably simplifies planning and engineering and reduces commissioning times.
The 7UM621 and 7UM623 are configured
in 1/2 19 inches width. This means that the
units of previous models can be replaced.
The height throughout all housing width
increments is 243 mm.
All wires are connected directly or by
means of ring-type cable lugs. Alternatively, versions with plug-in terminals are
also available. These permit the use of
prefabricated cable harnesses.
In the case of panel surface mounting, the
connecting terminals are in the form of
screw-type terminals at top and bottom.
The communication interfaces are also
arranged on the same sides.

11

Numerous protection functions are necessary for reliable protection of electrical machines. Their extent and combination are
determined by a variety of factors, such as
machine size, mode of operation, plant
configuration, availability requirements,
experience and design philosophy.

Besides differential protection, this function package includes all protection functions needed to protect large asynchronous
motors (more than 1 MVA). Stator and
bearing temperatures are measured by a
separate thermo-box and are transmitted
serially to the protection unit for evaluation.

This results in multifunctionality, which is
implemented in outstanding fashion by
numerical technology.

Transformer

In order to satisfy differing requirements,
the combination of functions is scalable
(see Table 11/3). Selection is facilitated by
division into five groups.

11/34

This scope of functions not only includes
differential and overcurrent protection,
but also a number of protection functions
that permit monitoring of voltage and frequency stress, for instance. The reversepower protection can be used for energy
recovery monitoring of parallel-connected
transformers.

LSP2166-afpen.eps

Asynchronous motor
Protection functions

Fig. 11/35
Rear view with wiring terminal
safety cover and serial interface
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Protection functions
Protection functions

Abbreviation

ANSI No.

Generator
Basic

Generator
Standard

Generator
Full

Motor
Asynchronous

Transformer

Current differential protection

ΔI

87G/87T/87M

X

X

X

X

X

Stator earth-fault protection
non-directional, directional

V0>, 3I0>
\(V0, 3I0)

59N, 64G
67G

X

X

X

X

X

Sensitive earth-fault protection
(also rotor earth-fault protection)

IEE>

50/51GN
(64R)

X

X

X

X

X
X

Sensitive earth-fault prot. B (e.g. shaft current prot.)

IEE-B> IEE-B<

51GN

X

X

X

X

Stator overload protection

It

49

X

X

X

X

X

Definite-time overcurrent prot. with undervolt. seal-in

I> +V<

51

X

X

X

X

X

Definite-time overcurrent protection, directional

I>>, Direc.

50/51/67

X

X

X

X

X

Inverse-time overcurrent protection

t = f (I)+V<

51V

X

X

X

X

X

Overvoltage protection

V>

59

X

X

X

X

X

2

Undervoltage protection

V<, t = f (V)

27

X

X

X

X

X

Frequency protection

f<, f>

81

X

X

X

X

X

Reverse-power protection

-P

32R

X

X

X

X

X

Overexcitation protection (Volt/Hertz)

V/f

24

X

X

X

X

X

Fuse failure monitor

V2/V1, I2/I1

60FL

External trip coupling

Incoup.

Trip circuit supervision

T.C.S.

Forward-power protection
Underexcitation protection (loss-of-field protection)
Negative-sequence protection
Breaker failure protection

X

X

X

X

X

4

4

4

4

4

74TC

X

X

X

X

X

P>, P<

32F

X

X

X

X

X

1/xd

40

X

X

X

I2>, t = f (I2)

46

X

X

X

X

Imin>

50BF

X

X

X

X

2

Motor starting time supervision

Istart t

Restart inhibit for motors

It

2

48

X

X

X

X

66, 49 Rotor

X

X

X

X

X

Rotor earth-fault protection (fn, R-measuring)

R<

64R (fn)

Inadvertent energization protection

I>, V<

50/27

100 % stator earth-fault protection
rd
with 3 harmonics

V0(3rd harm.)

59TN, 27TN 3
h

rd

X

X

X

X

X

X

Impedance protection with (I>+V<) pickup

Z<

21

X

X

Interturn protection

UInterturn>

59N(IT)

X

X

DC voltage / DC current time protection

Vdc >
Idc >

59N (DC)
51N (DC)

X

Overcurrent protection during startup
(for gas turbines)

I>

51

X

Earth-current differential protection

ΔIe

87GN/TN

Out-of-step protection

ΔZ/Δt

78

Rotor earth-fault protection (1-3 Hz square wave voltage)
100 % stator earth-fault protection with 20 Hz voltage
Rate-of-frequency-change protection
Vector jump supervision (voltage)

RREF<
RSEF<
df/dt >

X

64R (1–3 Hz)
64G (100 %)
81R

X

1)

X

1)

X

1)

X

X

Threshold supervision

X

1)

X

1)

X

1)

X

X

1)

X
1)

1)

Δ >

1)

X

11

1)

X

1)

X

1)

X

X
X
X

1)

X

1)
1)
1)
1)

X

X
X

1)
1)

X

X

X

X

X

Supervision of phase rotation

A, B, C

47

X

X

X

X

X

Undercurrent via CFC

I<

37

X

X

X

X

X

38

X

X

X

X

X

External temperature monitoring via serial interface

(Thermo-box)

Table 11/3 Scope of functions of the 7UM62

1) Optional for all function groups.
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Protection functions
Current differential protection
(ANSI 87G, 87M, 87T)
This function provides undelayed short-circuit protection for generators, motors and
transformers, and is based on the current
differential protection principle (Kirchhoff’s
current law).
The differential and restraint (stabilization)
current are calculated on the basis of the
phase currents. Optimized digital filters reliably attenuate disturbances such as aperiodic component and harmonics. The high
resolution of measured quantities permits
recording of low differential currents (10 %
of IN) and thus a very high sensitivity.
An adjustable restraint characteristic permits optimum adaptation to the conditions
of the protected object. Software is used to
correct the possible mismatch of the current
transformers and the phase angle rotation
through the transformer (vector group).
Thanks to harmonic analysis of the differential current, inrush (second harmonic) and
overexcitation (fifth harmonic) are reliably
detected, and unwanted operation of the
differential protection is prevented. The
current of internal short-circuits is reliably
measured by a fast measuring stage
(IDiff>>), which operates with two mutually
complementary measuring processes. An
external short-circuit with transformer saturation is picked up by a saturation detector
with time and status monitoring. It becomes
active when the differential current (IDiff)
moves out of the add-on restraint area.

11

If a motor is connected, this is detected by
monitoring the restraint current and the
restraint characteristic is briefly raised.
This prevents false tripping in the event of
unequal current transmission by the current transformers.
Figure 11/36 shows the restraint
characteristic and various areas.
Earth-current differential protection
(ANSI 87GN, 87TN)
The earth-current differential protection
permits high sensitivity to single-pole faults.
The zero currents are compared. On the one
hand, the zero-sequence current is calculated on the basis of the phase currents and
on the other hand, the earth current is measured directly at the star-point current
transformer.

11/36

Fig. 11/36 Restraint characteristic of current differential protection

Fig. 11/37 Restraint characteristic of earth-current differential protection

The differential and restraint quantity is
generated and fitted into the restraint
characteristic (see Fig. 11/37).
DC components in particular are suppressed by means of specially dimensioned
filters. A number of monitoring processes avoid unwanted operation in the event
of external short-circuits. In the case of a
sensitive setting, multiple measurement
ensures the necessary reliability.
However, attention must be drawn to the
fact that the sensitivity limits are determined
by the current transformers.
The protection function is only used on
generators when the neutral point is
earthed with a low impedance. In the case
of transformers, it is connected on the neutral side. Low impedance or solid earthing
is also required.

Siemens SIP · Edition No. 6
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Protection functions
Definite-time overcurrent protection
I>, I>> (ANSI 50, 51, 67)
This protection function comprises the
short-circuit protection for the generator
and also the backup protection for upstream devices such as transformers or
power system protection.
An undervoltage stage at I> maintains the
pickup when, during the fault, the current
drops below the threshold. In the event of a
voltage drop on the generator terminals, the
static excitation system can no longer be
sufficiently supplied. This is one reason for
the decrease of the short-circuit current.
The I>> stage can be implemented as
high-set instantaneous trip stage. With the
integrated directional function it can be
used as backup protection on the transformer high-voltage side. With the information of the directional element,
impedance protection can be controlled
via the CFC.
Inverse-time overcurrent protection
(ANSI 51V)
This function also comprises short-circuit
and backup protection and is used for
power system protection with currentdependent protection devices.

Fig. 11/38 Characteristic of negative-sequence protection

Stator overload protection (ANSI 49)

Negative-sequence protection (ANSI 46)

The task of the overload protection is to
protect the stator windings of generators
and motors from high, continuous overload currents. All load variations are evaluated by a mathematical model. The
thermal effect of the r.m.s. current value
forms the basis of the calculation.
This conforms to IEC 60255-8.
In dependency of the current, the cooling
time constant is automatically extended. If
the ambient temperature or the temperature of the coolant are injected via a transducer (TD2) or PROFIBUS-DP, the model
automatically adapts to the ambient conditions; otherwise a constant ambient temperature is assumed.

Asymmetrical current loads in the three
phases of a generator cause a temperature
rise in the rotor because of the negativesequence field produced.

IEC and ANSI characteristics can be
selected (Table 11/4).

This protection detects an asymmetrical
load in three-phase generators. It functions
on the basis of symmetrical components
and evaluates the negative sequence of the
phase currents. The thermal processes are
taken into account in the algorithm and
form the inverse characteristic. In addition,
the negative sequence is evaluated by an independent stage (alarm and trip) which is
supplemented by a time-delay element (see
Figure 11/38). In the case of motors, the
protection function is also used to monitor
a phase failure.

The current function can be controlled by
evaluating the generator terminal voltage.

Available inverse-time characteristics
Characteristics

ANSI

IEC 60255-3

The “controlled” version releases the
sensitive set current stage.

Inverse

•

•

Moderately inverse

•

With the “restraint” version, the pickup
value of the current is lowered linearly with
decreasing voltage.

Very inverse

•

•

Extremely inverse

•

•

Definite inverse

•

The fuse failure monitor prevents
unwanted operation.

Table 11/4

Underexcitation protection
(Loss-of-field protection) (ANSI 40)
Derived from the generator terminal voltage
and current, the complex admittance is calculated and corresponds to the generator
diagram scaled in per unit. This protection
prevents damage due to loss of synchronism
resulting from underexcitation. The protection function provides three characteristics
for monitoring static and dynamic stability.
Via a transducer, the excitation voltage (see
Figure 11/52) can be injected and, in the
event of failure, a swift reaction of the protection function can be achieved by timer
changeover.
Siemens SIP · Edition No. 6
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The straight-line characteristics allow the
protection to be optimally adapted to the
generator diagram (see Figure 11/39). The
per-unit-presentation of the diagram allows
the setting values to be directly read out.
The positive-sequence systems of current
and voltage are used to calculate the admittance. This ensures that the protection always operates correctly even with asymmetrical network conditions.
If the voltage deviates from the rated voltage, the admittance calculation has the advantage that the characteristics move in the
same direction as the generator diagram.
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Protection functions
Reverse-power protection (ANSI 32R)
The reverse-power protection monitors the
direction of active power flow and picks up
when the mechanical energy fails. This
function can be used for operational shutdown (sequential tripping) of the generator but also prevents damage to the steam
turbines. The reverse power is calculated
from the positive-sequence systems of current and voltage. Asymmetrical power system faults therefore do not cause reduced
measuring accuracy. The position of the
emergency trip valve is injected as binary
information and is used to switch between
two trip command delays. When applied
for motor protection, the sign (±) of the
active power can be reversed via parameters.

Fig. 11/39
Characteristic of underexcitation
protection

Fig. 11/40

Forward-power protection (ANSI 32F)
Monitoring of the active power produced
by a generator can be useful for starting up
and shutting down generators. One stage
monitors exceeding of a limit value, while
another stage monitors falling below another limit value. The power is calculated
using the positive-sequence component of
current and voltage. The function can be
used to shut down idling motors.
Impedance protection (ANSI 21)

11

tions and prevents the voltage-related instability of such machines.

Overexcitation protection Volt/Hertz
(ANSI 24)

The function can also be used for monitoring purposes.

The overexcitation protection serves for detection of an unpermissible high induction
(proportional to V/f) in generators or transformers, which leads to thermal overloading. This may occur when starting up,
shutting down under full load, with weak
systems or under isolated operation. The inverse characteristic can be set via eight
points derived from the manufacturer data.

Overvoltage protection (ANSI 59)
This protection prevents insulation faults
that result when the voltage is too high.

This fast short-circuit protection protects
the generator and the unit transformer and
is a backup protection for the power system.
This protection has two settable impedance
stages; in addition, the first stage can be
switched over via binary input. With the circuit-breaker in the “open” position the impedance measuring range can be extended
(see Figure 11/40).

Either the maximum line-to-line voltages
or the phase-to-earth voltages (for lowvoltage generators) can be evaluated. The
measuring results of the line-to-line voltages are independent of the neutral point
displacement caused by earth faults. This
function is implemented in two stages.

The overcurrent pickup element with
undervoltage seal-in ensures a reliable
pickup and the loop selection logic ensures
a reliable detection of the faulty loop. With
this logic it is possible to perform correct
measurement via the unit transformer.

The frequency protection prevents impermissible stress of the equipment (e.g. turbine) in case of under or overfrequency. It
also serves as a monitoring and control element.

Undervoltage protection (ANSI 27)
The undervoltage protection evaluates the
positive-sequence components of the voltages and compares them with the threshold
values. There are two stages available.
The undervoltage function is used for asynchronous motors and pumped-storage sta-
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Frequency protection (ANSI 81)

In addition, a definite-time alarm stage
and an instantaneous stage can be used.
For calculation of the V/f ratio, frequency
and also the highest of the three line-toline voltages are used. The frequency range
that can be monitored comprises 11 to
69 Hz.

The function has four stages; the stages can
be implemented either as underfrequency
or overfrequency protection. Each stage
can be delayed separately.
Even in the event of voltage distortion, the
frequency measuring algorithm reliably
identifies the fundamental waves and determines the frequency extremely precisely.
Frequency measurement can be blocked by
using an undervoltage stage.
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Protection functions
90 % stator earth-fault protection, non-directional, directional (ANSI 59N, 64G, 67G)
Earth faults manifest themselves in generators that are operated in isolation by the
occurence of a displacement voltage. In case
of unit connections, the displacement voltage is an adequate, selective criterion for
protection.
For the selective earth-fault detection, the
direction of the flowing earth current has to
be evaluated too, if there is a direct connection between generator and busbar.
The protection relay measures the displacement voltage at a VT located at the transformer star point or at the broken delta
winding of a VT As an option, it is also possible to calculate the zero-sequence voltage
from the phase-to-earth voltages.
Depending on the load resistor selection, 90
to 95 % of the stator winding of a generator
can be protected.
A sensitive current input is available for
earth-current measurement. This input
should be connected to a core-balance current transformer. The fault direction is deduced from the displacement voltage and
earth current. The directional characteristic
(straight line) can be easily adapted to the
system conditions. Effective protection for
direct connection of a generator to a busbar
can therefore be established. During startup, it is possible to switch over from the directional to the displacement voltage measurement via an externally injected signal.
Depending on the protection setting,
various earth-fault protection concepts can
be implemented with this function
(see Figures 11/51 to 11/54).
Sensitive earth-fault protection
(ANSI 50/51GN, 64R)
The sensitive earth-current input can also
be used as separate earth-fault protection. It
is of two-stage form. Secondary earth currents of 2 mA or higher can be reliably handled.
Alternatively, this input is also suitable as
rotor earth-fault protection. A voltage with
rated frequency (50 or 60 Hz) is connected
in the rotor circuit via the interface unit
7XR61. If a higher earth current is flowing,
a rotor earth fault has occurred. Measuring
circuit monitoring is provided for this application (see Figure 11/56).
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Fig. 11/41
Logic diagram of breaker
failure protection

100 % stator earth-fault protection with 3
harmonic (ANSI 59TN, 27TN (3 H.))

Inadvertent energization protection
(ANSI 50, 27)

Owing to the creative design, the generator
produces a 3rd harmonic that forms a zero
phase-sequence system. It is verifiable by the
protection on a broken delta winding or on
the neutral transformer. The magnitude of
the voltage amplitude depends on the generator and its operation.

This protection has the function of limiting
the damage of the generator in the event of
an unintentional switch-on of the circuitbreaker, whether the generator is standing
still or rotating without being excited or
synchronized. If the power system voltage is
connected, the generator starts as an asynchronous machine with a large slip and this
leads to excessively high currents in the
rotor.

rd

rd

In the event of an earth fault in the vicinity
of the neutral point, there is a change in the
amplitude of the 3rd harmonic voltage
(dropping in the neutral point and rising at
the terminals).
Depending on the connection the protection must be set either as undervoltage or
overvoltage protection. It can also be delayed. So as to avoid overfunction, the active
power and the positive-sequence voltage act
as enabling criteria.
The picked-up threshold of the voltage stage
is restrained by the active power. This increases sensitivity at low load.
The final protection setting can be made
only by way of a primary test with the generator.
Breaker failure protection (ANSI 50BF)
In the event of scheduled downtimes or a
fault in the generator, the generator can remain on line if the circuit-breaker is defective and could suffer substantial damage.
Breaker failure protection evaluates a minimum current and the circuit-breaker auxiliary contact. It can be started by internal
protective tripping or externally via binary
input. Two-channel activation avoids
overfunction (see Figure 11/41).

A logic circuit consisting of sensitive current measurement for each phase, measured value detector, time control and
blocking as of a minimum voltage, leads to
an instantaneous trip command. If the fuse
failure monitor responds, this function is
ineffective.
Rotor earth-fault protection (ANSI 64R)
This protection function can be realized in
three ways with the 7UM62. The simplest
form is the method of rotor-current measurement (see sensitive earth-current measurement).
Resistance measurement at systemfrequency voltage
The second form is rotor earth resistance
measurement with voltage at system frequency (see Fig. 11/56). This protection
measures the voltage injected and the flowing rotor earth current. Taking into account the complex impedance from the
coupling device (7XR61), the rotor earth
resistance is calculated by way of a mathematical model. By means of this method,
the disturbing influence of the rotor earth
capacitance is eliminated, and sensitivity is
increased. Fault resistance values up to
30 kΩ can be measured if the excitation
voltage is without disturbances. Thus, a
two-stage protection function, which features a warning and a tripping stage, can be
realized. An additionally implemented undercurrent stage monitors the rotor circuit
for open circuit and issues an alarm.

11/39

11

11 Generator Protection / 7UM62

Protection functions
Resistance measurement with a square wave
voltage of 1 to 3 Hz
A higher sensitivity is required for larger
generators. On the one hand, the disturbing
influence of the rotor earth capacitance
must be eliminated more effectively and, on
the other hand, the noise ratio with respect
to the harmonics (e.g. sixth harmonic) of
the excitation equipment must be increased.
Injecting a low-frequency square wave voltage into the rotor circuit has proven itself
excellently here (see Figure 11/57).
The square wave voltage injected through
the controlling unit 7XT71 leads to permanent recharging of the rotor earth capacitance. By way of a shunt in the controlling
unit, the flowing earth current is measured
and is injected into the protection unit
(measurement input). In the absence of a
fault (RE ≈ ∞), the rotor earth current after
charging of the earth capacitance is close to
zero. In the event of an earth fault, the
fault resistance including the coupling resistance (7XR6004), and also the injecting
voltage, defines the stationary current. The
current square wave voltage and the frequency are measured via the second input
(control input). Fault resistance values up
to 80 kΩ can be measured by this measurement principle. The rotor earth circuit is
monitored for discontinuities by evaluation of the current during the polarity reversals.
100% stator earth-fault protection with
20 Hz injection (ANSI 64 G (100%))

11

Injecting a 20 Hz voltage to detect earth
faults even at the neutral point of generators
has proven to be a safe and reliable method.
Contrary to the third harmonic criterion
(see page 11/8), it is independent of the
generator’s characteristics and the mode
of operation. Measurement is also possible
during system standstill (Fig. 11/55).
This protection function is designed so as to
detect both earth faults in the entire generator (genuine 100 %) and all electrically connected system components.
The protection unit measures the injected
20 Hz voltage and the flowing 20 Hz current. The disturbing variables, for example
stator earth capacitance, are eliminated by
way of a mathematical model, and the
ohmic fault resistance is determined.
On the one hand, this ensures high sensitivity and, on the other hand, it permits use of
generators with large earth capacitance values, e.g. large hydroelectric generators.
11/40

Phase-angle errors through the earthing or
neutral transformer are measured during
commissioning and are corrected in the algorithm.
The protection function has a warning and
tripping stage. The measurement circuit is
also monitored and failure of the 20 Hz
generator is measured.
Independent of earth resistance calculation, the protection function additionally
evaluates the amount of the r.m.s. current
value.
Starting time supervision (motor protection
only) (ANSI 48)
Starting time supervision protects the motor
against long unwanted start-ups, which
might occur as a result of excessive load
torque or excessive voltage drops within the
motor, or if the rotor is locked.
The tripping time is dependent on the
square of the start-up current and the set
start-up time (Inverse Characteristic). It
adapts itself to the start-up with reduced
voltage. The tripping time is determined in
accordance with the following formula:
2

⎛I ⎞
t Trip = ⎜ start ⎟ ⋅ t start max
⎝ Irms ⎠
tTrip

Tripping time

Istart
Permissible start-up current
tstart max Permissible start-up time
Irms

Measured r.m.s. current value

Calculation is not started until the current
Irms is higher than an adjustable response
value (e.g. 2 IN, MOTOR).
If the permissible locked-rotor time is less
than the permissible start-up time (motors
with a thermally critical rotor), a binary
signal is set to detect a locked rotor by
means of a tachometer generator. This binary signal releases the set locked-rotor
time, and tripping occurs after it has
elapsed.
DC voltage time protection/DC current time
protection (ANSI 59N (DC) 51N (DC))
Hydroelectric generators or gas turbines are
started by way of frequency starting converters. An earth fault in the intermediate
circuit of the frequency starting converter
causes DC voltage displacement and thus a
direct current. As the neutral or earthing
transformers have a lower ohmic resistance
than the voltage transformers, the largest
part of the direct current flows through
them, thus posing a risk of destruction from
thermal overloading.

As shown in Fig. 11/55, the direct current
is measured by means of a shunt transformer (measuring transducer) connected
directly to the shunt. Voltages or currents
are fed to the 7UM62 depending on the
version of the measuring transducer. The
measurement algorithm filters out the DC
component and takes the threshold value
decision. The protection function is active
as from 0 Hz.
If the measuring transducer transmits a
voltage for protection, the connection must
be interference-free and must be kept short.
The implemented function can also be
used for special applications. Thus, the
r.m.s. value can be evaluated for the quantity applied at the input over a wide frequency range.
Overcurrent protection during start-up
(ANSI 51)
Gas turbines are started by means of frequency starting converters. Overcurrent
protection during start-up measures shortcircuits in the lower frequency level (as
from about 5 Hz) and is designed as independent overcurrent-time protection. The
pickup value is set below the rated current.
The function is only active during start-up.
If frequencies are higher than 10 Hz, sampling frequency correction takes effect and
the further short-circuit protection functions are active.
Out-of-step protection (ANSI 78)
This protection function serves to measure
power swings in the system. If generators
feed to a system short-circuit for too long,
low frequency transient phenomena (active
power swings) between the system and the
generator may occur after fault clearing. If
the center of power swing is in the area of
the block unit, the “active power surges”
lead to unpermissible mechanical stressing
of the generator and the turbine.
As the currents and voltages are symmetrical, the positive-sequence impedance is
calculated on the basis of their positivesequence components and the impedance
trajectory is evaluated. Symmetry is also
monitored by evaluation of the negativephase-sequence current. Two characteristics in the R/X diagram describe the active
range (generator, unit transformer or
power system) of the out-of-step protection. The associated counters are incremented depending on the range of the
characteristic in which the impedance
vector enters or departs. Tripping occurs
when the set counter value is reached.
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Protection functions
The counters are automatically reset if
power swing no longer occurs after a set
time. By means of an adjustable pulse, every power swing can be signaled. Expansion of the characteristic in the R direction
defines the power swing angle that can be
measured. An angle of 120 ° is practicable.
The characteristic can be tilted over an adjustable angle to adapt to the conditions
prevailing when several parallel generators
feed into the system.
Inverse undervoltage protection (ANSI 27)
Motors tend to fall out of step when their
torque is less than the breakdown torque.
This, in turn, depends on the voltage. On
the one hand, it is desirable to keep the motors connected to the system for as long as
possible while, on the other hand, the
torque should not fall below the breakdown
level. This protection task is realized by inverse undervoltage protection. The inverse
characteristic is started if the voltage is less
than the pickup threshold Vp<. The tripping
time is inversely proportional to the voltage
dip (see equation). The protection function
uses the positive-sequence voltage, for the
protection decision.
t TRIP =

tTRIP
V
Vp
TM

I
I−

V
Vp

⋅ TM

Tripping time
Voltage
Pickup value
Time multiplier

System disconnection
Take the case of in-plant generators feeding directly into a system. The incoming
line is generally the legal entity boundary
between the system owner and the in-plant
generator. If the incoming line fails as the
result of auto-reclosure, for instance, a
voltage or frequency deviation may occur
depending on the power balance at the
feeding generator. Asynchronous conditions may arise in the event of connection,
which may lead to damage on the generator or the gearing between the generator
and the turbine. Besides the classic criteria
such as voltage and frequency, the following two criteria are also applied: vector
jump, rate-of-frequency-change protection.

Fig. 11/42
Ranges of the characteristic and
possible oscillation profiles.

Rate-of-frequency-change protection
(ANSI 81)
The frequency difference is determined on
the basis of the calculated frequency over a
time interval. It corresponds to the momentary rate-of-frequency change. The
function is designed so that it reacts to
both positive and negative rate-offrequency changes. Exceeding of the permissible rate-of-frequency change is monitored constantly. Release of the relevant
direction depends on whether the actual
frequency is above or below the rated frequency. In total, four stages are available,
and can be used optionally.
Vector jump
Monitoring the phase angle in the voltage
is a criterion for identifying an interrupted
infeed. If the incoming line should fail, the
abrupt current discontinuity leads to a
phase angle jump in the voltage. This is
measured by means of a delta process. The
command for opening the generator or
coupler circuit-breaker is issued if the set
threshold is exceeded.
Restart inhibit for motors
(ANSI 66, 49Rotor)
When cold or at operating temperature,
motors may only be connected a certain
number of times in succession. The start-up
current causes heat development in the rotor which is monitored by the restart inhibit
function.
Contrary to classical counting methods, in
the restart inhibit function the heat and
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cooling phenomena in the rotor are
simulated by a thermal replica. The rotor
temperature is determined on the basis of
the stator currents. Restart inhibit permits
restart of the motor only if the rotor has
enough thermal reserve for a completely
new start. Fig. 11/43 illustrates the thermal
profile for a permissible triple start out of
the cold state. If the thermal reserve is too
low, the restart inhibit function issues a
blocking signal with which the motor starting circuit can be blocked. The blockage is
canceled again after cooling down and the
thermal value has dropped below the
pickup threshold.
As the fan provides no forced cooling
when the motor is off, it cools down more
slowly. Depending on the operating state,
the protection function controls the cooling time constant. A value below a minimum current is an effective changeover
criterion.
Sensitive earth-fault protection B
(ANSI 51 GN)
The IEE-B sensitive earth-fault protection
feature of 7UM62 provides greater flexibility and can be used for the following applications:
• Any kind of earth-fault current supervision to detect earth faults (fundamental
and 3rd harmonics)
• Protection against load resistances
• Shaft current protection in order to detect
shaft currents of the generator shaft and
prevent that bearings take damage.
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Protection functions
The sensitive earth-current protection IEE-B
uses either the hardware input IEE1 or IEE2.
These inputs are designed in a way that allows them to cut off currents greater than
1.6 A (thermal limit, see technical data).
This has to be considered for the applications or for the selection of the current
transformers.
The shaft current protection function is of
particular interest in conjunction with hydro-electric generators. Due to their construction, the hydroelectric generators
have relatively long shafts. A number of
factors such as friction, magnetic fields of
the generators and others can build up a
voltage across the shaft which then acts as
voltage source (electro-motive force-emf).
This inducted voltage of approx. 10 to 30 V
is dependent on the load, the system and
the machine.
If the oil film covering a bearing is too
thin, breakdown can occur. Due to the low
resistance (shaft, bearing and earthing),
high currents may flow that destroy the
bearing. Past experience has shown that
currents greater than 1 A are critical for the
bearings. As different bearings can be affected, the current entering the shaft is detected by means of a special transformer
(folding transformer).
Interturn protection (ANSI 59N (IT))

11

The interturn fault protection detects faults
between turns within a generator winding
(phase). This situation may involve relatively high circulating currents that flow in
the short-circuited turns and damage the
winding and the stator. The protection
function is characterized by a high sensitivity.
The displacement voltage is measured at
the open delta winding by means of 3
two-phase isolated voltage transformers.
So as to be insensitive towards earth faults,
the isolated voltage transformer star point
has to be connected to the generator star
point by means of a high-voltage cable.
The voltage transformer star point must
not be earthed since this implies that the
generator star point, too, would be earthed
with the consequence that each fault would
lead to a single-pole earth fault.
In the event of an interturn fault, the voltage in the affected phase will be reduced
causing a displacement voltage that is detected at the broken delta winding. The
sensitivity is limited rather by the winding
asymmetries than by the protection unit.
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Fig. 11/43 Temperature characteristic at rotor and thermal replica of the rotor (multiple start-ups)

An FIR filter determines the fundamental
component of the voltage based an the
scanned displacement voltage. Selecting an
appropriate window function has the effect
that the sensitivity towards higher-frequency oscillations is improved and the
disturbing influence of the third harmonic
is eliminated while achieving the required
measurement sensitivity.
External trip coupling
For recording and processing of external
trip information, there are 4 binary inputs.
They are provided for information from
the Buchholz relay or generator-specific
commands and act like a protection function. Each input initiates a fault event and
can be individually delayed by a timer.
Trip circuit supervision (ANSI 74TC)
One or two binary inputs can be used for
monitoring the circuit-breaker trip coil including its incoming cables. An alarm signal
occurs whenever the circuit is interrupted.
Phase rotation reversal
If the relay is used in a pumped-storage
power plant, matching to the prevailing rotary field is possible via a binary input
(generator/motor operation via phase rotation reversal).

2 pre-definable parameter groups
In the protection, the setting values can be
stored in two data sets. In addition to the
standard parameter group, the second
group is provided for certain operating
conditions (pumped-storage power stations). It can be activated via binary input,
local control or DIGSI 4.
Lockout (ANSI 86)
All binary outputs (alarm or trip relays)
can be stored like LEDs and reset using the
LED reset key. The lockout state is also
stored in the event of supply voltage failure. Reclosure can only occur after the
lockout state is reset.
Fuse failure and other monitoring
The relay comprises high-performance
monitoring for the hardware and software.
The measuring circuits, analog-digital conversion, power supply voltages, memories
and software sequence (watch-dog) are all
monitored.
The fuse failure function detects failure of
the measuring voltage due to short-circuit
or open circuit of the wiring or VT and
avoids overfunction of the undervoltage elements in the protection functions.
The positive and negative-sequence system
(voltage and current) are evaluated.
Filter time
All binary inputs can be subjected to a
filter time (indication suppression).
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Communication
With respect to communication, particular
emphasis has been placed on high levels of
flexibility, data integrity and utilization of
standards common in energy automation.
The design of the communication modules
permits interchangeability on the one
hand, and on the other hand provides
openness for future standards (for example, Industrial Ethernet).
Local PC interface
The PC interface accessible from the front
of the unit permits quick access to all
parameters and fault event data. The use
of the DIGSI 4 operating program
during commissioning is particularly
advantageous.
Rear-mounted interfaces
At the rear of the unit there is one fixed interface and two communication modules
which incorporate optional equipment
complements and permit retrofitting. They
assure the ability to comply with the requirements of different communication interfaces (electrical or optical) and protocols
(IEC 60870, PROFIBUS, DIGSI).
The interfaces make provision for the following applications:
Service interface (fixed)
In the RS485 version, several protection
units can be centrally operated with DIGSI 4.
By using a modem, remote control is possible. This provides advantages in fault
clearance, in particular in unmanned substations.
System interface
This is used to communicate with a control
or protection and control system and supports, depending on the module connected, a variety of communication
protocols and interface designs. Furthermore, the units can exchange data through
this interface via Ethernet and IEC 61850
protocol and can also be operated by
DIGSI.
IEC 61850 protocol
The Ethernet-based IEC 61850 protocol is
the worldwide standard for protection and
control systems used by power supply corporations. Siemens is of the first manufacturer to support this standard. By means of
this protocol, information can also be exchanged directly between bay units so as to
set up simple masterless systems for bay
Siemens SIP · Edition No. 6

and system interlocking. Access to the
units via the Ethernet bus will also be possible with DIGSI.
IEC 60870-5-103
IEC 60870-5-103 is an internationally
standardized protocol for communication
in the protected area.
IEC 60870-5-103 is supported by a number
of protection unit manufacturers and is
used worldwide.
The generator protection functions are
stored in the manufacturer-specific, published part of the protocol.
PROFIBUS-DP
PROFIBUS is an internationally standardized communication system (EN 50170).

Fig. 11/44
IEC 60870-5-103 star-type RS232 copper conductor connection or fiber-optic connection

PROFIBUS is supported internationally by
several hundred manufacturers.
With the PROFIBUS-DP, the protection
can be directly connected to a
SIMATIC S5/S7. The transferred data are
fault data, measured values and information from or to the logic (CFC).
MODBUS RTU
MODBUS is also a widely utilized communication standard and is used in numerous
automation solutions.
DNP 3.0
DNP 3.0 (Distributed Network Protocol
version 3) is a messaging-based communication protocol. The SIPROTEC 4 units
are fully Level 1 and Level 2 compliant
with DNP 3.0. DNP 3.0 is supported by a
number of protection device manufacturers.

Fig. 11/45
Bus structure for station bus with Ethernet
and IEC 61850, fiber-optic ring
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Safe bus architecture
• RS485 bus
With this data transmission via copper
conductors, electromagnetic interference
influences are largely eliminated by the
use of twisted-pair conductor. Upon failure of a unit, the remaining system continues to operate without any faults.
• Fiber-optic double ring circuit
The fiber-optic double ring circuit is immune to electromagnetic interference.
Upon failure of a section between two
units, the communication system continues to operate without disturbance.
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Communication
System solution

Via modem and service interface,
the protection engineer has access
to the protection devices at all
times. This permits remote maintenance and diagnosis (cyclic testing).

LSP2163-afpen.tif

Via the PROFIBUS-DP, indications
(pickup and tripping) and all relevant operational measured values
are transmitted from the protection
unit.

LSP2162-afpen.tif

SIPROTEC 4 is tailor-made for use
in SIMATIC-based automation
systems.

Fig. 11/46

Fig. 11/47
820 nm fiber-optic communication module

RS232/RS485 electrical communication module

Analog output 0 to 20 mA
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LSP3.01-0021.eps

For IEC 61850, an interoperable
system solution is offered with
SICAM PAS. Via the 100 Mbit/s
Ethernet bus, the unit are linked
with PAS electrically or optically to
the station PC. The interface is
standardized, thus also enabling direct connection of units of other
manufacturers to the Ethernet bus.
With IEC 61850, however, the
units can also be used in other
manufacturers' systems
(see Fig. 11/45).

LSP2164-afpen.tif

Parallel to this, local communication is possible, for example,
during a major inspection.
Fig. 11/48
PROFIBUS communication module,
optical, double-ring

Fig. 11/49
Optical Ethernet communication module
for IEC 61850 with integrated Ethernet switch

Alternatively to the serial interfaces
up to two analog output modules
(4 channels) can be installed in the
7UM62.
Several operational measured
values (I1, I2, V, P, Q, f, PF
(cos ϕ), Θstator,Θrotor) can be
selected and transmitted via the 0
to 20 mA interfaces.

Fig. 11/50 System solution: Communications
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Typical connections
Direct generator - busbar connection
Figure 11/51 illustrates the recommended
standard connection when several generators supply one busbar. Phase-to-earth
faults are disconnected by employing the
directional earth-fault criterion. The earthfault current is driven through the cables of
the system.
If this is not sufficient, an earthing transformer connected to the busbar supplies the
necessary current (maximum approximately 10 A) and permits a protection range of
up to 90 %. The earth-fault current should
be detected by means of core-balance current transformers in order to achieve the
necessary sensitivity. The displacement voltage can be used as earth-fault criterion during starting operations until synchronization is achieved.
Differential protection embraces protection of the generator and of the outgoing
cable. The permissible cable length and the
current transformer design (permissible
load) are mutually dependent. Recalculation is advisable for lengths of more than
100 m.

11

Fig. 11/51
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Typical connections
Direct generator - busbar connection with
low-resistance earthing
If the generator neutral point has low-resistance earthing, the connection illustrated in
Fig. 11/52 is recommended. In the case of
several generators, the resistance must be
connected to only one generator, in order to
prevent circulating currents (3rd harmonic).
For selective earth-fault detection, the
earth-current input should be looped into
the common return conductor of the two
current transformer sets (differential connection). The current transformers must be
earthed at only one point. The displacement
voltage VE is utilized as an additional enabling criterion.
Balanced current transformers (calibration
of windings) are desirable with this form of
connection. In the case of higher generator
power (for example, IN approximately
2000 A), current transformers with a secondary rated current of 5 A are recommended.
Earth-current differential protection can
be used as an alternative (not illustrated).

11
Fig. 11/52
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Typical connections
Unit connection with isolated star point
This configuration of unit connection is a
variant to be recommended (see Fig. 11/53).
Earth-fault detection is effected by means of
the displacement voltage. In order to prevent unwanted operation in the event of
earth faults in the system, a load resistor
must be provided at the broken delta winding. Depending on the plant (or substation),
a voltage transformer with a high power
(VA) may in fact be sufficient. If not, an
earthing transformer should be employed.
The available measuring winding can be
used for the purpose of voltage measurement.
In the application example, differential protection is intended for the generator. The
unit transformer is protected by its own
differential relay (e.g. 7UT612).
As indicated in the figure, additional protection functions are available for the other
inputs. They are used on larger generator/transformer units (see also Figures
11/56 and 11/58).

11

Fig. 11/53
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Typical connections
Unit connection with neutral transformer
With this system configuration, disturbance
voltage reduction and damping in the event
of earth faults in the generator area are effected by a load resistor connected to the
generator neutral point.
The maximum earth-fault current is limited
to approximately 10 A. Configuration can
take the form of a primary or secondary resistor with neutral transformer. In order to
avoid low secondary resistance, the transformation ratio of the neutral transformer
should be below
⎛ VGen
⎞
500 V⎟
⎜
⎝ 3
⎠
The higher secondary voltage can be
reduced by means of a voltage divider.
Electrically, the circuit is identical to the
configuration in Fig. 11/53.
In the application opposite, the differential
protection is designed as an overall function and embraces the generator and unit
transformer. The protection function carries out vector group adaptation as well as
other adaptations.

11

Fig. 11/54
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Typical connections
Voltage transformer in open delta connection (V-connection)
Protection can also be implemented on
voltage transformers in open delta connection (Fig. 11/55). If necessary, the operational measured values for the phase-toearth voltages can be slightly asymmetrical.
If this is disturbing, the neutral point (R16)
can be connected to earth via a
capacitor.

Fig. 11/55

In the case of open delta connection, it is
not possible to calculate the displacement
voltage from the secondary voltages. It
must be passed to the protection relay
along a different path (for example, voltage
transformer at the generator neutral point
or from the earthing transformer).
100 % stator earth-fault protection,
earth-fault protection during start-up
Fig. 11/56 illustrates the interfacing of
100 % stator earth-fault protection with
voltage injection of 20 Hz, as meant for the
example of the neutral transformer. The
same interfacing connection also applies to
the broken delta winding of the earthing
transformer.
The 20 Hz generator can be connected both
to the DC voltage and also to a powerful
voltage transformer (>100 VA). The load of
the current transformer 4NC1225 should
not exceed 0.5 Ω.
The 7XT33, 7XT34 and load resistance connection must be established with a low resistance (RConnection < RL). If large distances are
covered, the devices are accommodated in
the earthing cubicle.

11

Connection of the DC voltage protection
function (TD 1) is shown for systems with a
starting converter. Depending on the device
selection, the 7KG6 boosts the measured
signal at the shunt to 10 V or 20 mA.
The TD 1 input can be jumpered to the relevant signal.
Fig. 11/56
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Typical connections
Rotor earth-fault protection with voltage
injection at rated frequency
Fig. 11/57 shows the connection of rotor
earth-fault protection to a generator with
static excitation. If only the rotor current is
evaluated, there is no need for voltage connection to the relay.
Earth must be connected to the earthing
brush. The external resistors 3PP1336 must
be added to the coupling device 7XR61 if
the circulating current can exceed 0.2 A as
the result of excitation (sixth harmonic).
This is the case as from a rated excitation
voltage of >150 V, under worst-case
conditions.

Fig. 11/57

Rotor earth-fault protection with a square
wave voltage of 1 to 3 Hz
The measuring transducers TD1 and TD2
are used for this application. The controlling unit 7XT71 generates a square wave
voltage of about ± 50 V at the output. The
frequency can be jumpered and depends
on the rotor earth capacitance. Voltage polarity reversal is measured via the control
input and the flowing circular current is
measured via the measurement input.
Earth must be connected to the earthing
brush.

Fig. 11/58

11
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Typical connections
Protection of an asynchronous motor
Fig. 11/59 shows a typical connection of the
protection function to a large asynchronous
motor. Differential protection embraces the
motor including the cable. Recalculation of
the permissible current transformer burden
is advisable for lengths of more than 100 m.
The voltage for voltage and displacement
voltage monitoring is generally tapped off
the busbar. If several motors are connected
to the busbar, earth faults can be detected
with the directional earth-fault protection
and selective tripping is possible. A core balance current transformer is used to detect
the earth current. The chosen pickup value
must be slightly higher if there are several
cables in parallel.
The necessary shutdown of the motor in
the event of idling can be realized with active power monitoring.

11

Fig. 11/59
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Typical connections

IEE1
1)

Sensitive earth-fault protection

Use of selected analog inputs

X

Directional stator earth-fault protection

1)

X
X

Several protection functions take
recourse to the same analog inputs,
thus ruling out certain functions
depending on the application. One
input may only be used by one
protection function. A different
combination can be used by the
unit belonging to Protection
Group 2, for example.

Rotor earth-fault protection (fn, R-measuring)

X

100 % stator earth-fault protection with 20 Hz voltage

X

Earth-current differential protection

X1)

X1)

TD1

TD2

Multiple use refers to the sensitive
earth-current inputs and the
displacement voltage input
(see Table 11/5).

Injection of excitation voltage

The same applies to the measuring
transducers (Table 11/6).

VE

IEE2

X
X
X

1) optional (either IEE1 or IEE2)
Table 11/5: Multiple use of analog inputs

TD3
X

DC voltage time/DC current time protection

X

Injection of a temperature

X

Rotor earth-fault protection (1 to 3 Hz)

X

X

Processing of analog values via CFC

X

X

X

Table 11/6: Multiple use of measuring transducers

Current transformer requirements
The requirements imposed on the
current transformer are determined by the differential protection function. The instantaneous
trip stage (IDiff>>) reliably masters
(via the instantaneous algorithm)
any high-current internal shortcircuits.

11

The external short-circuit determines the requirements imposed
on the current transformer as a result of the DC component. The
non-saturated period of a flowing
short-circuit current should be at
least 5 ms. Table 11/7 shows the
design recommendations.
IEC 60044-1 and 60044-6 were
taken into account. The necessary
equations are shown for converting
the requirements into the kneepoint voltages. The customary
practice which presently applies
should also be used to determine
the rated primary current of the
current transformer rated current.
It should be greater than or equal
to the rated current of the protected object.

Symmetrical short-circuit limiting factor
Resulting rated accuracy limiting factor

Required actual accuracy limiting factor
K' ssc = K td ⋅

I pssc

K ssc =

I pn

R' b + RCt
⋅ K' ssc
RBN + RCt

Current transformer requirements
Transformer

Generator

≥4
τN ≤ 100 ms
1
≈
⋅ I pn, Tr
v sc

> (4 to 5)
τN > 100 ms
1
≈
⋅ I pn, G
x"d

Example

vsc = 0.1
K'ssc > 40

x”d = 0.12
K'ssc > (34 to 42)

Note:
Identical transformers have to be employed

Rated power ≥ 10 or
15 VA

Note: Secondary
winding resistance

Example:
Network transformer
10P10: (10 or 15) VA
(Isn = 1 or 5 A)

Example:
IN, G approx. 1000 to 2000 A
5P15: 15 VA
(Isn = 1 or 5 A)

Transient dimensioning factor Ktd
Symmetrical short-circuit current Ipssc

IN, G > 5 000 A
5P20: 30 VA
(Isn = 1 or 5 A)

Knee-point voltage
IEC

British Standard

V = K ssc (Rct + Rb )I sn

V=

Ktd
Ipssc
Ipn
R'b
Rb

(Rct + Rb )I sn K
13
.

ANSI
V = 20 ⋅ I sn ⋅ (Rct + Rb ) ⋅

ssc

Rated transient dimensioning factor
Primary symmetrical short-circuit current
Rated primary current (transformer)
Connected burden
Rated resistive burden

I sn = 5 A (typical value)

Rct
vsc
x”d
Isn
τN

K ssc
20

Secondary winding resistance
Short-circuit voltage (impedance voltage)
Subtransient reactance
Rated secondary current (transformer)
Network time constant

Table 11/7: Recommendations for dimensioning
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Technical data
Hardware

Output relays

Analog input
Rated frequency

50 or 60 Hz

Rated current IN

1 or 5 A

Earth current, sensitive IEmax

1.6 A

Rated voltage VN (at 100 V)

100 to 125 V

Measuring transducer

- 10 to + 10 V (Ri = 1 MΩ) or
- 20 to + 20 mA (Ri = 10 Ω)

Power consumption
With IN = 1 A
With IN = 5 A
For sensitive earth current
Voltage inputs (with 100 V)
Capability in CT circuits
Thermal (r.m.s. values)

Approx. 0.05 VA
Approx. 0.3 VA
Approx. 0.05 VA
Approx. 0.3 VA

Number
7UM621
7UM622
Switching capacity
Make
Break
Break (for resistive load)
Break (for L/R ≤ 50 ms)

12 (1 NO; 4 optional as NC,
via jumper)
21 (1 NO; 5 optional as NC,
via jumper)
1000 W / VA
30 VA
40 W
25 VA

Switching voltage

250 V

Permissible current

5 A continuous
30 A for 0.5 seconds

LED
100 IN for 1 s
30 IN for 10 s
4 IN continuous

Number
RUN (green)
ERROR (red)

1
1

Dynamic (peak)

250 IN (one half cycle)

Assignable LED (red)

14

Earth current, sensitive

300 A for 1 s
100 A for 10 s
15 A continuous
750 A (one half cycle)

Unit design

Capability in voltage paths

230 V continuous

Capability of measuring transducer
As voltage input
As current input

60 V continuous
100 mA continuous

Degree of protection acc. to
EN 60529
For surface-mounting housing
For flush-mounting housing
Front
Rear
For the terminals

Dynamic (peak)

Auxiliary voltage
Rated auxiliary voltage

24 to 48 V DC
60 to 125 V DC
110 to 250 V DC
and 115 V/230 V AC with 50/60 Hz

Permitted tolerance

–20 to +20 %

Superimposed (peak-to-peak)

≤ 15 %

Power consumption
During normal operation
7UM621
7UM622
7UM623
During pickup with all inputs
and outputs activated
7UM621
7UM622
7UM623
Bridging time during auxiliary voltage failure
at Vaux = 48 V and Vaux ≥ 110 V
at Vaux = 24 V and Vaux = 60 V

Approx. 5.3 W
Approx. 5.5 W
Approx. 8.1 W

Approx. 12 W
Approx. 15 W
Approx. 14.5 W

≥ 50 ms
≥ 20 ms

Binary inputs
Number
7UM621, 7UM623
7UM622

7
15

3 pickup thresholds
Range is selectable with jumpers

10 to 19 V DC or 44 to 88 V DC
88 to 176 V DC

Maximum permissible voltage

300 V DC

Current consumption, energized

Approx. 1.8 mA

Siemens SIP · Edition No. 6

7XP20 housing

Weight
Flush-mounting housing
7UM621/7UM623 (1/2 x 19”)
7UM622 (1/1 x 19”)
Surface-mounting housing
7UM621/7UM623 (1/2 x 19’‘)
7UM622 (1/1 x 19’‘)

For dimensions see dimension
drawings, part 15

IP 51
IP 51
IP 50
IP 2x with terminal cover put on

Approx. 7 kg
Approx. 9.5 kg
Approx. 12 kg
Approx. 15 kg

Serial interfaces
Operating interface for DIGSI 4
Connection

Non-isolated, RS232, front panel;
9-pin subminiature connector

Baud rate

4800 to 115200 baud

Time synchronization IRIG B / DCF 77 signal (Format: IRIG-B000)
Connection

9-pin subminiature connector,
terminal with surface-mounting case

Voltage levels

Selectable 5 V, 12 V or 24 V

Service/modem interface (Port C) for DIGSI 4 / modem / service
Isolated RS232/RS485
Test voltage
Distance for RS232
Distance for RS485

9-pin subminiature connector
500 V / 50 Hz
Max. 15 m
Max. 1000 m
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Technical data
System interface (Port B)
IEC 60870-5-103 protocol, PROFIBUS-DP, MODBUS RTU
Isolated RS232/RS485
Baud rate
Test voltage
Distance for RS232
Distance for RS485
PROFIBUS RS485
Test voltage
Baud rate
Distance
PROFIBUS fiber-optic
Only for flush-mounting housing
For surface-mounting housing
Baud rate
Optical wavelength
Permissible path attenuation
Distance
Analog output module (electrical)

9-pin subminiature connector
4800 to 115200 baud
500 V / 50 Hz
Max. 15 m
Max. 1000 m
500 V / 50 Hz
Max. 12 MBaud
1000 m at 93.75 kBaud;
100 m at 12 MBaud
ST connector
Optical interface with OLM1)
Max. 1.5 MBaud
λ = 820 nm
Max. 8 dB for glass-fiber 62.5/125 μm
1.6 km (500 kB/s)
530 m (1500 kB/s)
2 ports with 0 to 20 mA

System interface (Port B)
IEC 61850
Ethernet, electrical (EN 100) for IEC 61850 and DIGSI
Connection
for flush-mounting case

for surface-mounting case
Test voltage
Transmission speed
Distance

Rear panel, mounting location "B",
two RJ45 connector, 100 Mbit/s acc.
to IEEE802.3
At bottom part of the housing
500 V; 50 Hz
100 Mbits/s
20 m/66 ft

Ethernet, optical (EN 100) for IEC 61850 and DIGSI
Connection
for flush-mounting case
for panel surface-mounting case
Optical wavelength
Transmission speed
Laser class 1 acc. to EN 60825-1/-2

11

Permissible path attenuation
Distance

Rear panel, mounting location "B",
LC connector receiver/transmitter
Not available
λ = 1350 nm
100 Mbits/s
Glass fiber 50/125 μm or
glass fiber 62/125μm
Max. 5 dB for glass fiber 62.5/125 μm
Max. 800 m/0.5 mile

Electrical tests
Specifications
Standards

IEC 60255 (product standards)
ANSI/IEEE C37.90.0/.1/.2
UL 508
DIN 57435, part 303
For further standards see below

Insulation tests
Standards

IEC 60255-5

Voltage test (100 % test)
All circuits except for auxiliary supply, binary inputs communication
and time synchronization interfaces

2.5 kV (r.m.s.), 50/60 Hz

Voltage test (100 % test)
Auxiliary voltage and binary inputs

3.5 kV DC

500 V (r.m.s. value), 50/60 Hz
Voltage test (100 % test)
only isolated communication interfaces and time synchronization interface

11/54

Impulse voltage test (type test)
5 kV (peak); 1.2/50 μs; 0.5 J;
All circuits except for communication 3 positive and 3 negative impulses
interfaces and time synchronization
at intervals of 5 s
interface, class III
EMC tests for noise immunity; type test
Standards

IEC 60255-6, IEC 60255-22
(product standards)
EN 50082-2 (generic standard)
DIN 57435 part 303

High frequency test
IEC 60255-22-1, class III
and DIN 57435 part 303, class III

2.5 kV (peak value), 1 MHz;
τ = 15 ms
400 pulses per s; duration 2 s

Electrostatic discharge
IEC 60255-22-2 class IV
EN 61000-4-2, class IV

8 kV contact discharge;
15 kV air discharge;
both polarities; 150 pF; Ri = 330 Ω

Irradiation with RF field,
non-modulated
IEC 60255-22-3 (report), class III

10 V/m; 27 to 500 MHz

Irradiation with RF field, amplitudemodulated, IEC 61000-4-3, class III

10 V/m; 80 to 1000 MHz; 80 % AM;
1 kHz

Irradiation with RF field,
pulse-modulated
IEC 61000-4-3/ ENV 50204, class III

10 V/m; 900 MHz; repetition
frequency 200 Hz; duty cycle 50 %

Fast transient interference bursts
IEC 60255-22-4,
IEC 61000-4-4, class IV

4 kV; 5/50 ns; 5 kHz;
burst length = 15 ms; repetition
rate 300 ms; both polarities;
Ri = 50 Ω; test duration 1 min

High-energy surge voltages (SURGE), Impulse: 1.2/50 μs
IEC 61000-4-5 installation, class III
Auxiliary supply
Common (longitudinal) mode:
2 kV; 12 Ω, 9 μF
Differential (transversal) mode:
1 kV; 2 Ω, 18 μF
Measurement inputs, binary inputs
and relay outputs

Common (longitudinal) mode:
2 kV; 42 Ω, 0.5 μF
Differential (transversal) mode:
1 kV; 42 Ω, 0.5 μF

Line-conducted HF,
amplitude-modulated
IEC 61000-4-6, class III

10 V; 150 kHz to 80 MHz; 80 % AM;
1 kHz

Magnetic field with power frequency
IEC 61000-4-8, class IV; IEC 60255-6

30 A/m continuous;
300 A/m for 3 s; 50 Hz
0.5 mT; 50 Hz

Oscillatory surge withstand
capability
ANSI/IEEE C37.90.1

2.5 to 3 kV (peak); 1 to 1.5 MHz
damped wave; 50 surges per second;
duration 2 s; Ri = 150 to 200 Ω

Fast transient surge withstand
capability
ANSI/IEEE C37.90.1

4 to 5 kV; 10/150 ns; 50 surges per
second; both polarities; duration 2 s;
Ri = 80 Ω

Radiated electromagnetic interference 35 V/m; 25 to 1000 MHz
ANSI/IEEE C37.90.2
Damped oscillations
IEC 60894, IEC 61000-4-12

2.5 kV (peak value), polarity alternating 100 kHz, 1 MHz, 10 and
50 MHz, Ri = 200 Ω

1) Conversion with external OLM
For fiber-optic interface please complete order number at 11th position
with 4 (FMS RS485) or 9 and Order code L0A (DP RS485) and additionally order:
For single ring: SIEMENS OLM 6GK1502-3AB10
For double ring: SIEMENS OLM 6GK1502-4AB10
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Technical data
EMC tests for interference emission; type tests

Humidity

Standard

EN 50081-1 (generic standard)

Conducted interference voltage on
lines
only auxiliary supply IEC-CISPR 22

150 kHz to 30 MHz
Limit class B

Interference field strength
IEC-CISPR 22

30 to 1000 MHz
Limit class B

Permissible humidity stress
It is recommended to arrange the
units in such a way that they are not
exposed to direct sunlight or pronounced temperature changes that
could cause condensation

Annual average ≤ 75 % relative humidity; on 56 days a year up to 93 %
relative humidity; condensation is
not permitted

Functions

Mechanical stress tests
Vibration, shock stress and seismic vibration
During operation
Standards

IEC 60255-21 and IEC 60068

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
10 to 60 Hz: ± 0.075 mm amplitude;
60 to 150 Hz: 1 g acceleration
Frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
Acceleration 5 g, duration 11 ms,
3 shocks each in both directions of
the 3 axes

Seismic vibration
IEC 60255-21-2, class 1
IEC 60068-3-3

Sinusoidal
1 to 8 Hz: ± 3.5 mm amplitude
(horizontal axis)
1 to 8 Hz: ± 1.5 mm amplitude
(vertical axis)
8 to 35 Hz: 1 g acceleration
(horizontal axis)
8 to 35 Hz: 0.5 g acceleration
(vertical axis)
Frequency sweep 1 octave/min
1 cycle in 3 orthogonal axes

General
Frequency range

11 to 69 Hz

Definite-time overcurrent protection, directional (ANSI 50, 51, 67)
Setting ranges
Overcurrent I>, I>>
Time delay T
Undervoltage seal-in V<
Seal-in time of V<
Angle of the directional element
(at I>>)

0.05 to 20 A (steps 0.01 A);
5 times at IN = 5 A
0 to 60 s (steps 0.01 s) or indefinite
10 to 125 V (steps 0.1 V)
0.1 to 60 s (steps 0.01 s)
- 90 ° to + 90 ° (steps 1 °)

Times
Pickup time I>, I>>
at 2 times of set value
at 10 times of set value
Drop-off time I>, I>>

Approx. 35 ms
Approx. 25 ms
Approx. 50 ms

Drop-off ratio
Drop-off ratio V<

I>: 0.95; I>>: 0.9 to 0.99 (steps 0.01)
Approx. 1.05

Tolerances
Current pickup (starting) I>, I>>
Undervoltage seal-in V<
Angle of the directional element
Time delays

1 % of set value or 10/50 mA
1 % of set value or 0.5 V
1°
1 % or 10 ms

Inverse-time overcurrent protection (ANSI 51V)

During transport
Standards

IEC 60255-21 and IEC 60068-2

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Sinusoidal
5 to 8 Hz: ±7.5 mm amplitude;
8 to 150 Hz: 2 g acceleration
Frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Half-sinusoidal
Acceleration 15 g, duration 11 ms,
3 shocks each in both directions
3 axes

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

Half-sinusoidal
Acceleration 10 g, duration 16 ms,
1000 shocks in both directions of the
3 axes

Climatic stress test
Temperatures
Type-tested acc. to IEC 60068-2-1
and -2, test Bd, for 16 h

–25 °C to +85 °C / –13 °F to +185 °F

Temporarily permissible operating
temperature, tested for 96 h

–20 °C to +70 °C / –4 °F to +158 °F

Setting ranges
Pickup overcurrent IP
Time multiplier
IEC-characteristics T

0.1 to 4 A (steps 0.01 A); 5 times at
IN = 5A
0.05 to 3.2 s (steps 0,01 s)
or indefinite

Time multiplier ANSIcharacteristics D

0.5 to 15 (steps 0.01) or indefinite

Undervoltage release V<

10 to 125 V (steps 0.1 V)

Trip characteristics
IEC
ANSI

Pickup threshold
Drop-off threshold
Tolerances
Pickup threshold IP
Pickup threshold V<
Time for 2 ≤ I/IP ≤ 20

11

Normal inverse; very inverse;
extremely inverse
Inverse; moderately inverse;
very inverse; extremely inverse;
definite inverse
Approx. 1.1 IP
Approx. 1.05 IP for IP/IN ≥ 0.3
1 % of set value or 10/50 mA
1 % of set value or 0.5 V
5 % of nominal value + 1 % current
tolerance or 40 ms

Recommended permanent operating –5 °C to +55 °C / +25 °F to +131 °F
temperature acc. to IEC 60255-6
(Legibility of display may be impaired
above +55 °C / +131 °F)
– Limiting temperature during
permanent storage
– Limiting temperature during
transport

Siemens SIP · Edition No. 6
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Technical data
Stator overload protection, thermal (ANSI 49)

Underexcitation protection (ANSI 40)

Setting ranges
Factor k according to IEC 60255-8
Time constant
Time delay factor at stand still
Alarm overtemperature
ΘAlarm/ΘTrip
Overcurrent alarm stage IAlarm

Setting ranges
Conductance thresholds 1/xd
characteristic
(3 characteristics)
Inclination angle α1, α2, α3
Time delay T
Undervoltage blocking V<

Temperature at IN
Scaling temperature of cooling
medium

0.5 to 2.5 (steps 0.01)
30 to 32000 s (steps 1 s)
1 to 10 (steps 0.01)
70 to 100 % related to the trip
temperature (steps 1 %)
0.1 to 4 A (steps 0.01 A); 5 times at
IN = 5 A
40 to 200 °C (steps 1 °C)
or 104 to 392 °F (steps 1 °F)
40 to 300 °C (steps 1 °C)
or 104 to 572 °F (steps 1 °F)

Limit current ILimit

0.5 to 8 A (steps 0.01), 5 times at
IN = 5 A

Reset time at emergency start

20 to 150000 s (steps 1 s)

Drop-off ratio
Θ / ΘTrip
Θ / ΘAlarrm
I/IAlarm
Tolerances
Regarding k x IN
Regarding trip time

Drop-off with ΘAlarrn
Approx. 0.99
Approx. 0.95
2 % or 10/50 mA; class 2 % according to IEC 60255-8
3 % or 1 s: class 3 % according to
IEC 60255-8 for I/(k IN)>1.25

Negative-sequence protection (ANSI 46)
Setting ranges
Permissible negative sequence
I2 perm. /IN
Definite time trip stage I2 >>/IN
Time delays TAlarm; TI2>>
Negative-sequence factor K
Cooling down time TCooling

11

Drop-off ratios I2 perm.; I2 >>
Drop-off ratio thermal stage

Approx. 0.95
Drop-off at fall below of I2 perm.

Time for 2 ≤ I2/I2 perm. ≤ 20

Tolerances
Stator criterion 1/xd characteristic
Stator criterion α
Undervoltage blocking
Time delays T
Reverse-power protection (ANSI 32R)
Setting ranges
Reverse power PRev.>/SN
Time delays T
Times
Pickup time

- 0.5 to - 30 % (steps 0.01 %)
0 to 60 s (steps 0.01 s) or indefinite
Approx. 360 ms (50 Hz);
Approx. 300 ms (60 Hz)
Approx. 360 ms (50 Hz);
Approx. 300 ms (60 Hz)

Drop-off ratio PRev.>

Approx. 0.6

Tolerances
Reverse power PRev.>
Time delays T

0.25 % SN ± 3 % set value
1 % or 10 ms

3 % of set value or 0.3 % negative
sequence
1 % or 10 ms
5 % of set point + 1 % current tolerance
or 600 ms

Setting ranges
Forward power PForw.</SN
Forward power PForw.>/SN
Time delays T

0.5 to 120 % (steps 0.1 %)
1 to 120 % (steps 0.1 %)
0 to 60 s (steps 0.01 s) or indefinite

Times
Pickup time (accurate measuring) Approx. 360 ms (50 Hz);
Approx. 300 ms (60 Hz)
Pickup time (fast measuring)
Approx. 60 ms (50 Hz);
Approx. 50 ms (60 Hz)
Drop-off time (accurate measuring) Approx. 360 ms (50 Hz);
Approx. 300 ms (60 Hz)
Drop-off time (fast measuring)
Approx. 60 ms (50 Hz);
Approx. 50 ms (60 Hz)
Drop-off ratio PForw.<
Drop-off ratio PForw.>
Tolerances
Active power PForw.<, PForw.>

Time delays T
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3 % of set value
1 ° electrical
1 % or 0.5 V
1 % or 10 ms

Forward-power protection (ANSI 32F)
Approx. 50 ms
Approx. 50 ms

Time delays
Thermal characteristic

Drop-off ratio
Stator criterion 1/xd characteristic; α Approx. 0.95
Undervoltage blocking
Approx. 1.1

Drop-off time

Times
Pickup time (definite stage)
Drop-off time (definite stage)

Tolerances
Pickup values I2 perm.; I2 >>

50 to 120 ° (steps 1 °)
0 to 50 s (steps 0.01 s) or indefinite
10 to 125 V (steps 0.1 V)

Times
Stator criterion 1/xd characteristic; α Approx. 60 ms
Undervoltage blocking
Approx. 50 ms

3 to 30 % (steps 1 %)
10 to 200 % (steps 1 %)
0 to 60 s (steps 0.01 s) or indefinite
1 to 40 s (steps 0.1 s)
0 to 50000 s (steps 1 s)

0.20 to 3.0 (steps 0.01)

1.1 or 0.5 % of SN
Approx. 0.9 or – 0.5 % of SN
0.25 % SN ± 3 % of set value
at Q < 0.5 SN at accurate measuring
0.5 % SN ± 3 % of set value
at Q < 0.5 SN at fast measuring
1 % or 10 ms
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Technical data
Impedance protection (ANSI 21)

Frequency protection (ANSI 81)

Setting ranges
Overcurrent pickup I>

Setting ranges
Steps; selectable f>, f<
Pickup values f>, f<
Time delays T

0.1 to 20 A (steps 0.01 A);
5 times at IN = 5A
Undervoltage seal-in V<
10 to 125 V (steps 0.1V)
Impedance Z1 (related to IN =1 A) 0.05 to 130 Ω (steps 0.01 Ω)
Impedance Z1B (related to IN =1 A) 0.05 to 65 Ω (steps 0.01 Ω)
Impedance Z2 (related to IN =1 A) 0.05 to 65 Ω (steps 0.01 Ω)
Time delays T
0 to 60 s (steps 0.01 s) or indefinite

Times
Shortest tripping time
Drop-off time

Approx. 40 ms
Approx. 50 ms

Drop-off ratio
Overcurrent pickup I>
Undervoltage seal-in V<

Approx. 0.95
Approx. 1.05

Tolerances
Overcurrent pickup I>
Undervoltage seal-in V<
Impedance measuring Z1, Z2
Time delays T

1 % of set value or 10/50 mA
1 % of set value or 0.5 V
|ΔZ/Z| ≤ 5 % for 30 ° ≤ ϕK ≤ 90 °
1 % or 10 ms

Undervoltage blocking V1<

4
40 to 65 Hz (steps 0.01 Hz)
3 stages 0 to 100 s, 1 stage up to 600 s
(steps 0.01 s)
10 to 125 V (steps 0.1 V)

Times
Pickup times f>, f<
Drop-off times f>, f<

Approx. 100 ms
Approx. 100 ms

Drop-off difference Δf
Drop-off ratio V1<

Approx. 20 mHz
Approx. 1.05

Tolerances
Frequency
Undervoltage blocking
Time delays T

10 mHz (at V> 0.5 VN)
1 % of set value or 0.5 V
1 % or 10 ms

Overexcitation protection (Volt/Hertz) (ANSI 24)
Setting ranges
Pickup threshold alarm stage
Pickup threshold V/f>>-stage
Time delays T
Characteristic values of V/f
and assigned times t(V/f )
Cooling down time TCooling

1 to 1.2 (steps 0.01)
1 to 1.4 (steps 0.01)
0 to 60 s (steps 0.01 s) or indefinite
1.05/1.1/1.15/1.2/1.25/1.3/1.35/1.4
0 to 20000 s (steps 1 s)
0 to 20000 s (steps 1 s)

0 to 60 s (steps 0.01 s) or indefinite
0.1 to 5 s (steps 0.01 s)

Times
Pickup time V<, V<<
Drop-off time V<, V<<

Times (Alarm and V/f>>-stage)
Pickup times at 1.1 of set value
Drop-off times

Approx. 60 ms
Approx. 60 ms

Approx. 50 ms
Approx. 50 ms

Drop-off ratio (alarm, trip)

0.95

Drop-off ratio V<, V<<, Vp<

1.01 or 0.5 V

Tolerances
Voltage limit values
Time delays T

1 % of set value or 0.5 V
1 % or 10 ms

Tolerances
V/f-pickup
Time delays T
Thermal characteristic (time)

3 % of set value
1 % or 10 ms
5 % rated to V/f or 600 ms

Inverse-time characteristic

1 % of measured value of voltage

Undervoltage protection (definite-time and inverse-time function) (ANSI 27)
Setting range
Undervoltage pickup V<, V<<,
Vp< (positive sequence as phaseto-phase values)
Time delays T
Time multiplier TM

10 to 125 V (steps 0.1 V)

Overvoltage protection (ANSI 59)
Setting ranges
Overvoltage pickup V>, V>>
30 to 170 V (steps 0.1 V)
(maximum phase-to-phase voltage
or phase-to-earth-voltage)
Time delays T
0 to 60 s (steps 0.01 s) or indefinite
Times
Pickup times V>, V>>
Drop-off times V>, V>>

Approx. 50 ms
Approx. 50 ms

Drop-off ratio V>, V>>

0.9 to 0.99 (steps 0.01)

Tolerances
Voltage limit value
Time delays T

1 % of set value 0.5 V
1 % or 10 ms
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90 % stator earth-fault protection, non-directional, directional
(ANSI 59N, 64G, 67G)
Setting ranges
Displacement voltage V0 >
Earth current 3I0>
Angle of direction element
Time delays T

2 to 125 V (steps 0.1 V)
2 to 1000 mA (steps 1 mA)
0 to 360 ° (steps 1 °)
0 to 60 s (steps 0.01 s) or indefinite

Times
Pickup times V0>, 3I0>
Drop-off times V0>/ 3I0>

Approx. 50 ms
Approx. 50 ms

Drop-off ratio V0>, 3I0>
Drop-off difference angle

0.95
10 ° directed to power system

Tolerances
Displacement voltage
Earth current
Time delays T

1 % of set value or 0.5 V
1 % of set value or 0.5 mA
1 % or 10 ms
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Technical data
Sensitive earth-fault protection (ANSI 50/51GN, 64R)

Inadvertent energizing protection (ANSI 50, 27)

Setting ranges
Earth current pickup IEE>, IEE>> 2 to 1000 mA (steps 1 mA)
Time delays T
0 to 60 s (steps 0.01 s) or indefinite
Measuring circuit supervision IEE< 1.5 to 50 mA (steps 0.1 mA)

Setting ranges
Current pickup I>>>

Times
Pickup times
Drop-off times
Measuring circuit supervision
Drop-off ratio IEE>, IEE>>
Drop-off ratio measuring circuit
supervision IEE<
Tolerances
Earth current pickup
Time delays T

Approx. 50 ms
Approx. 50 ms
Approx. 2 s
0.95 or 1 mA
Approx. 1.1 or 1 mA

1 % of set value or 0.5 mA
1 % or 10 ms

100 % stator earth-fault protection with 3rd harmonic
(ANSI 59TN, 27TN) (3rd H.)
Setting ranges
Displacement voltage V0 (3rd harm.)>,
V0 (3rd harm.)<
Time delay T
Active-power release
Positive-sequence voltage release

0.2 to 40 V (steps 0.1 V)
0 to 60 s (steps 0.01 s) or indefinite
10 to 100 % (steps 1 %) or indefinite
50 to 125 V (steps 0.1 V) or indefinite

Times
Pickup time
Drop-off time

Approx. 80 ms
Approx. 80 ms

Drop-off ratio
Undervoltage stage V0 (3rd harm.)<
Overvoltage stage V0 (3rd harm.)>
Active-power release
Positive-sequence voltage release

Approx. 1.4
Approx. 0.6
Approx. 0.9
Approx. 0.95

Tolerances
Displacement voltage
Time delay T

3 % of set value or 0.1 V
1 % or 10 ms

Breaker failure protection (ANSI 50BF)
Setting ranges
Current thresholds I>BF
Time delay BF-T
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Voltage release V1<
Time delay
Drop-off time
Times
Reaction time
Drop-off time

Approx. 25 ms
Approx. 35 ms

Drop-off ratio I>>>
Drop-off ratio V1<

Approx. 0.8
Approx. 1.05

Tolerances
Current pickup
Undervoltage seal-in V1<
Time delay T

5 % of set value or 20/100 mA
1 % of set value or 0.5 V
1 % or 10 ms

Current differential protection (ANSI 87G, 87M, 87T)
Setting ranges
Differential current ID>IN
High-current stage ID>>IN
Inrush stabilization ratio I2fN/IN
Harmonic stabilization ratio InfN/IN
(n=3rd or 4th or 5th harmonics)
Additional trip time delay T
Times
Pickup time
(ID ≥ 1.5 setting value ID >)
Pickup time
(ID ≥ 1.5 setting value ID>>)
Drop-off time

0.05 to 2 (steps 0.01)
0.8 to 12 (steps 0.1)
10 to 80 (steps 1 %)
10 to 80 (steps 1 %)
0 to 60 s (steps 0.01 s) or indefinite
Approx. 35 ms
Approx. 20 ms
Approx. 35 ms

Drop-off ratio

Approx. 0.7

Tolerances
Pickup characteristic
Inrush stabilization
Additional time delays

3 % of set value or 0.01 I/IN
3 % of set value or 0.01 I/IN
1 % or 10 ms

Earth-current differential protection (ANSI 87GN, 87TN)
0.04 to 1 A (steps 0.01 A)
0.06 to 60 s (steps 0.01 s) or indefinite

Setting ranges
Differential current IE-D >/IN
Additional trip time delay

Times
Pickup time
Drop-off time

Approx. 50 ms
Approx. 50 ms

Tolerances
Current threshold I>BF/IN
Time delay T

Times
Pickup time
(IE-D ≥ 1.5 setting value IE-D >)
Drop-off time

1 % of set value or 10/50 mA
1 % or 10 ms
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0.1 to 20 A (steps 0.1 A);
5 times at IN= 5 A
10 to 125 V (steps 1 V)
0 to 60 s (steps 0.01 s) or indefinite
0 to 60 s (steps 0.01 s) or indefinite

0.01 to 1 (steps 0.01)
0 to 60 s (steps 0.01 s) or indefinite
Approx. 50 ms
Approx. 50 ms

Drop-off ratio

Approx. 0.7

Tolerances
Pickup characteristic
Additional time delay

3 % of set value
1 % or 10 ms
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Technical data
Rotor earth-fault protection with fN (ANSI 64R) (fN)

Out-of-step protection (ANSI 78)

Setting ranges
Alarm stage RE, Alarrn <
Trip stage RE, Trip <
Time delays T
Correction angle

3 to 30 kΩ (steps 1 kΩ)
1.0 to 5 kΩ (steps 0.1 kΩ)
0 to 60 s (steps 0.01 s) or indefinite
- 15 ° to + 15 ° (steps 1 °)

Times
Pickup time
Drop-off time

≤ 80 ms
≤ 80 ms

Drop-off ratio

Approx. 1.25

Tolerances
Trip stage RE, Trip <,
Alarm stage RE, Alarm <
Time delays T
Permissible rotor earth capacitance

Approx. 5 % of set value
Approx. 10 % of set value
1 % or 10 ms
0.15 to 3 μF

Setting ranges
Positive sequence current
pickup I1>
Negative-sequence current
pickup I2<
Impedances Za to Zd
(based on IN =1 A)
Inclination angle of polygon ϕP
Number of out-of-step periods
characteristic 1
Number of out-of-step periods
characteristic 2
Holding time of pickup tH
Holding time for out-of-step
annunciation

Sensitive rotor fault protection with 1 to 3 Hz (ANSI 64R) (1 to 3 Hz)
Setting ranges
Alarm stage RE,Alarrn <
Trip stage RE, Trip <
Time delays T
Pickup value of meas. circuit
supervision QC<
Times
Pickup time
Drop-off time
Drop-off ratio RE
Drop-off ratio QC <
Tolerances
Trip stage
(RE,Trip <; Alarm stage RE, Alarm<)
Time delays T
Permissible rotor earthcapacitance

5 to 80 kΩ (steps 1 kΩ)
1 to 10 kΩ (steps 1 kΩ)
0 to 60 s (steps 0.01 s) or indefinite
0.01 to 1 mAs (steps 0.01 mAs)

Time delays T
Approx. 1 to 1.5 s (depends on frequency of 7XT71)
Approx. 1 to 1.5 s
Approx 1.25
1.2 or 0.01 mAs
Approx. 5 % or 0.5 kΩ at
0.15 μF ≤ CE < 1μF
Approx. 10 % or 0.5 kΩ
at 1 μF ≤ CE < 3 μF
1 % or 10 ms
0.15 to 3 μF

20 to 500 Ω (steps 1 Ω)
10 to 300 Ω (steps 1 Ω)
0.02 to 1.5 A (steps 0.01 A)
0 to 60 s (steps 0.01 s) or indefinite
0.3 to 15 V (steps 0.1 V)
5 to 40 mA (steps 1 mA)
- 60 ° to + 60 ° (steps 1 °)

Times
Pickup times RSEF<, RSEF<<
Pickup time ISEF>
Drop-off times RSEF<, RSEF<<
Drop-off time ISEF>

≤ 1.3 s
≤ 250 ms
≤ 0.8 s
≤ 120 ms

Drop-off ratio

Approx. 1.2 to 1.7

Tolerances
Resistance (RSEF)
Earth current stage (ISEF >)
Time delays T

ca. 5 % or 2 Ω
3 % or 3 mA
1 % or 10 ms
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Tolerances
Impedance measurement

0.05 to 1 I2/IN (steps 0.01 I2/IN )
0.05 to 130 Ω (steps 0.01 Ω)
60 to 90 ° (steps 1 °)
1 to 10
1 to 20
0.2 to 60 s (steps 0.01 s)
0.02 to 0.15 s (steps 0.01 s)

Depending from the out-of-step
frequency
|ΔZ/Z| ≤ 5 % for 30 ° ≤ ϕSC ≤ 90 °
or 10 mΩ
1 % to 10 ms

DC voltage time / DC current time protection (ANSI 59N (DC) ; 51N (DC))

100 % stator earth-fault protection with 20 Hz (ANSI 64G) (100 %)
Setting ranges
Alarm stage RSEF <
Trip stage RSEF <<
Earth current stage ISEF >
Time delays T
Supervision of 20 Hz generator
V20 Hz
I20 Hz
Correction angle

Times
Typical trip time

0.2 to 4 I1/IN (steps 0.1 I1/IN )

Setting ranges
Voltage pickup V = >,<
Current pickup I = >, <
Time delays T
Times
Pickup time
(operational condition 1)
Pickup time
(operational condition 0)
Drop-off time

0.1 to 8.5 V (steps 0.1 V)
0.2 to 17 mA (steps 0.1 mA)
0 to 60 s (steps 0.01 s) or indefinite
Approx. 60 ms
Approx. 200 ms
Approx. 60 ms or 200 ms

Drop-off ratio

0.9 or 1.1

Tolerances
Voltage
Current
Time delays T

1 % of set value, or 0.1 V
1 % of set value, or 0.1 mA
1 % or 10 ms

Starting time supervision for motors (ANSI 48)
Setting ranges
Motor starting
current IStart max /IN
Starting current
pickup IStart, pickup. /IN
Permissible starting
time TStart max
Permissible locked rotor
time TBlocking
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1.0 to 16 (steps 0.01)
0.6 to 10 (steps 0.01)
1.0 to 180 s (steps 0.1 s)
0.5 to 120 s (steps 0.1 s) or indefinite

Times

Depending on the settings

Drop-off ratio

Approx. 0.95

Tolerances
Current threshold
Time delays T

1 % of set value, or 1 % of IN
5 % or 30 ms
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Technical data
Restart inhibit for motors (ANSI 66, 49 Rotor)

Interturn protection (ANSI 59N(IT))

Setting ranges
Motor starting
current IStart max /IN
Permissible starting
time TStart max
Rotor temperature equalization
time TEquali.
Minimum restart inhibit
time TRestart, min
Permissible number of warm
starts nW
Difference between warm and
cold starts nK-nW
Extensions of time constants
(running and stop)

Setting ranges
Displacement voltage VInterturn>
Time delays T

0.3 to 130 V (steps 0.1 V)
0 to 60 s (steps 0.01 s) or indefinite

0 to 60.0 min (steps 0.1 min)

Times
Pick-up times VInterturn>
Drop-off times VInterturn>

Approx. 60 ms
Approx. 60 ms

0.2 to 120.0 min (steps 0.1 min)

Drop-off ratio VInterturn>

0.5 to 0.95 adjustable

1 to 4

Tolerances
Displacement voltage
Time delays T

1 % of set value or 0.5 V
1 % of set value or 10 ms

Tolerances
Time delays T

3.0 to 10.0 (steps 0.01)
3.0 to 120.0 s (steps 0.1 s)

1 to 2
1.0 to 100.0

1 % or 0.1 ms

Number of measuring sensors

6 or 12

Temperature thresholds

40 to 250 °C or 100 to 480 °F
(steps 1 °C or 1 °F)

Sensors types

Pt100; Ni 100, Ni 120

Rate-of-frequency-change protection (ANSI 81R)

External trip coupling

Setting ranges
Steps, selectable +df/dt >; - df/dt
Pickup value df/dt
Time delays T
Undervoltage blocking V1<

4
0.2 to 10 Hz/s (steps 0.1 Hz/s);
0 to 60 s (steps 0.01 s) or indefinite
10 to 125 V (steps 0.1 V)

Number of external trip couplings

Times
Pickup times df/dt
Drop-off times df/dt

Approx. 200 ms
Approx. 200 ms

Drop-off ratio df/dt
Drop-off ratio V<

Approx. 0.95 or 0.1 Hz/s
Approx. 1.05

Tolerances
Rate-of-frequency change
Undervoltage blocking
Time delays T

Approx. 0.1 Hz/s at V> 0.5 VN
1 % of set value or 0.5 V
1 % or 10 ms

Vector jump supervision (voltage)
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Incoupling of temperature via serial interface (thermo-box) (ANSI 38)

Setting ranges
Stage Δϕ
Time delay T
Undervoltage blocking V1<

0.5 ° to 15 ° (steps 0.1 °)
0 to 60 s (steps 0.01 s) or indefinite
10 to 125 V (steps 0.1 V)

Tolerances
Vector jump
Undervoltage blocking
Time delay T

0.3 ° at V> 0.5 VN
1 % of set value or 0.5 V
1 % or 10 ms

4

Threshold supervision
Setting ranges
Threshold of measured values
MV1 > to MV10<
Assignable measured values

-200 % to +200 % (steps 1 %)
P, active power
Q, reactive power
change of active power ΔP
Voltage VL1, VL2, VL3, VE, V0, V1, V2,
VE3h
Current 3I0, I1, I2, IEE1, IEE2
Power angle ϕ
Power factor cos ϕ
Value at TD1

Times
Pick-up times
Drop-off times

Approx. 20 - 40 ms
Approx. 20 - 40 ms

Drop-off to pick-up ratio
Threshold MVx>
Threshold MVx<

0.95
1.05

Trip circuit supervision (ANSI 74TC)
Number of supervised trip circuits

1

Sensitive earth-fault protection B (ANSI 51GN)
Setting ranges
Earth current IEE-B>,
Earth current IEE-B<,
Time delays T
Measuring method

0.3 to 1000 mA (steps 0.1 A)
0.3 to 500 mA (steps 0.1 mA)
0 to 60 s (steps 0.01 s) or indefinite
- Fundamental,
- 3rd harmonica
- 1rst and 3rd harmonics

Times
Pick-up times
Drop-off times

Approx. 50 ms
Approx. 50 ms

Drop-off ratio IEE-B>
Drop-off ratio IEE-B<

0.90 or 0.15 mA
1.1 or 0.15 mA

Tolerances
Earth current
Time delays T

1 % of set value or 0.1 mA
1 % of set value or 10 ms

11/60

Siemens SIP · Edition No. 6

11 Generator Protection / 7UM62

Technical data
Operational measured values

Fault records

Description

Primary; secondary or per unit (%)

Number of fault records

Max. 8 fault records

Currents

IL1, S1; IL2, S1; IL3, S1; IL1, S2; IL2, S2; IL3, S2;
IEE1; IEE2; I1; I2; I20Hz
0.2 % of measurement values
or ± 10 mA ± 1 digit

Instantaneous values
Storage time
Sampling interval

Max. 5 s
Depending on the actual frequency
(e. g. 1.25 ms at 50 Hz;
1.04 ms at 60 Hz)
vL1, vL2, vL3, vE; iL1,S1; iL2,S1; iL3,S1; iEE1;
iL1,S2; iL2,S2; iL3,S2; iEE2; TD1; TD2;
TD3

Tolerance
Differential protection currents
Tolerances
Phase angles of currents
Tolerances
Voltages
Tolerance

IDiffL1; IDiffL2; IDiffL3; IRestL1; IRestL2;
IRestL3;
0.1 % of measured or ± 10 mA ± 1
digit
ϕIL1,S1; ϕIL2,S1; ϕIL3,S1; ϕIL1,S2; ϕIL2,S2;
ϕIL3,S2;
< 0.5 °
VL1; VL2; VL3; VE; VL12; VL23; VL31; V1;
V2; V20 Hz
0.2 % of measured values
or ± 0.2 V ± 1 digit

Impedance
Tolerance

R, X
1%

Power
Tolerance

S; P; Q
1 % of measured values
or ± 0.25 % SN

Phase angle
Tolerance

ϕ
<0.1 °

Power factor
Tolerance

cos ϕ (p.f.)
1 % ± 1 digit

Frequency
Tolerance

f
10 mHz (at V> 0.5 VN; 40 Hz < f
< 65 Hz)

Overexcitation
Tolerance

V/f;
1%

Thermal measurement
Tolerance

ΘL1; ΘL2, ΘL3, Θ I2, ΘV/f, sensors
5%

Min./max. memory
Memory

Measured values with date and time

Reset manual

Via binary input
Via key pad
Via communication

Values
Positive sequence voltage
Positive sequence current
Active power
Reactive power
Frequency
Displacement voltage
(3rd harmonics)

Channels

R.m.s. values
Storage period
Sampling interval
Channels

Max. 80 s
Fixed (20 ms at 50 Hz; 16.67 ms
at 60 Hz)
V1, VE, I1, I2, IEE1, IEE2 , P, Q, ϕ, R, X,
f-fn

Additional functions
Fault event logging

Storage of events of the last 8 faults
Puffer length max. 600 indications
Time solution 1 ms

Operational indications

Max. 200 indications
Time solution 1 ms

Elapsed-hour meter

Up to 6 decimal digits
(criterion: current threshold)

Switching statistics

Number of breaker operation
Phase-summated tripping current

CE conformity
This product is in conformity with the Directives of the European Communities on the harmonization of the laws of the Member States relating to
electromagnetic compatibility (EMC Council Directive 89/336/EEC) and
electrical equipment designed for use within certain voltage limits (Council
Directive 73/23/EEC).
This unit conforms to the international standard IEC 60255, and the German standard DIN 57435/Part 303 (corresponding to VDE 0435/Part 303).
The unit has been developed and manufactured for application in an industrial environment according to the EMC standards.
This conformity is the result of a test that was performed by Siemens AG in
accordance with Article 10 of the Council Directive complying with the
generic standards EN 50081-2 and EN 50082-2 for the EMC Directive and
standard EN 60255-6 for the “low-voltage Directive”.

V1
I1
P
Q
f
VE(3rd harm.)

Energy metering
Meter of 4 quadrants

WP+; WP–; WQ+; WQ–

Tolerance

1%

Analog outputs (optional)
Number

max. 4 (depending on variant)

Possible measured values

I1, I2, IEE1, IEE2, V1, V0, V03h, |P|, |Q|,
|S|, |cos ϕ| f, V/f, ϕ, ΘS/ΘS Trip,
ΘRotor/ΘRotor Trip, RE, REF; RE, REF 1-3Hz;
RE SEF

Range

0 to 22.5 mA

Minimum threshold (limit of validity) 0 to 5 mA (steps 0.1 mA)
Maximum threshold

22 mA (fixed)

Configurable reference value 20 mA

10 to 1000 % (steps 0.1 %)
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Selection and ordering data

Description

Order No.

7UM62 multifunction generator,
motor and transformer protection relay

7UM62¨¨-¨¨¨¨¨-¨¨¨0 ¨¨¨

Housing, binary inputs and outputs
Housing 1/2 19", 7 BI, 12 BO, 1 live status contact
Housing 1/1 19", 15 BI, 20 BO, 1 live status contact
Graphic display, 1/2 19'', 7BI, 12 BO, 1 live status contact
Current transformer I
1 A1), IEE (sensitive)
5 A1), IEE (sensitive)

Order Code

1
2
3

N

1
5

Rated auxiliary voltage (power supply, indication voltage)
24 to 48 V DC, threshold binary input 19 V3)
60 to 125 V DC2), threshold binary input 19 V3)
110 to 220 V DC2), 115 V/230 V AC, threshold binary input 88 V3)
220 to 250 V DC, 115 V/230 V AC, threshold binary input 176 V
Unit version
For panel surface mounting, 2-tier screw-type terminals top/bottom
For panel flush mounting, plug-in terminals (2-/3- pin connector)
Flush-mounting housing, screw-type terminal
(direct connection, ring-type cable lugs)
Region-specific default setting/function and language settings
Region DE, 50 Hz, IEC characteristics, language: German,
(language can be selected)
Region World, 50/60 Hz, IEC/ANSI characteristics, language: English (UK),
(language can be selected)
Region US, 60 Hz, ANSI characteristics, language: English (US),
(language can be selected)
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1) Rated current can be selected by
means of jumpers.
2) Transition between the two auxiliary
voltage ranges can be selected by
means of jumpers.
3) The binary input thresholds can be
selected in stages by means of
jumpers.
4) Not available with position 9 = "B"

2
4
5
6

B
D
E

A
B
C

Port B (System interface)
No system interface
IEC 60870-5-103 protocol, electrical RS232
IEC 60870-5-103 protocol, electrical RS485
IEC 60870-5-103 protocol, optical 820 nm, ST connector
Analog output 2 x 0 to 20 mA

0
1
2
3
7

PROFIBUS-DP slave, electrical RS485
PROFIBUS-DP slave, optical 820 nm, double ring, ST connector*
MODBUS, electrical RS485
MODBUS, optical 820 nm, ST connector*
DNP 3.0, electrical RS485
DNP 3.0, optical 820 nm, ST connector*
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connectors
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector4)

9
9
9
9
9
9
9
9

L
L
L
L
L
L
L
L

Only Port C (Service Interface)
DIGSI 4 / modem, electrical RS232
DIGSI 4 / modem, temperature monitoring box, electrical RS485

1
2

Port C (Service interface) and Port D (Additional Interface)

9

Port C (Service Interface)
DIGSI 4 / modem, electrical RS232
DIGSI 4 / modem, temperature monitoring box, electrical RS485

0
0
0
0
0
0
0
0

A
B
D
E
G
H
R
S

Mo o
1
2

Port D (Additional Interface)
Temperature monitoring box, optical 820 nm, ST connector
Temperature monitoring box, electrical RS485
Analog outputs 2 x 0 to 20 mA

A
F
K

* Not with position 9 = B; if 9 = “B”,
please order 7UM62 unit with RS485
port and separate fiber-optic converters.

Cont’d on next page
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Selection and ordering data

Description

Order No.

7UM62 multifunction generator,
motor and transformer protection

7UM62¨¨-¨¨¨¨¨-¨¨¨0

Measuring functions
Without extended measuring functions
Min./max. values, energy metering

0
3

Functions
Generator Basic
Generator Standard
Generator Full
Asynchronous Motor
Transformer
1)

A
B
C
F
H

Functions (additional functions)
Without
Sensitive rotor earth-fault protection and 100 % stator earth-fault protection
Restricted earth-fault protection
Network decoupling (df/dt and vector jump)
All additional functions
1)

Accessories

Description

A
B
C
E
G

Order No.

DIGSI 4
Software for configuration and operation of Siemens protection units
running under MS Windows 2000/XP Professional Edition
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables (copper)
Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

Professional
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

Professional + IEC 61850
Complete version
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default
and control displays) and DIGSI 4 Remote (remote operation)
+ IEC 61850 system configurator

7XS5403-0AA00

IEC 61850 System configurator
Software for configuration of stations with IEC 61850 communication under
DIGSI, running under MS Windows 2000 or XP Professional Edition
Optional package for DIGSI 4 Basis or Professional
License for 10 PCs. Authorization by serial number. On CD-ROM

7XS5460-0AA00

11

SIGRA 4
(generally contained in DIGSI Professional, but can be ordered additionally)
Software for graphic visualization, analysis and evaluation of fault records.
Can also be used for fault records of devices of other manufacturers
(Comtrade format). Running under MS Windows 95/98/ME/NT/2000/XP Professional.
Incl. templates, electronic manual with license for 10 PCs.
Authorization by serial number. On CD-ROM.
7XS5410-0AA00

1) For more detailed information on
the functions see Table 11/3.
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LSP2090-afpen.eps

11

LSP2091-afpen.eps

Fig. 11/60 Mounting rail for 19" rack

Fig. 11/63
Short-circuit link
for current
terminals

Description

Order No.

Connecting cable
Cable between PC/notebook (9-pin connector)
and protection unit (9-pin connector)
(contained in DIGSI 4, but can be ordered additionally)

7XV5100-4

Cable between thermo-box and relay
- length 5 m / 5.5 yd
- length 25 m / 27.3 yd
- length 50 m / 54.7 yd

7XV5103-7AA05
7XV5103-7AA25
7XV5103-7AA50

Coupling device for rotor earth-fault protection

7XR6100-0CA00

Series resistor for rotor earth-fault protection (group: 013002)

Short code
3PP1336-0DZ K2Y

Resistor for underexcitation protection (voltage divider, 20:1) (group: 012009)

3PP1326-0BZ K2Y

Resistor for stator earth-fault protection (voltage divider, 5:1) (group 013001)

3PP1336-1CZ K2Y

20 Hz generator

7XT3300-0CA00

20 Hz band pass filter

7XT3400-0CA00

Current transformer (400 A /5 A, 5 VA)

4NC5225-2CE20

Controlling unit f. rotor earth-fault protection (0.5 to 4 Hz)

7XT7100-0EA00

Resistor for 1 to 3 Hz rotor earth-fault protection

7XR6004-0CA00

Temperature monitoring box (thermo-box)
24 to 60 V AC/DC
90 to 240 V AC/DC

7XV5662-2AD10
7XV5662-5AD10

Description

Fig. 11/64
Short-circuit link
for voltage
terminals/
indications
terminals

Order No.

Size of
package

Supplier

Fig.

C73334-A1-C35-1
C73334-A1-C36-1

1
1

Siemens
Siemens

11/61
11/62

2

0-827039-1
0-827396-1

4000
1

AMP
1)
AMP

2

0-827040-1
0-827397-1

4000
1

AMP
1)
AMP

Type III+ 0.75 to 1.5 mm

0-163083-7
0-163084-2

4000
1

AMP
1)
AMP

For Type III+
and matching female
For CI2
and matching female

0-539635-1
0-539668-2
0-734372-1
1-734387-1

1

AMP 1)
1)
AMP
1)
AMP
1)
AMP

C73165-A63-D200-1

1

Siemens

11/60

Connector

2-pin
3-pin

Crimp
connector

CI2 0.5 to 1 mm

CI2 1 to 2.5 mm

Fig. 11/62
3-pin connector
LSP2092-afpen.eps

LSP2093-afpen.eps

Fig. 11/61
2-pin connector

LSP2089-afpen.tif

Accessories

2

Crimping
tool

Mounting rail

1

1)

1)

1)

Short-circuit
links

For current terminals
For other terminals

C73334-A1-C33-1
C73334-A1-C34-1

1
1

Siemens
Siemens

11/63
11/64

Safety cover
for terminals

Large
Small

C73334-A1-C31-1
C73334-A1-C32-1

1
1

Siemens
Siemens

11/35
11/35

1) Your local Siemens representative
can inform you on local suppliers.
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Connection diagram, IEC

7UM623

11

Fig. 11/65
7UM621 and 7UM623 connection diagram (IEC standard)
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Connection diagram, IEC

11

Fig. 11/66
7UM622 connection diagram (IEC standard)
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Connection diagram, ANSI

7UM623

11
Fig. 11/67
7UM621 and 7UM623 connection diagram (ANSI standard)
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Connection diagram, ANSI

11

Fig. 11/68
7UM622 connection diagram (ANSI standard)
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NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.

Disclaimer of Liability

Copyright
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Preface

Purpose of the Manual
This manual describes the functions of SIPROTEC 5 high voltage bay controllers.
Target Audience
Protection system engineers, commissioning engineers, persons entrusted with the setting, testing and maintenance of automation, selective protection and control equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.

SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018
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•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning electrical equipment for use
within specified voltage limits (Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive) and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens AG.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Other Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see certified.ul.com
Select Online Certifications Directory and enter E194016 as UL File Number.
IND. CONT. EQ.
69CA

[ul_listed_c_us, 1, --_--]
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Additional Support
For questions about the system, please contact your Siemens sales partner.
Support
Our Customer Support Center provides a 24-hour service.
Phone:
Fax:
E-Mail:

+49 (180) 524-7000
+49 (180) 524-2471
support.energy@siemens.com

Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstraße 59
90459 Nürnberg
Germany
Phone:
Fax:
E-Mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.

SIPROTEC 5, High-Voltage Bay Controller, Manual
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given particular attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:
• Proper transport

•
•

Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:
• The equipment must be grounded at the grounding terminal before any connections are made.

6

•
•

All circuit components connected to the power supply may be subject to dangerous voltage.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).

SIPROTEC 5, High-Voltage Bay Controller, Manual
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Open Source Software
The product contains, among other things, Open Source Software developed by third parties. The Open
Source Software used in the product and the license agreements concerning this software can be found in the
Readme_OSS. These Open Source Software files are protected by copyright. Your compliance with those
license conditions will entitle you to use the Open Source Software as foreseen in the relevant license. In the
event of conflicts between Siemens license conditions and the Open Source Software license conditions, the
Open Source Software conditions shall prevail with respect to the Open Source Software portions of the software. The Open Source Software is licensed royalty-free. Insofar as the applicable Open Source Software
License Conditions provide for it you can order the source code of the Open Source Software from your
Siemens sales contact - against payment of the shipping and handling charges - for a period of at least 3 years
since purchase of the Product. We are liable for the Product including the Open Source Software contained in
it pursuant to the license conditions applicable to the Product. Any liability for the Open Source Software
beyond the program flow intended for the Product is explicitly excluded. Furthermore any liability for defects
resulting from modifications to the Open Source Software by you or third parties is excluded. We do not
provide any technical support for the Product if it has been modified.
When using DIGSI 5 in online mode, you are provided with the option to go to the main menu Show open
source software information and read and display the Readme_OSS file containing the original license text
and copyright information.
To do this, the following steps are necessary:
• Switch to online mode.

•
•
•

i

Select the device.
Select Online in the menu bar.
Click Show open source software information.

NOTE
To read the Readme_OSS file, a PDF viewer must be installed on the computer.
In order to operate SIPROTEC 5 devices, a valid DIGSI 5 license is required.
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11.1

General Device Data

11.1.1 Analog Inputs
Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Input and output modules

IO202, IO208, IO211, IO214

IO215

Measuring range

0 V to 200 V

0 V to 7.07 V

Input impedance

< 0.1 VA

< 0.01 VA

Thermal rating

230 V continuously

20 V continuously

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)
Insulation class

SELV (Safety Extra Low Voltage) (according to IEC 60255-27)

Connector type

8-pin multiple contact strip

Differential current input channels

4

Measuring range

DC -24 mA to +24 mA

Fault

< 0.5 % of the measuring range

Input impedance

140 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 20 V

Galvanic separation from ground/
housing

DC 700 V

Permissible overload

DC 100 mA continuously

Measurement repetition

200 ms

Measuring-Transducer Inputs (via Module ARC-CD-3FO)
Connector type

AVAGO AFBR-4526Z

Number of transceivers

3

Fiber type

Polymer Optical Fiber (POF) 1 mm

Receiver
Maximum

-10 dBm ± 2 dBm

Minimum

-40 dBm ± 2 dBm

Spectrum

400 nm to 1100 nm

Attenuation

In the case of plastic optical fibers, you can expect a path attenuation of
0.2 dB/m Additional attenuation comes from the plug and sensor head.

Optical budget 1

Minimal 25 dB

Analog sampling rate

16 kHz

ADC type

10-bit successive approximation

Transmitter
Type

LED

Wavelength

λ = 650 nm

Transmit power

Minimum 0 dBm
Maximum 2 dBm

Numerical aperture

0.5 2

Signal rate connection test

1 pulse per second
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Pulse duration connection test

11 μs

Comment:
1

All values in combination with sensors approved by Siemens.

2

Numerical aperture (NA = sin θ (launch angle))

High-Speed Measuring-Transducer Inputs, Voltage/Current (via IO210, IO212)

i

NOTE
Current and voltage must not be connected at the same time to one measuring-transducer input. Instead,
only connect either current or voltage. For EMC reasons, do not connect a line to an unused input (current
or voltage).
Use shielded cables.
Table 11-1

High-Speed Measuring-Transducer Inputs, Voltage

Differential voltage input channels

IO210: 427
IO212: 828

Measuring range

DC -10 V to +10 V

Fault

< 0.5 % of the measuring range

Input impedance

48 kΩ

Conversion principle

Delta-sigma (16 bit)

Insulation test voltage between the DC 3.5 kV
channels
Insulation test voltage with respect DC 3.5 kV
to ground/housing
Max. permissible voltage with
respect to ground on the measuring inputs

300 V

Permissible overload

DC 20 V continuously
DC 60 V continuously (IO210 MT3 terminal point C9)

Measured-value repetition

62.5 μs

Insulation class IO210

ELV (Extra Low Voltage) (acc. to IEC 60255-27)

Insulation class IO212

SELV (acc. to IEC 60255-27)

Table 11-2

High-Speed Measuring-Transducer Inputs, Current

Differential current input channels

IO210: 429
IO212: 830

Measuring range

DC -20 mA to +20 mA

Fault

< 0.5 % of the measuring range

Input impedance, current

12 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 3.5 kV

Galvanic separation with respect to DC 3.5 kV
ground/housing
Permissible current overload

DC 100 mA continuously

27 The

IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
29 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
30 The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
28 The
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Measured-value repetition

62.5 μs

Temperature Inputs
Settings

Value

Note

Insulation class

PELV (Protective Extra Low Voltage) –
(acc. to IEC 60255-27)

Measurement mode

•
•
•

Pt 100 Ω
Ni 100 Ω
Ni 120 Ω
3-wire connection, shielded cables

–

Connector type

16-pin, 17-pin terminal spring

–

Temperature measuring range

-65 °C to +710 °C

For PT100

-50 °C to +250 °C

For NI100

-50 °C to +250 °C

For NI120

11.1.2 Supply Voltage
Integrated Power Supply
For modular devices, the following printed circuit-board assemblies have a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, CB202)

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, CB202)
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz
DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11
Inrush current

≤ 18 A

Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

DC 24 V to DC 48 V

SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V

1107

Technical Data
11.1 General Device Data

Integrated Power Supply
PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)
–

DC

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 base module, nonmodular
Without plug-in modules

7.0 W

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

33 VA

24 VA

1/6 expansion module

6 VA

6 VA

1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

3W

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA

Stored-energy time for auxiliary voltage outage or
short circuit, modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V/DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

11.1.3 Binary Inputs
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar with the exception of the
binary inputs on the IO230, the IO231, and the IO233.

Current consumption, excited

Approx. DC 0.6 mA to 2.5 mA (independent of the control voltage)

Power consumption, max.

0.6 VA

Pickup time

Approx. 3 ms

Dropout

time31

Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

31 For

time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of
the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Control voltage for all modules
with binary inputs except the
IO233

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage

Vlow ≤ DC 10 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V

Control voltage for binary inputs of Range
the IO233 modules
Maximum permitted voltage

Vhigh ≥ DC 19 V
Vhigh ≥ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.

11.1.4 Relay Outputs
Standard Relay (Type S)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Fast Relay (Type F)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A
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Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)

High-Speed Relay with Semiconductor Acceleration (Type HS)
Switching capacity

On/Off: 1000 W/VA

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300

Power Relay (for Direct Control of Motor Switches)
Switching capacity for permanent and periodic operation
250 V/4.0 A
220 V/4.5 A
110 V/5.0 A
60 V/5.0 A
48 V/5.0 A
24 V/5.0 A

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.

Turn on switching power for 30 s, recovery time until switching on again is 15 minutes.
For short-term switching operations, an impulse/pause ratio of 3 % must be considered.
100 V/9.0 A
60 V/10.0 A
48 V/10.0 A
24 V/10.0 A

1000 W
600 W
480 W
240 W

AC and DC contact voltage

1110

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.
250 V

Permissible continuous current per contact

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s
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Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

≤ 16 ms

Rated data of the output contacts in accordance with
UL certification

DC 300 V, 4.5 A - 30 s ON, 15 min OFF
DC 250 V, 1 hp motor - 30 s ON, 15 min OFF
DC 110 V, 3/4 hp motor - 30 s ON, 15 min OFF
DC 60 V, 10 A, 1/2 hp motor - 30 s ON, 15 min OFF
DC 48 V, 10 A, 1/3 hp motor - 30 s ON, 15 min OFF
DC 24 V, 10 A, 1/6 hp motor - 30 s ON, 15 min OFF

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of each switching pair picks up at a time
thereby avoiding a power-supply short circuit.

11.1.5 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg

Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg

Device Size
Weight of the Non-Modular Devices 7xx82
Type of construction

1/3

Flush-mounting device

3.6 kg

Bracket for non-modular surfacemounted variant

1.9 kg

Dimensions of the Base and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth (incl.
Current Terminal), Width and Depth Each Rounded
up to the Next Full mm (in Inches)

Flush-mounting device

150 mm x 266 mm x 229 mm
(5.91 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm
ation panel
(5.91 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm
tion panel
(5.91 x 12.36 x 9.06)
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Dimensions of Device Rows
Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

150 mm x
266 mm x
229 mm
(5.91 x 10.47 x
9.02)

225 mm x
266 mm x
229 mm
(8.86 x 10.47 x
9.02)

300 mm x
266 mm x
229 mm
(11.81 x 10.47 x
9.02)

375 mm x
266 mm x
229 mm
(14.76 x 10.47 x
9.02)

450 mm x
266 mm x
229 mm
(17.72 x 10.47 x
9.02)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm
(5.91 x 12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x 12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x 12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x 12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x 12.36 x
13.27)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm
(5.91 x 12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x 12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x 12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x 12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x 12.36 x
9.06)

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth, Width and Depth Each
Rounded up to the Next Full mm (in Inches)

Flush-mounting device

75 mm x 266 mm x 229 mm
(2.95 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm
ation panel
(2.95 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm
tion panel
(2.95 x 12.36 x 9.06)
Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm
(2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm
(2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module

1112

Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)
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Degree of Protection According to IEC 60529
For equipment in the surface-mounting housing

IP5432 for front

For equipment in the flush-mounting housing

IP5432 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27

2

Maximum altitude above sea level

2000 m (6561.68 ft)

UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.
Tightening Torques for Terminal Screws
Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

1.0 Nm

–

i

NOTE

i

NOTE

2.0 Nm

For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

Use copper cables only.

Torques for Other Screw Types

32 The

Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm

provided plug-in label must be used for expansion modules with LEDs.
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11.2

Protection Interface and Protection Topology

Setting Values
Mode

On
Off

PPS Synchronization

Telegr. and PPS
Telegr. or PPS
PPS synchronization off

Blocking of the unbalanced
runtimes

Yes
No

Maximum signal runtime threshold 0.1 ms to 30.0 ms

Increments of 0.1 ms

Maximum runtime difference

0.000 ms to 3.000 ms

Increments of 0.001 ms

Failure indication after

0.05 s to 2.00 s

Increments of 0.01 s

Transm. fail. alarm after

0.0 s to 6.0 s

Increments of 0.1 s

Max. error rate/h

0.000 % to 100.000 %

Increments of 0.001 %

Max. error rate/min

0.000 % to 100.000 %

Increments of 0.001 %

PPS failure indication after

0.5 s to 60.0 s

Increments of 0.1 s

Transmission Rate
Direct connection:
Transmission rate

2048 kbit/s

Connection via communication networks:
Supported network interfaces

G703.1 with 64 kbit/s
G703-T1 with 1.455 Mbit/s
G703-E1 with 2.048 Mbit/s
X.21 with 64 kbit/s or 128 kbit/s or 512 kbit/s
Pilot wires with 128 kbit/s

Transmission rate

64 kbit/s at G703.1
1.455 Mbit/s at G703-T1
2.048 Mbit/s at G703-E1
512 kbit/s or 128 kbit/s or 64 kbit/s at X.21
128 kbit/s for pilot wires

Transmission Times
Priority 1:
Response time, total approx.
For 2 ends

Minimum

8 ms

Typical

10 ms

Minimum

10 ms

Typical

14 ms

Minimum

15 ms

Typical

18 ms

For 2 ends

Typical

20 ms

For 3 ends

Typical

20 ms

For 6 ends

Typical

26 ms

For 3 ends
For 6 ends
Dropout times, total approx.
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Priority 2:
Response time, total approx.
For 2 ends

Minimum

9 ms

Typical

16 ms

Minimum

12 ms

Typical

18 ms

Minimum

17 ms

Typical

23 ms

For 2 ends

Typical

24 ms

For 3 ends

Typical

25 ms

For 6 ends

Typical

32 ms

For 3 ends
For 6 ends
Dropout times, total approx.

Priority 333
Response time, total approx.
For 2 ends

Minimum
Typical

For 3 ends

Minimum
Typical

For 6 ends

100 ms
150 ms

Minimum
Typical

200 ms

For 2 ends

Typical

100 ms

For 3 ends

Typical

150 ms

For 6 ends

Typical

200 ms

Dropout times, total approx.

33 Times

cannot be determined because the signals are transmitted in fragments.
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11.3

Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG-B 002(003)
IRIG-B 006(007)
IRIG-B 005(004) with extension according to
IEEE C37.118-2005
DCF77
PI (protection interface) 34
SNTP
IEC 60870-5-103
DNP3
IEEE 1588
T104

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active

Beginning of daylight saving time

Input: day and time

End of daylight saving time

Input: day and time

Offset daylight saving time

0 min to 120 min [steps of 15]

Inactive

34 If

provided
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11.4

Automatic Reclosing
Function specifications

Cyclic automatic reclosing function
Automatic reclosing function with adaptive dead time (ADT)
Operation with External Automatic Reclosing Function

Number of reclosings

Max. 8, per individual settings

Type (depending on the order
variation)

1-pole, 3-pole, or 1-/3-pole

Operating mode of the automatic
reclosing function

With trip command, without action time
With trip command, with action time
With pickup, without action time
With pickup, with action time

Reclaim time after reclosing

0.50 s to 300.00 s

Increments of 0.01 s

Blocking time after dynamic
blocking

0.5 s

-

Blocking time after manual closure 0.00 s to 300.00 s

Increments of 0.01 s

Start supervision time

0.01 s to 300.00 s

Increments of 0.01 s

Circuit-breaker supervision time

0.01 s to 300.00 s

Increments of 0.01 s

Evolving-fault detection

With trip command
with Pickup

Reaction to evolving faults

Blocks automatic reclosing function
Start, evolving fault, dead time

Action times (separated for all
cycles)

0.00 s to 300.00 s or oo (ineffective)

Dead times after trip command
(separated for all types and all
cycles)

0.00 s to 1 800.00 s or oo (ineffec- Increments of 0.01 s
tive)

Dead time after evolving-fault
detection (separated for all cycles)

0.00 s to 1 800.00 s

Synchrocheck after 3-pole dead
time

None
Internal
External

Transmission delay, inter close
command

0.00 s to 300.00 s or oo (ineffective)

Increments of 0.01 s

Increments of 0.01 s

Increments of 0.01 s

Dead-line check/reduced dead time Without
Reduced dead time (VWE)
Dead line checking
Voltage supervision warning time

0.10 s to 30.00 s

Increments of 0.01 s

Limiting value for fault-free line

0.3 V to 340.0 V

Increments of 0.1 V

Limiting value for zero potential

0.3 V to 340.0 V

Increments of 0.1 V
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11.5

Phasor Measurement Unit

Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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11.6

Circuit-Breaker Wear Monitoring

Setting Values
Threshold value

ΣIx-method stage

0 to 10 000 000

Increments of 1

2P-method stage

0 to 10 000 000

Increments of 1

I2t-method stage

0.00 I/Ir*s to 21 400 000.00 I/Ir*s

Increments of 0.01

CB opening time

0.001 s to 0.500 s

Increments of 0.001 s

CB break time

0.001 s to 0.600 s

Increments of 0.001 s

CB make time

0.001 s to 0.600 s

Increments of 0.001 s

Exponent for the ΣIx method

1.0 to 3.0

Increments of 0.1

Switching cycles at Irated

100 to 1 000 000

Increments of 1

Rated short-circuit breaking current Isc

10 to 100 000

Increments of 1

Switching cycles at Isc

1 to 1000

Increments of 1

Level of warning 1

1 % to 100 %

Increments of 1 %

Level of warning 2

1 % to 100 %

Increments of 1 %

Operating
1 A @ 50 and 100 Irated
current threshold 5 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

-0.050 s to 0.050 s

Increments of 0.001 s

Delay correction time
Tolerances
Tolerance of the measured value make time
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11.7

External Trip Initiation

Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate time with time delay = 0 ms
- At initiation via binary input signal

Approx. 10 ms + OOT 35.

Sequence tolerance for delay times

1 % of the setting value or 10 ms

Times

Tolerance

35 OOT

(Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays, see chapter 11.1.4 Relay
Outputs
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11.8

Overcurrent Protection, Phases

11.8.1 Stage with Definite-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value36

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times

36 If

Operate time with time delay = 0 ms

Approx. 25 ms + OOT 37 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

37 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation38
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 39

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 40

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 41

Time delays

1 % of the setting value or 10 ms

38 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
40 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
41 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
39 In
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Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.8.2 Stage with Inverse-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement
Threshold value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Extension of the operate time during operation with
transformer inrush-current detection

SIPROTEC 5, High-Voltage Bay Controller, Manual
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Figure 11-1
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Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Figure 11-2

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-3
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-4

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-5
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Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-6

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation42
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 43

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 44

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 45

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.8.3 Stage with User-Defined Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Fundamental component –
RMS value

Method of measurement
Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

42 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
44 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
45 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
43 In
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Absolute pickup value

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p.u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p.u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation46
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 47

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 48

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 49

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

46 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
48 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
49 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
47 In
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11.9

Overcurrent Protection, Ground

11.9.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value50

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT51 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

50 If

Active

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

51 OOT

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Tolerances
3I0 measured via I452, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I453, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.9.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value54

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

52 Slightly

expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
54 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 l
rated,sec.

53 Slightly
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Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

[dwocpki1-080213-01.tif, 1, en_US]

Figure 11-7

Operate Curves and Dropout Characteristic Curves According to IEC
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Figure 11-8
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Operate Curves and Dropout Characteristic Curves According to IEC
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-9

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-10
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Figure 11-11

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-12

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I455, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I456, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

55 Insignificantly
56 Insignificantly
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5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Dropout time for 2 ≤ I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.9.3 Stage with User-Defined Characteristic Curve
Setting Values
Method of measurement
Threshold value

Absolute pickup value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p. u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p. u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I457, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

I458,

3I0 measured via
method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

57 Insignificantly
58 Insignificantly
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Approx. 10 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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11.10 Directional Overcurrent Protection, Phases
11.10.1 Stage with Definite-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Threshold value59

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 60 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Times

59 If

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

60 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delay

1 % of the setting value or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.10.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Backward

–

Method of measurement

Fundamental component –
RMS value

Threshold value61

Dropout

61 If

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Disk emulation
Instantaneous

–

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
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Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-1
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-2

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-3
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-4
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-5
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-6

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase
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Times
Operate time with time delay = 0 ms

Approx. 37 ms + OOT 62 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.10.3 Stage with User-Defined Characteristic Curve
Setting Values

62 OOT
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Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

-

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate characteristic
curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 66.67 p.u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p.u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Threshold value63

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1-phase and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 64 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Times

63 If

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

64 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.11 Directional Overcurrent Protection, Ground
11.11.1 Stage with Definite-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1
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10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.11.2 Stage with Inverse-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1150

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Type of characteristic curve

Characteristic curves according to IEC and ANSI

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01
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Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.9.2 Stage with
Inverse-Time Characteristic Curve

Long-time inverse: type B
Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.9.2 Stage with
Inverse-Time Characteristic Curve

Moderately inverse
Very inverse
Extremely inverse
Definite inverse
Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz
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Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.11.3 Stage with Inverse-Time Overcurrent Protection with Logarithmic-Inverse
Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value multiplier

1.00 to 4.00

Increments of 0.01

Time multiplier

0.000 s to 60.000 s

Increments of 0.001 s

Minimum time of the characteristic curve

0.000 s to 60.000 s

Increments of 0.001 s

Maximum time of the characteristic curve

0.000 s to 60.000 s

Increments of 0.001 s

Characteristic curve: see Figure 11-13
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Additional time delay

0.000 s to 60.000 s

Increments of 0.001 s

[dwloginv-300913, 3, en_US]

Figure 11-13

Operate Curve of Logarithmic Inverse-Time Characteristic

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1
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10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Inverse-time operate time to logarithmic inverse-time 5 % of the reference (calculated) value
characteristic
+ 2 % current tolerance or 30 ms
Inverse-time dropout time to logarithmic inverse-time 5 % of the reference (calculated) value
characteristic
+ 2 % current tolerance or 30 ms
Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.11.4 Stage with Knee-Point Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1154

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A
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Technical Data
11.11 Directional Overcurrent Protection, Ground

Characteristic curve: see Figure 11-14
Minimum time of the characteristic curve

0.00 s to 30.00 s

Increments of 0.01 s

Knee-point time of the curve

0.00 s to 100.00 s

Increments of 0.01 s

Maximum time of the characteristic curve

0.00 s to 200.00 s

Increments of 0.01 s

Knee-point value

0.030 A to 35.000 A

Increments of 0.001 A

Current at minimum time of the curve

0.030 A to 35.000 A

Increments of 0.001 A

Time multiplier

0.05 to 1.50

Increments of 0.01

[dwdrloinkn-171013, 1, en_US]

Figure 11-14

Operate Curve of the Logarithmic Inverse Time with Knee-Point Characteristic (In the Example
of Threshold = 0.004 A)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)
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Technical Data
11.11 Directional Overcurrent Protection, Ground

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Inverse-time operate time to logarithmic inverse time 5 % of the reference (calculated) value
with knee-point characteristic
+ 2 % current tolerance or 30 ms
Inverse-time dropout time to logarithmic inverse time 5 % of the reference (calculated) value
with knee-point characteristic
+ 2 % current tolerance or 30 ms
Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.11.5 Stage with User-Defined Characteristic Curve
Setting Values for the Function Direction Determination

1156

Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°
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11.11 Directional Overcurrent Protection, Ground

Setting Values
Direction mode

Forward
Reverse

Method of measurement

Fundamental component –
RMS value

Threshold value

–

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

X values of the operate curve

1.00 p. u. to 66.67 p. u.

Increments of 0.01 p. u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p. u. to 0.95 p. u.

Increments of 0.01 p. u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz
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Active with reduced sensitivity

1157

Technical Data
11.11 Directional Overcurrent Protection, Ground

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.12 Inrush-Current Detection

11.12 Inrush-Current Detection
Setting Values
Operating limit Imax

0.030 A to 35.000 A
at Irated = 1 A

Increments of 0.001 A
Increments of 0.01 A

0.15 A to 175.00 A
at Irated = 5 A
Content 2nd harmonic

10 % to 45 %

Increments of 1 %

Duration of the crossblock function

0.03 s to 200.00 s

Increments of 0.01 s

Pre-arcing times

Approx. 29 ms

Times

Dropout Ratios
Harmonic: I2nd harm/I1st harm

0.95

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Current measurement Imax

1 % of the setting value or 5 mA

Harmonic: I2nd harm/I1st harm

1 % of the setting value with setting values
of I2nd harm/I1st harm

Time delays

1 % of the setting value or 10 ms

Tolerances
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Technical Data
11.13 Instantaneous High-Current Tripping

11.13 Instantaneous High-Current Tripping
Setting Values
Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.50 to 0.90

Increments of 0.01

Dropout ratio
Dropout

The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time for current > 2·√2·threshold value

Approx. 8 ms + OOT65

Response tolerance, current

5 % of setting value or 10 mA
at Irated = 1 A

Tolerances

5 % of setting value or 50 mA
at Irated = 5 A
Time delays

65 OOT

1160

1 % of the setting value or 10 ms

(Output Operating Time) Additional delay of the output medium used, see Chap. 11.1.4 Relay Outputs
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Technical Data
11.14 Stage with Definite-Time Characteristic Curve

11.14 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
For Irated = 1 A

0.010 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.05 A to 175.00 A

Increments of 0.01 A

Dropout ratio (fixed)

0.95

–

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value66

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 15 ms + OOT67 at 50 Hz
Approx. 14 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT at 50 Hz
Approx. 17 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

66 If

or 25 mA (Irated = 5 A), (frated ± 10 %)

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

67 OOT

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Technical Data
11.14 Stage with Definite-Time Characteristic Curve

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.15 Stage with Inverse-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
For Irated = 1 A

0.010 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.05 A to 175.00 A

Increments of 0.01 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Threshold value68

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

The operate curves and dropout characteristic curves according to IEC can be found in the Technical Data
chapter under Inverse-Time Overcurrent Protection.
Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
The operate curves and dropout characteristic curves according to ANSI/IEEE can be found in the Technical
Data chapter under Inverse-Time Overcurrent Protection.
Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

68 If

Active

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
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11.15 Stage with Inverse-Time Characteristic Curve

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.16 Voltage-Dependent Overcurrent Protection, Phases
Setting Values for All Stage Types
Method of measurement
Overcurrent threshold
value

Fundamental component –
RMS value
For Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

0.10 s to 60.00 s

Increments of 0.01 s

Time delay
Setting Values for Inverse-Time Overcurrent Protection Stages
Method of measurement

Fundamental component –
RMS value

Dropout ratio of undervoltage69

1.01 to 1.20

Increments of 0.01

Undervoltage threshold value69

0.300 V to 175.000 V

Increments of 0.001 V

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Seal-in voltage

0.300 V to 175.000 V

Increments of 0.001 V

Phase-to-phase voltage

0.300 V to 175.000 V

Increments of 0.001 V

Negative-sequence voltage V2

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Duration of V-seal-in time

0.10 s to 60.00 s

Increments of 0.01 s

Setting Values for Definite-Time Overcurrent Protection Stages

Dropout for Inverse-Time Overcurrent Protection Stages
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout
Current

95 % of 1.1 ⋅ threshold value

Voltage69

105 % of threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer 69

150 mV sec.

Reset of the Integration Timer for Inverse-Time Overcurrent Protection Stages

69 The

Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

value is for the inverse-time overcurrent voltage-released stage.
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Technical Data
11.16 Voltage-Dependent Overcurrent Protection, Phases

Dropout for Definite-Time Overcurrent Protection Stages
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or

Voltage transformer

150 mV sec.

2.5 mA sec. (Irated = 5 A)

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

The operate curves and dropout characteristic curves according to IEC can be found in the chapter Technical
Data under Inverse-Time Overcurrent Protection.
Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
The operate curves and dropout characteristic curves according to IEC can be found in the chapter Technical
Data under Inverse-Time Overcurrent Protection.
Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % part of harmonic in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

1166

Voltage

0.5 % of the setting value or 0.05 V

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms
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11.16 Voltage-Dependent Overcurrent Protection, Phases

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.17 Overvoltage Protection with 3-Phase Voltage

11.17 Overvoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value70

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 300.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Type Inverse-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value

0.300 V to 340.000 V

Increments of 0.001 V

Pickup factor

1.00 to 1.20

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve for Stage Type Inverse-Time Overvoltage Protection

70 If

Where
Top

Operate delay

Tinv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

Where
Tinv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V

Measured voltage

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Vthresh

Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT71 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances for Stage Type Definite-Time Overvoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances for Stage Type Inverse-Time Overvoltage Protection

71 OOT

Voltages

0.5 % of the setting value or 0.05 V

Operate time for
1.2 ≤ V/V threshold value ≤ 20

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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11.18 Overvoltage Protection with Positive-Sequence Voltage
Setting Values
Pickup value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT72 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

72 OOT

1170

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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11.19 Overvoltage Protection with Any Voltage

11.19 Overvoltage Protection with Any Voltage
Setting Values
Measured value73

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Pickup value74

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT75 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Tolerances

73 If

the function Overvoltage protection with any voltage is used in a 1-phase function group, the measured-value parameter is not
visible.
74 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
75 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Time delays

1172

1 % of the setting value or 10 ms
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11.20 Undervoltage Protection with 3-Phase Voltage

11.20 Undervoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value76

0.300 V to 175.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Setting Values for Stage Type Inverse-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold

0.300 V to 175.000 V

Increments of 0.001 V

Pickup factor

0.80 to 1.00

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve
Top=TInv+Tadd

76 If

Where:
Top

Operate delay

TInv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

you have selected the Method of measurement = RMS value, do not set the threshold value under 10 V.
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[fo_UVP3ph_inverse, 2, en_US]

Where
TInv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V
VThresh

Measured undervoltage
Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 25 ms + OOT77 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

Tolerances for Stage Type Definite-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

Time delays
77 OOT

1174

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Tolerances for Stage Type Inverse-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

Operate time for 0 < V/VThresh < 0.9

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms
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11.21 Undervoltage Protection with Any Voltage
Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated phase-to-phase voltage VAB
Calculated phase-to-phase voltage VBC
Calculated phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Threshold value78

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT79 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

78 If

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

79 OOT

1176
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11.22 Overfrequency Protection
Setting Values
Pickup values f>

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f>

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT80
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 79 ms + OOT
Approx. 65 ms + OOT

Dropout times f>

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f>
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f>)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

80 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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11.23 Underfrequency Protection
Setting Values
Pickup values f<

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f<

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT81
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 65 ms + OOT
Approx. 54 ms + OOT

Dropout times f<

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f<)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

81 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs

1178
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11.24 Underfrequency Load Shedding
Setting Values for the Function
Minimum voltage

0.300 p.u. to 0.900 p.u.

Increments of 0.001 p.u.

Minimum current

0.020 p.u. to 0.200 p.u.

Increments of 0.001 p.u.

Power angle

-30° to 30°

Increments of 1°

Positive power direction

inv. to CT neu.pnt sett.
acc. to CT neu.pnt sett.

Threshold value for the df/dt-rising 0.1 Hz/s to 20.0 Hz/s
rate or df/dt-falling rate

Increments of 0.1 Hz/s

df/dt measuring window

2 periods to 5 periods

Increments of 1 period

df/dt dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.10 Hz/s

f < stabilization counter

1 to 20

Increments of 1

Pickup threshold

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2000 mHz

Increments of 10 mHz

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Setting Values for the Stage

Times
Pickup times with stabilization counter = 6

Approx. 85 ms + OOT82 at 50 Hz
Approx. 80 ms + OOT at 60 Hz

Dropout time

Approx. 80 ms + OOT at 50 Hz
Approx. 75 ms + OOT at 60 Hz

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout
Frequency

0.01 Hz

df/dt-rising rate and df/dt-falling rate

0.1 Hz/s

Voltage V1

105 % of the threshold value

Current I1

105 % of the threshold value at φ ≤ 0
95.23 % of the threshold value at φ > 0

Power angle

1°

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz
82 OOT

± 5 mHz at V = Vrated

(Output Operating Time): additional time delay of the output medium used, for example, 5 ms with fast relay

SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018

1179

Technical Data
11.24 Underfrequency Load Shedding

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

df/dt, measuring window > 3 periods

Approx. 3 % or 0.06 Hz/s

df/dt, measuring window ≤ 3 periods

Approx. 5 % or 0.06 Hz/s

Minimum voltage

0.5 % of the setting value or 0.05 V

Minimum current

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A), (frated ± 10 %)

Power angle

1°

Time delays

1 % of the setting value or 10 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

1180

Active
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11.25 Rate of Frequency Change Protection
Setting Values for the Function
Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Measuring window

2 periods to 5 periods

Increments of 1 period

Threshold

0.100 Hz/s to 20.000 Hz/s

Increments of 0.025 Hz/s

Dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.01 Hz/s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Setting Values for Stage Types

Dropout
Frequency

Parameterizable dropout differential

Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Times
Pickup time

Approx. 160 ms + OOT83 to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Dropout time

Approx. 160 ms + OOT to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Threshold,
measuring window > 3 periods

Approx. 3 % or 0.060 Hz/s

Threshold,
measuring window ≤ 3 periods

Approx. 5 % or 0.060 Hz/s

83 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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Minimum voltage

1 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms

Functional Measured Value

1182

Value

Description

df/dt

Calculated rate of frequency change
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11.26 Power Protection (P,Q), 3-Phase
Setting Values
Measured value

Positive sequence power
Power of phase A
Power of phase B
Power of phase C

Threshold value

-200.0 % to +200.0 %

Increments of 0.1

Tilt-power characteristic

-89.0° to +89.0°

Increments of 0.1°

Dropout delay time

0.00 s to 60.00 s

Increments of 0.01 s

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

Upper stage: 0.90 to 0.99
Lower stage: 1.01 to 1.10

Increments of 0.01
Increments of 0.01

Pickup times

Approx. 55 ms + OOT84 at 50 Hz
Approx. 45 ms + OOT at 60 Hz

Dropout times

Approx. 55 ms + OOT at 50-Hz
Approx. 45 ms + OOT at 60 Hz

Power

0.5 % Srated ± 3 % of setting value

Times

Tolerances

(Srated: rated apparent power)
Time delays

1 % of the setting value or 10 ms

Variables That Influence Pickup Values
Auxiliary DC voltage in the range 0.8 ≤ Vaux./
Vaux.,rated ≤ 1.15

≤1%

Frequency in the range 0.95 ≤ f/frated ≤ 1.05

≤1%

Harmonics
- Up to 10 % of 3rd harmonics
- Up to 10 % of 5th harmonics

≤1%
≤1%

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz < f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f
f ≤ 10 Hz

84 OOT

Inactive

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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11.27 Instantaneous Tripping at Switch onto Fault
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of
0.01 s

Tolerances
Times

1184

< 1 % of the setting value or 10 ms
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11.28 Circuit-Breaker Failure Protection
Starting Conditions
For circuit-breaker failure protection

3-pole tripping internal or external85

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Monitoring times of the binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

Sensitive threshold value

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria applies:
Dropout differential

95 % of the pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Position supervision via circuit-breaker auxiliary contacts
For 3-pole CB tripping

i

1 input each for make contact and break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

Times

85 Via

Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Typical dropout time

< 15 ms

Dropout time via circuit-breaker auxiliary contact
criterion

< 5 ms

binary inputs
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances

1186
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11.29 Negative-Sequence Protection with Definite-Time Characteristic
Curve
Setting Values
Reference value for I2 (Iref)

Rated object current Irated, obj.
Positive sequence current I1

Pickup value

5.0 % to 999.9 % l2/lref

Increments of 0.1

Time Delay

0.00 s to 60.00 s

Increments of 0.01 s

Release current
(minimum current
release)

1 A @ 50 and 100 Irated 0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated 0.15 A to 50.00 A

Increments of 0.01 A

Maximum phase
current (maximum
current limiting)

1 A @ 50 and 100 Irated 0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated 0.15 A to 175.00 A

Increments of 0.01 A

Times
Pickup times

Approx. 35 ms + OOT

Dropout times

Approx. 35 ms + OOT

Dropout Ratio
Pickup value

Approx. 0.95 for I2/Iref ≥ 0.3

Operating Ranges
Current range

0.05 x Irated, obj ≤ all phase currents ≤ setting value Iph, max

Frequency range

10 Hz to 80 Hz

Tolerances
Pickup value
I2/Irated, obj

Approx. 2 % of the setting value or 0.8 % absolute value (transformer
mismatching < 4)

I2/I1

Approx. 2 % of the setting value or 4 % absolute value (I1 > 50 mA (1 A)
or 250 mA (5 A))

Time delays

1 % of the setting value or 10 ms
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11.30 Stage with Inverse-Time Characteristic Curve
Setting Values
Reference value for I2 (Iref)

Rated object current Irated,obj.
Positive-sequence current I1

Pickup value

5.0 % to 999.9 % l2/lref

Dropout

Disk emulation
Instantaneous

Time multiplier

0.05 to 15.00

Increments of 0.01

Release current (minimum 1 A @ 50 and 100 Irated
current release)
5 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

Maximum phase current
(maximum current
limiting)

Increments of 0.1

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
• Dropout differential derived from the parameter Dropout ratio

•

Dropout differential of 3 % of the object rated current

Times
Pickup time

Approx. 40 ms + OOT86 at 50 Hz
Approx. 35 ms + OOT at 60 Hz

Dropout time

Approx. 35 ms + OOT

Dropout Ratio
Disk emulation

Approx. 0.90 ⋅ threshold value

Instantaneous

Approx. 1.05 ⋅ threshold value
Approx. 0.95 ⋅ pickup value

Operate and Dropout Characteristic Curves
You can select from the following operate and dropout characteristic curves:
Table 11-3

Standard Characteristic Curves to IEC

Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

86 OOT
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See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-1
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-2

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018

Technical Data
11.30 Stage with Inverse-Time Characteristic Curve

Table 11-4

Standard Characteristic Curves to ANSI

Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-3
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-4
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-5
See chapter 11.8.2 Stage with Inverse-Time Characteristic Curve, Figure 11-6

Extension of the Operating Time
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Current Operating Range
Current range

At least one phase current ≥ setting value Irelease
All phase currents ≤ setting value Iph, max

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ 0.9 frated

Slightly expanded tolerances

1.1 frated< f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Reference value = rated current
Pickup value

Approx. 2 % of the setting value or
0.8 % of the absolute value

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the setting value or
+ 2 % of the current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the setting value or
+ 2 % of the current tolerance or 30 ms

Reference value = pos. seq. current
Pickup value

Approx. 2 % of the setting value
or 4 % of the absolute value
(I1 > 50 mA (Irated = 1 A) or 250 mA (Irated = 5 A))

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms
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11.31 Thermal Overload Protection, 3-Phase – Advanced
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values/Increments for the Protection Stage
Threshold current
warning

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold thermal warn.

50 % to 100 %

Increments of 1 %

Dropout threshold operate

50 % to 99 %

Increments of 1 %

Emerg. start T overtravel

0 s to 15 000 s

Increments of 10 s

K-factor acc. to IEC 60225-8

0.10 to 4.00

Increments of 0.01

Thermal time constant

10 s to 60 000 s

Increments of 1 s

Cooling time constant

10 s to 60 000 s

Increments of 1 s

Imax thermal

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

Imin cooling

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.000 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Temperature rise at Irated

40 K to 200 K

Increments of 1 K

Default temperature

-55°C to 55°C

Increments of 1°C

Minimal temperature

-55°C to 40°C

Increments of 1°C

Dropout Ratios
Tripping threshold (fixed at 100 %)

Dropout if value drops below operate indication
dropout threshold

Thermal warning threshold

About 0.99 of the setting value

Current warning threshold

About 0.95 of the setting value

Frequency Range of the Input Signals
The function captures input signals up to the 50th harmonic.
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Tolerances
No filter applied
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A)
or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 50 Hz

4 % or 20 mA ( Irated = 1 A)
or 100 mA ( Irated = 5 A),
4 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 60 Hz

5 % or 25 mA ( Irated = 1 A)
or 125 mA ( Irated = 5 A),
5 % class acc. to IEC 60255-149

With the filter for compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A)
or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 50 Hz

3 % or 20 mA ( Irated = 1 A)
or 100 mA ( Irated = 5 A),
3 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 60 Hz

4 % or 20 mA ( Irated = 1 A)
or 100 mA ( Irated = 5 A),
4 % class acc. to IEC 60255-149

With the filter for gain of harmonics including compensation of the amplitude attenuation87
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A)
or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-14988

Up to 50th harmonic,
frated = 50 Hz

4 % or 20 mA ( Irated = 1 A)
or 100 mA ( Irated = 5 A),
4 % class acc. to IEC 60255-14989

Up to 50th harmonic,
frated = 60 Hz

5 % or 25 mA ( Irated = 1 A)
or 125 mA ( Irated = 5 A),
5 % class acc. to IEC 60255-14989

With reference to the
operate time

Up to 30th harmonic

3 % or 1 s for I/(k ⋅ Irated) > 1.25,
3 % class acc. to IEC 60255-149

87 In

case that the filter response exactly matches the user-defined gain factor.
case that the user-defined gain factor is set below 3. The tolerance is increased if the gain factor is larger.
89 In case that the user-defined gain factor is set below 7. The tolerance is increased if the gain factor is larger.
88 In

SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018

1191

Technical Data
11.31 Thermal Overload Protection, 3-Phase – Advanced

Operate Curve
Operate curve

Where

1192

t

Operate time

τth

Time constant

I

Current load current

Ipreload

Preload current

k

Setting factor according to VDE 0435 part 3011 or
IEC 60255-149 (K factor)

Irated, obj

Rated current of the protected object
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Figure 11-15

Operate Curve of Overload Protection
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11.32 Thermal Overload Protection, 1-Phase
Setting Values/Increments for the Protection Stage
Threshold current
warning

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold thermal warn.

50 % to 100 %

Increments of 1 %

Dropout threshold operate

50 % to 99 %

Increments of 1 %

K-factor acc. to IEC 60225-149

0.10 to 4.00

Increments of 0.01

Thermal time constant

10 s to 60 000 s

Increments of 1 s

Imax thermal

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Temperature rise at Irated

40 K to 200 K

Increments of 1 K

Default temperature

-55°C to 55°C

Increments of 1°C

Minimal temperature

-55°C to 40°C

Increments of 1°C

Dropout Ratios
Tripping threshold (fixed at 100 %)

Dropout if value drops below operate indication
dropout threshold

Thermal warning threshold

About 0.99 of the setting value

Current warning threshold

About 0.95 of the setting value

Frequency Range of the Input Signals
The function captures input signals up to the 50th harmonic.
Tolerances
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A)
or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 50 Hz

4 % or 20 mA ( Irated = 1 A)
or 100 mA ( Irated = 5 A),
4 % class acc. to IEC 60255-149

Up to 50th harmonic,
frated = 60 Hz

5 % or 25 mA ( Irated = 1 A)

Up to 30th harmonic

3 % or 1 s for I/(k ⋅ Irated) > 1.25,

or 125 mA ( Irated = 5 A),
5 % class acc. to IEC 60255-149

With reference to the
operate time
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3 % class acc. to IEC 60255-149
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Operate Curve
Operate curve

Where

t

Operate time

τth

Time constant

I

Current load current

Ipreload

Preload current

k

Setting factor according to VDE 0435 part 3011 or
IEC 60255-8 (K factor)

Irated, obj

Rated current of the protected object
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[dwauslke-100611-01.tif, 1, en_US]

Figure 11-16
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Operate Curve of Overload Protection
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11.33 Temperature Supervision
Setting Values
Pickup value

-50 °C to 250 °C
-58 °F to 482 °F

Increments of 1°C
Increments of 1°F

Time delay

0 s to 60 s
or ∞

Increments of 1 s

Dropout Conditions
Dropout differential

3 °C or 6 °F

Tripping delay

±1 % of the setting value or ±10 ms

Measured temperature value

±0.5 % of the setting value or ±1 °C or ±2 °F

Tolerances
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11.34 Analog-Units Function Group
20-mA Unit Ether. 7XV5674-0KK00-1AA1
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

20-mA Unit Serial 7XV5674-0KK30-1AA1 (RS485) and 7XV5674-0KK40-1AA1 (Fiberglass)
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

RTD Unit (Ziehl TR1200) 7XV5662-6AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

RTD Unit (Ziehl TR1200 IP) 7XV5662-8AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

Temperature Measured Values

1198

Unit of measurement for temperature

°C or °F, adjustable

Pt 100

-199 °C to 800 °C (-326 °F to 1472 °F)

Ni 100

-54 °C to 278 °C (-65 °F to 532 °F)

Ni 120

-52 °C to 263 °C (-62 °F to 505 °F)

Resolution

1 °C or 1 °F

Tolerance

±0.5 % of the measured value ±1 K
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11.35 Synchronization Function
Operating Modes
Synchrocheck
Switching synchronous systems
Switching asynchronous systems
De-energized switching
Direct closing command
Setting Values
Supervision/Delay times:
Max.durat. sync.process

0.00 s to 3 600.00 s or ∞ (ineffective)

Increments of 0.01 s

Supervision time de-energized
switching

0.00 s to 60.00 s

Increments of 0.01 s

Closure delay

0.00 s to 60.00 s

Increments of 0.01 s

Upper voltage limit Vmax

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

Lower voltage limit Vmin

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-tophase)
0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V
Increments of 0.001 V

Voltage threshold values:

Differential values, changeover thresholds asynchronous/synchronous/balancing.:
Voltage differences
V2 > V1; V2 < V1

0.000 V to 170.000 V

Increments of 0.001 V

Frequency difference f2 > f1;
f2 < f1

0.000 Hz to 2.000 Hz (synchronous)
0.000 Hz to 4.000 Hz (asynchronous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1

0o to 90o

Increments of 1o

Angle adjustment

0.0o to 360.0o

Increments of 0.1o

Voltage adjustment

0.500 to 2.000

Increments of 0.001

0.01 s to 0.60 s

Increments of 0.01 s

Adjustments of the sides:

Circuit breaker
Closing time of the circuit breaker
Dropout Ratio
Min./max. operating limit

1 % of the setting value

Voltage differential

10 % of the setting value or 0.5 V

De-energized/energized

5 % of the setting value

Frequency difference

3 mHz

Angle difference

0.1o
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Measured Values of the Synchronization Function
Reference voltage V1

•
•

Range
Tolerance at rated frequency

Voltage to be synchronized V2

•
•

Range
Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated
In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated

•
•

Frequency of the voltage V1f1
Range
Tolerance at rated frequency

f1 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

•
•

Frequency of the voltage V1f2
Range
Tolerance at rated frequency

f2 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

Voltage difference V2-V1

In kV primary, in V secondary or in % Vrated

•
•

Range
Tolerance at rated frequency

Display always as phase-to-phase voltage in relation
to side 1
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated

Frequency difference f2-f1
• Range
• Tolerance at rated frequency

In mHz
frated ± 10 %

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o

1 mHz
-180o to +180o
0.5o

Times
Measuring time, after switching on the variables

Approx. 80 ms

Operating Range
Voltage

20 V to 340 V

Frequency

frated - 4 Hz ≤ frated ≤ frated + 4 Hz

Tolerances of the voltage settings

2 % of the pickup value or 1 V

Voltage difference V2>V1; V2<V1

1V

Frequency difference f2>f1; f2<f1

10 mHz

Angle difference α2>α1; α2<α1

1o

Tolerance of all time settings

10 ms

Max. phase displacement angle

5o for Δf ≤ 1 Hz

Tolerances

10o for Δf > 1 Hz
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11.36 Arc Protection
Setting Values
Threshold I>

Threshold 3I0>>

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

External trip initiation

no
current
light

Operating mode

light only
current and light

Sensor

point sensor
line sensor
custom

Threshold light

-28.00 dB to 0.00 dB

Channel

Possible settings, application-dependent

Increments of 0.01

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from the Dropout ratio parameter
If this parameter is not available, a dropout ratio of 95 % applies to the overcurrent protection and a dropout
ratio of 105 % applies to the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Shortest operate time
Operating mode = light only
Shortest operate time
Operating mode = Current and light

Approx. 2.6 ms + OOT 90
Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

90 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relay, see chapter 11.1.4 Relay
Outputs
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11.37 Voltage Controller
Setting Values
General Information
I reference for % values91

1.0 A to 100 000.00 A

Increments of 0.1 A

V reference for % values92

0.200 kV to 1 200.000 kV Increments of 0.001 kV
0.20 MVA to 5000.00
MVA

Increments of 0.01 MVA

110.000 V to 340.000 kV

Increments of 0.001 kV

110.000 V to 340.000 kV

Increments of 0.001 kV

Bandwidth

0.2% to 10.0%

Increments of 0.1%

T1 delay

5 s to 600 s

Increments of 1 s

T1 Inverse Min

5 s to 100 s

Increments of 1 s

T2 delay

0 s to 100 s

Increments of 1 s

Fast step down limit

0.0 % to 50.0 %

Increments of 0.1 %

Fast step down T delay

0.0 s to 10.0 s

Increments of 0.1 s

Fast step up limit

-50.0 % to 0.0 %

Increments of 0.1 %

Fast step up T delay

0.0 s to 10.0 s

Increments of 0.1 s

Function monitoring

1 min to 120 min

Increments of 1 min

Target voltage rising

0.0% to 20.0%

Increments of 0.1%

Max load current

0.0% to 500.0%

Increments of 0.1%

Rated app. power

transf.93

Volt. cont. 2W
Target voltage 1
Target voltage 2
Target voltage 3
Target voltage 4
Volt. cont. 3W and GC
Target voltage 1 w1
Target voltage 2 w1
Target voltage 3 w1
Target voltage 4 w1
Target voltage 1 w2
Target voltage 2 w2
Target voltage 3 w2
Target voltage 4 w2
Volt. cont. 2W, 3W, and GC

Line compensation LDC-Z

Line compensation LDC-XandR (two-winding transformer)
R line

0.00 Ω to 30.00 Ω

Increments of 0.01 Ω

X line

-30.00 Ω to 30.00 Ω

Increments of 0.01 Ω

R line

0.0 Ω to 30.0 Ω

Increments of 0.1 Ω

X line

-30.00Ω to 30.0 Ω

Increments of 0.1 Ω

Vmin threshold

10.000 kV to 340.000 kV

Increments of 0.001 kV

Vmin time delay

0 s to 20 s

Increments of 1 s

Line compensation LDC-XandR

Limiting values

91 Only

visible in the voltage-control operation without parallel operation
visible in the voltage-control operation without parallel operation
93 Only visible in the voltage-control operation without parallel operation
92 Only

1202

SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018

Technical Data
11.37 Voltage Controller

Vmax threshold

10.000 kV to 340.000 kV

Increments of 0.001 kV

Vmax time delay

0 s to 20 s

Increments of 1 s

V< Threshold

10.000 kV to 340.000 kV

Increments of 0.001 kV

V< Time delay

0 s to 20 s

Increments of 1 s

I> Threshold

10 % to 500 %

Increments of 1 %

I> Time delay

0 s to 20 s

Increments of 1 s

I< Threshold

3 % to 100 %

Increments of 1 %

I< Time delay

0 s to 20 s

Increments of 1 s

Parallel-transfomer id

0 to 8

Increments of 1

Maximal tap difference

1 to 9

Increments of 1

Reactive I control factor

0.01 to 100.00

Increments of 0.01

VT supervision threshold

0.5% to 10.0%

Increments of 0.1 %

VT supervision time delay

1 s to 600 s

Increments of 1 s

Circul. current threshold

10 % to 500 %

Increments of 1 %

Circul. current time delay

0 s to 1000 s

Increments of 1 s

Blockings

Parallel control

Measured Values, Two-Winding Transformer
Measured Value
V act.

Description

Primary

Secondary % Referenced to

Current, measured positivesequence voltage (referenced
to phase-to-phase)

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

%

%

Voltage difference referenced
to the rated voltage of the
controlled winding

I load

Current measured load current A
(positive-sequence system)

A

Load current referenced to the
rated value of the function

V max

Maximum positive-sequence
voltage ever measured (referenced to phase-to-phase)

kV

V

Maximum voltage of the
winding referenced to the
rated voltage of the winding

V min

Minimum positive-sequence
voltage ever measured (reference to phase-to-phase)

kV

V

Minimum voltage of the
winding referenced to the
rated voltage of the winding

V target

Calculated target voltage with
consideration of Z compensation

kV

V

Target voltage of the winding
referenced to the rated voltage
of the winding

PhAng

Phase angle of the currently
measured load current

°

°

-

I load Σ

Sum of the currently measured A
load currents. Active when line
compensation is activated.

A

Load current referenced to the
rated current of the function

I circul.

Currently measured circulating A
reactive current

A

Circulating reactive current

Vact.m

Currently measured control
voltage

kV

V

Current voltage of the control
referenced to the rated voltage
of the function

ΔVactV

Voltage difference

%

%

Voltage difference referenced
to the rated voltage of the
function
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Measured Value
ΔVactC

Description

Primary

Secondary % Referenced to

Voltage difference

%

%

Description

Primary

Secondary % Referenced to

Actual voltage of winding

kV

V

Target voltage of the primary
system referenced to the rated
voltage of the function

Voltage difference referenced
to the rated voltage of the
function

Measured Values for Parallel Control, Proxy
Measured Value
V act.

1/X trf.

Susceptance, internal value for 1/Ω
GOOSE transmission

I load

Load current

A

-

Load current referenced to the
rated current of the function

PhAng

Phase angle of the load current °
relative to the voltage with a
power factor of 1.0

°

Phase angle of the load current
100 % = 180°

Measured Values, Three-Winding Transformer

1204

Measured Value
Vact.w1

Description

Primary

Secondary % Referenced to

Actual voltage of winding 1

kV

V

Target voltage of the primary
system referenced to the rated
voltage

Vact.w2

Actual voltage of winding 2

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

%

%

Voltage difference referenced
to the rated voltage of the
controlled winding

I load w1

Load current of winding 1

A

A

Load current referenced to the
rated current of winding 1

I load w2

Load current of winding 2

A

A

Load current referenced to the
rated current of winding 2

Vmax 1

Maximum voltage of winding 1 kV

V

Maximum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmax 2

Maximum voltage of winding 2 kV

V

Maximum voltage of winding 2
referenced to the rated voltage
of winding 2

Vmin 1

Minimum voltage of winding 1 kV

V

Minimum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmin 2

Minimum voltage of winding 2 kV

V

Minimum voltage of winding 2
referenced to the rated voltage
of winding 2

V tar.w1

Target voltage of winding 1

kV

V

Target voltage of winding 1
referenced to the rated voltage
of winding 1

V tar.w2

Target voltage of winding 2

kV

V

Target voltage of winding 2
referenced to the rated voltage
of winding 2
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Measured Values Grid Coupling Transformer
Measured Value
Vact.w1

Description

Primary

Secondary % Referenced to

Actual voltage of winding 1

kV

V

Target voltage of the primary
system referenced to the rated
voltage

Vact.w2

Actual voltage of winding 2

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

%

%

Voltage difference referenced
to the rated voltage of the
controlled winding

I load w1

Load current of winding 1

A

A

Load current referenced to the
rated current of winding 1

I load w2

Load current of winding 2

A

A

Load current referenced to the
rated current of winding 2

Vmax 1

Maximum voltage of winding 1 kV

V

Maximum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmax 2

Maximum voltage of winding 2 kV

V

Maximum voltage of winding 2
referenced to the rated voltage
of winding 2

Vmin 1

Minimum voltage of winding 1 kV

V

Minimum voltage of winding 1
referenced to rated voltage of
winding 1

Vmin 2

Minimum voltage of winding 2 kV

V

Minimum voltage of winding 2
referenced to rated voltage of
winding 2

V tar.w1

Target voltage of winding 1

kV

V

Target voltage of winding 1
referenced to the rated voltage
of winding 1

V tar.w2

Target voltage of winding 2

kV

V

Target voltage of winding 2
referenced to the rated voltage
of winding 2

Dropout Ratio
Threshold of the voltage limit

About 0.98 of the setting value

Threshold of the current limit

About 0.95 of the setting value
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11.38 Current-Balance Supervision
Setting Values
Release threshold

Irated= 1 A

0.030 A to 35.000 A

Increments of 0.001 A

Irated= 5 A

0.15 A to 175.00 A

Increments of 0.01 A

Threshold min/max

0.10 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overcurrent dropout ratio

Approx. 0.97

Undercurrent dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.39 Voltage-Balance Supervision
Setting Values
Release threshold

0.300 V to 170.000 V

Increments of 0.001 V

Threshold min/max

0.58 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overvoltage dropout ratio

Approx. 0.97

Undervoltage dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.40 Current-Sum Supervision
Setting Values
Slope factor
Threshold

Delay failure indication

0.00 to 0.95

Increments of 0.01

1 A @ 50
and100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50
and100 Irated

0.15 A to 50.00 A

Increments 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.41 Voltage-Sum Supervision
Setting Values
Threshold

0.300 V to 170.000 V

Increments of 0.001 V

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.42 Current Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times

1210

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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11.43 Voltage Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times
Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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11.44 Trip-Circuit Supervision
Setting Values

1212

Number of monitored circuits per circuit-breaker function group

1 to 3

Operating mode per circuit

With 1 binary input
With 2 binary inputs

Pickup and dropout time

About 1 s to 2 s

Adjustable indication delay with 1 binary input

1.00 s to 600.00 s

Increments of 0.01 s

Adjustable indication delay with 2 binary inputs

1.00 s to 600.00 s

Increments of 0.01 s
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11.45 Analog Channel Supervision via Fast Current Sum
Times
Pickup times

Approx. 2 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms

Blockings
Blocked functions
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11.46 Measuring-Voltage Failure Detection
Setting Values
3ph.fail. - VA,VB,VC <

0.300 V to 340 000 V

Increments of 0.001 V

3ph.fail. - phs.curr.release 1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

3ph.fail. - phs.curr. jump

0.005 A to 8.000 A

Increments of 0.001 A

Asym.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

SO 3ph.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the Dropout ratio parameter
If this parameter is not available, a dropout ratio of 95 % applies to the overvoltage protection and a dropout
ratio of 105 % applies to the undervoltage protection.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 10 ms + OOT94 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Times
Use in function group Line
Pickup time

Approx. 10 ms + OOT95 at 50 Hz
Approx. 9 ms + OOT at 60 Hz

Use in other function group types
Pickup time

Approx. 20 ms + OOT96 at 50 Hz
Approx. 18 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

94 OOT

(Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
(Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter 11.1.4 Relay
Outputs
96 OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter 11.1.4 Relay
Outputs
95 OOT
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f < 10 Hz
f > 80 Hz

Active

Tolerances
Currents

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Voltages

0.5 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms
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11.47 Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:
• The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•

The values were determined for pure sinusoidal signals – without harmonics.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Instrument Transformers
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1:6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1216

0.3 % of the measured value in the above mentioned
measuring range
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Currents, Protection-Class Current Transformer
IA, IB, IC, 3I0
Current range

A secondary
< 100 Irated

Rated currents
Measuring range
Frequency range

1 A, 5 A
0.1 to 25 A
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Sensitive Ground-Current Transformer
3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Phase Angle
ΦU

°

Frequency range

47.5 Hz to 52,5 Hz at frated = 50 Hz
57.5 Hz to 62,5 Hz at frated = 60 Hz

Tolerance ΦU

0.2 ° at rated voltage

ΦI

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦI

0.2 ° at rated current

Power Values
Active power P

W secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.01
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz
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Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Reactive power Q

var secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≤ 0.984
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

1.0 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1.5 % of the measured value in the above mentioned
measuring range

Apparent power S

VA secondary

Measuring range
Voltage range
Current range
Frequency range

(0.01 to 2) · Srated
(0.8 to 1.2) · Vrated
(0.01 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

0.3 % of the measured value in the above mentioned
measuring range
40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Frequency f

Hz

Range

frated - 0.20 Hz < frated + 0.20 Hz

Tolerance

± 5 mHz in the Vrated range

Range

frated - 3.00 Hz < frated + 3.00 Hz

Tolerance

± 10 mHz in the Vrated range

Frequency range (expanded)

25 Hz to 80 Hz; operational measured values
10 Hz to 80 Hz; functional measured values, system
frequency

Tolerance

20 mHz in the range frated ± 10 % for rated values

Frequency

Statistical Values of the Device

1218

Device operating hours

h

Range

0 to 9999999 h

Tolerance

1h
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Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2e+15

Operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None
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11.48 Energy Values
Setting Values
Active energy Wp

kWh, MWh, GWh

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.01
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned measuring
range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frted = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned measuring
range

Reactive energy Wq

kvarh, Mvarh, Gvarh

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≤ 0,984
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

1.0 % of the measured value in the above mentioned measuring
range
40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance
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1.5 % of the measured value in the above mentioned measuring
range
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11.49 CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level
Fast Event-Triggered

Time (in ms)

Ticks CP300

<1

3000

Event-Triggered

<10

15 006

Interlocking

<10

144 022 in total

Measurement

250

The times describe the response time of a typical CFC chart at the respective task level. The maximum number
of ticks applies to a typical load for the device based on the application template 6MD85 Standard (double
busbar feeder with switchgear interlocking protection).
The task level Measurement runs in cycles every 500 ms. All other task levels are event-triggered.
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
TChart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered level
104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Table 11-5)

Table 11-5

Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1

BSC_INFO

2.7
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Element

Ticks

BUILD_ACD

2.9

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

ENC_DEF

3.6

ENC_EXE

3.8

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1
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Element

Ticks

GE_D

0.9

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4
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1224

Element

Ticks

SPC_INFO

0.4

SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TP

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2

2.6
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NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.
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Preface

Purpose of the Manual
This manual describes the protection, automation, control, and monitoring functions of the SIPROTEC 5
devices.
Target Audience
Protection system engineers, commissioning engineers, persons entrusted with the setting, testing and maintenance of automation, selective protection and control equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.

SIPROTEC 5, Low-Impedance Busbar Protection, Manual
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•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States concerning electromagnetic
compatibility (EMC Directive 2014/30/EU), restriction on usage of hazardous
substances in electrical and electronic equipment (RoHS Directive 2011/65/EU), and
electrical equipment for use within specified voltage limits (Low Voltage Directive
2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive), the standard
EN 50581 (for RoHS directive), and with the product standard EN 60255-27 (for Low
Voltage Directive) by Siemens.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see ul.com
You can find the product with the UL File Number E194016.
IND. CONT. EQ.
69CA
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Additional Support
For questions about the system, contact your Siemens sales partner.
Customer Support Center
Our Customer Support Center provides a 24-hour service.
Siemens AG
Customer Support Center
Humboldtstrasse 59
90459 Nuremberg
Germany
E-mail:
support.energy@siemens.com
Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstrasse 59
90459 Nuremberg
Germany

Phone:
Fax:
E-mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:

•
•
•

Proper transport
Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:

•
•
•

The equipment must be grounded at the grounding terminal before any connections are made.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

All circuit components connected to the power supply may be subject to dangerous voltage.
Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).

Used Symbols on Device
No.

6

Symbol

Description

1

Direct current, IEC 60417, 5031

2

Alternating current, IEC 60417, 5032

3

Direct and alternating current, IEC 60417, 5033

4

Earth (ground) terminal, IEC 60417, 5017

5

Protective conductor terminal, IEC 60417, 5019
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No.

Symbol

Description

6

Caution, risk of electric shock

7

Caution, risk of danger, ISO 7000, 0434

8

Protective Insulation, IEC 60417, 5172, Safety Class II devices

9

Guideline 2002/96/EC for electrical and electronic devices

10

Guideline for the Eurasian Market
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795

11.2

Date and Time Synchronization

808

11.3

Busbar Differential Protection

809

11.4

Circuit-Breaker Failure Protection 1-Pole/3-Pole

811

11.5

Circuit-Breaker Failure Protection 3-Pole

813

11.6

Inherent Circuit-Breaker Failure Protection

815

11.7

End-Fault Protection Disconnector Supervision

816

11.8

External Tripping Busbar Section (Direct)

817

11.9

External Tripping Busbar Section (from Bay)

818

11.10

Bus Coupler Differential Protection

819

11.11

Differential Current Supervision

820

11.12

Zero-Crossing Supervision

821

11.13

Disconnector Supervision

822

11.14

Circuit-Breaker Supervision

823

11.15

Overcurrent Protection, Phases

824

11.16

Overcurrent Protection, Ground

833

11.17

Directional Overcurrent Protection, Phases

842

11.18

Directional Overcurrent Protection, Ground

846

11.19

Voltage Protection

850

11.20

Frequency Protection

861

11.21

Voltage-Jump Detection

864

11.22

Measuring-Voltage Failure Detection

865

11.23

Voltage-Transformer Circuit Breaker

867

11.24

Voltage-Balance Supervision

868

11.25

Voltage-Sum Supervision

869

11.26

Voltage Phase-Rotation Supervision

870

11.27

Impedance Protection

871

11.28

Arc Protection

872

11.29

Inrush-Current Detection

873

11.30

2nd Harmonic Detection Ground

875

11.31

Trip-Circuit Supervision

876

11.32

Analog Channel Supervision via Fast Current Sum

877

11.33

Operational Measured Values and Statistical Values

878

11.34

Analog-Units Function Group

880
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11.35

Temperature Supervision

881

11.36

Protection Interface and Protection Topology

882

11.37

Phasor Measurement Unit

884

11.38

Measuring Transducers

885

11.39

Circuit-Breaker Wear Monitoring
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11.40
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11.1

General Device Data

11.1.1 Analog Inputs
Current Inputs
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Protection-class current transformers

Rated current Irated

Measuring range

5A

0 A to 500 A

1A

0 A to 100 A

Consumption per current input at
rated current

Approx. 0.1 VA

Thermal rating
(protection-class current transformers)

500 A for 1 s
150 A for 10 s
20 A continuously
25 A for 3 min
30 A for 2 min

Dynamic load-carrying capacity

1250 A one half wave

GIS Low-Power Current Input (via Module IO240)
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz
60 Hz

Rated current Irated - 50 Hz

Min. 13 mV
Max. 332 mV

Rated current Irated - 60 Hz

Min. 15.4 mV
Max. 386 mV

Measuring range

50 ⋅ Irated (Protection channel)
1.6 ⋅ Irated (Metering channel)

Power consumption per current
circuit at rated current

Max. 40 mVA
Burden = 9.5 kΩ

Thermal rating

Max. input voltage = 20 V

Accuracy

Class 5TPE (Protection channel)
Class 0.2S (Metering channel)

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Input and output modules

IO102, IO202, IO208, IO211,
IO214

IO215

Measuring range

0 V to 200 V

0 V to 7.07 V

Burden

< 0.1 VA

< 0.01 VA

Thermal rating

230 V continuously

20 V continuously
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GIS Low-Power Voltage Input (via Module IO240)
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz
60 Hz

Rated voltage Vrated - 50 Hz

Min. 0.25 mA
Max. 2.00 mA

Rated voltage Vrated - 60 Hz

Min. 0.30 mA
Max. 2.20 mA

Measuring range

2 ⋅ Vrated

Power consumption per current
circuit at rated current

Max. 1 mVA
Burden = 50 Ω

Thermal rating

Max. input current = 4.4 mA

Accuracy

Class 0.1

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)
Insulation class

SELV (Safety Extra Low Voltage) (according to IEC 60255-27)

Connector type

8-pin terminal spring

Differential current input channels

4

Measuring range

DC -25.6 mA to +25.6 mA

Fault

< 0.5 % of the measuring range

Input impedance

140 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 20 V

Galvanic separation from ground/
housing

DC 700 V

Permissible overload

DC 100 mA continuously

Measured-value repetition

200 ms

Inputs for Optical Sensors for Arc Protection (via Module ARC-CD-3FO)
Connector type

AVAGO AFBR-4526Z

Number of transceivers

3

Fiber type

Plastic Optical Fiber (POF) 1 mm

Receiver
Maximum

-10 dBm ± 2 dBm

Minimum

-40 dBm ± 2 dBm

Spectrum

400 nm to 1100 nm

Attenuation

In the case of plastic optical fibers, you can expect a path attenuation of
0.2 dB/m. Additional attenuation comes from the plug and sensor head.

Optical budget13

Minimal 25 dB

Analog sampling rate

16 kHz

ADC type

10-bit successive approximation

Transmitter

13

796

Type

LED

Wavelength

λ = 650 nm

All values in combination with sensors approved by Siemens.
SIPROTEC 5, Low-Impedance Busbar Protection, Manual
C53000-G5040-C019-9, Edition 01.2020

Technical Data
11.1 General Device Data

Transmitter power

Minimum 0 dBm
Maximum 2 dBm

Numerical aperture

0.5 14

Signal rate connection test

1 pulse per second

Pulse duration connection test

11 μs

High-Speed Measuring-Transducer Inputs, Voltage/Current (via IO210, IO212)

i

NOTE
Current and voltage must not be connected at the same time to one measuring-transducer input. Instead,
only connect either current or voltage. For EMC reasons, do not connect a line to an unused input (current
or voltage).
Use shielded cables.
Table 11-1

High-Speed Measuring-Transducer Inputs, Voltage

Differential voltage input channels

IO210: 415
IO212: 816

Measuring range

DC -10 V to +10 V

Fault

< 0.5 % of the measuring range

Input impedance

48 kΩ

Max. permissible voltage with
respect to ground on the measuring inputs

300 V

Permissible overload

DC 20 V continuously
DC 60 V continuously (IO210 MT3 terminal point C9)

Table 11-2

High-Speed Measuring-Transducer Inputs, Current

Differential current input channels

IO210: 417
IO212: 818

Measuring range

DC -20 mA to +20 mA

Fault

< 0.5 % of the measuring range

Input impedance, current

12 Ω

Permissible potential difference
between channels

DC 3.5 kV

Galvanic separation with respect to DC 3.5 kV
ground/housing
Permissible current overload
Table 11-3

DC 100 mA continuously

Common Data for the Fast Measuring-Transducer Inputs, Voltage/Current

Conversion principle

Delta-sigma (16 bit)

Insulation test voltage between the DC 3.5 kV
channels

Numerical aperture (NA = sin θ (launch angle))
The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
16 The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
17 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
18 The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
14

15
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Insulation test voltage with respect DC 3.5 kV
to ground/housing
Measured-value repetition

62.5 μs

Insulation class IO210

ELV (Extra Low Voltage) (as per IEC 60255-27)

Insulation class IO212

SELV (as per IEC 60255-27)

Temperature Inputs
Settings

Value

Insulation class

PELV (Protective Extra Low Voltage) –
(acc. to IEC 60255-27)

•
•
•

Measurement mode

Note

Pt 100 Ω

–

Ni 100 Ω
Ni 120 Ω

3-wire connection, shielded cables
Connector type

16-pin, 17-pin terminal spring

–

Temperature measuring range

-65 °C to +710 °C

For PT100

-50 °C to +250 °C

For NI100

-50 °C to +250 °C

For NI120

Temperature Inputs (via Module IO240)
Settings

Value

Sensor Type

PT100 (Class F 0.3 EN 60751)
4-wire shielded cable connection

Measurement range

-50 °C to +150 °C
Shot circuit and broken-wire detection

Accuracy

±1 °C

LPIT Digital Input (via Module IO240)
Shield Cover Input
Sensor type

Dry contact input

Measurement type

Output voltage of 1 mA current injection @ max. DC 5 V

11.1.2 Supply Voltage
Integrated Power Supply
For modular devices, the following modules contain a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
PS204 – Redundant power supply
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, PS204,
CB202)

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, PS204,
CB202)

798

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz

DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
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Integrated Power Supply
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11,
IEC 61000-4-17
Inrush current

≤ 18 A

Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

DC 24 V to DC 48 V

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V

PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202
(to device version xA)

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, PS204,
CB202
(Device version xB and
higher)

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

3.15 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)
–

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 module, non-modular 7 W
Without plug-in modules

DC

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

55 VA

40 VA

1/6 expansion module

6 VA

6 VA

1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

3W

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA
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Integrated Power Supply
Stored-energy time for auxiliary voltage outage or
short circuit, modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

11.1.3 Binary Inputs
Standard Binary Input
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar, with the exception of the
binary inputs on the modules IO230, IO231, and IO233.

Current consumption, excited

Approx. DC 0.6 mA to 2.5 mA (independent of the control voltage)

Power consumption, max.

0.6 W

Pickup time
Dropout

time19

Control voltage for all modules
with binary inputs, except
module IO233

Approx. 3 ms
Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage

Vlow ≤ DC 10 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V

Control voltage for binary inputs of Range for 125 V
the IO233 module
Control voltage
Maximum permitted voltage

Vhigh ≥ DC 19 V
Vhigh ≥ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.
Special Binary Input with Maximized Robustness against Electrical Disturbances and Failures (IO216)

19
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Rated voltage range

DC 220 V
The special binary inputs of the SIPROTEC 5 with maximized robustness
against electrical disturbances and failures are bipolar and available only
on the module IO216.

Input impedance

50 kΩ to 60 kΩ

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge
of the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Rejection pulse charge

> 200 µC

Current consumption, excited

Approx. DC 1.2 mA to 2.0 mA (additionally to the current consumption
of the input impedance)

Power consumption, max.

1.5 W at DC 242 V

Pickup time

Approx. 3 ms

Dropout

time20

Control voltage for the module
IO216
Maximum permitted voltage

Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 3 ms

< 10 nF

< 4 ms

< 50 nF

< 5 ms

< 220 nF

< 10 ms

Range for 220 V control voltage
Threshold pickup

158 V to 170 V

Threshold dropout

132 V to 154 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.

11.1.4 Relay Outputs
Standard Relay (Type S)

20

Making capacity

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge
of the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Fast Relay (Type F)
Making capacity

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)

High-Speed Relay with Semiconductor Acceleration (Type HS)
Making capacity

Max. 2500 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 2500 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5 A (according to UL certification)
10 A (no UL certification; AWG 14 / 2.5-mm2 (0.0039in2) copper conductors necessary)

802

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300
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11.1.5 ETH-BD-2FO
Description

Communication module for the transmission of Ethernet protocols via
2 optical interfaces, suitable for Process-bus client, Merging Unit, and
ultrafast GOOSE

Product code

P1Zxxxxxxxxxx

Figure

Connector type

2 x duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

Protocol

DIGSI 5 protocol (secure Web service protocol)
IEC 61850 (MMS and GOOSE)
IEC 61850-8-1 (9-2 Client and 9-2 Merging Unit)
IEC 60870-5-104
You can switch other network services such as RSTP, PRP, SNTP, and
IEEE 1588v2/PTP on and off.

Max. line length

2 km for 62.5 µm/125 µm optical fibers

Transmitter Power

Minimum

Typical

Maximum

-24.0 dBm

-21.0 dBm

-17.0 dBm

62.5 μm/125 μm, NA21 = 0.275

-20.0 dBm

-17.0 dBm

-14.0 dBm

Receiver sensitivity

Maximum -12.0 dBm
Minimum -31.0 dBm

Optical budget

Minimum 7.0 dB for 50 μm/125 μm, NA21 = 0.2

50 μm/125 μm,

NA21

= 0.2

Minimum 11.0 dB for 62.5 μm/125 μm, NA21 = 0.275

i

Interface design

Corresponds to IEEE 802.3, 100Base-FX

Laser class 1 as per EN 60825-1/-2

With the use of 62.5 μm/125 μm and 50 μm/125 μm optical fibers

NOTE
The firmware must be updated to version ≥ V7.90 if using the ETH-BD-2FO module. If the module is
connected to a device with a previous version, a hardware failure is reported that disappears with an FW
update to V7.90. As this is not an actual hardware failure, there is no need to send in the device.
The ETH-BD-2FO module offers the possibility of replacing the SFPs (Small Form-Factor Pluggable) delivered by
default for a communication route of up to 2 km by SFPs that can be ordered separately in order to adapt the
interface to different transmission media and longer routes.

SFP with Optical Interface for 24 km, Single Mode

21

Description

SFP for distances up to 24 km when using singlemode optical fibers

Product code

P1Zxxxxxxxxxx

Numerical Aperture (NA = sin θ [launch angle])
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Connector type

Duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

Protocol

See information for the module ETH-BD-2FO

Max. line length

24 km for 9 µm/125 µm optical fibers

Distance 24 km
Laser class 1 as per EN 60825-1/-2

With the use of 9 µm/125 µm optical fibers

Transmitter Power

Minimum

Maximum

Transmitter power coupled in
singlemode optical fibers

-15 dBm

-8 dBm

Receiver sensitivity

-8 dBm

-31dBm

Optical budget

16 dB

–

SFP with Electrical Interface
Description

SFP with RJ45 connector, for Ethernet protocols via an electrical interface

Product code

P1Zxxxxxxxxxx

Connector type

RJ45

Baud rate

100 Mbit/s

Protocol

See information for the module ETH-BD-2FO

Max. line length

20 m with Ethernet patch cable CAT 6 S/FTP, F/FTP, or SF/FTP

Interface design

Corresponds to IEEE 802.3, 100Base-TX

Removing SFP Pluggable Transceivers

!

CAUTION
Risk of burns due to high temperatures of the SFP pluggable transceivers
Noncompliance with the safety notes may result in medium or light injuries.
²

The SFP pluggable transceivers can be disconnected and plugged in while in operation. Siemens
recommends switching off the device.

²

Allow the SFP pluggable transceiver to cool as much as possible.

✧
✧
✧
✧

Remove the connecting cables or the dust protection cap that was plugged on in the delivery state from
the SFP pluggable transceiver.
In order to release the interlocking, open the bracket on the SFP pluggable transceiver.
Pull on the bracket in order to pull the SFP pluggable transceiver out of the slot. The removal must be
possible with free movement and without great exertion of force.
Provide the SFP pluggable transceiver with the dust protection cap so that the optics are protected from
contamination.

Mounting SFP Pluggable Transceivers
✧
✧

804

Check whether the bracket on the SFP pluggable transceiver is closed.
The bracket must be closed.
Insert the pluggable transceiver into the slot until it audibly locks in place.
The SFP is securely fixed in the slot.
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i

NOTE
Check for secure positioning of the transceiver in the slot and whether it is locked in place in order to avoid
unintentional removal by pulling on the connection line.

11.1.6 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg

Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg

Dimensions of the Base and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth (incl.
Current Terminal), Width and Depth Each Rounded
up to the Next Full mm (in Inches)

Flush-mounting device

150 mm x 266 mm x 229 mm
(5.91 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm
ation panel
(5.91 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm
tion panel
(5.91 x 12.36 x 9.06)
Dimensions of the Device Rows
Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

225 mm x
266 mm x
229 mm
(8.86 x 10.47 x
9.02)

300 mm x
266 mm x
229 mm
(11.81 x 10.47 x
9.02)

375 mm x
266 mm x
229 mm
(14.76 x 10.47 x
9.02)

450 mm x
266 mm x
229 mm
(17.72 x 10.47 x
9.02)

150 mm x
266 mm x
229 mm
(5.91 x 10.47 x
9.02)
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Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm
(5.91 x 12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x 12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x 12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x 12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x 12.36 x
13.27)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm
(5.91 x 12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x 12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x 12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x 12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x 12.36 x
9.06)

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth, Width and Depth Each
Rounded up to the Next Full mm (in Inches)

Flush-mounting device

75 mm x 266 mm x 229 mm
(2.95 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm
ation panel
(2.95 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm
tion panel
(2.95 x 12.36 x 9.06)
Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm
(2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm
(2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module
Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)

Degree of Protection According to IEC 60529

22
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For equipment in the surface-mounted housing

IP5422 for front

For equipment in the flush-mounting housing

IP5422 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

The provided plug-in label must be used for expansion modules with LEDs.
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Degree of pollution, IEC 60255-27

2

Maximum operating altitude above sea level

2000 m (6561.68 ft)

UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.
Tightening Torques for Terminal Screws
Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm

1.0 Nm

–

Bare stranded wire

Not permitted

1 Nm

0.6 Nm

i

NOTE

i

NOTE

For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

Use copper cables only.

Torques for Other Screw Types
Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm
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11.2

Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG-B 002(003)
IRIG-B 006(007)
IRIG-B 005(004) with extension according to
IEEE C37.118-2005
DCF77
PI (protection interface) 23
SNTP
IEC 60870-5-103
DNP3
IEEE 1588
T104

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active
Inactive

23

808

Beginning of daylight saving time

Input: day and time

End of daylight saving time

Input: day and time

Offset daylight saving time

0 min to 120 min [steps of 15]

If provided
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11.3

Busbar Differential Protection

General Differential Protection Setting Values
Rated object current Irated obj.

100 A to 50000 A

Increments of 1

Threshold value Idiff

0.20 to 4.00

Increments of 0.01

Threshold value Idiff (sensitive characteristic curve)

0.05 to 4.00

Increments of 0.01

Threshold value Irestr. (sensitive characteristic curve)

0.00 to 25.00

Increments of 0.01

Threshold value Irestr. (sensitive characteristic curve/
CBFP)

0.00 to 25.00

Increments of 0.01

Stabilization factor k

0.10 to 0.80

Increments of 0.01

Threshold value Idiff

0.20 to 4.00

Increments of 0.01

Threshold value Idiff (sensitive characteristic curve)

0.05 to 4.00

Increments of 0.01

Threshold value Irestr. (sensitive characteristic curve)

0.00 to 25.00

Increments of 0.01

Threshold value Irestr. (sensitive characteristic curve/
CBFP)

0.00 to 25.00

Increments of 0.01

Stabilization factor k

0.10 to 0.80

Increments of 0.01

0.05 to 0.80

Increments of 0.01

1.00 s to 10.00 s

Increments of 0.01

Restraint current ratio, selective zones

0.00 to 1.00

Increments of 0.01

Restraint current ratio, check zone

0.00 to 1.00

Increments of 0.01

Check Zone Setting Values

General Busbar Section Setting Values

Setting Values for Differential-Current Supervision
Current limiting value I/Irated,obj.
(Irated,obj. = Rated-current object)
Time delay
for check zone and busbar-selective protection
Setting Values for Cross Stabilization

Operate Time
Minimum operate time

Fast relay (type F) 8 ms (-1 ms/+ 4 ms)

Delay for GOOSE transmission

Approx. 3 ms

Delay for SMV transmission

Approx. 1 ms

Frequency range

50 Hz or 60 Hz

Frequency
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Current

5 % of the setting value or 50 mA

Tolerances
Overcurrent release of the circuit breaker (for busbar- 5 % of the setting value or 50 mA
protection tripping)

810

k factor

5 % of the setting value

Times

5 % of the setting value or 50 ms

Remanence of the current transformers

Stable for external errors with up to 80 % remanence
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11.4

Circuit-Breaker Failure Protection 1-Pole/3-Pole

Starting Conditions
For circuit-breaker failure protection

1-pole tripping internal or external24
3-pole tripping internal or external25

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Threshold value sensitive

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Supervision times of the binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies to the current threshold values.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Supervision of circuit-breaker auxiliary-contact position

i

For 3-pole CB tripping

1 input each for make contact and break contact

For 1-pole CB tripping

1 input each for auxiliary contact per pole or
1 input for each series connection make contact and
break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

Times

24
25

Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Dropout time for unbalancing operating mode

Approx. 2 ms

Via binary inputs
Via binary inputs
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Typical dropout time

< 15 ms

Dropout time, via circuit-breaker auxiliary-contact
criterion

< 5 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances

812
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11.5

Circuit-Breaker Failure Protection 3-Pole

Starting Conditions
For circuit-breaker failure protection

3-pole tripping internal or external26

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Sensitive threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Supervision times of the binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies to the current threshold values.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Position supervision via circuit-breaker auxiliary contacts
For 3-pole CB tripping

i

1 input each for make contact and break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

Times

26

Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Dropout time for unbalancing operating mode

Approx. 2 ms

Typical dropout time

< 15 ms

Dropout time, via circuit-breaker auxiliary contact
criterion

< 5 ms

Via binary inputs
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Technical Data
11.5 Circuit-Breaker Failure Protection 3-Pole

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances

814

SIPROTEC 5, Low-Impedance Busbar Protection, Manual
C53000-G5040-C019-9, Edition 01.2020

Technical Data
11.6 Inherent Circuit-Breaker Failure Protection

11.6

Inherent Circuit-Breaker Failure Protection

Setting Values
Phase-current threshold
values

For Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

Threshold value sensitive

For Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

0.050 s to 60.000 s

Increments of 0.001 s

Time delay T2 for 3-pole trip
Dropout

The larger dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria is used:
Dropout differential

95 % of the pickup value

Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold values

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Pickup time, in the case of an internal start

< 1 ms

Tolerances

Times
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Technical Data
11.7 End-Fault Protection Disconnector Supervision

11.7

End-Fault Protection Disconnector Supervision

Setting Values
Phase-current threshold
values

For Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

Time delay T, CB open

0.00 s to 15.00 s

Increments of 0.01 s

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Minimum operate time

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria is used:
Dropout differential

95 % of the pickup value

Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances
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Technical Data
11.8 External Tripping Busbar Section (Direct)

11.8

External Tripping Busbar Section (Direct)

Setting Values
Supervision time

0.06 s to 1.00 s

Increments of 0.01 s

Operate Time
Minimum operate time

Fast relay (type F) approx. 8 ms

Process tolerance for the supervision time

1 % of the setting value or 10 ms

Tolerance

SIPROTEC 5, Low-Impedance Busbar Protection, Manual
C53000-G5040-C019-9, Edition 01.2020

817

Technical Data
11.9 External Tripping Busbar Section (from Bay)

11.9

External Tripping Busbar Section (from Bay)

Setting Values
Supervision time

0.06 s to 1.00 s

Increments of 0.01 s

Operate Time
Minimum operate time

Fast relay (type F) approx. 9 ms

Process tolerance for the supervision time

1 % of the setting value or 10 ms

Tolerances
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Technical Data
11.10 Bus Coupler Differential Protection

11.10 Bus Coupler Differential Protection
The vast majority of settings for the bus coupler differential protection is identical to the settings of the
busbar-selective protection of the busbar differential protection 11.3 Busbar Differential Protection.
Setting Values
Thres.1-ph.f.CT overl

0.1 I/IrObj to 25.0 I/IrObj;
∞

Increments of 0.1

Thresh.mul-ph.f.CT overl.

0.1I/IrObj to 25.0 I/IrObj;
∞

Increments of 0.1
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Technical Data
11.11 Differential Current Supervision

11.11 Differential Current Supervision
You can find information on the Technical Data of the Differential-current supervision in chapter 11.3 Busbar
Differential Protection.
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Technical Data
11.12 Zero-Crossing Supervision

11.12 Zero-Crossing Supervision
Times
Pickup time

32 ms for frated= 50 Hz
27 ms for frated= 60 Hz

Setting Values
Threshold for zero-crossing supervision

SIPROTEC 5, Low-Impedance Busbar Protection, Manual
C53000-G5040-C019-9, Edition 01.2020

0.5 * Idiff busbar section
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Technical Data
11.13 Disconnector Supervision

11.13 Disconnector Supervision
Setting Values
Disconnector runtime

822

1.00 s to 180.00 s

Increments of 0.01 s
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Technical Data
11.14 Circuit-Breaker Supervision

11.14 Circuit-Breaker Supervision
Setting Values
Supervision time

1.00 s to 180.00 s
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Increments of 0.01 s
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Technical Data
11.15 Overcurrent Protection, Phases

11.15 Overcurrent Protection, Phases
11.15.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement
Threshold value27

Fundamental component –
RMS value
1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT 28 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

27
28

824

Active

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Technical Data
11.15 Overcurrent Protection, Phases

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.15.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value
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Technical Data
11.15 Overcurrent Protection, Phases

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

[dwocpki1-080213-01.tif, 1, en_US]

Figure 11-1
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Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Technical Data
11.15 Overcurrent Protection, Phases
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Figure 11-2

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Technical Data
11.15 Overcurrent Protection, Phases

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-3
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Technical Data
11.15 Overcurrent Protection, Phases
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Figure 11-4

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

SIPROTEC 5, Low-Impedance Busbar Protection, Manual
C53000-G5040-C019-9, Edition 01.2020

829

Technical Data
11.15 Overcurrent Protection, Phases

[dwocpka3-080213-01.tif, 2, en_US]

Figure 11-5
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Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Technical Data
11.15 Overcurrent Protection, Phases
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Figure 11-6

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33% harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms
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Technical Data
11.15 Overcurrent Protection, Phases

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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Technical Data
11.16 Overcurrent Protection, Ground

11.16 Overcurrent Protection, Ground
11.16.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement
Threshold value29

Fundamental component –
RMS value
1 A @ 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT30 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

29
30

Active

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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Technical Data
11.16 Overcurrent Protection, Ground

Tolerances
3I0 measured via I431, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I432, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.16.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
Threshold value33

1 A @ 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
33 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 l
rated,sec.
31
32
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Technical Data
11.16 Overcurrent Protection, Ground

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms
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Figure 11-7

Operate Curves and Dropout Characteristic Curves According to IEC
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Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-8
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Operate Curves and Dropout Characteristic Curves According to IEC
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Technical Data
11.16 Overcurrent Protection, Ground

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-9

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-10
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-11

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-12

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

3I0 measured via I434, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I435, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

34
35
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Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Technical Data
11.16 Overcurrent Protection, Ground

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for 2 ≤ I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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Technical Data
11.17 Directional Overcurrent Protection, Phases

11.17 Directional Overcurrent Protection, Phases
11.17.1 Stage with Definite-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Threshold value36

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 37 at 50 Hz
Approx. 31 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Times

36
37

842

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Technical Data
11.17 Directional Overcurrent Protection, Phases

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delay

1 % of the setting value or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.17.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Backward

–

Method of measurement

Fundamental component –
RMS value
1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value38

38

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
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Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-1
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-2

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-3
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-4
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-5
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-6

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 39 at 50 Hz
Approx. 31 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Times

39

844

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.18 Directional Overcurrent Protection, Ground
11.18.1 Stage with Definite-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz

846

Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.18.2 Stage with Inverse-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

Type of characteristic curve

Characteristic curves according to IEC and ANSI

Dropout

Disk emulation
Instantaneous
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Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.16.2 Stage with
Inverse-Time Characteristic Curve

Long-time inverse: type B
Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.16.2 Stage with
Inverse-Time Characteristic Curve

Moderately inverse
Very inverse
Extremely inverse
Definite inverse
Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

848

Active with reduced sensitivity
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Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.19 Voltage Protection
11.19.1 Overvoltage Protection with 3-Phase Voltage
Setting Values for the Function
Stabilization counter

0 to 10

Increments of 1

Setting Values for Stage Type Definite-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value40

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 300.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Type Inverse-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value

0.300 V to 340.000 V

Increments of 0.001 V

Pickup factor

1.00 to 1.20

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve for Stage Type Inverse-Time Overvoltage Protection

40

850

Where
Top

Operate delay

Tinv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Where
Tinv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V
Vthresh

Measured voltage
Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT41 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Tolerances for Stage Type Definite-Time Overvoltage Protection

41

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Tolerances for Stage Type Inverse-Time Overvoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Operate time for
1.2 ≤ V/V threshold value ≤ 20

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

11.19.2 Overvoltage Protection with Positive-Sequence Voltage
Setting Values
Pickup value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT42 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

11.19.3 Overvoltage Protection with Negative-Sequence Voltage
Setting Values for the Function
Measuring window
42

852

1 cycle to 10 cycles

Increments of 1 cycle

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Setting Values
Pickup value of V2

0.300 V to 200.000 V

Increments of 0.001 V

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT 43
(depends on the measuring-window length) at 50 Hz
48 ms to 185 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout time

20 ms to 70 ms + OOT
(depends on the measuring-window length)

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances
Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms

11.19.4 Overvoltage Protection with Zero-Sequence Voltage/Residual Voltage
Setting Values

43
44

Method of measurement

RMS value
Fundamental component
Fundamental component
over 2 cycle filters

Block. on measuring-voltage outage

Yes
No

Determ. ph. aff. by grd. flt.

Yes
No

Threshold value44

0.300 V to 340.000 V

Increments of 0.001 V

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 320.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

V< faulty ph-gnd vltg.

0.300 V to 200.000 V

Increments of 0.001 V

V> healthy ph-gnd. vltg.

0.300 V to 200.000 V

Increments of 0.001 V

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms
Standard filter, true RMS

Approx. 25 ms + OOT45 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

2 cycle filters

Approx. 45 ms + OOT at 50 Hz
Approx. 39 ms + OOT at 60 Hz

Dropout time
Standard filter, true RMS

Approx. 20 ms + OOT at 50 Hz
Approx. 17 ms + OOT at 60 Hz

2 cycle filters

Approx. 31 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

45
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OOT (Output Operating Time) additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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11.19.5 Overvoltage Protection with Any Voltage
Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Pickup value46

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT47 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

46
47

Active

If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Tolerances
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

11.19.6 Undervoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite Time-Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value48

0.300 V to 175.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Setting Values for Stage Type Inverse Time-Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value

0.300 V to 175.000 V

Increments of 0.001 V

Pickup factor

0.80 to 1.00

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve
Top=TInv+ Tadd
Where:
Top

Operate delay

TInv

Inverse-time delay

Tadd

Additional time delay (Parameter Additional time delay)

[fo_UVP3ph_1_3pol_inverse, 2, en_US]

48
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If you have selected the Method of measurement = RMS value, do not set the threshold value to less than 10 V.
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Where
TInv

Inverse-time delay

Tp

Time multiplier (Parameter Time dial)

V
Vthresh

Measured undervoltage
Threshold value (Parameter Threshold)

k

Curve constant k (Parameter Charact. constant k)

α

Curve constant α (Parameter Charact. constant α)

c

Curve constant c (Parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Pickup time

Approx. 25 ms + OOT49 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances for Stage Type Definite Time-Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances for Stage Type Inverse Time-Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Operate time for 0 < V/VThresh< 0.9

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

11.19.7 Undervoltage Protection with Positive-Sequence Voltage
Setting Values

49

Threshold value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

OOT (Output Operating Time) additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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Technical Data
11.19 Voltage Protection

Dropout ratio

1.01 to 1.20

Current-flow criterion

On
Off

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT50 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or

Tolerances

25 mA (Irated = 5 A, frated ± 10 %),
valid for protection-class current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %),
valid for instrument transformers
Time delays

50

858

1 % of the setting value or 10 ms

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Technical Data
11.19 Voltage Protection

11.19.8 Undervoltage Protection with Any Voltage
Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated phase-to-phase voltage VAB
Calculated phase-to-phase voltage VBC
Calculated phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Threshold value51

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT52 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

51
52

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Technical Data
11.19 Voltage Protection

Tolerances
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

11.19.9 Overvoltage Protection with Negative-Sequence Voltage/Positive-Sequence
Voltage
Setting Values for the Function
Measuring window

1 cycle to 10 cycles

Increments of 1 cycle

Minimum voltage V1

0.300 V to 60.000 V

Increments of 0.001 V

Pickup value of V2/V1

0.50 % to 100.00 %

Increments of 0.01 %

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Types

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT53
(depends on the measuring-window length) at 50 Hz
48 ms to 190 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout times

22 ms to 55 ms + OOT
(depends on the measuring-window length) at 50 Hz
18 ms to 45 ms + OOT
(depends on the measuring-window length) at 60 Hz

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances

53
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Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Technical Data
11.20 Frequency Protection

11.20 Frequency Protection
11.20.1 Overfrequency Protection
Setting Values
Pickup values f>

Angle difference method
40.00 Hz to 90.00 Hz

Increments of 0.01 Hz

Filtering method
40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f>

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT54
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz
Dropout times f>

Approx. 79 ms + OOT
Approx. 65 ms + OOT

60 ms to 80 ms

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 99.97 % applies to the overfrequency protection.
Minimum absolute dropout differential

5 mHz

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 90 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f>

54

frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f>)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

OOT (Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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Technical Data
11.20 Frequency Protection

11.20.2 Underfrequency Protection
Setting Values
Pickup values f<

30.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f<

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT55
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz
Dropout times f<

Approx. 75 ms + OOT
Approx. 64 ms + OOT

60 ms to 80 ms

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not present, a dropout ratio of 100.03 % applies to the underfrequency protection.
Minimum absolute dropout differential

5 mHz

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 90 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f<)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

11.20.3 Rate of Frequency Change Protection
Setting Values for the Function

55

862

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Measuring window

2 periods to 5 periods

Increments of 1 period

OOT (Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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Technical Data
11.20 Frequency Protection

Setting Values for Stage Types
Threshold

0.100 Hz/s to 20.000 Hz/s

Increments of 0.025 Hz/s

Dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.01 Hz/s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
Frequency

Parameterizable dropout differential

Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Times
Pickup time

Approx. 160 ms + OOT56 to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Dropout time

Approx. 160 ms + OOT to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances
Threshold,
measuring window > 3 periods

Approx. 3 % or 0.060 Hz/s

Threshold,
measuring window ≤ 3 periods

Approx. 5 % or 0.060 Hz/s

Minimum voltage

1 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms

Functional Measured Value

56

Value

Description

df/dt

Calculated rate of frequency change

OOT (Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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Technical Data
11.21 Voltage-Jump Detection

11.21 Voltage-Jump Detection
Times
Pickup time

Approx. 10 ms + OOT57 at 50 Hz
Approx. 8 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Voltages

2 % of the setting value or 0.100 V
for amplitude changes of sinusoidal measurands

Pulse time

1 % of the setting value or 10 ms

Tolerances

57

864

OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays
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Technical Data
11.22 Measuring-Voltage Failure Detection

11.22 Measuring-Voltage Failure Detection
Setting Values
3ph.fail. - VA,VB,VC <

0.300 V to 340 000 V

Increments of 0.001 V

3ph.fail. - phs.curr.release 1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

3ph.fail. - phs.curr. jump

0.15 A to 175.00 A

Increments of 0.01 A

Asym.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

SO 3ph.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies to the current threshold value and a dropout
ratio of 105 % applies to the voltage threshold value.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 10 ms + OOT58 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Times
Use in function group Line
Pickup time

Approx. 10 ms + OOT59 at 50 Hz
Approx. 9 ms + OOT at 60 Hz

Use in other function group types
Pickup time

Approx. 20 ms + OOT60 at 50 Hz
Approx. 18 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

OOT (Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
60 OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
11.1.4 Relay Outputs

58

59
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Technical Data
11.22 Measuring-Voltage Failure Detection

Tolerances
Currents

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

866

Voltages

0.5 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms
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Technical Data
11.23 Voltage-Transformer Circuit Breaker

11.23 Voltage-Transformer Circuit Breaker
Setting Values
Response time

0.000 s to 0.030 s
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Increments of 0.001 s

867

Technical Data
11.24 Voltage-Balance Supervision

11.24 Voltage-Balance Supervision
Setting Values
Release threshold

0.300 V to 170.000 V

Increments of 0.001 V

Threshold min/max

0.58 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overvoltage dropout ratio

Approx. 0.97

Undervoltage dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

868
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Technical Data
11.25 Voltage-Sum Supervision

11.25 Voltage-Sum Supervision
Setting Values
Threshold

0.300 V to 170.000 V

Increments of 0.001 V

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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Technical Data
11.26 Voltage Phase-Rotation Supervision

11.26 Voltage Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times

870

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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Technical Data
11.27 Impedance Protection

11.27 Impedance Protection
Setting Values
Min. phase-current thresh 1 A @ 100 Irated

0.030 A to 100.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 500.00 A

Increments of 0.01 A

For Irated = 1 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

For Irated = 5 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

X reach (ph-ph) = reach of For Irated = 1 A
reactance, phase-to-phase
For Irated = 5 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

R reach (ph-g) = reach of
resistance, phase-toground

For Irated = 1 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

For Irated = 5 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

R reach (ph-ph) = reach of For Irated = 1 A
resistance, phase-toFor Irated = 5 A
phase

0.100 Ω to 600.000 Ω

Increments of 0.001 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

X reach (ph-g) = reach of
reactance, phase-toground

Dropout Ratios
Currents

About 0.95

Voltage

About 1.05

Impedances

About 1.05

Operate time with time delay = 0 ms

Approx. 30 ms + OOT 61 at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)
Voltage

0.5 % of the setting value or 0.05 V

Impedances
Measurement tolerances for sinusoidal values

61

OOT (Output Operating Time) additional delay of the used output medium, such as 5 ms with quick-acting relay
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Technical Data
11.28 Arc Protection

11.28 Arc Protection
Setting Values
Threshold I>
Threshold 3I0>>

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

External trip initiation

no
current
light

Operating mode

light only
current and light

Sensor

point sensor
line sensor
custom

Threshold light

-28.00 dB to 0.00 dB

Channel

Possible settings, application-dependent

Increments of 0.01

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 90 % applies to the current threshold values.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Shortest operate time
Operating mode = light only
Shortest operate time
Operating mode = Current and light

62

872

Approx. 2.6 ms + OOT 62
Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

OOT (Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relay, see chapter
11.1.4 Relay Outputs
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Technical Data
11.29 Inrush-Current Detection

11.29 Inrush-Current Detection
Setting Values
Operating limit Imax

0.030 A to 35.000 A
at Irated = 1 A

Increments of 0.001 A
Increments of 0.01 A

0.15 A to 175.00 A
at Irated = 5 A
Content 2nd harmonic

10% to 45%

Increments of 1 %

Duration of the crossblock function

0.03 s to 200.00 s

Increments of 0.01 s

Operating times

Approx. 29 ms

Harmonic: I2nd harm/I1st harm

Setting value or at least
I1st harm = 10 mA sec. and I2nd harm = 10 mA sec. (Irated =
1 A)
I1st harm = 50 mA sec. and I2nd harm = 50 mA sec. (Irated =
5 A)

Times

Pickup

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overcurrent protection and a dropout
ratio of 105 % applies for the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Harmonic: I2nd harm/I1st harm

0.75 or
I2nd harm = 5 mA sec. (Irated = 1 A) or
I2nd harm = 25 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz
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Inactive
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Technical Data
11.29 Inrush-Current Detection

Tolerances

874

Current measurement Imax

1 % of the setting value or 5 mA

Harmonic: I2nd harm/I1st harm

1 % of the setting value

Time delays

1 % of the setting value or 10 ms
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Technical Data
11.30 2nd Harmonic Detection Ground

11.30 2nd Harmonic Detection Ground
Setting Values
Measured value

IN measured
3I0 calculated

2nd harmonic content

10 % to 45 %

Operating times

Approx. 29 ms

Harmonic: I2nd harm/I1st harm

Setting value or at least
I1st harm = 10 mA sec. and

Increments of 1%

Times

Pickup

I2nd harm = 10 mA sec. (Irated = 1 A)
I1st harm = 50 mA sec. and
I2nd harm = 50 mA sec. (Irated = 5 A)
Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overcurrent protection and a dropout
ratio of 105 % applies for the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Harmonics: I2nd harm/I1st harm

0.75 or
I2nd harm = 5 mA sec. (Irated = 1 A) or
I2nd harm = 25 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Harmonics: I2nd harm/I1st harm

1 % of the setting value
for setting values l2nd harm/1st harm

Tolerances
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Technical Data
11.31 Trip-Circuit Supervision

11.31 Trip-Circuit Supervision
Setting Values

876

Number of monitored circuits per circuit-breaker function group

1 to 3

Operating mode per circuit

With 1 binary input
With 2 binary inputs

Pickup and dropout time

Approx. 1 s to 2 s

Adjustable indication delay with 1 binary input

1.00 s to 600.00 s

Increments of 0.01 s

Adjustable indication delay with 2 binary inputs

1.00 s to 30.00 s

Increments of 0.01 s
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11.32 Analog Channel Supervision via Fast Current Sum
Setting Values
Threshold value

10 % of the rated value of the current transformer

Slope of the characteristic
curve

0.1

Pickup times

0.25 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms (after response > 1s continuous blocking)

Times

Blockings
Blocked protection functions

Busbar differential protection, busbar tripping by the circuit-breaker
failure protection
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11.33 Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:

•

The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•
•

The values were determined for pure sinusoidal signals – without harmonics.
All measured values have an additional tolerance of 1 DIGIT.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.2 % of the measured value in the above-mentioned
measuring range

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.2 % of the measured value in the above-mentioned
measuring range

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Currents, Protection-Class Current Transformer
Feeder currents IA, IB, IC, 3I0
Differential currents (of all busbar sections and the
check zone) IdA, IdB, IdC

A secondary
% Irated

Restraint currents (of all busbar sections and the
check zone) IsA, IsB, IsC

% Irated

Rated currents
Measuring range
Frequency range

1 A, 5 A
(0.1 to 5) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

878

0.2 % of the measured value in the above-mentioned
measuring range
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Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Power Factor
Voltage range

(0.8 to 1.2) · Vrated

Current range

(0.1 to 2) · Irated

Frequency range

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.02 in the above-mentioned measuring range

Frequency f

Hz

Range

frated - 0.20 Hz ≤ f ≤ frated + 0.20 Hz

Tolerance

± 2 mHz at V = Vrated or at I = Irated

Range

frated - 3.00 Hz ≤ f < frated + 3.00 Hz

Tolerance

± 5 mHz at V = Vrated or at I = Irated

Range

25 Hz to 80 Hz; operational measured values
10 Hz to 90 Hz; functional measured values, system
frequency

Tolerance

± 10 mHz at V = Vrated or at I = Irated

Frequency

Statistical Values of the Device
Device operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2e+15

Operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None
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11.34 Analog-Units Function Group
20-mA Unit Ether. 7XV5674-0KK00-1AA1
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

20-mA Unit Serial 7XV5674-0KK30-1AA1 (RS485) and 7XV5674-0KK40-1AA1 (Fiberglass)
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

RTD Unit (Ziehl TR1200) 7XV5662-6AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

RTD Unit (Ziehl TR1200 IP) 7XV5662-8AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

Temperature Measured Values

880

Unit of measurement for temperature

°C or °F, adjustable

Pt 100

-199 °C to 800 °C (-326 °F to 1472 °F)

Ni 100

-54 °C to 278 °C (-65 °F to 532 °F)

Ni 120

-52 °C to 263 °C (-62 °F to 505 °F)

Resolution

1 °C or 1 °F

Tolerance

±0.5 % of the measured value ±1 K
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11.35 Temperature Supervision
Setting Values
Pickup value

-50 °C to 250 °C
-58 °F to 482 °F

Increments of 1°C
Increments of 1°F

Time delay

0 s to 60 s
or ∞

Increments of 1 s

Dropout
Dropout differential

3 °C or 6 °F

Tripping delay

±1 % of the setting value or ±10 ms

Measured temperature value

±0.5 % of the setting value or ±1 °C or ±2 °F

Tolerances
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11.36 Protection Interface and Protection Topology
Setting Values
Mode

On
Off

PPS Synchronization

Telegr. and PPS
Telegr. or PPS
PPS synchronization off

Blocking of the unbalanced
runtimes

Yes
No

Maximum signal runtime threshold 0.1 ms to 30.0 ms

Increments of 0.1 ms

Maximum runtime difference

0.000 ms to 3.000 ms

Increments of 0.001 ms

Failure indication after

0.05 s to 2.00 s

Increments of 0.01 s

Transm. fail. alarm after

0.0 s to 6.0 s

Increments of 0.1 s

Max. error rate/h

0.000 % to 100.000 %

Increments of 0.001 %

Max. error rate/min

0.000 % to 100.000 %

Increments of 0.001 %

PPS failure indication after

0.5 s to 60.0 s

Increments of 0.1 s

Transmission Rate
Direct connection:
Transmission rate

2048 kbit/s

Connection via communication networks:
Supported network interfaces

G703.1 with 64 kbit/s
G703-T1 with 1.455 Mbit/s
G703-E1 with 2.048 Mbit/s
X.21 with 64 kbit/s or 128 kbit/s or 512 kbit/s
Pilot wires with 128 kbit/s

Transmission rate

64 kbit/s at G703.1
1.455 Mbit/s at G703-T1
2.048 Mbit/s at G703-E1
512 kbit/s or 128 kbit/s or 64 kbit/s at X.21
128 kbit/s for pilot wires

Transmission Times

i

NOTE
The times apply to devices without line differential protection for fiber-optic connections with 2 Mbit/s.

Priority 1
Response time, total approx.

Minimum

5 ms

Typical

10 ms

Minimum

5 ms

Typical

12 ms

Priority 2
Response time, total approx.
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Priority 363
Response time, total approx.

63

Typical

18 ms

Times cannot be determined because the signals are transmitted in fragments.
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11.37 Phasor Measurement Unit
Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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11.38 Measuring Transducers
Current Inputs
Value

Setting Range

Rated current measuring range

± 20 mA

Maximum current measuring range

± 24 mA

Tolerances

•
•
•

without trimming
with offset trimming

± 124 μA (0.62 % at 20 mA)
± 60 μA (0.3 % at 20 mA)
± 20 μA (0.1% at 20 mA)

with full trimming

Sampling rate

≥ 3 Hz

Number of channels per measuring transducer
module

2 or 4

Analog-digital converter

16 Bit Sigma/Delta
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11.39 Circuit-Breaker Wear Monitoring
Setting Values
Threshold value

ΣIx-method stage

0 to 10 000 000

Increments of 1

2P-method stage

0 to 10 000 000

Increments of 1

I2t-method stage

0.00 I/Ir*s to 21 400 000.00 I/Ir*s

Increments of 0.01

CB opening time

0.001 s to 0.500 s

Increments of 0.001 s

CB break time

0.001 s to 0.600 s

Increments of 0.001 s

CB make time

0.001 s to 0.600 s

Increments of 0.001 s

Exponent for the ΣIx method

1.0 to 3.0

Increments of 0.1

Switching cycles at Irated

100 to 1 000 000

Increments of 1

Rated short-circuit breaking current Isc

10 to 100 000

Increments of 1

Switching cycles at Isc

1 to 1000

Increments of 1

Level of warning 1

1 % to 100 %

Increments of 1 %

Level of warning 2

1 % to 100 %

Increments of 1 %

Operating
1 A @ 100 Irated
current threshold 5 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

Delay correction time

-0.050 s to 0.050 s

Increments of 0.001 s

Tolerances
Tolerance of the measured value make time
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± 2 ms
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11.40 CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level
Fast Event-Triggered

Time (in ms)

Ticks CP300

<1

1000

Event-Triggered

<10

15 359

Interlocking

<10

149 603 in total

Measurement

250

The times describe the response time of a typical CFC chart at the respective task level. The maximum number
of ticks applies to a typical load for the device based on the application template Basics.
The task level Measurement runs in cycles every 500 ms. All other task levels are event-triggered.
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
TChart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered level
104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Table 11-4)

Table 11-4

Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1

BSC_INFO

2.7

BUILD_ACD

2.9
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Element

Ticks

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

ENC_DEF

3.6

ENC_EXE

3.8

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1

GE_D

0.9
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Element

Ticks

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4

SPC_INFO

0.4
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Element

Ticks

SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TP

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2

2.6
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SIPROTEC 7SA87
Distance protection

www.siemens.com/siprotec

Description+
The SIPROTEC 7SA87 distance protection has been designed specifically for the protection of lines. With its modular structure, flexibility and the high-performance DIGSI 5
engineering tool, the SIPROTEC 7SA87 device offers future-oriented solutions for protection, control, automation, monitoring, and Power Quality– Basic.
Main function

Distance Protection
Interoperability of SIPROTEC 4 and SIPROTEC 5 line protection devices

Tripping

1-pole and 3-pole, minimum tripping
time: 9 ms

Inputs and outputs

12 predefined standard variants with 4/4
or 8/8 current transformers/voltage transformers, 5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility
Housing width

Flexibly adjustable I/O quantity structure
within the scope of the SIPROTEC 5 modular system

Detection and selective 1-pole and 3-pole tripping of
short circuits in electrical equipment of star networks,
lines with infeed at one or 2 ends, parallel lines, and
open-circuited or closed ring systems of all voltage
levels

•

Detection of ground faults in isolated or arc-suppression-coilground systems in star, ring, or meshed arrangement

•

Serial protection communication with SIPROTEC 5 and
SIPROTEC 4 devices over different distances and physical media, such as optical fiber, two-wire connections,
and communication networks

•

•

•

Backup protection for differential protection devices
of all kind for lines, transformers, generators, motors,
and busbars
Phasor Measurement Unit (PMU)

Detection and recording of power-quality data in the
mediumvoltage and subordinate low-voltage power
system

Functions
DIGSI 5 permits all functions to be configured and combined as required.
•

Minimum tripping time: 9 ms

•

6 independent measuring loops (6-system distance
protection)

•

Several distance-protection functions can be selected:
Classic, reactance method (RMD), impedance protection for transformers

•

Directional backup protection and various additional
functions

•

Detection of ground faults of any type in compensated or isolated electrical power systems using the
following functions: 3I0>, V0>, transient ground fault,
cos φ, sin φ, dir. detection of intermittent ground
faults, harmonic detection, and admittance measurement

•

Ground-fault detection using the pulse-detection method

•

Adaptive power-swing blocking, out-of-step protection

•

Detection of current-transformer saturation for fast
tripping with high accuracy

1/3 × 19 inch to 2/1 × 19 inch

Applications
•

SIPROTEC 5 Device with Expansion Module

Efficient and modular
•

Fault locator plus for accurate fault location with inhomogenous line sections and targeted automatic
overhead-line section reclosing (AREC)

•

Arc protection

•

Automatic frequency relief for underfrequency load
shedding, taking changed infeed conditions due to
decentralized power generation into consideration

•

Power protection, configurable as active or reactivepower protection

•

Directional reactive-power undervoltage protection
(QU protection)

•

Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection functions (such as thermal overload protection)
and operational measured values

(IEEE C37.94 and others), including automatic switchover between ring and chain topology.
•

Reliable data transmission via PRP and HSR redundancy protocols

•

Extensive cybersecurity functionality, such as role-based access control (RBAC), logging of security-related
events, signed firmware, or authenticated IEEE
802.1X network access.

•

Simple, fast, and secure access to the device via a
standard Web browser –to display all information and
diagnostic data, vector diagrams, single-line and device display pages

•

Phasor Measurement Unit (PMU) for synchrophasor
measured values and IEEE C37.118 protocol

•

Time synchronization using IEEE 1588

•

PQ – Basic: Voltage unbalance; voltage changes: overvoltage, dip, interruption; TDD, THD, and harmonics

•

High-performance fault recording (buffer for a max.
record time of 80 s at 8 kHz or 320 s at 2 kHz)

•

1-pole automatic reclosing function with secondary
arc detection (SAD)

•

Auxiliary functions for simple tests and commissioning

•

Control, synchrocheck, and switchgear interlocking
protection

•

Flexibly adjustable I/O quantity structure within the
scope of the SIPROTEC 5 modular system

•

Graphical logic editor to create high-performance automation functions in the device

Benefits
•

Safety due to powerful protection functions

•

Single-line representation in the small or large display

•

•

Point-on-wave switching

Purposeful and easy handling of devices and software
thanks to a user-friendly design

•

Fixed integrated electrical Ethernet RJ45 interface for
DIGSI 5 and IEC 61850 (reporting and GOOSE)

•

Cyber security in accordance with NERC CIP and BDEW
Whitepaper requirements

•

Up to 4 optional, pluggable communication modules,
usable for different and redundant protocols (IEC
61850-8-1, IEC 61850-9-2 Client, IEC 60870-5-103,
IEC 60870-5-104, Modbus TCP, DNP3 serial and TCP,
PROFINET IO, PROFINET IO S2 redundancy)

•

Highest availability even under extreme environmental conditions by standard coating of the modules

•

Powerful communication components warrant safe
and effective solutions

•

Full compatibility between IEC 61850 Editions 1, 2.0,
and 2.1

•

Virtual network partitioning (IEEE 802.1Q - VLAN)

•

Serial protection communication via optical fibers,
two-wire connections, and communication networks
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For all products using
security features of
OpenSSL, the
following shall apply:
This product includes
software developed
by the OpenSSL Project for use in the
OpenSSL Toolkit
(www.openssl.org),
cryptographic software written by Eric
Young
(eay@cryptsoft.com)
and software developed by Bodo
Moeller.
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Relay Product Engineering Tools

CAP 505
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Product Guide

Features

• Function logic configuration tool according
to IEC 61131-3 standard for ABB range of
protection relays and terminals for distribution applications
• Graphical and textual configuration of
mimic panels
• Loading of function and mimic configurations to the target product
• General parameter setting support

Issued: May 1999
Status: Updated
Version: G/10.05.2013
Data subject to change without notice

• Easy switching between verified setting
groups or setting banks
• Reset of protection relay
• Presents relay indications, measurement,
calculated values and registered values
• Connection to the station bus alternatively
directly to a protection relay or a terminal
using SPA or LON communication protocol

• User friendly tool management

• Support for SPA communication over the
TCP/IP network.

• Parameter file upload/download and compare function

• Flexible object based tree-structure navigator

• Graphical I/O Setting Tool for REX 521

• Object oriented project data management

• Configuration and parameter file printing
support

• Project import/export facility

• Manually initiated uploading of disturbance
recorder data
• Versatile integration of disturbance data
evaluation tools of your choice

• Excellent commissioning tools
• Easy to upgrade to support new functions
and products
• All tools and documentation provided on
one CD
• Uninstall function

Application

The CAP 505 Relay Product Engineering
Tools is aimed for commissioning, maintenance, service and monitoring of the process
and its secondary equipment in distribution
substations.
The package includes the following tool functions:
• Relay configuration
• Mimic panel configuration
• Configuration download
• Project import/export
• Parameter setting and archiving
• Compare between parameter settings in
the relay and the archive
• Upload and download of paramer setting
files
• Printing of parameter setting files
• Edit history of parameters

As the tools in CAP 505 are fully consistent
with CAP 501 stand-alone tool packages,
SMS 510 substation monitoring system and
the LIB 500 application libraries, work generated by CAP 505 can easily be reused in a
larger SMS system or in a full-fledged SA
system.
The range of protection and control terminals
with SPA communication supported in CAP
505 Revision 2.5.0:
• The entire SPACOM range including
SACO annunciators
• The Multipurpose Relay Series REJ
5__/REU 5__
• The REF 541/543/545 Integrated Protection and Control Terminals
• The REM 543/545 Integrated Machine
Protection and Control Terminals
• The RET 541/543/545 Integrated Transformer Protection and Control Terminals

• Protection relay setting bank switching

• The REX 521 Integrated Protection and
Control Terminal

• Reset of protection trip function

• The REC 501/523 Control Terminals

• Upload of disturbance recorder files

• The REF 610, REM 610 and REU 610
protection relays


• Upload of registered, measured and calculated values
• Multi layered tree structure navigator
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Further information about CAP 505 and its
application in single relay applications and in
local and remote system solutions can be
found in the full product documentation on
the product CD-ROM.

Design

A station control and protection system contains numerous components and functions.
CAP 505 is the tool box for data handling
during the engineering and maintenance of
relay projects.
The CAP 505 product consists of a base system with a navigator on which support tools
for the protection and control terminals are
run.
The communication between the computer
and the target is run either using the LON
communication protocol or the SPA protocol.
using serial or TCP/IP.

Categorization of the software
parts
Base System

Kernel software, communication configuration, additional base tools and services are
providing a framework for the object types
and tools.

Project Export/Import tool

The tool is used for project management purposes. Creating a project, defining default
projects for the objects tools, project duplication and project delete are among the functions included.
The tool is used when projects are transferred
to other systems or brought to the user’s current collection of projects.
Relay Configuration tool

The functional configuration of the protection
relays and control terminals is done with this
tool. Functions to be configurated are: protection sheme, control sheme, I/O set-up, measurements, condition monitoring, power
quality and other similar type of functions.
The graphical programming language is
based on the IEC 61131-3 standard. Function
blocks are available for a variety of protection, control, measurements functions.
Mimic Configuration tool

The tool is used for configuring the graphical
front display on the control terminals. The
configuration includes breakers, disconnectors, interconnections, alarms, measurements,
and texts defined by a user.
Downloading tool

The function and mimic configurations are
downloaded to the targe product by means of
this tool. The storing of the configuration in
the non-volatile memory of the protection or
control terminal and the restart of the terminal are included as well.
Relay Setting tool
Fig. 1

CAP 505 Navigation window

Project structure navigator

The Project structure navigator is a window
in which you open tools and close your session. It is possible to add and delete tools on
the System Tools menu.
System Configuration tool

The communication setup is done with the
system configuration tool

4

The relay setting tool includes all functions
belonging to parameter, register- and input
values and reset functions. The package
include a separate tool for SPACOM products
and another tool for all other terminals. The
parameter sets are mostly created off-line and
then downloaded to the products. Existing
parameter files in the products can be
uploaded and edited as well.
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Disturbance Recorder tool

Includes the functionality to upload and present disturbance recordings.

Fig. 2

Relay Setting Tool

Graphical I/O Setting Tool

Graphical I/O Setting Tool is a complementary to Relay Setting Tool, and it is used to set
digital inputs, digital outputs and alarm LED
signals of REX 521 relays in an easy way.
The routing of signals is presented with
graphical connection matrix where it is possible to connect a signal to a function block, or
vice versa.

Fig. 3

System 
configuration

Document files

Fig. 4

Disturbance Recorder Tool window

Fig. 5

DR_ collector Tool window

Main view of the graphical I/O setting tool

The tool package is delivered on a CD which
can be installed on a PC with Microsoft Windows XP Professional or Windows 7 32-bit
operating system.

The PC communicates to the station bus, to
the protection relay or to the terminal using
the SPA or LON protocol via a product specific cable connected between the PC’s COM
port or LON port and the communication
interface of the relays or over the TCP/IP via
an Ethernet adapter connected to the relay.

CAP 505 documentation in PDF format and
an installer for installing the AcrobatReader
from Adobe Corporation are included on the
CD. The Acrobat Reader is needed to view
the documentation
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Technical data

CAP 505 v.2.5.0 sets the following hardware
and software requirements for the PC:
Software requirements
Operating system

Microsoft® Windows XP® Professional, Microsoft® Windows 7 32-bit.
The latest Service Packs installed.

Network

Operating system network software installed with at least one network
protocol (e.g. TCP/IP)

Hardware requirements
Item

Ordering

Minimum

Recommended


Processor

233 MHz or higher Pentium
compatible CPU

Memory

128 MB

256 MB

Display

SVGA, 800x600, 256 colours

SVGA, 1024x768, 256 colours

File system

NTFS

Hard disk space

300 MB

CD-ROM drive

Any device supported by the
operating system. Required for
installation

Mouse

Any device supported by the
operating system

PCI slots

One slot for each PCLTA-20 card

PCMCIA slots

One slot for each PCC-10 card

Network adapter card

Any device supported by the
operating system

The following alternatives are available:
• CAP 505 version v.2.5.0. tool package
CD-ROM. Ordering number is
1MRS151017

1 GHz or higher Pentium
compatible CPU

500 MB

Communication cables listed in the next table
are not included in the CAP 505 delivery.
Required communication cables can be
acquired by placing a separate order, see the
table below:

Communication hardware
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Relay

Type

Order number

REF 541, 543, 545
REM 543, 545
RET 541, 543, 545
REX 521
REJ 51_ / 52_
REU 513, 523

Opto

1MKC950001-2

REC 523

RS 232

1MRS120520

REF 610, REM 610, REU 610

Opto.

1MRS050698

SPTO front connector
SPCR front connector

RS 232 - RS 232

SPA-ZP 17A3

SPACOM 100/300 series

RS 232 - TTL connector

SPA-ZP 5A3

SPAC 300/500/600 rear

RS 232 - RS 485

SPA-ZP 6A2

SACO 16A3, 16D1, 16D3 and
64D4

Connection cable for SPA-ZP
6A2 to SACO screw terminal

SPA-ZP 21A and
SPA-ZP 6A2

TRADEMARKS
Intel and Pentium are registered trademarks of Intel Corporation.
Neuron, LON and LONWORKS are registered trademarks of Echelon Corporation
Acrobat is a registered trademark of Adobe Systems Incorporated.
All Microsoft products referenced in this document are either trademarks or registered trademarks of Microsoft Corporation.
Other brand or product names are trademarks or registered trademarks of their respective holders.

ABB Oy, Medium Voltage Products
Distribution Automation
P.O. Box 699
FI-65101 Vaasa, FINLAND
Tel +358 10 22 11
Fax +358 10 224 1094
www.abb.com/substationautomation
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NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.

Disclaimer of Liability

Copyright

This document has been subjected to rigorous technical
review before being published. It is revised at regular intervals, and any modifications and amendments are included
in the subsequent issues. The content of this document has
been compiled for information purposes only. Although
Siemens AG has made best efforts to keep the document as
precise and up-to-date as possible, Siemens AG shall not
assume any liability for defects and damage which result
through use of the information contained herein.
This content does not form part of a contract or of business
relations; nor does it change these. All obligations of
Siemens AG are stated in the relevant contractual agreements.
Siemens AG reserves the right to revise this document from
time to time.
Document version: C53000-G5040-C018-6.01
Edition: 05.2018
Version of the product described: V7.80 and higher

Copyright © Siemens AG 2018. All rights reserved.
The disclosure, duplication, distribution and editing of this
document, or utilization and communication of the content
are not permitted, unless authorized in writing. All rights,
including rights created by patent grant or registration of a
utility model or a design, are reserved.
Trademarks
SIPROTEC™, DIGSI™, SIGUARD™, SIMEAS™, and SICAM™
are trademarks of Siemens AG. Any unauthorized use is
illegal. All other designations in this document can be
trademarks whose use by third parties for their own
purposes can infringe the rights of the owner.

Preface

Purpose of the Manual
This manual describes the functions of the fault recorder 7KE85.
Target Audience
System configurers, commissioning engineers, and persons entrusted with the setting, testing and maintenance of fault recorder equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.

SIPROTEC 5, Fault Recorder, Manual
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3

Preface

•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning electrical equipment for use
within specified voltage limits (Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive) and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens AG.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Other Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see certified.ul.com
Select Online Certifications Directory and enter E194016 as UL File Number.
IND. CONT. EQ.
69CA

[ul_listed_c_us, 1, --_--]

4

SIPROTEC 5, Fault Recorder, Manual
C53000-G5040-C018-6, Edition 05.2018

Preface

Additional Support
For questions about the system, please contact your Siemens sales partner.
Support
Our Customer Support Center provides a 24-hour service.
Phone:
Fax:
E-Mail:

+49 (180) 524-7000
+49 (180) 524-2471
support.energy@siemens.com

Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstraße 59
90459 Nürnberg
Germany
Phone:
Fax:
E-Mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.

SIPROTEC 5, Fault Recorder, Manual
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given particular attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:
• Proper transport

•
•

Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:
• The equipment must be grounded at the grounding terminal before any connections are made.

6

•
•

All circuit components connected to the power supply may be subject to dangerous voltage.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).

SIPROTEC 5, Fault Recorder, Manual
C53000-G5040-C018-6, Edition 05.2018

Open Source Software
The product contains, among other things, Open Source Software developed by third parties. The Open
Source Software used in the product and the license agreements concerning this software can be found in the
Readme_OSS. These Open Source Software files are protected by copyright. Your compliance with those
license conditions will entitle you to use the Open Source Software as foreseen in the relevant license. In the
event of conflicts between Siemens license conditions and the Open Source Software license conditions, the
Open Source Software conditions shall prevail with respect to the Open Source Software portions of the software. The Open Source Software is licensed royalty-free. Insofar as the applicable Open Source Software
License Conditions provide for it you can order the source code of the Open Source Software from your
Siemens sales contact - against payment of the shipping and handling charges - for a period of at least 3 years
since purchase of the Product. We are liable for the Product including the Open Source Software contained in
it pursuant to the license conditions applicable to the Product. Any liability for the Open Source Software
beyond the program flow intended for the Product is explicitly excluded. Furthermore any liability for defects
resulting from modifications to the Open Source Software by you or third parties is excluded. We do not
provide any technical support for the Product if it has been modified.
When using DIGSI 5 in online mode, you are provided with the option to go to the main menu Show open
source software information and read and display the Readme_OSS file containing the original license text
and copyright information.
To do this, the following steps are necessary:
• Switch to online mode.

•
•
•

i

Select the device.
Select Online in the menu bar.
Click Show open source software information.

NOTE
To read the Readme_OSS file, a PDF viewer must be installed on the computer.
In order to operate SIPROTEC 5 devices, a valid DIGSI 5 license is required.

SIPROTEC 5, Fault Recorder, Manual
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11.1

General Device Data

11.1.1 Supply Voltage
Integrated Power Supply
For modular devices, the following printed circuit-board assemblies have a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, CB202)

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, CB202)
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz
DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11
Inrush current

≤ 18 A

Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

DC 24 V to DC 48 V

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V

PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)

440

–

DC

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 base module, nonmodular
Without plug-in modules

7.0 W

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

33 VA

24 VA

1/6 expansion module

6 VA

6 VA

3W
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Integrated Power Supply
1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA

Stored-energy time for auxiliary voltage outage or
short circuit, modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V/DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

11.1.2 Binary Inputs
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar with the exception of the
binary inputs on the IO230, the IO231, and the IO233.

Current consumption, excited

Approx. DC 0.6 mA to 2.5 mA (independent of the control voltage)

Power consumption, max.

0.6 VA

Pickup time

Approx. 3 ms

Dropout time20

Capacitive load (supply-line capaci- Dropout time
tance)

Control voltage for all modules
with binary inputs except the
IO233

< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage
Range 2 for 110 V and 125 V
Control voltage
Range 3 for 220 V and 250 V
Control voltage

Control voltage for binary inputs of Range
the IO233 modules
Maximum permitted voltage

Vlow ≤ DC 10 V
Vhigh ≥ DC 19 V
Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V
Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.

20 For

time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of
the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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11.1.3 Relay Outputs
Standard Relay (Type S)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Fast Relay (Type F)

442

Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)
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High-Speed Relay with Semiconductor Acceleration (Type HS)
Switching capacity

On/Off: 1000 W/VA

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300

Power Relay (for Direct Control of Motor Switches)
Switching capacity for permanent and periodic operation
250 V/4.0 A
220 V/4.5 A
110 V/5.0 A
60 V/5.0 A
48 V/5.0 A
24 V/5.0 A

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.

Turn on switching power for 30 s, recovery time until switching on again is 15 minutes.
For short-term switching operations, an impulse/pause ratio of 3 % must be considered.
100 V/9.0 A
60 V/10.0 A
48 V/10.0 A
24 V/10.0 A

1000 W
600 W
480 W
240 W

AC and DC contact voltage

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.
250 V

Permissible continuous current per contact

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

≤ 16 ms

Rated data of the output contacts in accordance with
UL certification

DC 300 V, 4.5 A - 30 s ON, 15 min OFF
DC 250 V, 1 hp motor - 30 s ON, 15 min OFF
DC 110 V, 3/4 hp motor - 30 s ON, 15 min OFF
DC 60 V, 10 A, 1/2 hp motor - 30 s ON, 15 min OFF
DC 48 V, 10 A, 1/3 hp motor - 30 s ON, 15 min OFF
DC 24 V, 10 A, 1/6 hp motor - 30 s ON, 15 min OFF

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of each switching pair picks up at a time
thereby avoiding a power-supply short circuit.
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11.1.4 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg

Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg

Device Size
Weight of the Non-Modular Devices 7xx82
Type of construction

1/3

Flush-mounting device

3.6 kg

Bracket for non-modular surfacemounted variant

1.9 kg

Dimensions of the Base and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth (incl.
Current Terminal), Width and Depth Each Rounded
up to the Next Full mm (in Inches)

Flush-mounting device

150 mm x 266 mm x 229 mm
(5.91 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm
ation panel
(5.91 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm
tion panel
(5.91 x 12.36 x 9.06)
Dimensions of Device Rows
Type of
Construction
(Maximum
Dimensions)

444

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

150 mm x
266 mm x
229 mm
(5.91 x 10.47 x
9.02)

225 mm x
266 mm x
229 mm
(8.86 x 10.47 x
9.02)

300 mm x
266 mm x
229 mm
(11.81 x 10.47 x
9.02)

375 mm x
266 mm x
229 mm
(14.76 x 10.47 x
9.02)

450 mm x
266 mm x
229 mm
(17.72 x 10.47 x
9.02)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm
(5.91 x 12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x 12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x 12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x 12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x 12.36 x
13.27)
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Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm
(5.91 x 12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x 12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x 12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x 12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x 12.36 x
9.06)

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth, Width and Depth Each
Rounded up to the Next Full mm (in Inches)

Flush-mounting device

75 mm x 266 mm x 229 mm
(2.95 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm
ation panel
(2.95 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm
tion panel
(2.95 x 12.36 x 9.06)
Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm
(2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm
(2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module
Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)

Degree of Protection According to IEC 60529

21 The

For equipment in the surface-mounting housing

IP5421 for front

For equipment in the flush-mounting housing

IP5421 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27

2

Maximum altitude above sea level

2000 m (6561.68 ft)

provided plug-in label must be used for expansion modules with LEDs.
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UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.
Tightening Torques for Terminal Screws
Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

1.0 Nm

–

i

NOTE

i

NOTE

2.0 Nm

For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

Use copper cables only.

Torques for Other Screw Types
Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm

11.1.5 Influencing Variables for Measured Values

446

Auxiliary voltage: 0.8 Var to 1.2 Var

≤ 0.2 %

Ambient temperature -10 °C to 55 °C

≤ 0.5 %/10 K

Frequency: 45 Hz to 65 Hz

≤1%

Harmonics
• Up to 10 % of 3rd harmonics
• Up to 10 % of 5th harmonics

≤1%
≤1%

Warmup

≤ 0.3 %

Transient excess pickup in fundamental component measurement
method for τ > 100 ms (with complete unbalance)

≤5%

EMC interference

≤ 1.5 %
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11.1.6 SDHC Memory Card
NOTE

i

You can use only Siemens SDHC memory cards.

Capacity

16 GB22

Performance class

≥ Class 10

Temperature range

-40 °C to +85 °C

Flash type

SLC

Dimensions
Width x Height x Depth (in Inches)
SDHC memory card

22 Usable

24 mm x 32 mm x 2.1 mm (0.94 x 1.26 x 0.08)

capacity: Approx. 15 GB
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11.2

Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG B
DCF77
PI
SNTP

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Transfer of PC settings
Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active
Inactive

448

Beginning of daylight saving time

Input: Day and time

End of daylight saving time

Input: Day and time

Offset daylight saving time

-120 to 120 [steps of 15]
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11.3

Phasor Measurement Unit

Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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11.4

Recorder Functions

11.4.1 Fast-Scan Recorder
Setting Values
Fast-Scan Recorder

Setting Range

Increment

Memory capacity

0.200 GB to 15.000 GB

Increments of 1

Maximum record time

1.0 s to 90.0 s

Increments of 0.1

Pre-trigger time

0 s to 3.0 s

Increments of 0.1

Post-trigger time

1.0 s to 90.0 s

Increments of 0.1

Manual record time

1.0 s to 90.0 s

Increments of 0.1

Sampling frequency

1 kHz to 16 kHz

Increments of 1, 2, 4, 8, 16

Retrigger blocking time

0.0 s to 3600 s

Increments of 0.1

Number of Recorder Instances
Fast-scan recorder

1 (fix)

Signals to be Recorded
Refer to Number of Routable Measured Values (MV) and Binary Tracks (SPS), Page 451
Trigger
Frequency trigger
Power trigger
Voltage trigger
Current trigger

11.4.2 Slow-Scan Recorder
Setting Values
Slow-Scan Recorder

Setting Range

Increment

Memory capacity

0.200 GB to 14.800 GB

Increments of 1

Maximum record time

1 min to 90 min

Increments of 1

Pre-trigger time

0 s to 90 s

Increments of 1

Post-trigger time

1 min to 90 min

Increments of 1

Manual record time

1 min to 90 min

Increments of 1

Averaging time

1 to 3000 periods

Increments of 1

Retrigger blocking time

0 min to 240 min

Increments of 1

Number of Recorder Instances
Slow-scan recorder

0 to 2

Signals to be Recorded
Refer to Number of Routable Measured Values (MV) and Binary Tracks (SPS), Page 451
Trigger
Frequency trigger
450
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Power trigger
Voltage trigger
Current trigger

11.4.3 Continuous Recorder
Setting Values
Continuous Recorder

Setting Range

Increment

Memory capacity

0.200 GB to 14.800 GB

Increments of 1

Averaging time

1 s to 900 s

Number of Recorder Instances
Continuous recorder

0 to 5

Signals to be Recorded
Refer to Number of Routable Measured Values (MV) and Binary Tracks (SPS), Page 451

11.4.4 Trend Recorder
Setting Values
Trend Recorder

Setting Range

Increment

Memory capacity

0.200 GB to 14.800 GB

Increments of 1

Number of Recorder Instances
Trend recorder

0 to 2

Signals to be Recorded
Refer to Number of Routable Measured Values (MV) and Binary Tracks (SPS), Page 451

11.4.5 Measured Values and Binary Inputs
Binary Inputs
Sampling

4 kHz23

Resolution

1 ms

Refresh rate

Event-driven

Number of Routable Measured Values (MV) and Binary Tracks (SPS)

23 Toggle

Recorder

Measured Values (MV)

Binary Tracks (SPS)

Fast-scan recorder

75

200

Slow-scan recorder

75

100

Continuous recorder

75

–

Trend recorder

100

200

rates applied permanently and greater than 10 Hz are not recommended.
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Routable Measurands
Measurands
Frequency
Voltage
Current
Power
PQ 10/12 cycles
PQ trend
PQ flicker (according to IEC 61000-4-15, Class F3)
Measuring-transducer measurands (I/O modules)
Measuring-transducer measurands (measuring-transducer module, for example, ANAI-CA-4EL)

452
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11.5

Supervision Functions

11.5.1 Voltage-Balance Supervision
Setting Values
Release threshold

0.300 V to 170.000 V

Increments of 0.001 V

Threshold min/max

0.58 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overvoltage dropout ratio

Approx. 0.97

Undervoltage dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

11.5.2 Voltage-Sum Supervision
Setting Values
Threshold

0.300 V to 170.000 V

Increments of 0.001 V

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

11.5.3 Voltage Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times
Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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11.5.4 Broken-Wire Detection
Setting Values
Value
Mode of blocking

Setting Range
Blocking
Automatic blocking
No blocking

Increment

Delta value for autoblock

0.004 I/Irated to 5.000 I/Irated

0.001

-

11.5.5 Current-Balance Supervision
Setting Values
Release threshold

Irated= 1 A

0.030 A to 35.000 A

Increments of 0.001 A

Irated= 5 A

0.15 A to 175.00 A

Increments of 0.01 A

Threshold min/max

0.10 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overcurrent dropout ratio

Approx. 0.97

Undercurrent dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

11.5.6 Current-Sum Supervision
Setting Values
0.00 to 0.95

Increments of 0.01

1 A @ 50
and100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50
and100 Irated

0.15 A to 50.00 A

Increments 0.01 A

Slope factor
Threshold

Delay failure indication

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.5.7 Current Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times
Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

11.5.8 Analog Channel Supervision via Fast Current Sum
Times
Pickup times

Approx. 2 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms
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11.6

Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:
• The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•

The values were determined for pure sinusoidal signals – without harmonics.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Instrument Transformers
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1:6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

456

0.3 % of the measured value in the above mentioned
measuring range

SIPROTEC 5, Fault Recorder, Manual
C53000-G5040-C018-6, Edition 05.2018

Technical Data
11.6 Operational Measured Values and Statistical Values

Currents, Protection-Class Current Transformer
IA, IB, IC, 3I0
Current range

A secondary
< 100 Irated

Rated currents
Measuring range
Frequency range

1 A, 5 A
0.1 to 25 A
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Sensitive Ground-Current Transformer
3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Phase Angle
ΦU

°

Frequency range

47.5 Hz to 52,5 Hz at frated = 50 Hz
57.5 Hz to 62,5 Hz at frated = 60 Hz

Tolerance ΦU

0.2 ° at rated voltage

ΦI

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦI

0.2 ° at rated current

Power Values
Active power P

W secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.01
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz
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Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Reactive power Q

var secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≤ 0.984
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

1.0 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1.5 % of the measured value in the above mentioned
measuring range

Apparent power S

VA secondary

Measuring range
Voltage range
Current range
Frequency range

(0.01 to 2) · Srated
(0.8 to 1.2) · Vrated
(0.01 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

0.3 % of the measured value in the above mentioned
measuring range
40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Frequency f

Hz

Range

frated - 0.20 Hz < frated + 0.20 Hz

Tolerance

± 5 mHz in the Vrated range

Range

frated - 3.00 Hz < frated + 3.00 Hz

Tolerance

± 10 mHz in the Vrated range

Frequency range (expanded)

25 Hz to 80 Hz; operational measured values
10 Hz to 80 Hz; functional measured values, system
frequency

Tolerance

20 mHz in the range frated ± 10 % for rated values

Frequency

Statistical Values of the Device
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Device operating hours

h

Range

0 to 9999999 h

Tolerance

1h
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Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2e+15

Operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None
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11.7

CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level
Fast Event-Triggered

Time (in ms)

Max. Number of Ticks CP300

<1

1500

Event-Triggered

<5 (<10 ms)

12 397

Interlocking

<5 (<10 ms)

28 656 in total

Measurement

250

The times describe the response time of a typical CFC chart at the respective task level. The maximum number
of ticks applies to a typical load for the device based on the application template Fault recorder N6: 1/1, 43
BI, 33 BO, 20I, 20V.
The task level Measurement runs in cycles every 500 ms. All other task levels are event-triggered.
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
TChart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered level
104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Table 11-1)

Table 11-1

460

Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1

BSC_INFO

2.7
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Element

Ticks

BUILD_ACD

2.9

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

ENC_DEF

3.6

ENC_EXE

3.8

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1
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Element

Ticks

GE_D

0.9

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4
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Element

Ticks

SPC_INFO

0.4

SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TP

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2

2.6
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)HDWXUHV

• Open terminal with extensive configuration
possibilities and expandable hardware
design to meet specific user requirements
• Line impedance
- Distance protection (ZM)
- Phase selection logic (PHS)
- Power swing detection (PSD)
- Power swing logic (PSL)
- Pole slip protection (PSP)
- Scheme communication logic for distance protection functions (ZCOM)

- Scheme communication logic for residual overcurrent protection (EFC)
- Current reversal and weak end infeed
logic for residual overcurrent protection
(EFCA)
- Sensitive directional residual overcurrent protections (WEF1)
- Sensitive directional residual power protection (WEF2)
- Four step residual overcurrent protection (EF4)
• Voltage

- Current reversal and WEI logic for distance protection (ZCAL)

- Time delayed undervoltage protection
(TUV)

- Radial feeder protection (PAP)

- Time delayed overvoltge protection
(TOV)

- Automatic switch onto fault logic (SOTF)
- Local acceleration logic (ZCLC)
• Line differential

• Power system supervision
- Broken conductor check (BRC)

- Line differential protection (DIFL)

- Loss of voltage check (LOV)

- Charging current compensation (CCC)

- Overload supervision (OVLD)

• Current
- Instantaneous overcurrent protection
(IOC)
- Time delayed overcurrent protection
(TOC)
- Two step time delayed phase overcurrent protection (TOC2)
- Two step time delayed directional phase
overcurrent protection (TOC3)

- Dead line detection (DLD)
• Secondary system supervision
- Current circuit supervision (CTSU)
- Fuse failure supervision (FUSE)
- Voltage transformer supervision (TCT)
• Control
- Synchrocheck (SYN)
- Automatic reclosing function (AR)

- Thermal overload protection (THOL)

- Single command (CD)

- Stub protection (STUB)

- Multiple command (CM)

- Breaker failure protection (BFP)

• Logic

- Definite and inverse time-delayed residual overcurrent protection (TEF)

- Trip logic (TR)

- High speed binary output logic (HSBO)

- Communication channel test logic
(CCHT)

- Pole discordance protection (PD)

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

• Serial communication
- Simultaneous dual protocol serial communication facilities
• Metering capabilities
- Pulse counting (PC)
- Event counting (CN)
• Monitoring
- LED indication function (HL, HLED)
- Local Human Machine Interface (HMI)
- Disturbance report (DRP)
- Indications
- Disturbance recorder
- Event recorder
- Fault locator (FLOC)

'HVLJQ
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- Monitoring of DC analogue measurements
- Increased measuring accuracy
• Additional logic function blocks
• Hardware
- 18 LEDs for extended indication capabiliteis
• Several input/output module options including measuring mA input module (for transducers)
• Versatile local human-machine interface
(HMI)
• Extensive self-supervision with internal
event recorder
• Time synchronization with 1 ms resolution

- Trip value recorder

• Four independent groups of complete setting parameters

- Monitoring of AC analogue measurements

• Powerful software PC ‘tool-box’ for monitoring, evalution and user configuration

Type tested software and hardware that comply with international standards and ABB´s
internal design rules together with extensive
self monitoring functionality, ensure high
reliability of the complete terminal.
The terminal’s closed and partly welded steel
case makes it possible to fulfill the stringent
EMC requirements.

An extensive library of protection, control
and monitoring functions is available. This
library of functions, together with the flexible
hardware design, allows this terminal to be
configured to each user´s own specific
requirements. This wide application flexibility makes this product an excellent choice for
both new installations and the refurbishment
of existing installations.

All serial data communication is via optical
connections to ensure immunity against disturbances.

3ODWIRUP

$SSOLFDWLRQ
The platform hardware and common software
functions are included for all REx 5xx terminals. It is the foundation on which all terminals are built. Application specific modules
and functions are added to create a specific
terminal type or family.

'HVLJQ
The REx 5xx platform consists of a case,
hardware modules and a set of basic functions.
The closed and partly welded steel case
makes it possible to fulfill stringent EMC
requirements. Three different sizes of the
case are available to fulfill the space requirements of different terminals. The degree of
protection is IP 40 according to IEC 529 for

cases with the widths 1/2x19” and 3/4x19”.
For case size 1/1x19” IP 30 applies for the
top and bottom part. IP 54 can be obtained for
the front area in flush and semiflush applications. Mounting kits are available for rack,
flush, semiflush or wall mounting.
All connections are made on the rear of the
case. Screw compression type terminal
blocks are used for electrical connections.
Serial communication connections are made
by optical fibre connectors type Hewlett
Packard (HFBR) for plastic fibres or bayonet
type ST for glass fibres.
A set of hardware modules are always
included in a terminal. Application specific
modules are added to create a specific terminal type or family.

/LQHGLIIHUHQWLDODQGGLVWDQFH
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The basic functions provide a terminal with
basic functionality such as self supervision, I/
O-system configurator, real time clock and
other functions to support the protection and
control system of a terminal.

&RPPRQ
IXQFWLRQV

'HVFULSWLRQ
Common functions are the software functions
that always are included in the terminals.

7LPHV\QFKURQLVDWLRQ
7,0(
$SSOLFDWLRQ

Use the time synchronization source selector
to select a common source of absolute time
for the terminal when it is a part of a protection system. This makes comparison of
events and disturbance data between all terminals in a system possible.
)XQFWLRQDOLW\

Two main alternatives of external time synchronization are available. Either the synchronization message is applied via any of
the communication ports of the terminal as a
telegram message including date and time, or
as a minute pulse, connected to a binary
input. The minute pulse is used to fine tune
already existing time in the terminals.
The REx 5xx terminal has its own internal
clock with date, hour, minute, second and
millisecond. It has a resolution of 1 ms.
The clock has a built-in calendar that handles
leap years through 2098. Any change
between summer and winter time must be
handled manually or through external time
synchronization. The clock is powered by a
capacitor, to bridge interruptions in power
supply without malfunction.
The internal clock is used for time-tagging
disturbances, events in Substation monitoring
system (SMS) and Substation control system
(SCS), and internal events.

6HWWLQJJURXSVHOHFWLRQ *53
$SSOLFDWLRQ

Use the four sets of settings to optimize the
terminals operation for different system conditions. By creating and switching between
fine tuned setting sets, either from the humanmachine interface or configurable binary

inputs, results in a highly adaptable terminal
that can cope with a variety of system scenarios.
)XQFWLRQDOLW\

The GRP function block has four functional
inputs, each corresponding to one of the setting groups stored within the terminal. Activation of any of these inputs changes the
active setting group. Four functional output
signals are available for configuration purposes, so that continuous information on
active setting group is available.

6HWWLQJORFNRXW +0,
$SSOLFDWLRQ

Unpermitted or uncoordinated changes by
unauthorized personnel may cause severe
damage to primary and secondary power circuits. Use the setting lockout function to prevent unauthorized setting changes and to
control when setting changes are allowed.
By adding a key switch connected to a binary
input a simple setting change control circuit
can be built simply allowing only authorized
keyholders to make setting changes from the
built-in HMI.
)XQFWLRQDOLW\

Activating the setting restriction prevents
unauthorized personell to purposely or by
mistake change terminal settings.
The HMI--BLOCKSET functional input is
configurable only to one of the available
binary inputs of a REx 5xx terminal. For this
reason, the terminal is delivered with the
default configuration, where the HMI-BLOCKSET signal is connected to NONENOSIGNAL.
The function permits remote changes of settings and reconfiguration through the serial
communication ports. The setting restrictions
from remote can be activated only from the
local HMI.
All other functions of the local humanmachine communication remain intact. This
means that an operator can read all distur-

/LQHGLIIHUHQWLDODQGGLVWDQFH
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bance reports and other information and setting values for different protection parameters
and the configuration of different logic circuits.

,2V\VWHPFRQILJXUDWRUZLWK
LQWHUQDOHYHQWUHFRUGHU ,23
$SSOLFDWLRQ

The I/O system configurator must be used in
order for the terminal’s software to recognize
added modules and to create internal address
mappings between modules and protections
and other functions.

6HOIVXSHUYLVLRQ ,17
$SSOLFDWLRQ

Use the local HMI, SMS or SCS to view the
status of the self-supervision function. The
self-supervision operates continuously and
includes:
•
•
•

Normal micro-processor watchdog function
Checking of digitized measuring signals
Checksum verification of PROM contents
and all types of signal communication

/RJLFIXQFWLRQEORFNV
$SSOLFDWLRQ

The user can with the available logic function
blocks build logic functions and configure the
terminal to meet application specific requirements.
Different protection, control, and monitoring
functions within the REx 5xx terminals are
quite independent as far as their configuration
in the terminal is concerned. The user can not
change the basic algorithms for different
functions. But these functions combined with
the logic function blocks can be used to create application specific functionality.
With additional configurable logic means that
an extended number of logic circuits are
available. Also Move function blocks (MOF,
MOL), used for synchronization of boolean
signals sent between logics with slow and fast
execution, are among the additional configurable logic circuits.

5(/ 
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)XQFWLRQDOLW\

The functionality of the additional logic function blocks are the same as for the basic logic
functions, but with an extended number of
blocks.
,QYHUWIXQFWLRQEORFN ,19

The inverter function block INV has one
input and one output, where the output is in
inverse ratio to the input.
25IXQFWLRQEORFN 25

The OR function is used to form general
combinatory expressions with boolean variables. The OR function block has six inputs
and two outputs. One of the outputs is
inverted.
$1'IXQFWLRQEORFN $1'

The AND function is used to form general
combinatory expressions with boolean variables.The AND function block has four
inputs and two outputs. One of the inputs and
one of the outputs are inverted.
7LPHUIXQFWLRQEORFN 70

The function block TM timer has drop-out
and pick-up delayed outputs related to the
input signal. The timer has a settable time
delay (parameter T).
7LPHUORQJIXFWLRQEORFN 7/

The function block TL timer with extended
maximum time delay at pick-up and at dropout, is identical with the TM timer. The difference is the longer time delay.
3XOVHWLPHUIXQFWLRQEORFN 73

The pulse function can be used, for example,
for pulse extensions or limiting of operation
of outputs. The pulse timer TP has a settable
length.
([WHQGHGOHQJWKSXOVHIXQFWLRQEORFN 74

The function block TQ pulse timer with
extended maximum pulse length, is identical
with the TP pulse timer. The difference is the
longer pulse length.
([FOXVLYH25IXQFWLRQEORFN ;25

The exclusive OR function XOR is used to
generate combinatory expressions with boolean variables. The function block XOR has
two inputs and two outputs. One of the outputs is inverted. The output signal is 1 if the
input signals are different and 0 if they are
equal.

/LQHGLIIHUHQWLDODQGGLVWDQFH
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6HWUHVHWZLWKPHPRU\IXQFWLRQEORFN 65

0RYHILUVWIXQFWLRQ 02)

The Set-Reset (SR) function is a flip-flop that
can set or reset an output from two inputs
respectively. Each SR function block has two
outputs, where one is inverted.

The Move function block MOF is put first in
the slow logic and is used for signals coming
from fast logic into the slow logic. The MOF
function block is only a temporary storage for
the signals and does not change any value
between input and output.

6HWUHVHWZLWKPHPRU\IXQFWLRQEORFN 60

The Set-Reset function SM is a flip-flop with
memory that can set or reset an output from
two inputs respectively. Each SM function
block has two outputs, where one is inverted.
The memory setting controls if the flip-flop
after a power interruption will return the state
it had before or if it will be reset.
&RQWUROODEOHJDWHIXQFWLRQEORFN *7

The GT function block is used for controlling
if a signal should be able to pass from the
input to the output or not depending on a setting.
6HWWDEOHWLPHUIXQFWLRQEORFN 76

The function block TS timer has outputs for
delayed input signal at drop-out and at pickup. The timer has a settable time delay. It also
has an Operation setting On, Off that controls
the operation of the timer.

/LQHLPSHGDQFH
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'LVWDQFHSURWHFWLRQ =0
$SSOLFDWLRQ

The ZM distance protection function provides
fast and reliable protection for overhead lines
and power cables in all kinds of power networks. For each independent distance protection zone, full scheme design provides
continuous measurement of impedance separately in three independent phase-to-phase
measuring loops as well as in three independent phase-to-earth measuring loops.
Phase-to-phase distance protection is suitable
as a basic protection function against twoand three-phase faults in all kinds of networks, regardless of the treatment of the neutral point. Independent setting of the reach in

0RYHODVWIXQFWLRQEORFN 02/

The Move function block MOL is put last in
the slow logic and is used for signals going
out from the slow logic to the fast logic. The
MOL function block is only a temporary storage for the signals and does not change any
value between input and output.

%ORFNLQJRIVLJQDOVGXULQJWHVW
$SSOLFDWLRQ

The protection and control terminals have a
complex configuration with many included
functions. To make the testing procedure easier, the terminals include the feature to individually block a single, several or all
functions.
This means that it is possible to see when a
function is activated or trips. It also enables
the user to follow the operation of several
related functions to check correct functionality and to check parts of the configuration etc.
the reactive and the resistive direction for
each zone separately, makes it possible to create fast and selective short circuit protection
in power systems.
Phase-to-earth distance protection serves as
basic earth fault protection in networks with
directly or low impedance earthed networks.
Together with an independent phase preference logic, it also serves as selective protection function at cross-country faults in
isolated or resonantly earthed networks.
Independent reactive reach setting for phaseto-phase and for phase-to-earth measurement
secures high selectivity in networks with different protective relays used for short-circuit
and earth-fault protection.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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jX
Xph-e

Xph-ph

Zline

Rph-ph

Rph-e
R

98000062.vmf

Where:
Xph-e

= reactive reach for ph-e faults

Xph-

= reactive reach for ph-ph faults

ph

Rph-e

= resistive reach for ph-e faults

Rph-

= resistive reach for ph-ph faults

ph

Zline
Figure 1:

= line impedance
Schematic presentation of the operating characteristic for one distance protection zone in
forward direction

Distance protection with simplified setting
parameters is available on request. It uses the
same algorithm as the basic distance protection function. Simplified setting parameters
reduce the complexity of necessary setting

procedures and make the operating characteristic automatically more adjusted to the needs
in combined networks with off-lines and
cables.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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jX
X

Zline

RFPP

RFPE

R

xx00000713.vsd

Where:
X

= reactive reach for all kinds of faults

RFPP

= resistive reach for phase-to-phase faults

RFPE

= resistive reach for phase-to-earth faults

Zline

= line impedance

Figure 2:

Schematic presentation of the operating characteristic for one distance protection zone in
forward direction with simplified setting parameters

The distance protection zones can operate,
independently of each other, in directional
(forward or reverse) or non-directional mode.
This makes it suitable, together with different
communication schemes, for the protection of
power lines and cables in complex network
configurations, such as double-circuit, parallel lines, multiterminal lines, etc. Zone one,
two and three can issue phase selective signals, such as start and trip.
The additional distance protection zones four
and five have the same basic functionality as
zone one to three, but lack the possibility of
issuing phase selective output signals.
Distance protection zone five has shorter
operating time than other zones, but also
higher transient overreach. It should generally be used as a check zone together with the
SOTF switch onto fault function or as a time
delayed zone with time delay set longer than
100ms.

Basic distance protection function is generally suitable for use in non-compensated networks. A special addition to the basic
functions is available optionally for use on
series compensated and adjacent lines where
voltage reversals might disturb the correct
directional discrimination of a basic distance
protection.
)XQFWLRQDOLW\

Separate digital signal processors calculate
the impedance as seen for different measuring
loops in different distance protection zones.
The results are updated each millisecond,
separately for all measuring loops and each
distance protection zone. Measurement of the
impedance for each loop follows the differential equation, which considers complete line
replica impedance, as presented schematically in figure 3.

Xl ∆i ( t )
u ( t ) = ( R l + Rf ) ⋅ i ( t ) + ----- ⋅ ----------ω ∆t

/LQHGLIIHUHQWLDODQGGLVWDQFH
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jXl
i(t)
Rf

u(t)

98000063.vmf

Where:
Rl

= line resistance

Rf

= fault resistance

Xl

= line reactance

ω

= 2πf

f

= frequency

Figure 3:

Schematic presentation of impedance
measuring principle.

Settings of all line parameters, such as positive sequence resistance and reactance as well
as zero-sequence resistance and reactance,
together with expected fault resistance for
phase-to-phase and phase-to-earth faults, are
independent for each zone. The operating
characteristic is thus automatically adjusted
to the line characteristic angle, if the simplified operating characteristic has not been
especially requested. The earth-return compensation factor for the earth-fault measurement is calculated automatically by the
terminal itself.
Voltage polarization for directional measurement uses continuous calculation and updating of the positive sequence voltage for each
measuring loop separately. This secures correct directionality of the protection at different evolving faults within the complex
network configurations. A memory retaining
the pre-fault positive-sequence voltage
secures reliable directional operation at closeup three-phase faults.
The distance protection function blocks are
independent of each other for each zone.
Each function block comprises a number of
different functional inputs and outputs, which
are freely configurable to different external
functions, logic gates, timers and binary
inputs and outputs. This makes it possible to
influence the operation of the complete mea-

suring zone or only its tripping function by
the operation of fuse-failure function, power
swing detection function, etc.

3KDVHVHOHFWLRQORJLF 3+6
The PHS phase selection logic function is an
independent measuring function. It comprises
both impedance and current-based measurement criteria. Its main purpose is to augment
the phase selectivity of the complete distance
protection in networks with long and heavily
loaded lines. It is generally intended for use
in directly earthed networks, where correct
and reliable phase selection for single-phaseto-earth faults, combined with single-pole
tripping and automatic reclosing, secures the
stability of complete power systems.
The independent measurement of impedance
in all six fault loops secures a high degree of
phase selectivity in complex networks. This
independent phase selection, combined with
directional measurement for each fault loop,
also secures selective operation for simultaneous close-in faults on parallel circuits.
Independent reactive reach settings for phaseto-phase and phase-to-earth measurement
secures high selectivity in networks with different protective relays used for short-circuit
and earth-fault protection.
)XQFWLRQDOLW\

For the impedance-based phase selection, all
six fault loops are measured separately and
continuously. The reactive and resistive

/LQHGLIIHUHQWLDODQGGLVWDQFH
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reaches are independently settable for phaseto-phase and phase-to-earth faults. Checks
based on the level of residual current determine which loops, i.e. phase-to-earth or
phase-to-phase, are evaluated. Selection of
the faulted phase(s) is determined by which
of the selected loops operate. Operation of a
loop occurs when the measured impedance
within that loop is within the set boundaries
of the characteristic. The impedance-based
output will activate the selected loop of the
distance protection measuring zone(s) to
which the impedance-based phase selection
output is connected.
The current-based phase selection is based on
the same residual current checks as those
used to select the phase-to-earth or phase-tophase loops of the impedance-based phase
selection function for evaluation. In this case
the current-based output will activate either
all the phase-to-earth loops or all the phaseto-phase loops of the distance protection measuring zone(s) to which the current-based
phase selection output is configured.

3RZHUVZLQJGHWHFWLRQ 36'
$SSOLFDWLRQ

Power swings in the system arise due to big
changes in load, or changes in power system
configuration due to faults and their clearance. Distance protection detects these power
swings as variations with time of the measured impedance along a locus in the impedance plane. This locus can enter the operate
characteristic of the distance protection and
cause its unwanted operation if no preventive
measures are taken. The main purpose of the
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PSD power swing detection function is to
detect power swings in power networks and
to provide the blocking signal to the distance
function to prevent its unwanted operation.
)XQFWLRQDOLW\

The PSD function comprises an inner and an
outer quadrilateral measurement characteristic. Its principle of operation is based on the
measurement of the time it takes a power
swing transient impedance to pass through
the impedance area between the outer and the
inner characteristics. Power swings are identified by transition times longer than timer
settings. The impedance measuring principle
is the same as that used for the distance protection zones. The impedance and the transient impedance time are measured in all
three phases separately. One-out-of-three or
two-out-of-three operating modes can be
selected permanently or adaptively according
to the specific system operating conditions.
The PSD function detects power swings with
a swing period as low as 200 ms (i.e. with a
slip frequency as high as 10% of the rated frequency on a 50 Hz basis). It detects swings
under normal system operating conditions, as
well as during the dead time of a single-pole
automatic reclosing cycle. Different timers
are used for initial and consecutive swings,
securing a high degree of differentiation
between power swing and fault conditions.
It is possible to inhibit the power swing
detected output on detection of earth fault
current. This can be used to release the operation of the distance protection function for
earth faults during power swing conditions.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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Figure 4:

Operating principle and characteristic of the PSD function

3RZHUVZLQJORJLF 36/
$SSOLFDWLRQ

The main purpose of the PSL power swing
logic is to secure selective and reliable operation of the distance protection for both internal and external faults during power swings.
It also ensures stable operation of the distance
protection for power swings caused by the
clearance of external faults, i.e. power swings
that begin from within the characteristic of an
overreaching zone, and which are therefore
not able to be detected by the power swing
detection function in the normal way.

function on detection of a power swing. For
this reason it is recommended to include zone
4 and/or zone 5 within the terminal.
The PSL is only activated following detection
of a power swing by the power swing detection function.It can operate in both permissive overreaching (one power swing zone
required) and permissive underreaching (two
power swing zones required) modes. It is possible to use the same communication channels as for the normal scheme communication
because the normal distance zones which utilize these channels are blocked during power
swings.

)XQFWLRQDOLW\

The PSL is a supplementary function to the
power swing detection function. It requires
for its operation inputs from the distance protection function, the power swing detection
function, etc., and the teleprotection equipment, when available.
Reliable operation for faults during power
swings is achieved by the communication
logic within the PSL. For its operation, this
function requires inputs from a distance protection zone(s) that are not used for the ordinary distance protection, and therefore that
are not blocked by the power swing detection

For single-line-to-earth faults, an alternative
earth fault protection function, e.g. directional earth fault, may be preferred to deal
with earth faults during a power swing. It is
then possible to block the power swing logic
on pickup of this protection, except during
the pole open period of a single-pole automatic reclosing cycle.
For power swings caused by external faults
measured within the power swing characteristic, stable operation is ensured in these circumstances by automatically replacing the
output connections from the normal instanta-

/LQHGLIIHUHQWLDODQGGLVWDQFH
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neous direct tripping distance zone with output connections from the PSL.

3ROHVOLSSURWHFWLRQ 363
$SSOLFDWLRQ

Sudden events in an electrical power system
such as large jumps in load, fault occurrence
or fault clearance, can cause oscillations
referred to as power swings. In a recoverable
situation, the power swings will decay and
stable operation will be resumed; in a nonrecoverable situation, the power swings
become so severe that the synchronism is
lost, a condition referred to as pole slipping.
The main purpose of the PSP pole slip protection is to detect, evaluate, and take the
required action for pole slipping occurrences
in the power system.
)XQFWLRQDOLW\

The PSP function comprises an inner and an
outer quadrilateral measurement characteristic. It detects oscillations in the power system
by measuring the time it takes the transient
impedance to pass through the impedance
area between the outer and the inner characteristics. Oscillations are identified by transition times longer than timer settings. The
impedance measuring principle is the same as
that used for the distance protection zones.
The impedance and the transient impedance
time are measured in all three phases separately. One-out-of-three or two-out-of-three
operating modes can be selected permanently
or adaptively according to the specific system
operating conditions.
Oscillations with an oscillation period as low
as 200 ms (i.e. with a slip frequency as high
as 10% of the rated frequency on a 50 Hz
basis) can be detected for normal system
operating conditions, as well as during the
dead time of a single-pole automatic reclosing cycle. Different timers are used for initial
and consecutive pole slips, securing a high
degree of differentiation between oscillation
and fault conditions.
It is possible to inhibit the ocsillation detected
output on detection of earth fault current.
This can be used to release the operation of
the distance protection function for earth
faults during power oscillation conditions.
The PSP function has two tripping areas.
These are located within the operating area,
which is located within the inner characteristic. On detection of a new oscillation, the
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activation of a trip output will depend on the
applied settings. These determine the direction of the transition for which tripping is permitted, whether tripping will occur on entry
of the measured impedance into a tripping
area, or on its exit from the tripping area, and
through which tripping area the transition
must be measured for tripping to occur. The
applied settings also determine the number of
pole slips required before the trip output is
issued.

6FKHPHFRPPXQLFDWLRQORJLF
IRUGLVWDQFHSURWHFWLRQIXQFWLRQ
=&20
$SSOLFDWLRQ

It is not possible to set a underreaching distance protection zone to cover the full length
of the line, and at the same time not to overreach for faults beyond the protected line. To
avoid overreaching, underreaching distance
protection zones must always reach short of
the remote end of the line by some safety
margin of 15-20%. The main purpose of the
ZCOM scheme communication logic is to
supplement the distance protection function
such that fast clearance of faults is also
achieved at the line end for which the faults
are on the part of the line not covered by its
underreaching zone. To accomplish this, one
communication channel, capable of transmitting an on/off signal, is required in each
direction.
)XQFWLRQDOLW\

The ZCOM function is a logical function
built-up from logical elements. It is a supplementary function to the distance protection,
requiring for its operation inputs from the distance protection and the teleprotection equipment.
The type of communication-aided scheme to
be used can be selected by way of the settings. The ability to select which distance
protection zone is assigned to which input of
the ZCOM logic makes this logic able to support practically any scheme communication
requirements regardless of their basic operating principle. The outputs to initiate tripping
and sending of the teleprotection signal are
given in accordance with the type of communication-aided scheme selected and the distance protection zone(s) which have operated.
When power line carrier communication
channels are used, unblocking logic is provided which uses the loss of guard signal.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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This logic compensates for the lack of
dependability due to the transmission of the
command signal over the faulted line.

tripping, outputs for the faulted phase(s) are
provided. Undervoltage detectors are used to
select the faulted phase (s).

&XUUHQWUHYHUVDO:(,ORJLFIRU
GLVWDQFHSURWHFWLRQ =&$/

5DGLDOIHHGHUSURWHFWLRQ 3$3

$SSOLFDWLRQ

The main purpose of the PAP radial feeder
protection function is to provide tripping at
the ends of radial feeders with passive load or
with weak end infeed. To obtain this tripping,
the PAP function must be included within the
protection terminal at the load / weak end
infeed end.

In interconnected systems, for parallel line
applications, the direction of flow of the fault
current on the healthy line can change when
the circuit breakers on the faulty line open to
clear the fault. This can lead to unwanted
operation of the distance protection on the
healthy line when permissive overreach
schemes are used. The main purpose of the
ZCAL current reversal logic is to prevent
such unwanted operations for this phenomenon.
If the infeed of fault current at the local end
for faults on the protected line is too low to
operate the measuring elements, no trip output will be issued at the local end and no teleprotection signal will be sent to the remote
end. This can lead to time delayed tripping at
the remote strong infeed end. The main purpose of the ZCAL weak end infeed logic is to
enhance the operation of permissive communication schemes and to avoid sequential tripping when, for a fault on the line, the initial
infeed of fault current from one end is too
weak to operate the measuring elements.
)XQFWLRQDOLW\

The ZCAL function block provides the current reversal and weak end infeed logic functions that supplement the standard scheme
communication logic, or the phase segregated
scheme communication logic.
On detection of a current reversal, the current
reversal logic provides an output to block the
sending of the teleprotection signal to the
remote end, and to block the permissive tripping at the local end. This blocking condition
is maintained long enough to ensure that no
unwanted operation will occur as a result of
the current reversal.
On verification of a weak end infeed condition, the weak end infeed logic provides an
output for sending the received teleprotection
signal back to the remote sending end, and
other output(s) for tripping. For terminals
equipped for single-, two-, and three-pole

$SSOLFDWLRQ

)XQFWLRQDOLW\

The PAP function performs the phase selection using the measured voltages. Each phase
voltage is compared to the opposite phasephase voltage. A phase is deemed to have a
fault if its phase voltage drops below a settable percentage of the opposite phase-phase
voltage. The phase-phase voltages include
memory. This memory function has a settable
time constant.
The PAP function has built-in logic for fast
tripping as well as time delayed tripping. The
voltage-based phase selection is used for both
the fast and the delayed tripping. To get fast
tripping, scheme communication is required.
Delayed tripping does not require scheme
communication. It is possible to permit
delayed tripping only on failure of the communications channel by blocking the delayed
tripping logic with a communications channel
healthy input signal.
On receipt of the communications signal,
phase selective outputs for fast tripping are
given based on the phase(s) in which the
phase selection function has operated.
For delayed tripping, the single-pole and
three-pole delays are separately and independently settable. Furthermore, it is possible to
enable or disable three-pole delayed tripping.
It is also possible to select either single-pole
delayed tripping or three-pole delayed tripping for single-phase faults. Three-pole
delayed tripping for single-phase faults is also
dependent on the selection to enable or disable three-pole tripping. For single-phase
faults, it is possible to include a residual current check in the tripping logic. Three-pole
tripping is always selected for phase selection
on more than one phase. Three-phase tripping
will also occur if the residual current exceeds

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

the set level during fuse failure for a time
longer than the three-pole trip delay time.
The radial feeder protection function also
includes logic which provides outputs that are
specifically intended for starting the automatic recloser.

$XWRPDWLFVZLWFKRQWRIDXOW
ORJLF 627)
$SSOLFDWLRQ

The main purpose of the SOTF switch-on-tofault function is to provide high-speed tripping when energizing a power line on to a
short-circuit fault on the line.
Automatic initiating of the SOTF function
using dead line detection can only be used
when the potential transformer is situated on
the line-side of the circuit breaker. Initiation
using dead line detection is highly recommended for busbar configurations where
more than one circuit breaker at one line end
can energize the protected line.
Generally, directional or non-directional
overreaching distance protection zones are
used as the protection functions to be released
for direct tripping during the activated time.
When line-side potential transformers are
used, the use of non-directional distance
zones secures switch-on-to-fault tripping for
fault situations there directional information
can not be established, for example, due to
lack of polarizing voltage. Use of non-directional distance zones also gives fast fault
clearance when energizing a bus from the line
with a short-circuit fault on the bus.

/LQHGLIIHUHQWLDO

/LQHGLIIHUHQWLDOSURWHFWLRQ
$SSOLFDWLRQ

Current line-differential protection compares
the currents entering and leaving the protected overhead line or cable. The differential
function offers phase-segregated true current
differential protection for all networks. Current comparison on a per phase basis obviates
the problem of the current summation
approach and provides phase selection information for single-pole tripping.
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)XQFWLRQDOLW\

The SOTF function is a logical function builtup from logical elements. It is a complementary function to the distance protection function.
It is enabled for operation either by the close
command to the circuit breaker, by a normally closed auxiliary contact of the circuit
breaker, or automatically by the dead line
detection. Once enabled, this remains active
until one second after the enabling signal has
reset. The protection function(s) released for
tripping during the activated time can be
freely selected from the functions included
within the terminal. Pickup of any one of the
selected protection functions during the
enabled condition will result in an immediate
trip output from the SOTF function.

/RFDODFFHOHUDWLRQORJLF =&/&
$SSOLFDWLRQ

The main purpose of the ZCLC local acceleration logic is to achieve fast fault clearance
for faults anywhere on the whole line for
those applications where no communication
channel is available.
)XQFWLRQDOLW\

The ZCLC function is a complementary function to the distance protection function.
The local acceleration logic can be enabled
for operation in two ways. The first way uses
an ‘automatic recloser ready’ signal, either
from the internal recloser, or an external
recloser. The second way uses loss of load
detection. When enabled by either method,
the local acceleration logic will produce an
immediate output on pickup of the function
selected to the method of acceleration
enabled.
A dependable communication link is needed
to allow exchange of information between the
terminals at the line ends. Direct optical fiber
or galvanic commnication link are supported,
as well as digital communication systems like
multiplexed and route switched networks.The
transmission time is measured in short intervals to provide correct synchronization of
local clocks. The transmission time compensation is based on the assumption that the
transmission time is the same in both directions.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

Two independent binary signals can be transmitted from one line side to the other through
the differential communication link for information purposes.
The line differential protection recognises the
line charging current as a differential current
if no special precautions are taken for its
compensation. One commonly used method
is to make the protection less sensitive by
increasing the operate current level setting.
At fundamental frequency, power cables and
long overhead lines may have a charging current high enough to significantly influence
the necessary setting level and thus the sensitivity to avoid unwanted tripping of the differential protection. The charging current
compensation function, CCC, therefore
becomes an essential part of the line differential protection to avoid the risk of unwanted
tripping with maintained high sensitivity.
Compensation at both line ends is recommended, but if at one line end the voltage
information is not available, it is possible to
compensate only at one line end.
If the voltage information is missing (fuse
failure, MCB trip) or the line is opened
(information from auxiliary contacts of the
circuit breaker), the CCC is blocked, i.e. the
line differential minimum operate current setting, switches automatically from the compensated value (IMinOpComp) to the non
compensated one (IMinOP).
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)XQFWLRQDOLW\

The current differential function is of master/
master design. Each terminal evaluates the
three phase currents related to its line end, in
terms of amplitude and phase angle, and
sends them to the other terminal through the
communication channel. At the same time it
receives the three current information from
the other terminal and performs locally the
phase segregated current comparison.
All currents are Fourier filtered in order to
extract the sine and cosine components. The
six components, two per phase, are included
in a message that is transmitted every 5 ms to
the remote terminal over a synchronous 56/
64 kbit/s data channel. Also included in the
message is information for differential function supervision, CT saturation detection,
synchronisation of terminals, transfer trip signals etc.
The differential measurement is stabilised
phase by phase with the current scalar sum,
see figure 5. The degree of stabilisation is settable.
All currents are individually supervised by
the patented CT saturation detection algorithm, to minimise the requirements on the
CTs. In case of CT saturation, the degree of
stabilisation is increased in the affected phase
in the differential protections at both ends,
see figure 5.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

Figure 5:
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Operating characteristic

I Diff = I Local + IRemote

ILocal + IRemote
I Bias = -----------------------------------------2
( I Bias ) Evaluate = Max { [ ( I Bias ) Own phase ] OR [ 0.5 ⋅ ( I Bias ) Other phases ] }

The communication delay is continuously
measured and automatically compensated for,
in the differential measurement. This function
enables the terminal to use a communication
network with automatic route switching
(route switching is frequently used in public
digital networks).
The communication telegram is checked for
errors, and on detection of erroneous information the telegram is excluded from the
evaluation. In order to trip, two or three out of
four accepted telegrams are required. This
provides the needed security against wrong
operation due to transmission disturbances.

Charging current compensation function continuously calculates the line capacitive charging current from the derivative of the line
voltage and from the line capacitance data,
entered into the function as positive and zero
sequence line capacitive reactances.
The calculated capacitive current is vectorially subtracted from the measured line current
to form a compensated current which is sent
to the terminal at the other line end. The compensated current is considered in the differential algorithm.
Blocking of CCC for fuse failure or opened
line is achieved by correctly configuring the
two dedicated functional inputs VTSU and

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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CBOPEN. These functional inputs appear in
the line differential function block (DIFL)
when the option CCC is available.

&XUUHQW

,QVWDQWDQHRXVRYHUFXUUHQWSUR
WHFWLRQ ,2&

7LPHGHOD\HGRYHUFXUUHQWSUR
WHFWLRQ 72&

$SSOLFDWLRQ

$SSOLFDWLRQ

Different system conditions, such as source
impedance and the position of the faults on
long transmission lines influence the fault
currents to a great extent. An instantaneous
phase overcurrent protection with short operate time and low transient overreach of the
measuring elements can be used to clear
close-in faults on long power lines, where
short fault clearing time is extremely important to maintain system stability.

The time delayed overcurrent protection,
TOC, operates at different system conditions
for currents exceeding the preset value and
which remains high for longer than the delay
time set on the corresponding timer. The
function can also be used for supervision and
fault detector for some other protection functions, to increase the security of a complete
protection system. It can serve as a reserve
function for the line distance protection, if
activated under fuse failure conditions which
has disabled the operation of the line distance
protection.

The instantaneous residual overcurrent protection can be used in a number of applications. Below some examples of applications
are given.
•
•

Fast back-up earth fault protection for
faults close to the line end.
Enables fast fault clearance for close in
earth faults even if the distance protection
or the directional residual current protection is blocked from the fuse supervision
function

)XQFWLRQDOLW\

The current measuring element continuously
measures the current in all three phases and
compares it to the set operate value IP>>. A
filter ensures immunity to disturbances and
dc components and minimizes the transient
overreach. If any phase current is above the
set value IP>>, the phase overcurrent trip signal TRP is activated. Separate trip signal for
the actual phase(s) is also activated. The input
signal BLOCK blocks all functions in the
current function block.
The current measuring element continuously
measures the residual current and compares it
to the set operate value IN>>. A filter ensures
immunity to disturbances and dc components
and minimizes the transient overreach. If the
residual current is above the set value IN>>,
the residual overcurrent trip signal TRN is
activated. The general trip signal TRIP is
activated as well. The input signal BLOCK
blocks the complete function.

The time delayed residual overcurrent protection is intended to be used in solidly and low
resistance earthed systems. The time delayed
residual overcurrent protection is suitable as
back-up protection for phase to earth faults,
normally tripped by operation of the distance
protection. The protection function can also
serve as protection for high resistive phase to
earth faults.
)XQFWLRQDOLW\

The current measuring element continuously
measures the current in all three phases and
compares it to the set operate value IP>. A filter ensures immunity to disturbances and dc
components and minimizes the transient
overreach. If the current in any of the three
phases is above the set value IP>, a common
start signal STP and a start signal for the
actual phase(s) are activated. The timer tP is
activated and the phase overcurrent trip signal
TRP is activated after set time. The general
trip signal TRIP is activated as well.
The input signal BLOCK blocks the function.
The input signal BLKTR blocks both trip signals TRP and TRIP.
The residual current measuring element continuously measures the residual current and
compares it with the set operate value IN>. A
filter ensures immunity to disturbances and
dc components and minimizes the transient
overreach. If the measured current is above
the set value IN>, a start signal STN is activated. The timer tN is activated and the

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

residual overcurrent trip signal TRN is activated after set time. The general trip signal
TRIP is activated as well. The input signal
BLOCK blocks the function. The input signal
BLKTR blocks both trip signals TRN and
TRIP.

7ZRVWHSWLPHGHOD\HGSKDVH
RYHUFXUUHQWSURWHFWLRQ 72&
$SSOLFDWLRQ

The two current/time stages of overcurrent
protection TOC2 improve the possibility to
get fast operation for nearby faults by using a
high set current stage with short time delay.
The low current stage is set with appropriate
time delay to get selectivity with the adjacent
relays in the system. In networks with inverse
time delayed relays, selectivity is generally
best obtained by using the same type of
inverse time characteristic for all overcurrent
relays.
)XQFWLRQDOLW\

The current measuring element continuously
measures the current in all phases and compares it to the set operate value for the two
current stages. A filter ensures immunity to
disturbances and dc components and minimizes the transient overreach. If the current in
any of the three phases is above the set value
I>Low, the start signal for the low current
stage is activated. With setting Characteristic
= Def, the timer tLow is activated and the trip
signal TRLS is activated after set time. If
inverse time delay is selected, the timer tMinInv starts when the current is above the set
value I>Low. If the current also is above the
set value I>Inv, the inverse time evaluation
starts. When both time circuits operate, the
definite time circuit tLow is activated and the
trip signal TRLS is activated after the additional time tLow. If the current is above the
set value I>High, the timer tHigh is activated
and the trip signal TRHS is activated after set
time.
The input signal BLOCK blocks all functions. Each current stage can also be individually blocked.
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7ZRVWHSWLPHGHOH\HGGLUHF
WLRQDOSKDVHRYHUFXUUHQWSUR
WHFWLRQ 72&
$SSOLFDWLRQ

The two current/time stages of the TOC3
overcurrent protection, both with optional
directional (Forward release or Reverse
block) or non-directional function, improve
the possibility to obtain selective function of
the overcurrent protection relative other
relays even in meshed networks. It must be
realized, however, that the setting of a phase
overcurrent protection system in a meshed
network can be very complicated and a large
number of fault current calculations are
needed. In some cases, it is not possible to
obtain selectivity even when using directional
overcurrent protection. In such cases it is suggested to use line differential protection or
distance protection function.
)XQFWLRQDOLW\

The current measuring element continuously
measures the current in all three phases and
compares it to the set operate value for the
two current stages. A filter ensures immunity
to disturbances and dc components and minimizes the transient overreach. If the current in
any of the three phases is above the set value
I>Low, the start signal for the low current
stage is activated. With setting Characteristic
= Def, the timer tLow is activated and the trip
signal TRLS is activated after set time. If
inverse time delay is selected, the timer tMinInv starts when the current is above the set
value I>Low. If the current also is above the
set value I>Inv, the inverse time evaluation
starts. When both time circuits operate, the
definite time circuit tLow is activated and the
trip signal TRLS is activated after set time.
If the current is above the set value I>High,
the timer tHigh is activated and the trip signal
TRHS is activated after set time.The low and
the high set current stages can individually be
set directional or non-directional. Directional
information is calculated from positive
sequence polarization voltages and the phase
currents. The polarization voltage contains
memory voltage to ensure directional function at close-in three-phase faults. The directional element relay characteristic angle
(RCA) and operate angle are settable in wide
ranges.
The input signal BLOCK blocks all functions. Trip from each current stage can also be
individually blocked.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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7KHUPDORYHUORDGSURWHFWLRQ
7+2/

6WXESURWHFWLRQ 678%

$SSOLFWLRQ

The stub protection operates for faults in the
parts of 1 1/2 and ring bus station configurations, which cannot be protected by the distance protection function if the line isolators
are opened. The use of the function can be
extended to various other purposes, when a
three phase overcurrent protection can operate only under special external conditions.

Load currents that exceed the permissible
continuous value may cause damage to the
conductors and isolation due to overheating.
The permissible load current will vary with
the ambient temperature.
The THOL thermal overcurrent function
supervises the phase currents and provides a
reliable protection against damage caused by
excessive currents. The temperature compensation gives a reliable thermal protection even
when the ambient temperature has large variations.
)XQFWLRQDOLW\

The final temperature rise of an object relative the ambient temperature is proportional
to the square of the current. The rate of temperature rise is determined by the magnitude
of the current and the thermal time constant
of the object. The same time constant determines the rate of temperature decrease when
the current is decreased.
The thermal overload function uses the highest phase current. The temperature change is
continuously calculated and added to the figure for the temperature stored in the thermal
memory. When temperature compensation is
used, the ambient temperature is added to the
calculated temperature rise. If no compensation is used, 20o C is added as a fixed value.
The calculated temperature of the object is
then compared to the set values for alarm and
trip.
The information on the ambient temperature
is received via a transducer input with for
example 0 - 10 mA or 4 - 20 mA.
The output signal THOL--TRIP has a duration of 50 ms. The output signal THOL-START remains activated as long as the calculated temperature is higher than the set trip
value minus a settable temperature difference
TdReset (hysteresis). The output signal
THOL--ALARM has a fixed hysteresis of
5o C.

$SSOLFDWLRQ

)XQFWLRQDOLW\

The function operates as a three phase instantaneous overcurrent protection. The function
is released when the line disconnector is
open; a normally closed auxiliary contact of
the line disconnector has to be connected to
the STUB-RELEASE functional input by
configuration.
The operating level of the overcurrent protection is settable over a wide range.

%UHDNHUIDLOXUHSURWHFWLRQ %)3
$SSOLFDWLRQ

In many protection applications local redundancy is used. One part of the fault clearance
system is however never duplicated, namely
the circuit breaker. Therefore a breaker failure protection can be used.
The breaker failure protection is initiated by
trip signals from different protection functions within or outside the protection terminal. When a trip signal is sent to the breaker
failure protection first, with no or a very short
delay, a re-trip signal can be sent to the protected breaker. If fault current is flowing
through the breaker still after a setting time a
back-up trip signal is sent to the adjacent
breakers. This will ensure fault clearance also
if the circuit breaker is out of order.
)XQFWLRQDOLW\

Breaker failure protection, BFP, provides
backup protection for the primary circuit
breaker if it fails to clear a system fault. It is
obtained by checking that fault current persists after a brief time from the operation of
the object protection and issuing then a three
phase trip command to the adjacent circuit
breakers (back-up trip).

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

Correct operation at evolving faults is
ensured by phase segregated starting command, phase segregated current check and
phase segregated settable timers.
Additionally, the retrip of the faulty circuit
breaker after a settable time is possible. The
retrip can be controlled by current check or
carried out as direct retrip.

'HILQLWHDQGLQYHUVHWLPH
GHOD\HGUHVLGXDORYHUFXUUHQW
SURWHFWLRQ 7()
$SSOLFDWLRQ

Use the dependent and independent time
delayed residual overcurrent functions in solidly earthed systems to get a sensitive and
fast fault clearance of phase to earth faults.
The nondirectional protection can be used
when high sensitivity for earth fault protection is required. It offers also a very fast backup earth fault protection for the part of a
transmission line, closest to the substation
with the protection.
The nondirectional residual overcurrent protection can be given a relatively low current
pick-up setting. Thus the protection will be
sensitive, in order to detect high resistive
phase to earth faults.
The directional residual overcurrent protection can be used in a number of applications:
1. Main protection for phase to earth faults
on the radial lines in solidly earthed systems. Selectivity is achieved by using
time delayed function according to practices in the system (independent time
delay or some type of dependent time
characteristic).
2. Main protection for phase to earth faults
on lines in a meshed solidly earthed system. The directional function can be used
in an permissive overreach communication scheme or a blocking scheme. In this
application the directional residual overcurrent function is used together with the
communication logic for residual overcurrent protection.
3. Back-up protection for phase to earth
faults for lines in solidly earthed systems.
By using the directional residual protec-
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tion as back-up function, the back-up fault
clearance time can be kept relatively short
together with the maintained selectivity.
4. Etc.
)XQFWLRQDOLW\

The residual overcurrent protection (TEF)
measures the residual current of the protected
line. This current is compared to the current
settings of the function. If the residual current
is larger than the setting value a trip signal
will be sent to the output after a set delay
time. The time delay can be selected between
the independent or dependent possibility.
In order to avoid unwanted trip for transformer inrush currents, the function is
blocked if the second harmonic content of the
residual current is larger than 20% of the
measured residual current.
As an option the residual overcurrent protection can have directional function. The residual voltage is used as a polarizing quantity.
This voltage is either derived as the vectorial
sum of inputs U1+U2+U3 or as the input U4.
The fault is defined to be in the forward
direction if the residual current component in
the characteristic angle 65° (residual current
lagging the reference voltage, -3U0), is larger
than the set operating current in forward
direction. The same kind of measurement is
performed also in the reverse direction.

6FKHPHFRPPXQLFDWLRQORJLF
IRUUHVLGXDORYHUFXUUHQW
SURWHFWLRQ
$SSOLFDWLRQ

The EFC directional comparison function
contains logic for blocking overreaching and
permissive overreaching schemes. The function is applicable together with TEF time
delayed directional residual overcurrent protection in order to decrease the total operate
time of a complete scheme.
One communication channel, which can
transmit an on / off signal, is required in each
direction. It is recommended to use the complementary additional communication logic
EFCA, if the weak infeed and/or current
reversal conditions are expected together with
permissive overreaching scheme.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

)XQFWLRQDOLW\

The communication logic for residual overcurrent protection contains logics for blocking overreach and permissive overreach
schemes.
In the blocking scheme a signal is sent to the
remote end of the line if the directional element, in the directional residual overcurrent
protection (sending end), detects the fault in
the reverse direction. If no blocking signal is
received and the directional element, in the
directional residual overcurrent protection
(receiving end), detects the fault in the forward direction, a trip signal will be sent after
a settable time delay.
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avoid this type of disturbance, a fault currentreversal logic (transient blocking logic) can
be used.
Permissive communication schemes for
residual overcurrent protection, can basically
operate only when the protection in the
remote terminal can detect the fault. The
detection requires a sufficient minimum
residual fault current, out from this terminal.
The fault current can be too low due to an
opened breaker or high positive and/or zero
sequence source impedance behind this terminal. To overcome these conditions, weak
end infeed (WEI) echo logic is used.
)XQFWLRQDOLW\

In the permissive overreach scheme a signal
is sent to the remote end of the line if the
directional element, in the directional residual
overcurrent protection (sending end), detects
the fault in the forward direction. If an acceleration signal is received and the directional
element, in the directional residual overcurrent protection (receiving end), detects the
fault in the forward direction, a trip signal
will be sent, normally with no time delay. In
case of risk for fault current reversal or weak
end infeed, an additional logic can be used to
take care of this.

&XUUHQWUHYHUVDODQGZHDNHQG
LQIHHGORJLFIRUUHVLGXDORYHU
FXUUHQWSURWHFWLRQ ()&$
$SSOLFDWLRQ

The EFCA additional communication logic is
a supplement to the EFC scheme communication logic for the residual overcurrent protection.
To achieve fast fault clearing for all earth
faults on the line, the TEF earth-fault protection function can be supported with logic, that
uses communication channels. REx 5xx terminals have for this reason available additions to scheme communication logic.
If parallel lines are connected to common
busbars at both terminals, overreaching permissive communication schemes can trip
unselectively due to fault current reversal.
This unwanted tripping affects the healthy
line when a fault is cleared on the other line.
This lack of security can result in a total loss
of interconnection between the two buses.To

The reverse directed signal from the directional residual overcurrent function, starts the
operation of a current reversal logic. The output signal, from the logic, will be activated, if
the fault has been detected in reverse direction for more than the tPickUp time set on the
corresponding timers. The tDelay timer
delays the reset of the output signal. The signal blocks the operation of the overreach permissive scheme for residual current, and thus
prevents unwanted operation due to fault current reversal.
The weak end infeed logic uses normally a
forward and reverse signal from the directional residual overcurrent function. The
weak end infeed logic echoes back the
received permissive signal, if none of the
directional measuring elements have been
activated during the last 200 ms. Further, it
can be set to give signal to trip the breaker if
the echo conditions are fulfilled and the residual voltage is above the set operate value for
3U0>.

6HQVLWLYHGLUHFWLRQDOUHVLGXDO
RYHUFXUUHQWSURWHFWLRQ :()
$SSOLFDWLRQ

In isolated networks or in networks with high
impedance earthing, the phase to earth fault
current is significantly smaller than the short
circuit currents. In addition to this, the magnitude of the fault current is almost independent
on the fault location in the network.
The protection uses the residual current component 3I0 cosϕ, where ϕ is the angle
between the residual current and the reference
voltage, compensated with a characteristic
angle. The characteristic angle is chosen to -

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

90° in an isolated system. The characteristic
angle is chosen to 0° in compensated systems.
)XQFWLRQDOLW\

The function measures the residual current
and voltage. The angle between the residual
voltage and residual current (angle between
3I0 and -3U0 i.e U0 is 180 degrees adjusted)
is calculated. This angle is used in two functions namely first to determine if the fault is
in forward or reverse direction, and secondly
to calculate the residual current component in
the characteristic angle direction.
The residual current component in the characteristic angle direction is compared with the
set operating value. If this current component
is larger than the setting this is one criterion
for function of the protection. The residual
voltage is compared to a set operating value.
If the measured voltage is larger than the setting this is another criterion for the operation
of the protection. If both the criteria are fulfilled and the set time delay has elapsed, the
function will give a trip signal.
Due to the demands on accuracy and sensitivity for this function, special current input
transformers must be used.

6HQVLWLYHGLUHFWLRQDOUHVLGXDO
SRZHUSURWHFWLRQ :()
$SSOLFDWLRQ

In isolated networks or in networks with high
impedance earthing, the phase to earth fault
current is significantly smaller than the short
circuit currents. In addition to this, the magnitude of the fault current is almost independent
on the fault location in the network.
The protection uses the residual power component 3U0 .3I0.cosϕ, where ϕ is the angle
between the residual current and the reference
voltage, compensated with a characteristic
angle. The characteristic angle is chosen to 90° in an isolated system. The characteristic
angle is chosen to 0° in compensated systems.
)XQFWLRQDOLW\

The function measures the residual current
and voltage. The angle between the residual
voltage and residual current is calculated.
This angle is used in two functions namely
first to determine if the fault is in forward or
reverse direction, and secondly to calculate
the residual power component in the characteristic angle direction.
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The residual voltage (3U0) is compared with
a setting value. The residual current (3I0) is
compared to a setting value. The residual
power component in the characteristic angle
direction (SN) is compared to a power reference setting. If the power is larger than the
setting this is one criterion for function of the
protection. The voltage and current measurement are two other criteria that must be fulfilled for function. The information on power
is the input to a dependent time delay function. The function will give a trip signal when
all three criteria for function are fulfilled and
the time delay has elapsed.
Due to the demands on accuracy and sensitivity for this function, special current input circuits must be used.

)RXUVWHSUHVLGXDORYHUFXUUHQW
SURWHFWLRQ ()
$SSOLFDWLRQ

Use the four step earth fault overcurrent protection in solidly earthed systems in a similar
way as a distance protection. As the majority
of faults involve earth connection, the protection will be able to clear most of the faults in
solidly grounded systems.
The normal application of the four step earth
fault current protection can be described as
follows: The instantaneous and directional
step 1 will normally cover most of the line.
The rest of the line is covered by the directional and delayed step 2. Step 2 will also
detect and trip earth faults on the remote busbar. The directional step 3 has a longer time
delay and will act as a selective protection for
earth faults with some degree of fault resistance. The non-directional step 4 has the
longest delay. This step will detect and clear
high resistive earth faults as well as the
majority of series faults.
The four step residual overcurrent protection
can also be used together with the communication logic for residual overcurrent protection, in order to realize blocking or
permissive overreaching communication
schemes.
)XQFWLRQDOLW\

The function operates on the basis of the
residual current and voltage measurement.
The function has four steps with individual
settings (current, delay, etc.). Step 1, 2 and 3
have independent time delay. The time delay

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

5(/ 
1MRK 506 148-BEN
Page 22

for step 4 can be selected between independent or dependent mode of operation.
For each step the current is compared to the
set current of the step. Further the following
quantities are checked to be used as release or
blocking of function from the steps:
•

9ROWDJH

Direction, forward or reverse direction to
the fault. The residual current component
lagging the reference (-3.U0) voltage 65°

7LPHGHOD\HGXQGHUYROWDJH
SURWHFWLRQ 789
$SSOLFDWLRQ

The time delayed undervoltage protection
function, TUV, is applicable in all situations,
where reliable detection of low phase voltages is necessary. The function can also be
used as a supervision and fault detection
function for some other protection functions,
to increase the security of a complete protection system.

7LPHGHOD\HGRYHUYROWDJH
SURWHFWLRQ 729
$SSOLFDWLRQ

The time delayed phase overvoltage protection is used to protect the electrical equipment and its insulation against overvoltage by
measuring three phase voltages. In this way, it
prevents the damage to the exposed primary
and secondary equipment in the power systems.

3RZHUV\VWHP
VXSHUYLVLRQ

%URNHQFRQGXFWRUFKHFN %5&
$SSOLFDWLRQ

The main purpose of the BRC broken conductor check function is the detection of broken conductors on protected power lines and
cables (series faults). It is also able to detect
interruptions in the secondary current circuits.
)XQFWLRQDOLW\

The BRC function detects a broken conductor
condition by detecting the non symmetry
between currents in the three phases. It does
this by measuring the difference between the
maximum and minimum phase currents, i.e. it

•

is derived. If this current component is
larger than the directional current setting,
forward direction is detected.
The second harmonic of the residual current is derived. If this current is larger
than 20/32 % of the total residual current,
a signal is given that can be used for
blocking of the steps.

If the conditions for function is fulfilled for a
step, a trip signal is given after the set time
delay. For step 1, 2 and 3 independent time
delay is used. For step 4 independent or
dependent time delay can be used.
The residual overvoltage protection function
is mainly used in distribution networks,
mainly as a backup protection for the residual
overcurrent protection in the line feeders, to
secure the disconnection of earth-faults.
)XQFWLRQDOLW\

The phase overvoltage protection function
continuously measures the three phase voltages and initiates the corresponding output
signals if the measured phase voltages exceed
the preset value (starting) and remain high
longer than the time delay setting on the timers (trip). This function also detects the
phases which caused the operation.
The residual overvoltage protection function
calculates the residual voltage (3U0) from the
measuring three phase voltages and initiates
the corresponding output signals if the residual voltage is larger than the preset value
(starting) and remains high longer than the
time delay setting (trip).

compares the magnitude of the minimum current with that of the maximum current, and
gives an output if the minimum current is less
than 80% of the maximum current for a set
time interval. At the same time, the highest
current must be higher than a set percentage
of the terminal rated current.

/RVVRIYROWDJHFKHFN /29
$SSOLFDWLRQ

The loss of voltage detection, LOV, is suitable for use in networks with an automatic
restoration function. The LOV function
issues a three-pole trip command to the circuit breaker, if all three phase voltages fall

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

below the set value for a time longer than 7
seconds, and the circuit breaker remains
closed.
)XQFWLRQDOLW\

The operation of LOV function is based on
line voltage measurement. The function is
provided with a logic, which automatically
recognises if the line was restored for at least
three seconds before starting the seven seconds timer. Additionally, the function is automatically blocked if only one or two phase
voltages have been detected low for more
than 10 seconds. The LOV function operates
again only if the line has been fully energised.
Operation of LOV function is also inhibited
by fuse failure and open circuit breaker information signals, by their connection to dedicated inputs of the function block.
The operation of the function is supervised by
the fuse-failure function and the information
about the closed position of the associated
circuit breaker.

2YHUORDGVXSHUYLVLRQ 29/'
$SSOLFDWLRQ
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Alternative application is the detection of primary current transformer overload, as they
usually can withstand a very small current
beyond the rated value.
)XQFWLRQDOLW\

The function continuously measures the three
phase currents flowing through the terminal.
If any of the three currents is beyond the preset overcurrent threshold for a time longer
than the preset value, a trip signal is activated.

'HDGOLQHGHWHFWLRQ '/'
$SSOLFDWLRQ

The main purpose of the dead line detection
is to provide different protection, control and
monitoring functions with the status of the
line, i.e whether or not it is connected to the
rest of the power system.
)XQFWLRQDOLW\

The dead line detection function continuously
measures all three phase currents and phase
voltages of a protected power line. The line is
declared as dead (not energized) if all three
measured currents and voltages fall below the
preset values for more than 200 ms.

The overload protection, OVLD, prevents
excessive loading of power transformers,
lines and cables.

6HFRQGDU\
V\VWHP
VXSHUYLVLRQ

&XUUHQWFLUFXLWVXSHUYLVLRQ
&768

The function issues an output signal when the
difference is greater than the set value.

$SSOLFDWLRQ

)XVHIDLOXUHVXSHUYLVLRQ )86(

Faulty information about current flows in a
protected element might influence the security (line differential protection) or dependability (line distance protection) of a
complete protection system.
The main purpose of the current circuit supervision function is to detect different faults in
the current secondary circuits and influence
the operation of corresponding main protection functions.
The signal can be configured to block different protection functions or initiate an alarm.
)XQFWLRQDOLW\

The function compares the sum of the three
phase currents from one current transformer
core with a reference zero sequence current
from another current transformer core.

$SSOLFDWLRQ

The fuse failure supervision function, FUSE,
continuously supervises the ac voltage circuits between the voltage instrument transformers and the terminal. Different output
signals can be used to block, in case of faults
in the ac voltage secondary circuits, the operation of the distance protection and other
voltage-dependent functions, such as the synchro-check function, undervoltage protection,
etc.
Different measurement principles are available for the fuse failure supervision function.
The FUSE function based on zero sequence
measurement principle, is recommended in
directly or low impedance earthed systems.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

The FUSE function based on the negative
sequence measurement principle is recommended in isolated or high impedance earthed
systems.
A criterion based on delta current and delta
voltage measurements can be added to the
FUSE function in order to detect a three
phase fuse failure, which in practice is more
associated with voltage transformer switching
during station operations.
)XQFWLRQDOLW\

The FUSE function based on the negative
sequence measurement principle continuously measures the negative sequence voltage
and current in all three phases. It operates if
the measured negative sequence voltage
increases over the preset operating value, and
if the measured negative sequence current
remains below the preset operating value.
The FUSE function based on the zero
sequence measurement principle continuously measures the zero sequence current and
voltage in all three phases. It operates if the
measured zero sequence voltage increases
over preset operating value, and if the measured zero sequence current remains below
the preset operating value.
The ∆I/∆t and ∆U/∆t algorithm, detects a fuse
failure if a sufficient negative change in voltage amplitude without a sufficient change in
current amplitude is detected in each phase
separately. This check is performed if the circuit breaker is closed. Information about the

&RQWURO

6\QFKURFKHFN 6<1
$SSOLFDWLRQ

The main purpose of the synchrocheck function is to provide controlled closing of circuit
breakers in interconnected networks.
The main purpose of the energizing check
function is to facilitate the controlled reconnection of a disconnected line or bus to,
respectively, an energized bus or line.
The main purpose of the phasing function is
to provide controlled closing of circuit breakers when two asynchronous systems are
going to be connected. It is used for slip frequencies that are larger than those for synchrocheck.
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circuit breaker position is brought to the function input CBCLOSED through a binary
input of the terminal.
Three output signals are available. The first
depends directly on the voltage and current
measurement. The second depends on the
operation of the dead line detection function,
to prevent unwanted operation of the distance
protection if the line has been deenergised
and energised under fuse failure conditions.
The third depends on the loss of all three
measured voltages. A special function input
serves the connection to the auxiliary contact
of a miniature circuit breaker, MCB (if used),
to secure correct operation of the function on
simultaneous interruption of all three measured phase voltages also when the additional
delta current and delta voltage algorithm is
not present in the function block.

9ROWDJHWUDQVIRUPHUVXSHUYLVLRQ
7&7
$SSOLFDWLRQ

The main purpose of the voltage transformer
supervision function is to indicate failure in
the measuring voltage from a capacitive voltage transformer.
)XQFWLRQDOLW\

The voltage transformer supervision function
checks all of the three phase-phase voltages
and the residual voltage. If the residual voltage exceeds the setpoint value and any of the
phase-phase voltages is higher than 80% of
the rated phase-phase voltage the output is
activated after a settable time delay.
The phasing function is only available
together with the synchrocheck and energizing check functions.
To meet the different application arrangements, a number of identical SYN function
blocks may be provided within a single terminal. The number of these function blocks that
may be included within any given terminal
depends on the type of terminal. Therefore,
the specific circuit breaker arrangements that
can be catered for, or the number of bays of a
specific arrangement that can be catered for,
depends on the type of terminal.
)XQFWLRQDOLW\

The synchrocheck function measures the conditions across the circuit breaker and compares them to set limits. The output is only

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

given when all measured conditions are
simultaneously within their set limits.
The energizing check function measures the
bus and line voltages and compares them to
both high and low threshold detectors. The
output is only given when the actual measured conditions match the set conditions.
The phasing function measures the conditions
across the circuit breaker, and also determines
the angle change during the closing delay of
the circuit breaker from the measured slip frequency. The output is only given when all
measured conditions are simultaneously
within their set limits. The issue of the output
is timed to give closure at the optimal time.
For single circuit breaker, the SYN function
blocks have the capability to make the necessary voltage selection. For single circuit
breaker arrangements, selection of the correct
voltage is made using auxiliary contacts of
the bus disconnectors.

$XWRPDWLFUHFORVLQJIXQFWLRQ
$5
$SSOLFDWLRQ

The majority of power line faults are transient
in nature, i.e. they do not recur when the line
is re-energized following disconnection. The
main purpose of the AR automatic reclosing
function is to automatically return power
lines to service following their disconnection
for fault conditions.
Especially at higher voltages, the majority of
line faults are single-phase-to-earth. Faults
involving all three phases are rare. The main
purpose of the single- and two-pole automatic
reclosing function, operating in conjunction
with a single- and two-pole tripping capability, is to limit the effect to the system of faults
involving less than all three phases. This is
particularly valuable for maintaining system
stability in systems with limited meshing or
parallel routing.
)XQFWLRQDOLW\

The AR function is a logical function built up
from logical elements. It operates in conjunction with the trip output signals from the line
protection functions, the OK to close output

5(/ 
1MRK 506 148-BEN
Page 25

signals from the synchrocheck and energizing
check function, and binary input signals. The
binary input signals can be for circuit breaker
position/status or from other external protection functions.
Of the six reclosing programs, one provides
for three-pole reclosing only, while the others
provide for single- and two-pole reclosing as
well. For the latter, only the first shot may be
single- or two-pole. All subsequent shots up
to the maximum number will be three-pole.
For some of the programs, depending on the
initial trip, no shot, or only one shot, will be
permitted irrespective of the number of shots
selected.

6LQJOHFRPPDQG &'
$SSOLFDWLRQ

The terminals may be provided with a function to receive signals either from a substation automation system (SMS and/or SCS) or
from the local human-machine interface,
HMI. That receiving function block has 16
outputs that can be used, for example, to control high voltage apparatuses in switchyards.
For local control functions, the local HMI can
also be used. Together with the configuration
logic circuits, the user can govern pulses or
steady output signals for control purposes
within the terminal or via binary outputs.
)XQFWLRQDOLW\

The single command function consists of a
function block CD for 16 binary output signals.
The output signals can be of the types Off,
Steady, or Pulse. The setting is done on the
MODE input, common for the whole block,
from the CAP 531 configuration tool.
The outputs can be individually controlled
from the operator station, remote-control
gateway, or from the local HMI. Each output
signal can be given a name with a maximum
of 13 characters from the CAP 531 configuration tool.
The output signals, here OUT1 to OUT16,
are then available for configuration to built-in
functions or via the configuration logic circuits to the binary outputs of the terminal.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

0XOWLSOHFRPPDQG &0
$SSOLFDWLRQ

The terminals may be provided with a function to receive signals either from a substation automation system or from other
terminals via the interbay bus. That receiving
function block has 16 outputs that can be
used, together with the configuration logic
circuits, for control purposes within the terminal or via binary outputs. When it is used
to communicate with other terminals, these
terminals must have a corresponding event
function block to send the information.
)XQFWLRQDOLW\

One multiple command function block CM01
with fast execution time also named %LQDU\
VLJQDOLQWHUED\FRPPXQLFDWLRQKLJKVSHHG
and/or 79 multiple command function blocks
CM02-CM80 with slower execution time are
available in the REx 5xx terminals as options.

/RJLF

7ULSORJLF 75
$SSOLFDWLRQ

The main purpose of the TR trip logic function is to serve as a single node through
which all tripping for the entire terminal is
routed.
The main purpose of the single- and two-pole
extension to the basic three-pole tripping
function is to cater for applications where, for
reasons of system stability, single-pole tripping is required for single-phase faults, and/
or two-pole tripping is required for two-phase
faults, e.g. on double circuit parallel lines.
)XQFWLRQDOLW\

The minimum duration of a trip output signal
from the TR function is settable.
The TR function has a single input through
which all trip output signals from the protection functions within the terminal, or from
external protection functions via one or more
of the terminal’s binary inputs, are routed. It
has a single trip output for connection to one
or more of the terminal’s binary outputs, as
well as to other functions within the terminal
requiring this signal.
The expanded TR function for single- and
two-pole tripping has additional phase segregated inputs for this, as well as inputs for
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The output signals can be of the types Off,
Steady, or Pulse. The setting is done on the
MODE input, common for the whole block,
from the CAP 531 configuration tool.
The multiple command function block has 16
outputs combined in one block, which can be
controlled from the operator station or from
other terminals. One common name for the
block, with a maximum of 19 characters, is
set from the configuration tool CAP 531.
The output signals, here OUT1 to OUT16,
are then available for configuration to built-in
functions or via the configuration logic circuits to the binary outputs of the terminal.
The command function also has a supervision
function, which sets the output VALID to 0 if
the block did not receive data within a configured INTERVAL time.

faulted phase selection. The latter inputs
enable single- and two-pole tripping for those
functions which do not have their own phase
selection capability, and therefore which have
just a single trip output and not phase segregated trip outputs for routing through the
phase segregated trip inputs of the expanded
TR function. The expanded TR function has
two inputs for these functions, one for impedance tripping (e.g. carrier-aided tripping commands from the scheme communication
logic), and one for earth fault tripping (e.g.
tripping output from a residual overcurrent
protection). Additional logic secures a threepole final trip command for these protection
functions in the absence of the required phase
selection signals.
The expanded TR function has three trip outputs, one per phase, for connection to one or
more of the terminal’s binary outputs, as well
as to other functions within the terminal
requiring these signals.
The expanded TR function is equipped with
logic which secures correct operation for
evolving faults as well as for reclosing on to
persistent faults. A special input is also provided which disables single- and two-pole
tripping, forcing all tripping to be three-pole.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

3ROHGLVFRUGDQFHSURWHFWLRQ
3'
$SSOLFDWLRQ

Breaker pole position discordance can occur
on the operation of a breaker with independent operating gears for the three poles. The
reason may be an interruption in the closing
or trip coil circuit, or a mechanical failure
resulting in a stuck breaker pole. A pole discordance can be tolerated for a limited time,
for instance during a single-phase trip-reclose
cycle. The pole discordance function detects
a breaker pole discordancy not generated by
auto-reclose cycle and issues a trip signal for
the circuit breaker.
)XQFWLRQDOLW\

The operation of the pole discordance logic,
PD, is based on checking the position of the
breaker auxiliary contacts. Three parallel normally open contacts in series with three normally closed contacts in parallel of the
respective breaker poles form a condition of
pole discordance, connected to a binary input
dedicated for the purpose.

+LJKVSHHGELQDU\RXWSXW
ORJLF +6%2
$SSOLFDWLRQ

The time taken for signals to be transferred
from binary inputs to protection functions,
and from protection functions to binary outputs contributes to the overall tripping time.
The main purpose of the HSBO high speed
binary output logic is to minimize overall
tripping times by establishing the critical connections to/from the binary outputs/inputs in
a more direct way than with the regular I/O
connections.
)XQFWLRQDOLW\

The outputs from the HSBO logic utilize
‘fast’ connections to initiate binary outputs.
The inputs to the HSBO logic utilize the same
‘fast’ connections. Input connections to the
logic are derived from binary inputs, from
outputs of the high speed distance protection,
and from inputs to the regular trip logic and
scheme communication logic. The HSBO
scheme communication logic runs in parallel
with the regular scheme communication
logic.
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The ‘fast’ connections to and from the HSBO
logic comprise so called hard connections in
software. This configuration is made internally and cannot be altered. The only exceptions are the connections to the binary outputs
where limited configuration is possible, and
required, on the part of the user.

&RPPXQLFDWLRQFKDQQHOWHVW
ORJLF &&+7
$SSOLFDWLRQ

Many secondary system applications require
testing of different functions with confirmed
information about the result of the test. The
main purpose of the CCHT communication
channel test logic is to perform testing of
communication channels (power line carrier)
in applications where continuous monitoring
by some other means is not possible due to
technical or economic reasons, and to indicate the result of the test.
)XQFWLRQDOLW\

Starting of a communications channel test
may be performed manually (by means of an
external pushbutton) or automatically (by
means of an included timer). When started,
the CCHT logic initiates the sending of an
impulse (carrier send signal) to the remote
end. This action starts the operation of the
applicable external functions. On receipt of
the sent signal at the remote end terminal, a
return signal is immediately sent back to the
initiating end by the identical CCHT logic
function within that terminal. The initiating
end waits for this returned signal. It reports a
successful or an unsuccessful response to the
initiated test based on the receipt or not of
this signal. An input is provided through
which it is possible to abort the test by means
of an external signal.

6HULDOFRPPXQLFDWLRQ
$SSOLFDWLRQ

One or two optional optical serial interfaces,
one with LON protocol and the other with
SPA or IEC 60870-5-103 protocol, for remote
communication, enables the terminal to be
part of a Substation Control System (SCS)
and/or Substation Monitoring System (SMS).
These interfaces are located at the rear of the
terminal. The two interfaces can be configured independent of each other, each with different functionalities regarding monitoring
and setting of the functions in the terminal.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

6HULDOFRPPXQLFDWLRQ63$
63$EXV9SURWRFRO
$SSOLFDWLRQ

This communication bus is mainly used for
SMS. It can include different numerical
relays/terminals with remote communication
possibilities. Connection to a personal computer (PC) can be made directly (if the PC is
located in the substation) or by telephone
modem through a telephone network with
CCITT characteristics.
)XQFWLRQDOLW\

When communicating with a PC, using the
rear SPA port, the only hardware needed for a
station monitoring system is optical fibres
and opto/electrical converter for the PC.
Remote communication over the telephone
network also requires a telephone modem.
The software needed in the PC when using
SPA, either locally or remotely, is SMS 510
or/and CAP 540.
SPA communication is applied when using
the front communication port, but for this
purpose, no special serial communication
function is required in the terminal. Only the
software in the PC and a special cable for
front connection is needed.

6HULDOFRPPXQLFDWLRQ,(&
,(&SURWRFRO
$SSOLFDWLRQ

This communication protocol is mainly used
when a protection terminal communicates
with a third party control system. This system
must have a program that can interpret the
IEC 60870-5-103 communication messages.
)XQFWLRQDOLW\

As an alternative to the SPA communication
the same port can be used for the IEC communication. The IEC 60870-5-103 protocol
implementation in REx 5xx consists of these
functions:
•
•
•
•

Event handling
Report of analog service values (measurements)
Fault location
Command handling
- Autorecloser ON/OFF
- Teleprotection ON/OFF
- Protection ON/OFF
- LED reset

5(/ 
1MRK 506 148-BEN
Page 28

•
•

- Characteristics 1 - 4 (Setting groups)
File transfer (disturbance files)
Time synchronization

The events created in the terminal available
for the IEC protocol are based on the event
function blocks EV01 - EV06 and disturbance function blocks DRP1 - DRP3. The
commands are represented in a dedicated
function block ICOM. This block has output
signals according to the IEC protocol for all
commands.

6HULDOFRPPXQLFDWLRQ/21
$SSOLFDWLRQ

An optical network can be used within the
Substation Automation system. This enables
communication with the terminal through the
LON bus from the operator’s workplace,
from the control center and also from other
terminals.
)XQFWLRQDOLW\

An optical serial interface with LON protocol
enables the terminal to be part of a Substation
Control System (SCS) and/or Substation
Monitoring System (SMS). This interface is
located at the rear of the terminal. The hardware needed for applying LON communication depends on the application, but one very
central unit needed is the LON Star Coupler
and optic fibres connecting the star coupler to
the terminals. To communicate with the terminals from a Personal Computer (PC), the
SMS 510, software or/and the application
library LIB 520 together with MicroSCADA
is needed.

(YHQWIXQFWLRQ (9
$SSOLFDWLRQ

When using a Substation Automation system,
events can be spontaneously sent or polled
from the terminal to the station level. These
events are created from any available signal
in the terminal that is connected to the event
function block. The event function block can
also handle double indication, that is normally used to indicate positions of high-voltage apparatuses. With this event function
block, data also can be sent to other terminals
over the interbay bus.
)XQFWLRQDOLW\

As basic, 12 event function blocks EV01EV12 running with a fast cyclicity, are available in REx 5xx. When the function Appara-

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

tus control is used in the terminal, additional
32 event function blocks EV13-EV44, running with a slower cyclicity, are available.
Each event function block has 16 connectables corresponding to 16 inputs INPUT1 to
INPUT16. Every input can be given a name
with up to 19 characters from the CAP 540
configuration tool.
The inputs can be used as individual events or
can be defined as double indication events.
The inputs can be set individually, from the
Parameter Setting Tool (PST) under the
Mask-Event function, to create an event at
pick-up, drop-out or at both pick-up and
drop-out of the signal.
The event function blocks EV01-EV06 have
inputs for information numbers and function
type, which are used to define the events
according to the communication standard IEC
60870-5-103.

0RQLWRULQJ
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(YHQWFRXQWHU &1
$SSOLFDWLRQ

The function consists of six counters which
are used for storing the number of times each
counter has been activated. It is also provided
with a common blocking function for all six
counters, to be used for example at testing.
Every counter can separately be set on or off
by a parameter setting.
)XQFWLRQDOLW\

The function block has six inputs for increasing the counter values for each of the six
counters respectively. The content of the
counters are stepped one step for each positive edge of the input respectively.
The function block also has an input BLOCK.
At activation of this input all six counters are
blocked.

/HGLQGLFDWLRQIXQFWLRQ +/
+/('

'LVWXUEDQFHUHSRUW '53

$SSOLFDWLRQ

Use the disturbance report to provide the network operator with proper information about
disturbances in the primary network. The
function comprises several subfunctions
enabling different types of users to access relevant information in a structured way.

Each LED indication on the HMI LED module can be set individually to operate in six
different sequences; two as follow type and
four as latch type. Two of the latching types
are intended to be used as a protection indication system, either in collecting or re-starting
mode, with reset functionality. The other two
are intended to be used as a signaling system
in collecting mode with an acknowledgment
functionality.
)XQFWLRQDOLW\

The LED indication function consists of one
common function block named HLED and
one function block for each LED named
HL01, HL02,..., HL18.
The color of the LEDs can be selected in the
function block to red, yellow or green individually. The input signal for an indication
has separate inputs for each color. If more
than one color is used at the same time, the
following priority order is valid; red, yellow
and green, with red as highest priority.
The information on the LEDs is stored at loss
of the auxiliary power for the terminal, so that
the latest LED picture appears immediately
after the terminal has restarted succesfully.

$SSOLFDWLRQ

Select appropriate binary signals to trigger
the red HMI LED to indicate trips or other
important alerts.
)XQFWLRQDOLW\

The disturbance report collects data from
each subsystem for up to ten disturbances.
The data is stored in nonvolatile memory,
used as a cyclic buffer, always storing the latest occurring disturbances. Data is collected
during an adjustable time frame, the collection window. This window allows for data
collection before, during and after the fault.
The collection is started by a trigger. Any
binary input signal or function block output
signal can be used as a trigger. The analog
signals can also be set to trigger the data col-

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

lection. Both over levels and under levels are
available. The trigger is common for all subsystems, hence it activates them all simultaneously.
A triggered report cycle is indicated by the
yellow HMI LED, which will be lit. Binary
signals may also be used to activate the red
HMI LED for additional alerting of fault conditions. A disturbance report summary can be
viewed on the local HMI.

,QGLFDWLRQV
$SSOLFDWLRQ

Use the indications list to view the state of
binary signals during the fault. All binary
input signals to the disturbance report function are listed.
)XQFWLRQDOLW\

The indications list tracks zero-to-one
changes of binary signals during the fault
period of the collection window. This means
that constant logic zero, constant logic one or
state changes from logic one to logic zero
will not be visible in the indications list. Signals are not time tagged. In order to be listed
in the indications list the:
1. signal must be connected to the DRP
function block.
2. setting parameter, IndicationMask, for the
input must be set to Show.
Output signals of other function blocks of the
configuration will be listed by the signal
name listed in the corresponding signal list.
Binary input signals are listed by the name
defined in the configuration.

5(/ 
1MRK 506 148-BEN
Page 30

Analog and digital signals can be used as triggers. A trigger signal does not need to be
recorded.
A trigger is generated when the analog signal
moves under and/or over set limit values. The
trig level is compared to the signal’s average
peak-to-peak value, making the function
insensible to DC offset. The trig condition
must occur during at least one full period, that
is, 20 ms for a 50 Hz network.
The recorder continuously records data in a
cyclic buffer capable of storing the amount of
data generated during the set pre-fault time of
the collection window. When triggered, the
pre-fault data is saved and the data for the
fault and post-fault parts of the collection
window is recorded.
The RAM area for temporary storage of
recorded data is divided into subareas, one for
each recording. The size of a subarea depends
on the set recording times. There is sufficient
memory for four consecutive recordings with
a maximum number of analog channels
recorded and with maximum time settings.
Should no subarea be free at a new disturbance, the oldest recording is overwritten.
When a recording is completed, the post
recording process:
•

•
•

merges the data for analog channels with
corresponding data for binary signals
stored in an event buffer
compresses the data without loosing any
data accuracy
stores the compressed data in a non-volatile memory

The indications can be viewed on the local
HMI and via SMS.

The disturbance recordings can be viewed via
SMS or SCS.

'LVWXUEDQFHUHFRUGHU

(YHQWUHFRUGHU

$SSOLFDWLRQ

$SSOLFDWLRQ

Use the disturbance recorder to record analog
and binary signals during fault conditions in
order to analyze disturbances. The analysis
may include fault severity, fault duration and
protection performance. Replay the recorded
data in a test set to verify protection performance.
)XQFWLRQDOLW\

The disturbance recorder records both analog
and binary signal information.

Use the event recorder to obtain a list of
binary signal events that occurred during the
disturbance.
)XQFWLRQDOLW\

When a trigger condition for the disturbance
report is activated, the event recorder collects
time tagged events from the 48 binary signals

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

that are connected to disturbance report and
lists the changes in status in chronological
order. Each list can contain up to 150 time
tagged events that can come from both internal logic signals and binary input channels.
Events are recorded during the total recording
time which depends on the set recording
times and the actual fault time.
Events can be viewed via SMS and SCS.

)DXOWORFDWRU )/2&
$SSOLFDWLRQ

An accurate fault locator is an essential complement to the line protection. The fault locator provides distance to fault together with
information about the measuring loop that has
been used in the calculation.
Reliable information on fault location reduces
the outage time and minimises the need for
patrolling.
The function has limitations for applications
with series compensated lines.
)XQFWLRQDOLW\

The fault locator can be started by any internal or external binary signal. Pre-fault and
fault phasors of currents and voltages, that
were filtered from disturbance data stored
into digital sample buffers, are then used for
the distance to fault calculation. The phase
selective signals from the built-in protection
functions provide the necessary information
for the selection of the loop to be used for the
calculation. It is also possible to use the external phase selection information.
For the distance to fault calculation, a line
modelling algorithm that takes into account
the sources at both ends of the line, is used. In
this way, the influence of the load current, the
infeed from the remote end and the fault
resistance, can be compensated for, resulting
in a highly accurate calculation.
In case of double circuit lines, the influence
of the zero-sequence mutual impedance Zm0
is compensated for by considering the residual current on the parallel line.
The function indicates the distance to the
fault as a percentage of the line length, in
kilometers or miles as selected.

5(/ 
1MRK 506 148-BEN
Page 31

Possibility to make recalculations with
changed parameter settings exists.
Information on the last ten disturbances is
stored.

7ULSYDOXHUHFRUGHU
$SSOLFDWLRQ

Use the trip value recorder to record fault and
prefault phasor values of voltages and currents to be used in detailed analysis of the
severity of the fault and the phases that are
involved. The recorded values can also be
used to simulate the fault with a test set.
)XQFWLRQDOLW\

Pre-fault and fault phasors of currents and
voltages are filtered from disturbance data
stored in digital sample buffers.
When the disturbance report function is triggered, the function looks for non-periodic
change in the analog channels. Once the fault
interception is found, the function calculates
the pre-fault RMS values during one period
starting 1,5 period before the fault interception. The fault values are calculated starting a
few samples after the fault interception and
uses samples during 1/2 - 2 periods depending on the waveform.
If no error sample is found the trigger sample
is used as the start sample for the calculations. The estimation is based on samples one
period before the trigger sample. In this case
the calculated values are used both as prefault and fault values.
The recording can be viewed on the local
HMI or via SMS.

0RQLWRULQJRI$&DQDORJXH
PHDVXUHPHQWV
$SSOLFDWLRQ

Use the AC monitoring function to provide
three phase or single phase values of voltage
and current. At three phase measurement, the
values of apparent power, active power, reactive power, frequency and the RMS voltage
and current for each phase are calculated.
Also the average values of currents and voltages are calculated.
)XQFWLRQDOLW\

Alarm limits can be set and used as triggers,
e.g. to generate trip signals.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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The software functions to support presentation of measured values are always present in
the terminal. In order to retrieve actual values, however, the terminal must be equipped
with the appropriate hardware measuring
module(s), i.e. Transformer Input Module
(TRM) or Optical Receiver Module (ORM).

The software functions to support presentation of measured values are always present in
the terminal. In order to retrieve actual values, however, the terminal must be equipped
with the mA Input Module (MIM).

0RQLWRULQJRI'&DQDORJXH
PHDVXUHPHQWV

$SSOLFDWLRQ

$SSOLFDWLRQ

Use the DC monitoring function to measure
and process signals from different measuring
transducers. Many devices used in process
control uses low currents, usually in the range
4-20 mA or 0-20 mA to represent various
parameters such as frequency, temperature
and DC battery voltage.
)XQFWLRQDOLW\

Alarm limits can be set and used as triggers,
e.g. to generate trip signals.

0HWHULQJ
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3XOVHFRXQWHUORJLF 3&
$SSOLFDWLRQ

The pulse counter logic function counts externally generated binary pulses, for instance
pulses coming from an external energy meter,
for calculation of energy consumption values.
The pulses are captured by the binary input
module and then read by the pulse counter
function. The number of pulses in the counter
is then reported via LON to the station control system or read via SPA from the station
monitoring system as a service value.
)XQFWLRQDOLW\

Up to 12 inputs located on binary input modules can be used for counting of pulses with a
frequency of up to 40 Hz. The registration of

,QFUHDVHGPHDVXULQJDFFXUDF\
Select the increased accuracy option to
increase the measuring accuracy of analog
input channels, thus also increasing the accuracy of calculated quantities such as frequency, active and reactive power.
)XQFWLRQDOLW\

The increased accuracy is reached by a factory calibration of the hardware. Calibration
factors are stored in the terminal. If the transformer input module, A/D conversion module
or the main processing module is replaced,
the terminal must be factory calibrated again
to retain the increased accuracy.

pulses is done for positive transitions (0 to 1)
on any of the 16 binary input channels on the
input module.
Pulse counter values are read from the operator workplace with predefined cyclicity without reset. The integration time period can be
set in the range from 30 seconds to 60 minutes and is synchronized with absolute system
time.
The counter value is a 32-bit, signed integer
with a range 0...+2147483647. The reported
value over the communication bus contains
Identity, Value, Time and Pulse Counter
Quality.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

+DUGZDUH
PRGXOHV

5(/ 
1MRK 506 148-BEN
Page 33

0RGXOHV
0RGXOHV

7DEOH

%DVLFDOZD\VLQFOXGHGPRGXOHV

0RGXOH

'HVFULSWLRQ

Backplane module

The size of the module depends on the size of
the case.

Power supply module (PSM)

Available in two different versions, each including a regulated DC/DC converter that supplies
auxiliary voltage to all static circuits.
• For case size 1/2x19” and 3/4x19” a version
with four binary inputs and four binary outputs
are used. An internal fail alarm output is also
available.
• For case size 1/1x19” a version without
binary I/O:s and increased output power is
used.

Main processing module (MPM)

Module for overall application control. All information is processed or passed through this
module, such as configuration, settings and
communication.

Human machine interface (LCD-HMI)

The module consist of LED:s, a LCD, push buttons and an optical connector for a front connected PC

Signal processing module (SPM)

Module for protection algorithm processing.
Carries up to 12 digital signal processors, performing all measuring functions.

7DEOH

$SSOLFDWLRQVSHFLILFPRGXOHV

0RGXOH

'HVFULSWLRQ

Milliampere input module (MIM)

Analog input module with 6 independent, galvanically separated channels.

Binary input module (BIM)

Module with 16 optically isolated binary inputs

Binary output module (BOM)

Module with 24 single outputs or 12 double-pole
command outputs including supervision function

Binary I/O module (IOM)

Module with 8 optically isolated binary inputs,
10 outputs and 2 fast signalling outputs.

Data communication modules (DCMs)

Modules used for digital communication to
remote terminal.

Transformer input module (TRM)

Used for galvanic separation of voltage and/or
current process signals and the internal circuitry.

A/D conversion module (ADM)

Used for analog to digital conversion of analog
process signals galvanically separated by the
TRM.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

'HVFULSWLRQ

Optical receiver module (ORM)

Used to interface process signals from optical
instrument transformers.

Serial communication module (SCM)

Used for SPA/LON/IEC communication

LED module (LED-HMI)

Module with 18 user configurable LEDs for indication purposes

)XQFWLRQDOLW\

A transformer input module can have up to
10 input transformers. The actual number
depends on the type of terminal. Terminals
including only current measuring functions
only have current inputs. Fully equipped the
transformer module consists of:
Five voltage transformers
Five current transformers

The inputs are mainly used for:
•
•
•

•
•

•

Page 34

0RGXOH

7UDQVIRUPHULQSXWPRGXOH
750

•
•
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Phase currents
Residual current of the protected line
Residual current of the parallel circuit (if
any) for compensation of the effect of the
zero sequence mutual impedance on the
fault locator measurement or residual current of the protected line but from a parallel core used for CT circuit supervision
function or independent earth fault function.
Phase voltages
Open delta voltage for the protected line
(for an optional directional earth-fault
protection)
Phase voltage for an optional synchronism and energizing check.

$'FRQYHUVLRQPRGXOH $'0
)XQFWLRQDOLW\

The inputs of the A/D-conversion module
(ADM) are fed with voltage and current signals from the transformer module. The current signals are adapted to the electronic
voltage level with shunts. To gain dynamic
range for the current inputs, two shunts with
separate A/D channels are used for each input
current. By that a 16-bit dynamic range is
obtained with a 12 bits A/D converter.
The input signals passes an anti aliasing filter
with a cut-off frequency of 500 Hz.

Each input signal (5 voltages and 5 currents)
is sampled with a sampling frequency of
2 kHz.
The A/D-converted signals are low-pass filtered with a cut-off frequency of 250 Hz and
down-sampled to 1 kHz in a digital signal
processor (DSP) before transmitted to the
main processing module.

%LQDU\,2FDSDELOLWLHV
$SSOLFDWLRQ

Input channels with high EMI immunity can
be used as binary input signals to any function. Signals can also be used in disturbance
or event recording. This enables extensive
monitoring and evaluation of the operation of
the terminal and associated electrical circuits.
)XQFWLRQDOLW\

Inputs are designed to allow oxide burn-off
from connected contacts, and increase the
disturbance immunity during normal protection operate times. This is achieved with a
high peak inrush current while having a low
steady-state current. Inputs are debounced by
software.
Well defined input high and input low voltages ensures normal operation at battery supply earth faults.
The voltage level of the inputs is selected
when ordering.
I/O events are time stamped locally on each
module for minimum time deviance and
stored by the event recorder if present.

%LQDU\LQSXWPRGXOH %,0
$SSOLFDWLRQ

Use the binary input module, BIM, when a
large amount of inputs are needed. The BIM
is available in two versions, one standard and
one with enhanced pulse counting inputs to
be used with the pulse counter function.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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)XQFWLRQDOLW\

)XQFWLRQDOLW\

The binary input module, BIM, has 16 optically isolated binary inputs.

The binary I/O module, IOM, has eight optically isolated inputs and ten output relays.
One of the outputs has a change-over contact.
The nine remaining output contacts are connected in two groups. One group has five
contacts with a common and the other group
has four contacts with a common, to be used
as single-output channels.

A signal discriminator detects and blocks
oscillating signals. When blocked, a hysteresis function may be set to release the input at
a chosen frequency, making it possible to use
the input for pulse counting. The blocking
frequency may also be set.

%LQDU\RXWSXWPRGXOH %20
$SSOLFDWLRQ

The binary I/O module also has two high
speed output channels where a reed relay is
connected in parallel to the standard output
relay.

Use the binary output module, BOM, for trip
output or any signalling purpose when a large
amount of outputs is needed.

1RWH7KHPDNLQJFDSDFLW\RIWKHUHHGUHOD\V
DUHOLPLWHG

)XQFWLRQDOLW\

P$LQSXWPRGXOH 0,0

The binary output module, BOM, has 24 software supervised output relays, pairwise connected to be used as single-output channels
with a common or as command output channels.

$SSOLFDWLRQ

Use the milliampere input module, MIM, to
interface transducer signals in the +/-20 mA
range from for example temperature and pressure transducers.
)XQFWLRQDOLW\

The milliampere input module has six input
channels, each with a separate protection and
filter circuit, A/D converter and optically isolated connection to the backplane.

5
1

5
2

3
xx00000299.vsd

1

Output connection from relay 1

2

Common input connection

3

Output connection from relay 2

Figure 6:

Relay pair example

,2PRGXOH ,20
$SSOLFDWLRQ

Use the binary I/O module, IOM, when few
input and output channels are needed. The ten
output channels are used for trip output or
any signalling purpose. The two high speed
signal output channels are used for applications where short operating time is essential,
for example time synchronization.

The digital filter circuits have individually
programmable cut-off frequencies, and all
parameters for filtering and calibration are
stored in a nonvolatile memory on the module. The calibration circuitry monitors the
module temperature and commences an automatical calibration procedure if the temperature drift increase outside the allowed range.
The module uses the serial CAN bus for
backplane communication.
Signal events are time stamped locally for
minimum time deviance and stored by the
event recorder if present.

3RZHUVXSSO\PRGXOH 360
$SSOLFDWLRQ

The 20 W power supply module, PSM, with
built in binary I/O is used in 1/2 and 3/4 of
full width 19” units. It has four optically isolated binary inputs and five binary outputs,
out of which one binary output is dedicated
for internal fail.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

The 30 W power supply module, PSM, is
used to provide power for the extended number of modules in a full width 19” unit. It has
one binary output dedicated to internal fail.
)XQFWLRQDOLW\

The power supply modules contain a built-in,
self-regulated DC/DC converter that provides
full isolation between the terminal and the
battery system.
The 20 W power supply module, PSM, has
four optically isolated binary inputs and four
output relays.

+XPDQPDFKLQHLQWHUIDFH
PRGXOH +0,
$SSOLFDWLRQ

The human machine interface is used to monitor and in certain aspects affect the way the
product operates. The configuration designer
can add functions for alerting in case of
important events that needs special attention
from you as an operator.
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Use the terminals built-in communication
functionality to establish SMS communication with a PC with suitable software tool.
Connect the PC to the optical connector on
the local HMI with the special front communication cable including an opto-electrical
converter for disturbance free and safe communication.

/(',QGLFDWLRQPRGXOH
+0,/('
$SSOLFDWLRQ

The LED indication module is an additional
feature for the REx 5xx terminals for protection and control and consists totally of 18
LEDs (Light Emitting Diodes). The main
purpose is to present on site an immediate
visual information such as protection indications or alarm signals. It is located on the
front of the protection and control terminals.
)XQFWLRQDOLW\

The human-machine interface consists of:
•
•

Figure 7:

the human-machine interface (HMI) module.
the LED module.

The figure shows the LED (upper) and the HMI (lower).

The LED indication module is equipped with
18 LEDs, which can light or flash in either
red, yellow or green color. A description text
can be added for each of the LEDs.

See LED indication function (HL, HLED) for
details on application and functionality.

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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6HULDOFRPPXQLFDWLRQPRGXOHV
6&0

1

)XQFWLRQDOLW\63$,(&

The serial communication module for SPA/
IEC is placed in a slot at the rear part of the
main processing module. The serial communication module can have connectors for two
plastic fibre cables or two glass fibre
cables.The incoming optical fibre is connected to the RX receiver input and the outgoing optical fibre to the TX transmitter
output. When the fibre optic cables are laid
out, pay special attention to the instructions
concerning the handling, connection, etc. of
the optical fibres. The module is identified
with a number on the label on the module.
)XQFWLRQDOLW\/21

2
xx00000406.vsd

1

Three-color LEDs

2

Descriptive label, user exchangeable

Figure 8:

The LED module

2SWLFDOUHFHLYHUPRGXOH 250
$SSOLFDWLRQ

The optical receiver module (ORM) is used
to interface signals from optical instrument
transformers (OITP) to the terminal. The
ORM module can replace the conventional
analog input modules. Either 50 or 60 Hz signals is handled by the module. Only one of
the frequencies must be selected and used for
all inputs.
)XQFWLRQDOLW\

The optical receiver module has four optical
input channels that handles data from optical
instrument transformers (OITP). It converts
the OITP data to a format used in the terminal. The received data is processed in different ways depending on the setting of the eight
pole dip-switch of the module.

The serial communication module for LON is
placed in a slot at the rear part of the Main
processing module. The serial communication module can have connectors for two
plastic fibre cables or two glass fibre cables
The incoming optical fibre is connected to the
RX receiver input and the outgoing optical
fibre to the TX transmitter output. Pay special
attention to the instructions concerning the
handling, connection, etc. of the optical
fibres. The module is identified with a number on the label on the module.

'DWDFRPPXQLFDWLRQPRGXOHV
$SSOLFDWLRQ

The remote terminal communication modules
are used both for differential line protection
applications and for binary transfer of up to
32 signals to remote end (RTC), for example
for distance protections. The following hardware modules are available:
•
•
•
•
•
•
•

V.36
X.21
RS530
G.703
Short-range galvanic module
Fibre optical communication module
Short-range fibre optical module

The galvanic data communication modules
according to V.36, X.21 and RS530 can be
used for galvanic short range communication
covering distances up to 100 m in low noise
environment. Only contra-directional operation is recommended in order to get best system performance.These modules are designed

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

for 64 kbit/s operation but can also be used at
56 kbit/s.
The galvanic data communication module
according to G.703 is not recomended for distances above 10 m. Special attention must be
paid to avoid problems due to noise interference. This module is designed only for 64
kbit/s operation.
The short-range galvanic module can be used
for communication over galvanic pilot wires
and can operate up to distances between 0,5
and 4 km depending on pilot wire cable.
Twisted-pair, double-screened cable is recommended.
The fibre optical communication module can
be used both with multi-mode and singlemode fibres.The communication distance can
typically be up to 30 km for single mode
fibre, with high quality fibres even longer.
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This interface can also be used for direct connection to communication equipment of type
FOX from ABB.
The short-range fibre optical module can only
be used with multi-mode fibre .The communication distance can normally be up to 5 km.
This module can also be used for direct connection to communication equipments of type
21-15xx and 21-16xx from FIBERDATA

)URQWFRPPXQLFDWLRQ
$SSOLFDWLRQ

The special front connection cable is used to
connect a PC COM-port to to the optical contact on the left side of the local HMI.
)XQFWLRQDOLW\

The cable includes an optical contact, an
opto/electrical converter and an electrical
cable with a standard 9-pole D-sub contact.
This ensures a disturbance immune and safe
communication with the terminal.

xx01000039

Figure 9:

Front connection cable

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

+DUGZDUHGHVLJQ

5(/ 
1MRK 506 148-BEN
Page 39

/D\RXWVDQGGLPHQVLRQV
'HVLJQ
'LPHQVLRQVFDVHZLWKRXWUHDUFRYHU
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Figure 10: Case without rear cover

xx02000647.vsd

Figure 11: Case without rear cover with 19” rack
mounting kit
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The H and K dimensions are defined by the 19” rack mounting kit

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

5(/ 
1MRK 506 148-BEN
Page 40

'LPHQVLRQVFDVHZLWKUHDUFRYHU

F

K

E
G
A

C
D

B

J

H
I

xx02000648.vsd

xx02000649.vsd

Figure 12: Case with rear cover

Figure 13: Case with rear cover and 19” rack
mounting kit

xx02000650.vsd

Figure 14: Case with rear cover
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The I and K dimensions are defined by the 19” rack mounting kit.
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3DQHOFXWRXWVIRU5([VHULHVVLQJOHFDVH
Flush mounting

Semi-flush mounting

C
A

B

G
F

E
D

xx02000666.vsd

xx02000665.vsd

&XWRXWGLPHQVLRQV PP

$

%

6U, 1/2 x 19”

210.1

254.3

6U, 3/4 x 19”

322.4

254.3

6U, 1/1 x 19”

434.7

254.3

&DVHVL]H

C = 4-10 mm
D = 16.5 mm
E = 187.6 mm without rear protection cover, 228.6 mm with rear protection cover
F = 106.5 mm
G = 97.6 mm without rear protection cover, 138.6 mm with rear protection cover
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3DQHOFXWRXWIRU5([VHULHVVLGHE\VLGHFDVHV

A

E

B

D

G

F

C
xx02000651.vsd

xx02000652.vsd
Figure 15: Flush mounting of side by side cases
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'LPHQVLRQVZDOOPRXQWLQJ
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xx02000653.vsd

A
B

Screws M6 or
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Figure 16: Wall mounting

&DVHVL]H PP
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'UDZLQJV

:

Figure 17: Hardware structure of the 3/4 of full width 19” case

:

Figure 18: Hardware structure of the 1/2 of full width 19” case
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7)
1) COMMUNICATION PORT SPA/IEC 870-5-103
2) OPTICAL PORT ON LOCAL HMI.
CONNECTION MADE WITH THE FRONT
CONNECTION CABLE FOR PC.
3) COMMUNICATION PORT LON
4) RESERVED FOR PARALLEL LINE
COMPENSATION OR CTSU ALT WEF 1 and 2
WHEN Ir = 0,1A OR 0,5 A IS SELECTED ON TRM
5) RESERVED FOR DIRECTIONAL EARTHFAULT FUNCTION
6) RESERVED FOR REF.VOLTAGE
7) OPTIONAL ON/OFF SWITCH FOR THE DCSUPPLY.

5)

16
U5

18

6)

xx00000440.vsd

7HFKQLFDOGDWD

*HQHUDO
'HILQLWLRQV
5HIHUHQFHYDOXH
The specified value of an influencing factor to which are referred the characteristics of the
equipment.
1RPLQDOUDQJH
The range of values of an influencing quantity (factor) whithin which, under specified conditions, the equipment meets the specified requirements.
2SHUDWLYHUDQJH
The range of values of a given energizing quantity for which the equipment, under specified
conditions, is able to perform its intended functions according to the specified requirements.
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8QLW

Material

Steel sheet

Front plate

Aluminium profile with cut-out for HMI and for 18 LED when included

Surface treatment

Aluzink preplated steel

Finish

Light beige (NCS 1704-Y15R)

Degree of protection

Front side: IP40, optional IP54 with sealing strip. Rear side: IP20

7DEOH

:HLJKW

&DVHVL]H

:HLJKW

6U, 1/2 x 19”

≤ 8.5 kg

6U, 3/4 x 19”

≤ 11 kg

7DEOH

360:

4XDQWLW\

5DWHGYDOXH

1RPLQDOUDQJH

Auxiliary dc voltage

EL = (48 - 250) V

+/- 20%

7DEOH

750(QHUJL]LQJTXDQWLWLHVUDWHGYDOXHVDQGOLPLWV

4XDQWLW\

5DWHGYDOXH

1RPLQDOUDQJH

Current

Ir = 1 or 5 A

(0.2-30) × Ir

Ir=0.1, 0.5, 1 or 5 A for I5

(0.2-15) x Ir for line differential function

Operative range

(0.004-100) x Ir

Permissive overload

4 × Ir cont.
100 × Ir for 1 s *)

Burden

< 0.25 VA at I = 1 or 5 A
< 0.02 Va at Ir = 0.1 or 0.5 A

Ac voltage for the terminal

Ur = 110 V **)

100/110/115/120 V

or

200/220/230/240 V

Ur = 220 V **)
Operative range

(0.001-1.5) x Ur

Permissive overload

1.5 × Ur cont.
2.5 x Ur for 1 s

Burden

< 0.2 VA at Ur

Frequency

fr = 50/60 Hz

*)

+/-5%

max. 350 A for 1 s when COMBITEST test switch is included.

**) The rated voltage of each individual voltage input U1 to U5 is Ur/√3
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7HPSHUDWXUHDQGKXPLGLW\LQIOXHQFH

3DUDPHWHU

5HIHUHQFHYDOXH

1RPLQDOUDQJH

,QIOXHQFH

Ambient temperature

+20 °C

-5 °C to +55 °C

0.01%/°C

10%-90%

-

-

-

Operative range

-25 °C to +55°C

Relative humidity

10%-90%

Operative range

0%-95%

Storage temperature

-40 °C to +70 °C

7DEOH

$X[LOLDU\'&VXSSO\YROWDJHLQIOXHQFHRQIXQFWLRQDOLW\GXULQJ
RSHUDWLRQ

'HSHQGHQFHRQ

:LWKLQQRPLQDO
UDQJH

Ripple, in DC auxiliary voltage

Max 12%

Interrupted auxiliary
DC voltage

Without reset

<50 ms

Correct function

0-∞ s

Restart time

<120 s

7DEOH

(OHFWURPDJQHWLFFRPSDWLELOLW\

7HVW

7\SHWHVWYDOXHV

5HIHUHQFHVWDQGDUGV

1 MHz burst disturbance

2.5 kV

IEC 60255-22-1, Class III

Electrostatic discharge

8 kV

IEC 60255-22-2, Class III

Fast transient disturbance

4 kV

IEC 60255-22-4, Class IV

Radiated electromagnetic field disturbance

10 V/m, 251000 MHz

IEC 60255-22-3, Class III
IEEE/ANSI C37.90.2

7DEOH ,QVXODWLRQ
7HVW

7\SHWHVWYDOXHV

5HIHUHQFHVWDQGDUG

Dielectric test

2.0 kVAC, 1 min.

IEC 60255-5

Impulse voltage test

5 kV, 1.2/50 µs, 0.5 J

Insulation resistance

>100 MΩ at 500 VDC

7DEOH &(FRPSOLDQFH
7HVW

$FFRUGLQJWR

Immunity

EN 50082-2

Emissivity

EN 50081-2

Low voltage directive

EN 50178

7DEOH 0HFKDQLFDOWHVWV
7HVW

7\SHWHVWYDOXHV

5HIHUHQFHVWDQGDUGV

Vibration

Class I

IEC 60255-21-1

Shock and bump

Class I

IEC 60255-21-2

Seismic

Class I

IEC 60255-21-3
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7DEOH &DOHQGDUDQGFORFN
3DUDPHWHU

5DQJH

Built-in calender

With leap years through 2098

7DEOH ,QWHUQDOHYHQWOLVW
'DWD

9DOXH

Recording manner

Continuous, event controlled

List size

40 events, first in-first out

7DEOH 7,0(7LPHV\QFKURQLVDWLRQ
)XQFWLRQ

$FFXUDF\

Time tagging resolution

1 ms

Time tagging error with synchronisation at least
once/60 s

+/- 1.5 ms

Drift of clock without synchronisation

+/- 3 ms/min

7DEOH )URQWFRPPXQLFDWLRQ
)XQFWLRQ

9DOXH

Protocol

SPA

Communication speed for the cable

0.3-115 Kbaud

Slave number

1 to 899

Remote change of active group allowed

Yes

Remote change of settings allowed

Yes

7DEOH $YDLODEOHORJLFIXQFWLRQEORFNVDVEDVLF
8SGDWHUDWH

%ORFN

$YDLODELOLW\

6 ms

AND

30 gates

OR

60 gates

INV

20 inverters

TM

10 timers

TP

10 pulse timers

200 ms

SM

5 flip-flops

GT

5 gates

TS

5 timers

TL

10 timers

TQ

10 pulse timers

SR

5 flip-flops

XOR

39 gates
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7DEOH $GGLWLRQDOORJLFIXQFWLRQEORFNV
8SGDWHUDWH

%ORFN

$YDLODELOLW\

6 ms

TP

40 pulse timers

200 ms

AND

239 gates

OR

159 gates

INV

59 inverters

MOF

3 registers

MOL

3 registers

/LQHLPSHGDQFH

7DEOH =0=RQHLPSHGDQFHPHDVXULQJHOHPHQWV
)XQFWLRQ
Operate time

9DOXH
Typical

28 ms

Min and max

Please refer to the separate isochrone diagrams

Min. operate current

(10-30) % of I1b in steps of 1 %

Resetting ratio

Typical 110 %

Resetting time

Typical 40 ms

Output signals start and trip

Zone 1-3

Three phase
Single phase and/or three phase

Zone 4, 5
Setting accuracy

Included in the measuring accuracy

Number of zones
Impedance setting range at Ir =
1 A (to be divided
by 5 at Ir = 5 A)

Three phase start and trip

3, 4 or 5, direction selectable
Reactive
reach

Resistive
reach

Fault resistance

Positive-sequence
reactance

(0.10-400.00) Ω/phase in steps of
0.01 Ω

Zero sequence
reactance

(0.10-1200.00) Ω/phase in steps of
0.01 Ω

Positive-sequence
resistance

(0.10-400.00) Ω/phase in steps of
0.01 Ω

Zero sequence
resistance

(0.10-1200.00) Ω/phase in steps of
0.01 Ω

For phase - phase
faults

(0.10-400.00) Ω/loop in steps of
0.01 Ω

For phase-earth
faults

(0.10-400.00) Ω/loop in steps of
0.01 Ω

Setting range of timers for impedance zones

(0.000-60.000) s in steps of 1 ms

Static accuracy at
0 degrees and 85
degrees

Voltage range (0.1-1.1) x Ur

+/- 5 %

Static angular
accuracy at 0
degrees and 85
degrees

Voltage range (0.1-1,1) x Ur

Current range (0.5-30) x Ir
+/- 5 degrees

Current range (0.5-30) x Ir

Max dynamic overreach at 85 degrees measured with
CVT’s 0.5 < SIR < 30

+5%
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7DEOH 3KDVHVHOHFWLRQORJLF
)XQFWLRQ
Impedance setting range
at Ir=1 A

9DOXH
Reactive reach

Resistive reach

Static angular
accuracy at 0
degrees and 85
degrees

Positive sequence
reactance

0.10-400.00 ohm/phase in
steps of 0.01 ohm/phase

Zero sequence
reactance

0.10-1200.00 ohm/phase in
steps of 0.01 ohm/phase

For phase to phase
faults

0.10-400.00 ohm/loop in steps
of 0.01 ohm/loop

For phase to
ground faults

0.10-400.00 ohm/loop in steps
of 0.01 ohm/loop
+/-5 degrees

Voltage range (0.1-1.1) x Ur
Current range (0.5-30) x Ir

7DEOH 3RZHUVZLQJGHWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Reactive reach,
XIN

0.10-400.00 ohm/
phase in steps of 0.01
ohm/phase

–

Resistive reach,
RIN

0.10-400.00 ohm/
phase in steps
of 0.01ohm/phase

–

Reach multiplication factor, KX

120-200% of XIN in
steps of 1%

–

Reach multiplication factor, KR

120-200% of RIN in
steps of 1%

–

Initial PSD timer, tP1

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Fast PSD timer, tP2

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Hold timer tW for activation of fast PSD timer

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Hold timer tH for PSD detected

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Timer tEF overcoming 1ph reclosing dead
time

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Timer tR1 to time delay block by the residual
current

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Timer tR2 to time delay block at very slow
swings

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Impedance setting range
at Ir =1A
(divide values by 5 for Ir =
5A)
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7DEOH 3RZHUVZLQJDGGLWLRQDOORJLF
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Permitted operate time difference between
higher and lower zones, tDZ

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Time delay to permitted operation of lower
zone with detected difference in operating
time, tZL

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Conditional timer for sending of carrier signal
at power swings, tCS

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Conditional timer for tripping at power swings,
tTrip

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Timer for extending the blocking of tripping by
the non-controlled zone(s), tBlkTr

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

7DEOH 3ROHVOLSSURWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

Reactive and resistive reach for all setting parameters
at Ir=1 A (for Ir = 5 A, divide values by 5)

0.10-400.00 ohm/phase in
steps of 0.01ohm/phase

Timers

0.000-60.000s in steps of
0.001s

Counters

0-10 in steps of 1

3DUDPHWHU
Reset ratio for impedance measuring elements

105% typically

7DEOH =&206FKHPHFRPPXQLFDWLRQORJLFIRUGLVWDQFHSURWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Coordination timer, tCoord

0.000-60.000 s in steps of
1 ms

+/-0.5% +/-10ms

Minimum send time, tSendMin

0.000-60.000 s in steps of
1 ms

+/-0.5% +/-10ms

Security timer, tSec

0.000-60.000 s in steps of
1 ms

+/-0.5% +/-10ms

7DEOH &XUUHQWUHYHUVDODQGZHDNHQGLQIHHGORJLF
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Pickup time for current
reversal logic

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms

Delay time for reset of current reversal output

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms
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3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Coordination time delaying
receipt of carrier receive
signal into weak end infeed
logic

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms

Detection level phase to
neutral voltage

10-100% of U1b

+/-5% of Ub

Detection level phase to
phase voltage

20-170% of U1b

+/-5% of Ub for U<=Ub
+/-5% of Ub for U>=Ub

7DEOH 5DGLDOIHHGHUSURWHFWLRQIXQFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Faulted phase voltage detection level in % of
cross-polarised phase-phase voltage divided
by sqrt(3)

50-100% of Uref in steps
of 1%

+/- 2.5% of Ur

Time constant for reference voltages

1-60s in steps of 1s

Residual current detection level

10-150% of Ir in steps of
1%

2.5% of Ir at I ≤ Ir

Time delay tM for single-pole tripping

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms

Time delay tT for three-pole tripping

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms

Time delay tPIR for residual current tripping
(or indication)

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms

2.5% of I at I > Ir

7DEOH 627)$XWRPDWLFVZLWFKRQWRIDXOWIXQFWLRQ
3DUDPHWHU

9DOXH

$FFXUDF\

Delay following dead line detection input
before SOTF function is automatically enabled

200 ms

+/-0.5% +/-10 ms

Time period after circuit breaker closure in
which SOTF function is active

1000 ms

+/-0.5% +/-10 ms

/LQHGLIIHUHQWLDO
7DEOH ',)//LQHGLIIHUHQWLDOSURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Current scaling, CTFactor

(0.40-1.00) in steps of 0.01

-

Minimum operate current, IMinOp

(20-150) % of (CTFactor x Ir) in
steps of 1%

±10% of Ir at I ≤Ir

(20-150) % of Ibias in steps of 1%

±5%

Slope 2

(30-150) % of Ibias in steps of 1%

±5%

Slope 1/Slope 2 intersection

(100-1000) % of (CTFactor x Ir)
in steps of 1%

±10% of Ir at I ≤Ir

Slope 1

Slope at saturation

1.60 x Ibias

±10% of I at I >Ir

±10% of I at I>Ir
±5%
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)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Saturation min current

(100-1000) % of (CTFactor x Ir) in
steps of 1%

±10% of Ir at I ≤Ir

)XQFWLRQ
Operate
time

±10% of I at I >Ir

9DOXH
Idiff > 2 x Ibias and Idiff
>4 x IMinOp

Typical 28 ms

Reset time at Idiff = 0

Max 55 ms

Transfer trip operate time

Max 35 ms

7DEOH &KDUJLQJFXUUHQWFRPSHQVDWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Compensated minimum
operate current, IMinOpComp

(20-150) % of (CTFactor x Ir) in steps of 1%

±10% of Ir at I≤Ir

Positive-sequence line
capacitive reactance XC1

Ir=1A: (60-6000) ohm/phase in steps of
1ohm

±10% of I at I>Ir
-

Ir=5A: (12-1200) ohm/phase in steps of
1ohm
Zero-sequence line capacitive reactance XC0

-

Ir=1A: (60-6000) ohm/phase in steps of
1ohm
Ir=5A: (12-1200) ohm/phase in steps of
1ohm

&XUUHQW
7DEOH ,2&,QVWDQWDQHRXVRYHUFXUUHQWSURWHFWLRQ
)XQFWLRQ
Operate current I>>

6HWWLQJUDQJH

2SHUDWH
WLPH

$FFXUDF\

Phase measuring elements

(50-2000)% of
I1b In steps of
1%

-

+/- 2.5 % of Ir at I ≤Ir

Residual measuring elements

(50-2000)% of
I1b In steps of
1%

+/- 2.5 % of I at I > Ir
-

+/- 2.5 % of Ir at I ≤ Ir
+/- 2.5 % of I at I > Ir

Operate time at I > 10 × Iset

Max 15ms

-

Dynamic overreach at τ< 100 ms

-

< 5%

7DEOH 72&7LPHGHOD\HGRYHUFXUUHQWSURWHFWLRQ
)XQFWLRQ
Operate current I>

6HWWLQJUDQJH

$FFXUDF\

Phase measuring elements

(10-400) % of I1b in
steps of 1 %

+/- 2.5 % of Ir at I ≤ Ir

Residual measuring
elements

(10-150) % of I4b in
steps of 1 %

+/- 2.5 % of Ir at I ≤ Ir

+/- 2.5 % of I at I >Ir
+/- 2.5 % of I at I >Ir
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)XQFWLRQ
Time delay

6HWWLQJUDQJH

$FFXUDF\

Phase measuring elements

(0.000-60.000) s in
steps of 1 ms

+/- 0.5 % of t +/- 10
ms

Residual measuring
elements

(0.000-60.000) s in
steps of 1 ms

+/- 0.5 % of t +/- 10
ms

-

<5%

Dynamic overreach at τ< 100 ms

7DEOH 72&7ZRVWHSGLUHFWLRQDORYHUFXUUHQWSURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate value of low set function

(20-2000)% of I1b in steps of 1%

+/- 2.5 % of Ir at
I ≤ Ir
+/- 2.5 % of I at I>Ir

Base current for inverse time
calculation

(20-500) % of I1b in steps of 1 %

+/- 2.5 % of Ir at
I ≤ Ir
+/- 2.5 % of I at I>Ir

Minimum operate time

(0.000-60.000) s in steps of 1 ms

Definite time delay for low set
function

(0.000-60.000) s in step of 1ms

Operate value of high set
function

(20-2000) % of I1b in steps of 1 %

+/- 0.5 % +/- 10 ms

+/- 0.5 % +/- 10 ms
+/- 2.5 % of Ir at
I ≤ Ir
+/- 2.5 % of I at I>Ir

Definite time delay for high set
function

(0.000-60.000) in steps of 1 ms

Static angular accuracy at 0
degrees and 85 degrees

Voltage range (0.1-1.1) x Ur

+/- 0.5 % +/- 10 ms
+/- 5 degrees

Current range (0.5-30) x Ir

Normal inverse characteristic

IEC 60255-3 class 5 +/- 60
ms

I = Imeas/Iset
Very inverse characteristic
13.5
t = ----------- ⋅ k
I–1

IEC 60255-3 class 7.5 +/60 ms

Extremely inverse characteristic

IEC 60255-3 class 7.5 +/60 ms

Dynamic overreach at t< 100 ms

<5%
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7DEOH 72&7ZRVWHSWLPHGHOD\HGRYHUFXUUHQWSURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate value for low set
function

(5-500)% of I1b in steps of
1%

+/- 2.5% of I1r at

I > Low
Base current for inverse time
calculation

+/- 2.5 % of I at I>I1r
(5-500) % of I1b in steps of
1%

I > Inv
Minimum operate time
tMinInv
Definite time delay for low set
function

I ≤ I1r

+/- 2.5 % of I1r at
I ≤ I1r
+/- 2.5 % of I at I> I1r

(0.000-60.000)s in steps of
1 ms

+/- 0.5 % +/- 10 ms

(0.000-60.000)s in steps of
1 ms

+/- 0.5 % +/- 10 ms

(50-2000)% of I1b in steps of
1%

+/- 2.5% of I1r at

tLow
Operate value of high set
function
I > High
Definite time delay for high
set function

I ≤ I1r
+/- 2.5 % of I at I>I1r

(0.000-60.000) s in steps of
1 ms

+/- 0.5 % +/- 10 ms

tHigh
IEC 60255-3 class 5+/- 60 ms

Normal inverse characteristic
I = Imeas/Iset
Very inverse characteristic

13.5
t = ----------- ⋅ k
I–1

IEC 60255-3 class 7.5+/- 60
ms

Extremely inverse characteristic

IEC 60255-3 class 7.5+/- 60
ms

Dynamic overreach at t< 100 ms

<5%

7DEOH 7+2/7KHUPDORYHUORDGSURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

Mode of operation

Off / NonComp / Comp

$FFXUDF\

( Function blocked/No temp.
compensation/Temp. comp.)
Basic current
IBase

+/- 2.5% of Ir
(10 - 200 ) % of I1b in steps
of 1 %

Temperature rise at IBase
TBase

+/- 1°C
(0 - 100) °C in steps of 1 °C

Time constant
tau

+/- 1 min
(1 - 62) min in steps of 1 min

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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$FFXUDF\

Alarm temperature
TAlarm

(50 - 150) °C in steps of 1°C

Trip temperature
TTrip
Temp. difference for reset of
trip

(50 - 150) °C in steps of 1 °C

(5 - 30) °C in steps of 1°C

TdReset

7DEOH 7KHUPDORYHUORDGSURWHFWLRQP$LQSXW
)XQFWLRQ

6HWWLQJUDQJH

Upper value for mA input
MI11-1_Max

+/- 0.5% of set value
-25.00 - 25.00 mA in steps of
0.01 mA

Lower value for mA input
MI11-I_Min
Temp. corresponding to the
MI11-1_Max setting
MI11-MaxValue
Temp. corresponding to the
MI11-1_Min setting
MI11-MinValue

$FFXUDF\

+/- 0.5% of set value
-25.00 - 25.00 mA in steps of
0.01 mA
+/- 1% of set value +/- 1°C
-1000 - 1000 °C in steps of 1
°C
+/- 1% of set value +/- 1°C
-1000 - 1000° C in steps of 1
°C

7DEOH 678%6WXESURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate current I>

(20-300) % of I1b

+/- 2.5 % of Ir at I ≤Ir
+/- 2.5 % of I at I > Ir

7DEOH %)3%UHDNHUIDLOXUHSURWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Operate current (one measuring element per phase)

5-200% of I1b in steps of 1%

+/-2.5% of Ir at I ≤ Ir

Retrip time delay t1

0.000-60.000 s in steps of 1
ms

+/-0.5% +/-10 ms

Back-up trip time delay t2

0.000-60.000 s in steps of 1
ms

+/-0.5% +/-10 ms

3DUDPHWHU

9DOXH

Trip operate time

Max 18 ms

Reset time

Max 10 ms

+/-2.5% of I at I > Ir

/LQHGLIIHUHQWLDODQGGLVWDQFH
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7DEOH 7(),QGHSHQGHQWDQGGHSHQGHQWWLPHGHOD\HGUHVLGXDOSURWHFWLRQ
IXQFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Start current, definite time or
inverse time delay IN

5-300% of Ir in steps
of 1%

+/-5% of set value

Operate value
for directional
current measurement

Forward IN
at ϕ=65 degrees

5-35% of Ir in steps
of 1%

+/-1.5% of Ir

Reverse

60% of the setting for
forward operation

+/-1.5% of Ir

Definite time delay

0.000 - 60.000 s in
steps of 1ms

+/- 0.5 % +/-10 ms

Time multiplier for inverse time
delay

0.05-1.10 in steps of
0.01

According to IEC 60255-3

k
IEC 60255-3 class 5 +/- 60 ms

Normal inverse characteristic
I = Imeas/Iset
Very inverse characteristic

13.5
t = ----------- ⋅ k
I–1

Extremely inverse characteristic

IEC 60255-3 class 7.5 +/- 60
ms
IEC 60255-3 class 7.5 +/- 60
ms

Min. operate current for dependent characteristic

100-400% of IN in
steps of 1%

+/-5% of Iset

Minimum operate time

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/-10 ms

Characteristic angles

65 degrees lagging

+/-5 degrees at 20 V and
Iset=35% of Ir

Logarithmic characteristic

t = 5.8-1.35 ⋅ ln I

Minimum polarising voltage

1 % of Ur

+/- 5 % of t at I = (1.3-29) × 3I0
At 50 Hz: 1% of Ur +/-5%
At 60 Hz: 1% of Ur -15% to -5%

Reset time

<70 ms

-

7DEOH ()&6FKHPHFRPPXQLFDWLRQORJLFIRUUHVLGXDORYHUFXUUHQW
SURWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Coordination timer

0.000-60.000 s in steps of 1
ms

+/-0.5% +/-10 ms

/LQHGLIIHUHQWLDODQGGLVWDQFH
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7DEOH &XUUHQWUHYHUVDODQGZHDNHQGLQIHHGORJLFIRUUHVLGXDORYHUFXUUHQW
SURWHFWLRQ ()&$
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Operate voltage for WEI
trip

5-70 % of U1b in steps of 1%

+/-5% of Ur

Current reversal pickup
timer

0.000-60.000 s in steps of 1
ms

+/-0.5% +/-10 ms

Current reversal delay
timer

0.000-60.000 s in steps of 1
ms

+/-0.5% +/-10 ms

7DEOH 6HQVLWLYHGLUHFWLRQDOUHVLGXDORYHUFXUUHQWSURWHFWLRQIXQFWLRQ:()
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate current

(3.0 - 2000.0 ) % of Ib in
steps of 0.1%

+/-2.5% of Ir at I ≤ Ir

Operate voltage

(5.0 - 70.0) % of Ub in steps
of 0.1%

Characteristic Angle

(-90.0 - +90.0) degrees in
steps of 0.1 degrees

Independent time delay

(0.000 - 60.000) s in steps of
1 ms

+/-2.5% of I at I > Ir
+/-2.5% of Ur at U ≤ Ur
+/-2.5% of U at U > Ur

+/-0.5% +/- 10 ms

7DEOH 6HQVLWLYHGLUHFWLRQDOUHVLGXDOSRZHUSURWHFWLRQIXQFWLRQ:()
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate current

(5.0 - 400.0) % of Ib in steps
of 0.1%

+/-2.5% of Ir at I ≤ Ir

(1.0-70.0) % of Ub in steps of
0.1%

+/-2.5% of Ur at U ≤ Ur

Operate voltage

+/-2.5% of I at I > Ir
+/-2.5% of U at U > Ur

Characteristic angle

(-90.0 -90.0) degrees in steps
of 0.1 degrees

Independent time delay

(0.000-60.000) s in steps of 1
ms

+/-0.5% +/- 10 ms

Inverse characteristic

k = (0.0-2.0) in steps of 0.01

IEC 60255-3 class 5 +/- 60
ms

Ti =

k·Sref
S measured

Sref = (5.0 - 50.0) % of Sb in
steps of 0.1%

7DEOH ())RXUVWHSHDUWKIDXOWRYHUFXUUHQWSURWHFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Current level for step 1

50 - 2500% of Ib in
steps of 1%

+/- 5 % of Ir at I≤Ir

Definite time delay for step 1

0.000 - 60.000 s in
steps of 1ms

+/- 0.5 % +/- 10 ms

Current level for step 2

20 - 1500 % of Ib in
steps of 1%

+/- 5 % of Ir at I≤Ir

+/- 5% of I at I>Ir

+/- 5% of I at I>Ir

/LQHGLIIHUHQWLDODQGGLVWDQFH
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3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Definite time delay for step 2

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Current level for step 3

20 - 1500 % of Ib in
steps of 1%

+/- 5 % of Ir at I≤Ir

Definite time delay for step 3

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Current level for step 4 definite time
delay or minimum operate current for
inverse time delay

4 - 440 % of Ib in steps
of 0.1%

+/- 5 % of Ir at I≤Ir

Definite time delay for step 4 or inverse
time additional delay

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Base current for inverse time delay

4 - 110% of Ib in steps
of 1%

+/- 5 % of Ir at I≤Ir

Time multiplier for inverse time delay

0.05 - 1.10 in steps of
0.01

-

Inverse time minimum delay step 4

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Forward 3I0 at ϕ=
65°

5-40% of Ib in steps of
1%

+/- 2.5 % of Ir at I≤Ir

Reverse

60% of Forward

+/- 2.5 % of Ir at I≤Ir

Operate value for
directional current
measurement

+/- 5% of I at I>Ir

+/- 5% of I at I>Ir

+/- 5% of I at I>Ir

+/- 2.5% of I at I>Ir

+/- 2.5% of I at I>Ir
Level of harmonic restrain

20% or 32%

+/- 5%

Characteristic angle

65 degrees lagging

+/- 5 degrees at 20 V
and Iset= 35 % of Ir

I = Imeas/Iset
Normal inverse characteristic

IEC 60255-3 class 5 +/60 ms

I = Imeas/Iset
Very inverse characteristic

13.5
t = ----------- ⋅ k
I–1

Extremely inverse characteristic

Logarithmic characteristic
Switch onto fault active time

IEC 60255-3 class 7.5
+/- 60 ms
IEC 60255-3 class 7.5
+/- 60 ms

t = 5.8-1.35 ⋅ ln I
0.000 - 60.000 s in
steps of 1 ms

+/- 5 % of t at I = (1.329) × 3I0
+/- 0.5 % +/-10 ms
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9ROWDJH
7DEOH 7897LPHGHOD\HGXQGHUYROWDJHSURWHFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate voltage UPE<

(10-100) % of U1b in steps of
1%

+/- 2.5 % of Ur

Time delay

(0.000-60.000) s in steps of
1ms

+/- 0.5 % +/- 10 ms

7DEOH 7297LPHGHOD\HGRYHUYROWDJHSURWHFWLRQ
)XQFWLRQ
Operate voltage
U>

Phase measuring
elements

6HWWLQJUDQJH

$FFXUDF\

(50-200)% of U1b in steps
of 1%

+/- 2.5 % of Ur at U
Ur
+/- 2.5 % of U at U >
Ur

Time delay

Phase measuring
elements

(0.000-60.000) s in steps
of 1ms

+/- 0.5 % +/- 10 ms

Operate voltage
3U0>

Residual measuring elements

(5-100)% of U1b in steps
of 1%

+/- 2.5 % of Ur at U ≤
Ur
+/- 2.5 % of U at U >
Ur

Time delay

Residual measuring elements

(0.000-60.000) s in steps
of 1ms

+/- 0.5 % +/- 10 ms

3RZHUV\VWHPVXSHUYLVLRQ
7DEOH %URNHQFRQGXFWRUFKHFN
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Minimum level of highest
phase current for operation

10-100% of I1b in steps of 1%

+/-2.5% of Ir

Output time delay

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms

7DEOH /RVVRIYROWDJHFKHFN
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Operate voltage, U<

10-100% of U1b in steps of
1%

+/-2.5% of Ur

7DEOH 2YHUORDGVXSHUYLVLRQIXQFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Operate current I>

20-300% of I1b in steps of 1%

+/-2.5% of Ir at I≤Ir
+/-2.5% of I at I>Ir

Time delay

0.0-90000.0 s
Step: 0.1

+/-0.5% +/- 10 ms
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7DEOH '/''HDGOLQHGHWHFWLRQ
)XQFWLRQ
Automatic check of dead
line condition

6HWWLQJUDQJH

$FFXUDF\

Operate phase current

(5-100) % of I1b in
steps of 1%

+/- 2.5 % of
Ir

Operate phase voltage

(10-100) % of U1b in
steps of 1%

+/- 2.5 % of
Ur

6HFRQGDU\V\VWHPVXSHUYLVLRQ
7DEOH &XUUHQWFLUFXLWVXSHUYLVLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate current I>

5-100% of I1b in steps of 1%

+/-2.5% of Ir

7DEOH )86()XVHIDLOXUHVXSHUYLVLRQIXQFWLRQ
)XQFWLRQ
Negative-sequence
quantities:

6HWWLQJUDQJH

$FFXUDF\

Operate voltage
3U2

(10 - 50)% of U1b in
steps of 1%

+/- 2.5 % of Ur

Operate current 3I2

(10 - 50)% of I1b in
steps of 1%

+/- 2.5 % of Ir

7DEOH )86()XVHIDLOXUHVXSHUYLVLRQIXQFWLRQ
)XQFWLRQ
Zero-sequence
quantities:

6HWWLQJUDQJH

$FFXUDF\

Operate voltage
3U0

(10-50)% of U1b in steps of
1%

+/- 2.5 % of Ur

Operate current
3I0

(10-50)% of I1b in steps of 1%

+/- 2.5 % of Ir

7DEOH )XVHIDLOXUHVXSHUYLVLRQIXQFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Operate voltage change level

(50-90)% of U1b in steps of
1%

+/-2.5% of Ur

Operate current change level

(10-50)% of I1b in steps of 1%

+/- 2.5% of Ir

7DEOH 9ROWDJHWUDQVIRUPHUVXSHUYLVLRQ
3DUDPHWHU

6HWWLQJ
UDQJH

$FFXUDF\

Residual overvoltage limit, UN>

1.0-80.0% of
U1b in steps
of 0.1%

+/- 2.5% of Ur

Time delayed operation for start signal, tDelay

0.000300.000 s in
steps of 1 ms

+/- 0.5% +/- 10 ms
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&RQWURO
7DEOH 3KDVLQJFKHFNRSWLRQ VSHFLILFSDUDPHWHUV
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Frequency difference limit

50-500 mHz in steps of 10 mHz

≤20 mHz

Circuit breaker closing pulse duration

0.000-60.000 s in steps of 1 ms

+/-0.5% +/-10 ms

0.000-60.000 s in steps of 1 ms

+/-0.5% +/-10 ms

Circuit breaker closing time

3DUDPHWHU

9DOXH

Bus / line voltage frequency range limit

+/-5 Hz from fr

Bus / line voltage frequency rate of change limit

<0.21 Hz/s

7DEOH $5$XWRPDWLFUHFORVLQJIXQFWLRQ
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

shot 1 - t1 1ph

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

shot 1 - t1 2ph

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

shot 1 - t1 3ph

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

shot 2 - t2 3ph

0-90000.0 s in steps of 0.1
s

+/- 0.5% +/- 10 ms

shot 3 - t3 3ph

0-90000.0 s in steps of 0.1
s

+/- 0.5% +/- 10 ms

shot 4 - t4 3ph

0-90000.0 s in steps of 0.1
s

+/- 0.5% +/- 10 ms

Maximum wait time for OK to close from
synchronizing function tSync

0-90000.0 s in steps of 0.1
s

+/- 0.5% +/- 10 ms

Duration of close pulse to circuit
breaker tPulse

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

Duration of reclaim time tReclaim

0-90000.0 s in steps of 0.1
s

+/- 0.5% +/- 10 ms

Inhibit reclosing reset time tInhibit

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

Maximum trip pulse duration tTrip
(longer trip pulse durations will either
extend the dead time or interrupt the
reclosing sequence)

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

Maximum wait time for release from
Master tWaitForMaster

0-9000.0 s in steps of 0.1 s +/- 0.5% +/- 10 ms

Automatic reclosing open time:

/LQHGLIIHUHQWLDODQGGLVWDQFH
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3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

Wait time following close command
before continuing with further reclosing
attempts without new start signal if circuit breaker does not close tAutoWait

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

Time delay before indicating reclosing
unsuccessful tUnsuc

0-9000.0 s in steps of 0.1 s +/- 0.5% +/- 10 ms

Time CB must be closed before AR
becomes ready for a reclosing cycle
tCBClosed

0.000-60.000 s in steps of
1 ms

+/- 0.5% +/- 10 ms

7DEOH $XWRPDWLFUHFORVLQJIXQFWLRQ
3DUDPHWHU

9DOXH

Reclosing shots

1-4

Programs

Three pole trip: 1

Number of instances

Up to six depending on terminal type
(different terminal types support different CB arrangements and numbers
of bays)

Breaker closed before start

5s

Single, two and three pole trip: 6

/RJLF
7DEOH 757ULSORJLF
3DUDPHWHU

9DOXH

$FFXUDF\

Setting for the minimum trip
pulse length, tTripMin

0.000 - 60.000 s in steps of
0.001 s

+/-0.5% +/-10 ms

7DEOH 3'3ROHGLVFRUGDQFHFRQWDFWDQGFXUUHQWEDVHG
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Auxiliary-contact-based
function - time delay

(0.000-60.000) s in steps of 1
ms

+/- 0.5% +/- 10 ms

Operate current

10% of I1b

+/- 2.5 % of Ir

Time delay

(0.000-60.000) s in steps of 1
ms

+/- 0.5 % +/- 10 ms
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7DEOH &RPPXQLFDWLRQFKDQQHOWHVWORJLF
3DUDPHWHU

6HWWLQJUDQJH

$FFXUDF\

tStart Time interval
between automatic starts of
testing cycle

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

tWait Time interval available for test of the external
function to be registered as
successful

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

tCh Minimum time interval
required before repeated
test of the external function

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

tCS Duration of CS output
signal

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

tChOK Duration of CHOK
output signal

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

tInh Duration of inhibit condition extension after the
BLOCK input signal resets

0.0-90000.0 s in steps of 0.1 s

+/-0.5% +/-10 ms

7DEOH 6HULDOFRPPXQLFDWLRQ 63$
)XQFWLRQ

9DOXH

Protocol

SPA

Communication speed

300, 1200, 2400, 4800, 9600, 19200 or 38400 bit/s

Slave number

1 to 899

Remote change of active group allowed

yes/no

Remote change of settings allowed

yes/no

Connectors and optical fibres

glass or plastic

7DEOH 6HULDOFRPPXQLFDWLRQ /21
)XQFWLRQ

9DOXH

Protocol

LON

Communication speed

1.25 Mbit/s

Connectors and optical fibres

glass or plastic

7DEOH 6HULDOFRPPXQLFDWLRQ ,(&
)XQFWLRQ

9DOXH

Protocol

IEC 60870-5-103

Communication speed

9600, 19200 bit/s

Connectors and optical fibres

glass or plastic

7DEOH &1(YHQWFRXQWHUIXQFWLRQ
)XQFWLRQ

9DOXH

Counter value

0-10000

Max. count up speed

10 pulses/s
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0RQLWRULQJ
7DEOH 'LVWXUEDQFHUHSRUWVHWWLQJSHUIRUPDQFH
'DWD

6HWWLQJUDQJH

Pre-fault time

50-300 ms in steps of 10 ms

Post-fault time

100-5000 ms in steps of 100 ms

Limit time

500-6000 ms in steps of 100 ms

Number of recorded disturbances

Max. 10

7DEOH 'LVWXUEDQFHUHFRUGHUVHWWLQJSHUIRUPDQFH
)XQFWLRQ

6HWWLQJUDQJH

Overcurrent triggering

0-5000% of Inb in
steps of 1%

Undercurrent triggering

0-200% of Inb in
steps of 1%

Overvoltage triggering

0-200% of Unb in
steps of 1% at 100 V
sec.

Undervoltage triggering

0-110% of Unb in
steps of 1%

7DEOH 'LVWXUEDQFHUHFRUGHUSHUIRUPDQFH
'DWD

9DOXH

Number of binary signals

48

Number of analog signals

10

Sampling rate

2 kHz

Recording bandwidth

5-250 Hz

Total recording time with ten analog and 48 binary signals recorded.
(The amount of harmonics can affect the maximum storage time)

40 s typically

Voltage channels

Dynamic range

(0.01-2.0) x Ur at
100/200 V sec.

Resolution

0.1% of Ur

Accuracy at rated
frequency
Current channels

Dynamic range

U ≤ Ur

2.5% of Ur

U > Ur

2.5% of U

Without DC offset

(0.01-110) × Ir

With full DC offset

(0.01-60) × Ir

Resolution
Accuracy at rated
frequency

0.5 % of Ir
I ≤ Ir

+/-2.5 % of Ir

I > Ir

+/-2.5 % of I
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7DEOH (YHQWUHFRUGHU
)XQFWLRQ

9DOXH

Event buffering capacity

Max. number of events/disturbance report

150

Max. number of disturbance
reports

10

7DEOH )/2&)DXOWORFDWRU
)XQFWLRQ
Distance to fault
locator

Reach for Ir
=1 A

6HWWLQJUDQJH

$FFXUDF\

Resistive direction

(0 - 1500) ohm/
phase

+/- 2.5 % (typical)

Reactive direction

(0 - 1500) ohm/
phase

Phase selection

According to
input signals

7DEOH 0HDQYDOXHV $&PRQLWRULQJ
)XQFWLRQ

1RPLQDOUDQJH

$FFXUDF\

Frequency

(0.95 - 1.05) x fr

+/- 0.2 Hz

Voltage (RMS) Ph-Ph

(0.1 - 1.5) x Ur

+/- 2.5% of Ur, at U≤ Ur
+/- 2.5% of U, at U> Ur

Current (RMS)

(0.2 - 4) x Ir

+/- 2.5% of Ir, at I≤ Ir

Active power*)

at |cos ϕ| ≥ 0.9

+/- 5%

Reactive power*)

at |cos ϕ| ≤ 0.8

+/- 7.5%

+/- 2.5% of I, at I> Ir

*) Measured at Ur and 20% of Ir
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7DEOH 0,0P$PHDVXULQJIXQFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

mA measuring function

+/- 5, +/- 10, +/- 20 mA
0-10, 0-20, 4-20 mA

Max current of transducer
to input

(-25.00 to +25.00) mA in steps
of 0.01

Min current of transducer to
input

(-25.00 to +25.00) mA in steps
of 0.01

High alarm level for input

(-25.00 to +25.00) mA in steps
of 0.01

High warning level for input

(-25.00 to +25.00) mA in steps
of 0.01

Low warning level for input

(-25.00 to +25.00) mA in steps
of 0.01

Low alarm level for input

(-25.00 to +25.00) mA in steps
of 0.01

Alarm hysteresis for input

(0-20) mA in steps of 1

Amplitude dead band for
input

(0-20) mA in steps of 1

Integrating dead band for
input

(0.00-1000.00) mA in steps of
0.01

0-5,

+/- 0.1 % of set value +/-0.005
mA

7DEOH 0HDQYDOXHVZLWKLQFUHDVHGDFFXUDF\ $&PRQLWRULQJ
)XQFWLRQ

1RPLQDOUDQJH

$FFXUDF\

Frequency

(0.95 - 1.05) x fr

+/- 0.2 Hz

Voltage (RMS) Ph-Ph

(0.8 - 1.2) x Ur

+/- 0.25% of Ur, at U<= Ur

Current (RMS)

(0.2 - 2) x Ir

+/- 0.25% of U, at U> Ur
+/- 0.25% of Ir, at I<= Ir
+/- 0.25% of I, at I> Ir
Active power

0.8 x Ur < U < 1.2 x Ur

+/- 0.5% of Pr at P <= Pr *),

0.2 x Ir < I < 2 x Ir

+/- 0.5% of P at P > Pr *),

Active power, |cosϕ|>= 0.9
*) Pr: Active power at U = Ur , I = Ir and |cosϕ|= 1

0HWHULQJ
7DEOH 3&3XOVHFRXQWHUORJLFIXQFWLRQ
)XQFWLRQ

6HWWLQJUDQJH

$FFXUDF\

Input frequency

See Binary Input Module (BIM)

-

Cycle time for pulse
counter

30 s, 1 min, 1 min 30 s, 2 min, 2 min 30
s, 3 min, 4 min, 5 min, 6 min, 7 min 30s,
10 min, 12 min, 15 min, 20 min, 30 min,
60 min

+/- 0,1% of set value
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+DUGZDUHPRGXOHV
7DEOH %LQDU\LQSXWV
,QSXWV

5/

5/

5/

5/

Binary inputs

BIM: 16, IOM: 8, PSM: 4

Debounce frequency

5 Hz (BIM), 1 Hz (IOM)

Oscillating signal discriminator.*

Blocking and release settable between 1-40 Hz

Binary input voltage RL

24/30 VDC

48/60 VDC

110/125 VDC

220/250 VDC

+/-20%

+/-20%

+/-20%

+/-20%

0.05 W/input

0.1 W/input

0.2 W/input

0.4 W/input

Power consumption (max.)
*) Only available for BIM

7DEOH %LQDU\RXWSXWV
)XQFWLRQRUTXDQWLW\

7ULSDQG6LJQDO
UHOD\V

)DVWVLJQDO
UHOD\V

Binary outputs

BOM: 24, IOM: 10,
PSM: 4

IOM: 2

Max system voltage

250 V AC, DC

250 V AC, DC

Test voltage across open contact, 1 min

1000 V rms

800 V DC

Current carrying
capacity

Continuous

8A

8A

1s

10 A

10 A

Making capacity at
inductive load with L/
R>10 ms

0.2 s

30 A

0.4 A

1.0 s

10 A

0.4 A

Breaking capacity for AC, cos ϕ>0.4

250 V/8.0 A

250 V/8.0 A

Breaking capacity for DC with L/R<40ms

48 V/1 A

48 V/1 A

110 V/0.4 A

110 V/0.4 A

220 V/0.2 A

220 V/0.2 A

250 V/0.15 A

250 V/0.15 A

-

10 nF

Maximum capacitive load

7DEOH 0,0(QHUJL]LQJTXDQWLWLHVUDWHGYDOXHVDQGOLPLWV
4XDQWLW\
mA input
module

5DWHGYDOXH

1RPLQDO
UDQJH

input range

+/- 20 mA

-

input resistance

Rin = 194
ohm

-

power consumption

each mA-module

≤4W

-

each mA-input

≤ 0.1 W

-
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7DEOH 606FRPPXQLFDWLRQYLDIURQW
)XQFWLRQ

9DOXH

Protocol

SPA

Communication speed for the terminals

300, 1200, 2400, 4800, 9600 Kbaud

Slave number

1 to 899

Change of active group allowed

Yes

Change of settings allowed

Yes

7DEOH 2SWLFDOUHFHLYHUPRGXOH250
)XQFWLRQ

7\SH

Optical connector

Type ST

7DEOH &DEOHFRQQHFWLRQUHTXLUHPHQWVIRU63$,(&FRQQHFWLRQ
*ODVVILEUH

3ODVWLFILEUH

Cable connector

ST connector

HFBR, Snap-in connector

Fibre diameter

62.5/125 µm

1 mm

50/125 µm
Max. cable length

500 m

30 m

7DEOH /21&DEOHFRQQHFWLRQUHTXLUHPHQWVIRU/21EXVFRQQHFWLRQ
*ODVVILEUH

3ODVWLFILEUH

Cable connector

ST-connector

HFBR, Snap-in connector

Fibre diameter

62.5/125 µm

1 mm

50/125 µm
Max. cable length

1000 m

30 m

7DEOH *DOYDQLFGDWDFRPPXQLFDWLRQPRGXOH
,QWHUIDFHW\SH

$FFRUGLQJWRVWDQGDUG

&RQQHFWRUW\SH

V.36/V11 Co-directional (on request)

ITU (CCITT)

D-sub 25 pins

V.36/V11 Contra-directional

ITU (CCITT)

D-sub 25 pins

X.21/X27

ITU (CCITT)

D-sub 15 pins

RS530/RS422 Co-directional (on request)

EIA

D-sub 25 pins

RS530/RS422 Contra-directional

EIA

D-sub 25 pins

G.703 Co-directional

ITU (CCITT)

Screw

7DEOH 6KRUWUDQJHJDOYDQLFPRGXOH
Data transmission

Synchronous, full duplex

Transmission rate

64 kbit/s (256 kBaud; code transparent)

Clock source

Internal or derived from received signal

Range

max 4 km

Line interface

Balanced symmetrical three-state current loop (4 wires)

Connector

5-pin divisible connector with screw connection

Insulation

2,5 kV 1 min. Opto couplers and insulating DC/DC-converter
15 kV with additional insulating transformer
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7DEOH )LEUHRSWLFDOFRPPXQLFDWLRQPRGXOH
2SWLFDOLQWHUIDFH
Type of fibre

Graded-index multimode 50/
125µm or 62,5/125µm

Single mode 9/125 µm

Wave length

1300 nm

1300 nm

Optical transmitter

LED

LED

injected power

-17 dBm

-22 dBm

Optical receiver

PIN diode

PIN diode

sensitivity

-38 dBm

-38 dBm

Optical budget

21 dB

16 dB

Transmission distance

typical 15-20 km a)

typical 30-70 km a)

Optical connector

Type FC-PC

Type FC-PC

Protocol

ABB specific

ABB specific

Data transmission

Synchronous, full duplex

Synchronous, full duplex

Transmission rate

64 kbit/s

64 kbit/s

Clock source

Internal or derived from
received signal

Internal or derived from
received signal

a)

depending on optical budget calculation

7DEOH 6KRUWUDQJHILEUHRSWLFDOPRGXOH
Data transmission

Synchronous, full duplex

Transmission rate

64 kbit/s

Clock source

Internal or derived from received signal

Optical fibre

Graded-index multimode 50/125µm or 62,5/125µm

Wave length

850 nm

Optical connectors

ST

Optical budget

15 dB

Transmission distance

max 3,5 km

Protocol

FIBERDATA specific
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*XLGHOLQHV
Carefully read and follow the set of rules to ensure problem-free order management. Be aware
that certain functions can only be ordered in combination with other functions and that some
functions require specific hardware selections.

%DVLFKDUGZDUHDQGIXQFWLRQV
3ODWIRUPDQGEDVLFIXQFWLRQDOLW\
Basic REx 5xx platform and common functions housed in selected casing
0DQXDOVRQ&'
Operator’s manual (English)
Installation and commissioning manual (English)
Technical reference manual (English)
Application manual (English)
%LQDU\,2FDSDELOLWLHV
Binary I/O resided on power supply module
0HDVXULQJFDSDELOLWLHV
A/D module
Transformer module
/LQHGLIIHUHQWLDO
Line differential protection ',)/
&XUUHQW
Instantaneous overcurrent protection ,2&
Phase element
Time delayed overcurrent protection 72&
Phase element
Stub protection 678%
3RZHUV\VWHPVXSHUYLVLRQ
Broken conductor check %5&
Loss of voltage check /29
Overload supervision 29/'
6HFRQGDU\V\VWHPVXSHUYLVLRQ
Current circuit supervision &768
/RJLF
Trip logic 75
Single, two and/or three pole trip
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0RQLWRULQJ
Event recorder
Analog AC monitor software
Analog DC monitor software (Requires optional mA-transducer module, MIM)

3URGXFWVSHFLILFDWLRQ
REL 561

Quantity:

1MRK 002 496-AC

Default:
The terminal is delivered without loaded configuration.
8VHWKHFRQILJXUDWLRQDQGSURJUDPPLQJWRRO &$3 WREXLOGDFRQILJXUDWLRQIURPVWDUWRUWR
PDNHDQH[DPSOHFRQILJXUDWLRQFRPSOHWH
Option:
Customer specific configuration

On request

5XOH6HOHFWRQO\RQHDOWHUQDWLYH
Engergizing quantities for binary inputs on
power supply module

24/30 V

1MRK 002 238-AA

48/60 V

1MRK 002 238-BA

110/125 V

1MRK 002 238-CA

220/250 V

1MRK 002 238-DA

1RWH$X[LOLDU\GFYROWDJH(/FRQQHFWHGWRWKHSRZHUVXSSO\PRGXOHLV  9
0HDVXULQJFDSDELOLWLHV

Add measuring capabilities by selecting input energizing options from the following tables.
5XOH,IRSWLFDOPHDVXULQJWUDQVIRUPHUVLVXVHGDQGFRQ
QHFWHGWRDQ2,73 2SWLFDO,QVWUXPHQW7UDQVIRUPHU3ODW
IRUP RPLWWKHVWHSVZKHUHPHDVXULQJLQSXWHQHUJL]LQJ
TXDQWLWLHVDUHVHOHFWHG
Optical receiver module (ORM)

1MRK 002 216-AA

5XOH6HOHFWRQO\RQHDOWHUQDWLYH,IVHQVLWLYHHDUWKIDXOW
IXQFWLRQDOLW\VKRXOGEHXVHGVHOHFWIURPQH[WWDEOH
Rated measuring input energizing quantities

1 A, 110 V

1MRK 000 157-MB

1 A, 220 V

1MRK 000 157-VB

5 A, 110 V

1MRK 000 157-NB

5 A, 220 V

1MRK 000 157-WB
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5XOH6HOHFWRQO\RQHDOWHUQDWLYH$OVRVHOHFWWKHFRUUH
VSRQGLQJVHQVLWLYHHDUWKIDXOWIXQFWLRQ V IURPWKHRSWLRQDO
SURWHFWLRQIXQFWLRQV
Rated measuring input energizing
quantities for sensitive earth fault
functions

I1-I4

1A

I5

0.1 A

U1-U5

110 V

I1-I4

5A

I5

0.5 A

U1-U5

110 V

1MRK 000 157-XB

1MRK 000 157-RB

2SWLRQDOIXQFWLRQV
/LQHLPSHGDQFH
Simplified impedance settings

1MRK 001 459-UA

5XOH+LJKVSHHGELQDU\RXWSXWORJLF +6%2 LVLQFOXGHGLI
=0LVVHOHFWHG
5XOH3KDVHVHOHFWLRQORJLF 3+6 PXVWEHRUGHUHGLI)XOO
VFKHPHGLVWDQFHSURWHFWLRQ =0=0 LVVHOHFWHG
Full scheme distance protection =0=0
Three zone phase-to-phase protection

1MRK 001 456-CA

Three zone phase-to-ground protection

1MRK 001 456-DA

Additions for series compensated networks

1MRK 001 456-EA

Phase selection logic 3+6

1MRK 001 456-KA

Power swing detection 36'

1MRK 001 456-LA

Power swing logic 36/

1MRK 001 456-SA

Pole slip protection 363

1MRK 001 457-SA

Radial feeder protection 3$3

1MRK 001 455-SA

5XOH+LJKVSHHGELQDU\RXWSXWORJLF +6%2 LVLQFOXGHGLI
=&20LVVHOHFWHG
Scheme communication logic =&20

1MRK 001 456-NA

5XOH6FKHPHFRPPXQLFDWLRQORJLF =&20 PXVWEH
RUGHUHGLI&XUUHQWUHYHUVDODQGZHHNHQGLQIHHGORJLF
=&$/ LVVHOHFWHG
Current reversal and weak end infeed logic =&$/

1MRK 001 455-PA

Automatic switch onto fault logic 627)

1MRK 001 456-RA

Local acceleration logic =&/&

1MRK 001 456-TA

/LQHGLIIHUHQWLDO
Charging current compensation &&&

1MRK 001 459-MA

/LQHGLIIHUHQWLDODQGGLVWDQFH
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&XUUHQW
Instantaneous overcurrent protection ,2&
Residual element

1MRK 001 456-VA

Two step time delayed phase overcurrent protection 72&

1MRK 001 459-LA

Two step time delayed directional phase overcurrent protection 72&

1MRK 001 457-CA

Thermal phase overload protection 7+2/

1MRK 001 457-DA

Breaker failure protection %)3

1MRK 001 458-AA

Time delayed overcurrent protection 72&
Residual element

1MRK 001 456-XA

5XOH)RXUVWHSUHVLGXDORYHUFXUUHQWSURWHFWLRQ () RU'HILQLWH
DQGLQYHUVHWLPHGHOD\HGUHVLGXDORYHUFXUUHQWSURWHFWLRQ 7() 
FDQRQO\EHVHOHFWHGVHSDUDWHO\QHYHUWRJHWKHU.
6FKHPHFRPPXQLFDWLRQORJLF ()& DQG&XUUHQWUHYHUVDODQG
ZHDNHQGLQIHHGORJLFIRUUHVLGXDORYHUFXUUHQWSURWHFWLRQ ()&$ 
DUHDXWRPDWLFDOO\DGGHGZKHQ)RXUVWHSUHVLGXDORYHUFXUUHQWSUR
WHFWLRQ () ,VVHOHFWHG
Four step residual overcurrent protection ()

1MRK 001 459-HA

Definite and inverse time delayed residual overcurrent protection 7()
5XOH,I6FKHPHFRPPXQLFDWLRQORJLF ()& RU&XUUHQW
UHYHUVDODQGZHDNHQGLQIHHGORJLFIRUUHVLGXDORYHUFXU
UHQWSURWHFWLRQ ()&$ LVWREHXVHGRQO\WKHGLUHF
WLRQDOHOHPHQWPD\EHVHOHFWHG
Nondirectional element

1MRK 001 456-YA

Directional element

1MRK 001 459-ZA

Scheme communication logic ()&

1MRK 001 455-UA

Current reversal and weak end infeed logic for residual
overcurrent protection ()&$

1MRK 001 455-VA

Sensitive directional residual overcurrent protection :()

1MRK 001 457-PA

Sensitive directional residual power protection :()

1MRK 001 459-TA

9ROWDJH
Time delayed phase undervoltage protection 789

1MRK 001 457-RA

Time delayed overvoltage protection 729
Phase element

1MRK 001 457-GA

Residual element

1MRK 001 459-FA

3RZHUV\VWHPVXSHUYLVLRQ
5XOH,I6ZLWFKRQWRIDXOWORJLF 627) DQGRU)XVHIDLOXUH )86( 
DUHVHOHFWHG'HDGOLQHGHWHFWLRQLVDXWRPDWLFDOO\LQFOXGHGLQWKH
WHUPLQDO
Dead line detection '/'

1MRK 001 455-LA
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6HFRQGDU\V\VWHPVXSHUYLVLRQ
Fuse failure )86(
5XOH,IGXGWDQGGLGWEDVHGRSWLRQLVVHOHFWHG1HJD
WLYHRU=HURVHTXHQFHRSWLRQPXVWEHRUGHUHG
Negative sequence

1MRK 001 457-YA

Zero sequence

1MRK 001 457-ZA

du/dt and di/dt based

1MRK 001 459-YA

Voltage transformer supervision 7&7

1MRK 001 455-TA

&RQWURO
Single command &'

1MRK 001 458-EA

Synchrocheck 6<1 , AIM must be used
For single CB, including energizing check

1MRK 001 458-GA

For double CBs, including energizing check

1MRK 001 458-FA

For double CBs, including phasing and energizing
check

1MRK 001 457-HA

For single CB, including phasing and energizing check

1MRK 001 458-KA

Automatic reclosing function $5
For single CB, one and/or three phase reclosing

1MRK 001 458-LA

For double CBs, one and/or three phase reclosing

1MRK 001 457-KA

For single CB, three phase reclosing

1MRK 001 458-MA

For double CBs, three phase reclosing

1MRK 001 457-LA

/RJLF
One additional trip logic function block 75
Single, two and/or three pole trip

1MRK 001 459-XA

Pole discordance logic, contact based 3'

1MRK 001 458-UA

Communication channel test logic &&+7

1MRK 001 459-NA

0RQLWRULQJ
Disturbance recorder

1MRK 001 458-NA

Fault locator

1MRK 001 458-RA

Trip value recorder

1MRK 001 458-SA

Increased measuring accuracy for U, I, P, Q

1MRK 000 597-PA

0HWHULQJFDSDELOLWLHV
1RWH7KHELQDU\LQSXWPRGXOH %,0 ZLWKHQKDQFHGSXOVHFRXQW
LQJFDSDELOLWLHVLVQHHGHGIRUSXOVHFRXQWLQJ
Pulse counting

1MRK 001 458-TA

Event counting

1MRK 001 445-CA

$GGLWLRQDOORJLFIXQFWLRQEORFN
Additional gates, pulse timers and registers

1MRK 001 457-MA
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$GGLWLRQDO+0,ODQJXDJH
1RWH2QO\RQHDOWHUQDWLYHLVSRVVLEOH
Second language beside English

Customer specific language

German

1MRK 001 459-AA

Russian

1MRK 001 459-BA

French

1MRK 001 459-CA

Spanish

1MRK 001 459-DA

Italian

1MRK 001 459-EA

Contact your local ABB representative for
availability

,QWHUED\FRPPXQLFDWLRQFDSDELOLWLHV
1RWH7KH/21EDVHG6&6FRPPXQLFDWLRQFDSDELOLW\RSWLRQLVQHFHVVDU\
Binary signal interbay communication &0
One fast communication block (16 signals)

1MRK 001 455-RA

79 medium speed communication block instances
(79*16 signals)

1MRK 001 458-YA

+DUGZDUH
([WHQGHGLQGLFDWLRQFDSDELOLWLHV
LED indication module (18 LEDs)

1MRK 000 008-DA

&RPPXQLFDWLRQLQWHUIDFHVIRUUHPRWHWHUPLQDOFRPPXQLFDWLRQ
5XOH,I&RPPXQLFDWLRQLQWHUIDFHVIRUUHPRWHWHUPLQDOFRP
PXQLFDWLRQLVVHOHFWHG%LQDU\VLJQDOWUDQVIHUWRUHPRWHHQG
57& PXVWEHRUGHUHG
Co-directional V.36/V.35 galvanic interface

On request

Contra-directional V.36/V.35 galvanic interface

1MRK 000 185-BA

Co-directional RS530/RS422 galvanic interface

On request

X.21 galvanic interface

1MRK 000 185-CA

Contra-directional RS530/RS422 galvanic interface

1MRK 000 185-EA

Fiber optical modem

1MRK 000 195-AA

Short range galvanic modem

1MRK 001 370-AA

Short range fiber optical modem

1MRK 001 370-DA

Co-directional G.703 galvanic interface

1MRK 001 370-CA

$GGLWLRQDOELQDU\,2FDSDELOLWLHV
5XOH7KHQXPEHURIELQDU\,2PRGXOHV ,20 DQGELQDU\RXWSXWPRGXOHV %20 WRJHWKHULQD
WHUPLQDOPD\QRWH[FHHGDWRWDORI
Binary I/O module, IOM (8 inputs, 10 outputs, 2 high-speed outputs)
24/30 V

Quantity:

1MRK 000 173-GB

48/60 V

Quantity:

1MRK 000 173-AC

110/125 V

Quantity:

1MRK 000 173-BC

220/250 V

Quantity:

1MRK 000 173-CC
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Binary input module, BIM (16 inputs)
24/30 V

Quantity:

1MRK 000 508-DB

48/60 V

Quantity:

1MRK 000 508-AB

110/125 V

Quantity:

1MRK 000 508-BB

220/250 V

Quantity:

1MRK 000 508-CB

Binary input module, BIM, with enhanced pulse counting capabilities (16 inputs)
Rule: Can only be ordered together with the pulse counter logic (PC) optional function
24/30 V

Quantity:

1MRK 000 508-HA

48/60 V

Quantity:

1MRK 000 508-EA

110/125 V

Quantity:

1MRK 000 508-FA

220/250 V

Quantity:

1MRK 000 508-GA

5XOH7KHQXPEHURIELQDU\RXWSXWPRGXOHV %20 DQGELQDU\,2PRGXOHV ,20 WRJHWKHULQ
DWHUPLQDOPD\QRWH[FHHGDWRWDORI
Binary output module, BOM (24 outputs in 12
groups)

Quantity:

1MRK 000 614-AB

Milliampere input module 0,0

Quantity:

1MRK 000 284-AB

&DVHVL]H

Compare the sum of the ordered quantities of I/O modules with the table below and select the
case size which has the larger or equal number of slots available.
Seen from the front of the terminal the I/O modules will be placed from left to right in the order
BIM, BOM, IOM, MIM, Communication interface.
7DEOH 0D[LPXPKDUGZDUHFRQILJXUDWLRQVIRU,2PRGXOHV
Maximum number of
modules

Binary input modules
(BIM)
Binary output modules (BOM) and binary
input/output modules
(IOM)
mA input modules
(MIM)
Communication interface for remote terminal communication
7RWDOLQFDVH

Case size
3/4 x 19”

1/2 x 19”

1MRK 000 151-GC

1MRK 000 151-FC

8

3

4

3

1

1

1

1
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6&6DQG606FRPPXQLFDWLRQFDSDELOLWLHV
SMS communication, only one alternative can be selected
SPA/IEC 60870-5-103 interface

Plastic fibers

1MRK 000 168-FA

Glass fibers

1MRK 000 168-DA

SCS communication, only one alternative can be selected
LON interface

Plastic fibers

1MRK 000 168-EA

Glass fibers

1MRK 000 168-DA

7HVWVZLWFK
Test switch module RTXP 24 mounted side-by-side to the
terminal in RHGS case

1MRK 000 371-CA

With internal earthing

RK 926 215-BB

With external earthing

RK 926 215-BC

On/off switch for the DC-supply

RK 795 017-AA

3URWHFWLRQFRYHU
Cover for rear area including fixing
screws and assembly instruction

6U, 3/4 x 19”

1MRK 000 020-AB

6U, 1/2 x 19”

1MRK 000 020-AC

0RXQWLQJDFFHVVRULHV
19” rack mounting kit

1MRK 000 020-BR

Wall mounting kit

1MRK 000 020-DA

Flush mounting kit

1MRK 000 020-Y

Semiflush mounting kit

1MRK 000 020-BS

Additional mounting seal for IP54 protection of flush and
semiflush mounted terminals

1MKC 980 001-2

Side-by-side mounting kit

1MRK 000 020-Z

$FFHVVRULHV
&RQYHUWHUV
V.36 to G.703 converter with 48 VDC power supply

1MRK 001 295-AA

V.35/V.36 converter for short range fiber optical modem

1MRK 001 295-CA

X.21/G.703 converter for short range fiber optical modem

1MRK 001 295-DA

.H\VZLWFK
Key switch for setting lockout

Quantity:

1MRK 000 611-A

Quantity:

1MKC 950 001-2

)URQWFRPPXQLFDWLRQFDEOH
Front connection cable for PC (Opto/9-pole
D-sub)

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO

5(/ 
1MRK 506 148-BEN
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0DQXDOV
2QH&'ZLWK2SHUDWRU¶VPDQXDO7HFKQLFDOUHIHUHQFHPDQXDO,QVWDOODWLRQDQGFRPPLVVLRQLQJ
PDQXDODQG$SSOLFDWLRQPDQXDOLVDOZD\VLQFOXGHGIRUHDFKWHUPLQDO
5XOH6SHFLI\WKHQXPEHURIH[WUD&'¶VUHTXHVWHG
CD with all manuals

Quantity:

1MRK 002 241-AA

5XOH6SHFLI\WKHQXPEHURISULQWHGPDQXDOVUHTXHVWHG
Operator’s manual

Quantity:

1MRK 506 080-UEN

Technical reference manual

Quantity:

1MRK 506 081-UEN

Installation and commissioning manual

Quantity:

1MRK 506 082-UEN

Application manual

Quantity:

1MRK 506 113-UEN

&XVWRPHUIHHGEDFN
For our reference and statistics we would be pleased to be provided with the following application data:
Country:

End user:

Station name:

Voltage level:

5HODWHGGRFXPHQWV
7HFKQLFDORYHUYLHZEURFKXUH
Accessories for REx 5xx*2.3

1MRK 514 009-BEN

CAP 540*1.2

1MRK 511 112-BEN

0DQXIDFWXUHU
$%%$XWRPDWLRQ7HFKQRORJ\3URGXFWV$%
Substation Automation
SE-721 59 Västerås
Sweden
Telephone: +46 (0) 21 34 20 00
Facsimile: +46 (0) 21 14 69 18
Internet: www.abb.com/substationautomation

kV

/LQHGLIIHUHQWLDODQGGLVWDQFH
SURWHFWLRQ WHUPLQDO
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NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.

Disclaimer of Liability

Copyright

Subject to changes and errors. The information given in
this document only contains general descriptions and/or
performance features which may not always specifically
reflect those described, or which may undergo modification in the course of further development of the products.
The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.
Document version: C53000-G5040-C074-1.02
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Version of the product described: V8.01 and higher

Copyright © Siemens 2020. All rights reserved.
The disclosure, duplication, distribution and editing of this
document, or utilization and communication of the content
are not permitted, unless authorized in writing. All rights,
including rights created by patent grant or registration of a
utility model or a design, are reserved.
Trademarks
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and MindSphere™ are trademarks of Siemens. Any unauthorized use is prohibited. All other designations in this
document may represent trademarks whose use by third
parties for their own purposes may violate the proprietary
rights of the owner.

Preface

Purpose of the Manual
This manual describes the protection, automation, control, and monitoring functions of the SIPROTEC 5
devices.
Target Audience
Protection system engineers, commissioning engineers, persons entrusted with the setting, testing and maintenance of automation, selective protection and control equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.

SIPROTEC 5, Merging Unit 6MU85, Manual
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•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States concerning electromagnetic
compatibility (EMC Directive 2014/30/EU), restriction on usage of hazardous
substances in electrical and electronic equipment (RoHS Directive 2011/65/EU), and
electrical equipment for use within specified voltage limits (Low Voltage Directive
2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive), the standard
EN 50581 (for RoHS directive), and with the product standard EN 60255-27 (for Low
Voltage Directive) by Siemens.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see ul.com
You can find the product with the UL File Number E194016.
IND. CONT. EQ.
69CA
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Additional Support
For questions about the system, contact your Siemens sales partner.
Customer Support Center
Our Customer Support Center provides a 24-hour service.
Siemens AG
Customer Support Center
Humboldtstrasse 59
90459 Nuremberg
Germany
E-mail:
support.energy@siemens.com
Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstrasse 59
90459 Nuremberg
Germany

Phone:
Fax:
E-mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.

SIPROTEC 5, Merging Unit 6MU85, Manual
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:

•
•
•

Proper transport
Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:

•
•
•

The equipment must be grounded at the grounding terminal before any connections are made.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

All circuit components connected to the power supply may be subject to dangerous voltage.
Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).

Used Symbols on Device
No.

6

Symbol

Description

1

Direct current, IEC 60417, 5031

2

Alternating current, IEC 60417, 5032

3

Direct and alternating current, IEC 60417, 5033

4

Earth (ground) terminal, IEC 60417, 5017

5

Protective conductor terminal, IEC 60417, 5019
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No.

Symbol

Description

6

Caution, risk of electric shock

7

Caution, risk of danger, ISO 7000, 0434

8

Protective Insulation, IEC 60417, 5172, Safety Class II devices

9

Guideline 2002/96/EC for electrical and electronic devices

10

Guideline for the Eurasian Market

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

7

12

Technical Data
12.1

General Device Data

787

12.2

Date and Time Synchronization

801

12.3

Circuit-Breaker Failure Protection

802

12.4

Circuit-Breaker Restrike Protection

804

12.5

Circuit-Breaker Supervision

805

12.6

Overcurrent Protection, Phases

806

12.7

Overcurrent Protection, Ground

816

12.8

Directional Overcurrent Protection, Phases

825

12.9

Directional Overcurrent Protection, Ground

829

12.10

Voltage Protection

833

12.11

Inrush-Current Detection

845

12.12

2nd Harmonic Detection Ground

847

12.13

External Trip Initiation

848

12.14

Automatic Reclosing

849

12.15

Current-Jump Detection

850

12.16

Voltage-Jump Detection

851

12.17

Measuring-Voltage Failure Detection

852

12.18

Voltage-Transformer Circuit Breaker

854

12.19

Voltage-Balance Supervision

855

12.20

Voltage-Sum Supervision

856

12.21

Voltage Phase-Rotation Supervision

857

12.22

Current-Balance Supervision

858

12.23

Current-Sum Supervision

859

12.24

Current Phase-Rotation Supervision

860

12.25

Temperature Supervision

861

12.26

Instantaneous Tripping at Switch onto Fault

862

12.27

Broken-Wire Detection

863

12.28

Trip-Circuit Supervision

864

12.29

Analog Channel Supervision via Fast Current Sum

865

12.30

Operational Measured Values and Statistical Values

866

12.31

Analog-Units Function Group

870

12.32

Phasor Measurement Unit

871

12.33

Measuring Transducers

872

12.34

Arc Protection

873
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Synchronization Function

874

12.36

Closing-Circuit Supervision

876

12.37

Circuit-Breaker Wear Monitoring

877

12.38

CFC

878

12.39

SIPROTEC 5 Process-Bus Client

882

12.40

SIPROTEC 5 Merging Unit Functionality
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12.41
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884
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12.1

General Device Data

12.1.1 Analog Inputs
GIS Low-Power Current Input (via Module IO240)
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz
60 Hz

Rated current Irated - 50 Hz

Min. 13 mV
Max. 332 mV

Rated current Irated - 60 Hz

Min. 15.4 mV
Max. 386 mV

Measuring range

50 ⋅ Irated (Protection channel)
1.6 ⋅ Irated (Metering channel)

Power consumption per current
circuit at rated current

Max. 40 mVA
Burden = 9.5 kΩ

Thermal rating

Max. input voltage = 20 V

Accuracy

Class 5TPE (Protection channel)
Class 0.2S (Metering channel)

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz
16.7 Hz (for rail devices only)

Input and output modules

IO102, IO202, IO208, IO211,
IO214

IO215

Measuring range

0 V to 200 V

0 V to 7.07 V

Burden

< 0.1 VA

< 0.01 VA

Thermal rating

230 V continuously

20 V continuously

GIS Low-Power Voltage Input (via Module IO240)
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz
60 Hz

Rated voltage Vrated - 50 Hz

Min. 0.25 mA
Max. 2.00 mA

Rated voltage Vrated - 60 Hz

Min. 0.30 mA
Max. 2.20 mA

Measuring range

2 ⋅ Vrated

Power consumption per current
circuit at rated current

Max. 1 mVA
Burden = 50 Ω

Thermal rating

Max. input current = 4.4 mA

Accuracy

Class 0.1

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)
Insulation class

SELV (Safety Extra Low Voltage) (according to IEC 60255-27)

Connector type

8-pin terminal spring
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Differential current input channels

4

Measuring range

DC -25.6 mA to +25.6 mA

Fault

< 0.5 % of the measuring range

Input impedance

140 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 20 V

Galvanic separation from ground/
housing

DC 700 V

Permissible overload

DC 100 mA continuously

Measured-value repetition

200 ms

Inputs for Optical Sensors for Arc Protection (via Module ARC-CD-3FO)
Connector type

AVAGO AFBR-4526Z

Number of transceivers

3

Fiber type

Plastic Optical Fiber (POF) 1 mm

Receiver
Maximum

-10 dBm ± 2 dBm

Minimum

-40 dBm ± 2 dBm

Spectrum

400 nm to 1100 nm

Attenuation

In the case of plastic optical fibers, you can expect a path attenuation of
0.2 dB/m. Additional attenuation comes from the plug and sensor head.

Optical budget20

Minimal 25 dB

Analog sampling rate

16 kHz

ADC type

10-bit successive approximation

Transmitter
Type

LED

Wavelength

λ = 650 nm

Transmitter power

Minimum 0 dBm
Maximum 2 dBm

Numerical aperture

0.5 21

Signal rate connection test

1 pulse per second

Pulse duration connection test

11 μs

High-Speed Measuring-Transducer Inputs, Voltage/Current (via IO210, IO212)

i

20
21

788

NOTE
Current and voltage must not be connected at the same time to one measuring-transducer input. Instead,
only connect either current or voltage. For EMC reasons, do not connect a line to an unused input (current
or voltage).
Use shielded cables.

All values in combination with sensors approved by Siemens.
Numerical aperture (NA = sin θ (launch angle))
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Table 12-1

High-Speed Measuring-Transducer Inputs, Voltage

Differential voltage input channels

IO210: 422
IO212: 823

Measuring range

DC -10 V to +10 V

Fault

< 0.5 % of the measuring range

Input impedance

48 kΩ

Max. permissible voltage with
respect to ground on the measuring inputs

300 V

Permissible overload

DC 20 V continuously
DC 60 V continuously (IO210 MT3 terminal point C9)

Table 12-2

High-Speed Measuring-Transducer Inputs, Current

Differential current input channels

IO210: 424
IO212: 825

Measuring range

DC -20 mA to +20 mA

Fault

< 0.5 % of the measuring range

Input impedance, current

12 Ω

Permissible potential difference
between channels

DC 3.5 kV

Galvanic separation with respect to DC 3.5 kV
ground/housing
Permissible current overload
Table 12-3

DC 100 mA continuously

Common Data for the Fast Measuring-Transducer Inputs, Voltage/Current

Conversion principle

Delta-sigma (16 bit)

Insulation test voltage between the DC 3.5 kV
channels
Insulation test voltage with respect DC 3.5 kV
to ground/housing
Measured-value repetition

62.5 μs

Insulation class IO210

ELV (Extra Low Voltage) (as per IEC 60255-27)

Insulation class IO212

SELV (as per IEC 60255-27)

Temperature Inputs
Settings

Value

Insulation class

PELV (Protective Extra Low Voltage) –
(acc. to IEC 60255-27)

Measurement mode

•
•
•

Pt 100 Ω

Note

–

Ni 100 Ω
Ni 120 Ω

3-wire connection, shielded cables
Connector type

16-pin, 17-pin terminal spring

–

The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
24 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
25 The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.

22

23
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Settings

Value

Note

Temperature measuring range

-65 °C to +710 °C

For PT100

-50 °C to +250 °C

For NI100

-50 °C to +250 °C

For NI120

Temperature Inputs (via Module IO240)
Settings

Value

Sensor Type

PT100 (Class F 0.3 EN 60751)
4-wire shielded cable connection

Measurement range

-50 °C to +150 °C
Shot circuit and broken-wire detection

Accuracy

±1 °C

LPIT Digital Input (via Module IO240)
Shield Cover Input
Sensor type

Dry contact input

Measurement type

Output voltage of 1 mA current injection @ max. DC 5 V

12.1.2 Supply Voltage
Integrated Power Supply
For modular devices, the following modules contain a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
PS204 – Redundant power supply
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, PS204,
CB202)

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, PS204,
CB202)
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz

DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11,
IEC 61000-4-17
Inrush current

790

≤ 18 A
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Integrated Power Supply
Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

DC 24 V to DC 48 V

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V

PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202
(to device version xA)

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, PS204,
CB202
(Device version xB and
higher)

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

3.15 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)
–

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 module, non-modular 7 W
Without plug-in modules

DC

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

55 VA

40 VA

1/6 expansion module

6 VA

6 VA

1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA

Stored-energy time for auxiliary voltage outage or
short circuit, modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms
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12.1.3 Binary Inputs
Standard Binary Input
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar, with the exception of the
binary inputs on the modules IO230, IO231, and IO233.

Current consumption, excited

Approx. DC 0.6 mA to 2.5 mA (independent of the control voltage)

Power consumption, max.

0.6 W

Pickup time
Dropout

time26

Control voltage for all modules
with binary inputs, except
module IO233

Approx. 3 ms
Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage

Vlow ≤ DC 10 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V

Control voltage for binary inputs of Range for 125 V
the IO233 module
Control voltage
Maximum permitted voltage

Vhigh ≥ DC 19 V
Vhigh ≥ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.
Special Binary Input with Maximized Robustness against Electrical Disturbances and Failures (IO216)

26

792

Rated voltage range

DC 220 V
The special binary inputs of the SIPROTEC 5 with maximized robustness
against electrical disturbances and failures are bipolar and available only
on the module IO216.

Input impedance

50 kΩ to 60 kΩ

Rejection pulse charge

> 200 µC

Current consumption, excited

Approx. DC 1.2 mA to 2.0 mA (additionally to the current consumption
of the input impedance)

Power consumption, max.

1.5 W at DC 242 V

Pickup time

Approx. 3 ms

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge
of the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Dropout time27

Control voltage for the module
IO216
Maximum permitted voltage

Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 3 ms

< 10 nF

< 4 ms

< 50 nF

< 5 ms

< 220 nF

< 10 ms

Range for 220 V control voltage
Threshold pickup

158 V to 170 V

Threshold dropout

132 V to 154 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.

12.1.4 Relay Outputs
Standard Relay (Type S)
Making capacity

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Fast Relay (Type F)

27

Making capacity

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

AC and DC contact voltage

250 V

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge
of the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)

High-Speed Relay with Semiconductor Acceleration (Type HS)
Making capacity

Max. 2500 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Breaking capacity

Max. 2500 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to 60 Hz)

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5 A (according to UL certification)
10 A (no UL certification; AWG 14 / 2.5-mm2 (0.0039in2) copper conductors necessary)

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300

Power Relay (for Direct Control of Motor Switches)
Switching power for permanent and periodic operation
250 V/4.0 A
220 V/4.5 A
110 V/5.0 A
60 V/5.0 A
48 V/5.0 A
24 V/5.0 A

794

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.
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Turn on switching power for 30 s, recovery time until switching on again is 15 minutes.
For short-term switching operations, an impulse/pause ratio of 3 % must be considered.
100 V/9.0 A
60 V/10.0 A
48 V/10.0 A
24 V/10.0 A

1000 W
600 W
480 W
240 W

AC and DC contact voltage

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.
250 V

Permissible continuous current per contact

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

≤ 16 ms

Rated data of the output contacts in accordance with
UL certification

DC 300 V, 4.5 A - 30 s ON, 15 min OFF
DC 250 V, 1 hp motor - 30 s ON, 15 min OFF
DC 110 V, 3/4 hp motor - 30 s ON, 15 min OFF
DC 60 V, 10 A, 1/2 hp motor - 30 s ON, 15 min OFF
DC 48 V, 10 A, 1/3 hp motor - 30 s ON, 15 min OFF
DC 24 V, 10 A, 1/6 hp motor - 30 s ON, 15 min OFF

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of each switching pair picks up at a time
thereby avoiding a power-supply short circuit.

12.1.5 ETH-BD-2FO
Description

Communication module for the transmission of Ethernet protocols via
2 optical interfaces, suitable for Process-bus client, Merging Unit, and
ultrafast GOOSE

Product code

P1Zxxxxxxxxxx

Figure

Connector type

2 x duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s
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Protocol

DIGSI 5 protocol (secure Web service protocol)
IEC 61850 (MMS and GOOSE)
IEC 61850-8-1 (9-2 Client and 9-2 Merging Unit)
IEC 60870-5-104
You can switch other network services such as RSTP, PRP, SNTP, and
IEEE 1588v2/PTP on and off.

Max. line length

2 km for 62.5 µm/125 µm optical fibers

Transmitter Power

Minimum

Typical

Maximum

-24.0 dBm

-21.0 dBm

-17.0 dBm

-20.0 dBm

-17.0 dBm

-14.0 dBm

50 μm/125 μm,

NA28

62.5 μm/125 μm,

= 0.2

NA28

= 0.275

Receiver sensitivity

Maximum -12.0 dBm
Minimum -31.0 dBm

Optical budget

Minimum 7.0 dB for 50 μm/125 μm, NA28 = 0.2
Minimum 11.0 dB for 62.5 μm/125 μm, NA28 = 0.275

i

Interface design

Corresponds to IEEE 802.3, 100Base-FX

Laser class 1 as per EN 60825-1/-2

With the use of 62.5 μm/125 μm and 50 μm/125 μm optical fibers

NOTE
The firmware must be updated to version ≥ V7.90 if using the ETH-BD-2FO module. If the module is
connected to a device with a previous version, a hardware failure is reported that disappears with an FW
update to V7.90. As this is not an actual hardware failure, there is no need to send in the device.
The ETH-BD-2FO module offers the possibility of replacing the SFPs (Small Form-Factor Pluggable) delivered by
default for a communication route of up to 2 km by SFPs that can be ordered separately in order to adapt the
interface to different transmission media and longer routes.

SFP with Optical Interface for 24 km, Single Mode
Description

SFP for distances up to 24 km when using singlemode optical fibers

Product code

P1Zxxxxxxxxxx

Connector type

Duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

Protocol

See information for the module ETH-BD-2FO

Max. line length

24 km for 9 µm/125 µm optical fibers

Distance 24 km

28

796

Laser class 1 as per EN 60825-1/-2

With the use of 9 µm/125 µm optical fibers

Transmitter Power

Minimum

Maximum

Transmitter power coupled in
singlemode optical fibers

-15 dBm

-8 dBm

Receiver sensitivity

-8 dBm

-31dBm

Optical budget

16 dB

–

Numerical Aperture (NA = sin θ [launch angle])
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SFP with Electrical Interface
Description

SFP with RJ45 connector, for Ethernet protocols via an electrical interface

Product code

P1Zxxxxxxxxxx

Connector type

RJ45

Baud rate

100 Mbit/s

Protocol

See information for the module ETH-BD-2FO

Max. line length

20 m with Ethernet patch cable CAT 6 S/FTP, F/FTP, or SF/FTP

Interface design

Corresponds to IEEE 802.3, 100Base-TX

Removing SFP Pluggable Transceivers

!

CAUTION
Risk of burns due to high temperatures of the SFP pluggable transceivers
Noncompliance with the safety notes may result in medium or light injuries.
²

The SFP pluggable transceivers can be disconnected and plugged in while in operation. Siemens
recommends switching off the device.

²

Allow the SFP pluggable transceiver to cool as much as possible.

✧
✧
✧
✧

Remove the connecting cables or the dust protection cap that was plugged on in the delivery state from
the SFP pluggable transceiver.
In order to release the interlocking, open the bracket on the SFP pluggable transceiver.
Pull on the bracket in order to pull the SFP pluggable transceiver out of the slot. The removal must be
possible with free movement and without great exertion of force.
Provide the SFP pluggable transceiver with the dust protection cap so that the optics are protected from
contamination.

Mounting SFP Pluggable Transceivers
✧
✧

i

Check whether the bracket on the SFP pluggable transceiver is closed.
The bracket must be closed.
Insert the pluggable transceiver into the slot until it audibly locks in place.
The SFP is securely fixed in the slot.

NOTE
Check for secure positioning of the transceiver in the slot and whether it is locked in place in order to avoid
unintentional removal by pulling on the connection line.

12.1.6 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg
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Device Size
Weight of the Modular Devices
Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg

Device Size
Weight of the Non-Modular Devices 7xx81, 7xx82
Type of construction

1/3

Flush-mounting device

3.6 kg

Bracket for non-modular surfacemounted variant

1.9 kg

Dimensions of the Base and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth (incl.
Current Terminal), Width and Depth Each Rounded
up to the Next Full mm (in Inches)

Flush-mounting device

150 mm x 266 mm x 229 mm
(5.91 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm
ation panel
(5.91 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm
tion panel
(5.91 x 12.36 x 9.06)
Dimensions of the Device Rows
Type of
Construction
(Maximum
Dimensions)

798

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

150 mm x
266 mm x
229 mm
(5.91 x 10.47 x
9.02)

225 mm x
266 mm x
229 mm
(8.86 x 10.47 x
9.02)

300 mm x
266 mm x
229 mm
(11.81 x 10.47 x
9.02)

375 mm x
266 mm x
229 mm
(14.76 x 10.47 x
9.02)

450 mm x
266 mm x
229 mm
(17.72 x 10.47 x
9.02)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm
(5.91 x 12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x 12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x 12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x 12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x 12.36 x
13.27)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm
(5.91 x 12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x 12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x 12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x 12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x 12.36 x
9.06)

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

Technical Data
12.1 General Device Data

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth, Width and Depth Each
Rounded up to the Next Full mm (in Inches)

Flush-mounting device

75 mm x 266 mm x 229 mm
(2.95 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm
ation panel
(2.95 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm
tion panel
(2.95 x 12.36 x 9.06)
Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm
(2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm
(2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module
Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)

Degree of Protection According to IEC 60529
For equipment in the surface-mounted housing

IP5429 for front

For equipment in the flush-mounting housing

IP5429 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27

2

Maximum operating altitude above sea level

2000 m (6561.68 ft)

UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.

29

The provided plug-in label must be used for expansion modules with LEDs.

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

799

Technical Data
12.1 General Device Data

Tightening Torques for Terminal Screws
Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm

1.0 Nm

–

Bare stranded wire

Not permitted

1 Nm

0.6 Nm

i

NOTE

i

NOTE

For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

Use copper cables only.

Torques for Other Screw Types

800

Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm
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12.2

Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG-B 002(003)
IRIG-B 006(007)
IRIG-B 005(004) with extension according to
IEEE C37.118-2005
DCF77
PI (protection interface) 30
SNTP
IEC 60870-5-103
DNP3
IEEE 1588
T104

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active
Inactive

30

Beginning of daylight saving time

Input: day and time

End of daylight saving time

Input: day and time

Offset daylight saving time

0 min to 120 min [steps of 15]

If provided
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12.3

Circuit-Breaker Failure Protection

Starting Conditions
For circuit-breaker failure protection

1-pole tripping internal or external31
3-pole tripping internal or external32

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Supervision times of binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

Threshold value sensitive

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies to the current threshold values.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Supervision of circuit-breaker auxiliary-contact position

i
31
32
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For 3-pole CB tripping

1 input each for make contact and break contact

For 1-pole CB tripping

1 input each for auxiliary contact per pole or
1 input for each series connection make contact and
break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

Via binary inputs
Via binary inputs
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Times
Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Typical dropout time

< 15 ms

Dropout time, via circuit-breaker auxiliary-contact
criterion33

< 5 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances

33

When using transformer connection type 2ph, 2p. CT + IN-sep, slightly expanded tolerances occur
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12.4

Circuit-Breaker Restrike Protection

Setting Values
Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Monitoring duration

1.00 s to 600.00 s

Increments of 0.01 s

Position recognition delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Trip delay time

0.05 s to 60.00 s

Increments of 0.01 s

Retrip delay time

0.00 s to 60.00 s

Increments of 0.01 s

Minimum operate (trip) time

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Threshold

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A)

Time delays

1 % of the setting value or 10 ms

Tolerances
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12.5

Circuit-Breaker Supervision

Setting Values
Supervision time
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1.00 s to 180.00 s

Increments of 0.01 s
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12.6

Overcurrent Protection, Phases

12.6.1 Stage with Definite-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value34

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times

34
35
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Operate time with time delay = 0 ms

Approx. 25 ms + OOT 35 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
SIPROTEC 5, Merging Unit 6MU85, Manual
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation36
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 37

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 38

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 39

Time delays

1 % of the setting value or 10 ms

In case that the filter response exactly matches the user-defined gain factors
In case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
38 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
39 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.

36

37
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Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.6.2 Stage with Inverse-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement
Threshold value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Extension of the operate time during operation with
transformer inrush-current detection

808

Approx. 10 ms
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Figure 12-1

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Figure 12-2
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Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-3

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-4
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-5

Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE
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[dwocpka4-080213-01.tif, 2, en_US]

Figure 12-6

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

814
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Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation40
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 41

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 42

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 43

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

In case that the filter response exactly matches the user-defined gain factors
In case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
42 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
43 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.

40

41
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12.7

Overcurrent Protection, Ground

12.7.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value44

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT45 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

44
45
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Active

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
OOT (Output Operating Time): additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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Tolerances
3I0 measured via I446, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I447, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.7.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value48

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
48 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 l
rated,sec.
46
47
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Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

[dwocpki1-080213-01.tif, 1, en_US]

Figure 12-7
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Operate Curves and Dropout Characteristic Curves According to IEC
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Figure 12-8

Operate Curves and Dropout Characteristic Curves According to IEC
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 12-9
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 12-10

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 12-11
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Figure 12-12

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

3I0 measured via I449, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I450, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

49
50

Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for 2 ≤ I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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12.8

Directional Overcurrent Protection, Phases

12.8.1 Stage with Definite-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Threshold value51

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Direction Determination

51

Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
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Times
Operate time with time delay = 0 ms

Approx. 37 ms + OOT 52 at 50 Hz
Approx. 31 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delay

1 % of the setting value or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.8.2 Stage with Inverse-Time Characteristic Curve
Setting Values

52

826

Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Backward

–

Method of measurement

Fundamental component –
RMS value

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

Technical Data
12.8 Directional Overcurrent Protection, Phases

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value53

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-1
See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-2

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-3
See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-4
See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-5
See chapter 12.6.2 Stage with Inverse-Time Characteristic Curve, Figure 12-6

Direction Determination

53

Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

827

Technical Data
12.8 Directional Overcurrent Protection, Phases

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 54 at 50 Hz
Approx. 31 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

54
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OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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12.9

Directional Overcurrent Protection, Ground

12.9.1 Stage with Definite-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.9.2 Stage with Inverse-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

Type of characteristic curve

830

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Characteristic curves according to IEC and ANSI
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Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 12.7.2 Stage with
Inverse-Time Characteristic Curve

Long-time inverse: type B
Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 12.7.2 Stage with
Inverse-Time Characteristic Curve

Moderately inverse
Very inverse
Extremely inverse
Definite inverse
Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

832
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12.10 Voltage Protection
12.10.1 Overvoltage Protection with 3-Phase Voltage
Setting Values for the Function
Stabilization counter

0 to 10

Increments of 1

Setting Values for Stage Type Definite-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value55

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 300.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Type Inverse-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value

0.300 V to 340.000 V

Increments of 0.001 V

Pickup factor

1.00 to 1.20

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve for Stage Type Inverse-Time Overvoltage Protection

55

Where
Top

Operate delay

Tinv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Where
Tinv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V
Vthresh

Measured voltage
Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT56 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Tolerances for Stage Type Definite-Time Overvoltage Protection

56

834

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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Tolerances for Stage Type Inverse-Time Overvoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Operate time for
1.2 ≤ V/V threshold value ≤ 20

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

12.10.2 Overvoltage Protection with Positive-Sequence Voltage
Setting Values
Pickup value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT57 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

12.10.3 Overvoltage Protection with Negative-Sequence Voltage
Setting Values for the Function
Measuring window
57

1 cycle to 10 cycles

Increments of 1 cycle

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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Setting Values
Pickup value of V2

0.300 V to 200.000 V

Increments of 0.001 V

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT 58
(depends on the measuring-window length) at 50 Hz
48 ms to 185 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout time

20 ms to 70 ms + OOT
(depends on the measuring-window length)

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances
Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms

12.10.4 Overvoltage Protection with Zero-Sequence Voltage/Residual Voltage
Setting Values

58
59

836

Method of measurement

RMS value
Fundamental component
Fundamental component
over 2 cycle filters

Block. on measuring-voltage outage

Yes
No

Determ. ph. aff. by grd. flt.

Yes
No

Threshold value59

0.300 V to 340.000 V

Increments of 0.001 V

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 320.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

V< faulty ph-gnd vltg.

0.300 V to 200.000 V

Increments of 0.001 V

V> healthy ph-gnd. vltg.

0.300 V to 200.000 V

Increments of 0.001 V

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms
Standard filter, true RMS

Approx. 25 ms + OOT60 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

2 cycle filters

Approx. 45 ms + OOT at 50 Hz
Approx. 39 ms + OOT at 60 Hz

Dropout time
Standard filter, true RMS

Approx. 20 ms + OOT at 50 Hz
Approx. 17 ms + OOT at 60 Hz

2 cycle filters

Approx. 31 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

60

OOT (Output Operating Time) additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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12.10.5 Overvoltage Protection with Any Voltage
Setting Values
Measured value61

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Pickup value62

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT63 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

If the function Overvoltage protection with any voltage is used in a 1-phase function group, the measured-value parameter is not
visible.
62 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
63 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
61
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Tolerances
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

12.10.6 Undervoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite Time-Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.300 V to 175.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Threshold

value64

Setting Values for Stage Type Inverse Time-Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value

5 A @ 1.6 Irated

0.300 V to 175.000 V

Increments of 0.001 V

Pickup factor

0.80 to 1.00

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve
Top=TInv+ Tadd
Where:
Top
64

Operate delay

If you have selected the Method of measurement = RMS value, do not set the threshold value to less than 10 V.
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TInv

Inverse-time delay

Tadd

Additional time delay (Parameter Additional time delay)

[fo_UVP3ph_1_3pol_inverse, 2, en_US]

Where
TInv

Inverse-time delay

Tp

Time multiplier (Parameter Time dial)

V
Vthresh

Measured undervoltage
Threshold value (Parameter Threshold)

k

Curve constant k (Parameter Charact. constant k)

α

Curve constant α (Parameter Charact. constant α)

c

Curve constant c (Parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Pickup time

Approx. 25 ms + OOT65 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances for Stage Type Definite Time-Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA (Irated = 5 A, frated ±
10 %), valid for protection-class current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or 0.5 mA (Irated = 8 A,
frated ± 10 %), valid for instrument transformers

Time delays

65

840

1 % of the setting value or 10 ms

OOT (Output Operating Time) additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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Tolerances for Stage Type Inverse Time-Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA (Irated = 5 A, frated ±
10 %), valid for protection-class current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or 0.5 mA (Irated = 8 A,
frated ± 10 %), valid for instrument transformers

Operate time for 0 < V/VThresh< 0.9

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

12.10.7 Undervoltage Protection with Positive-Sequence Voltage
Setting Values
Threshold value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Current-flow criterion

On
Off

Threshold value I>

Irated= 1 A

0.030 A to 10.000 A

Increments of 0.001 A

Irated= 5 A

0.15 A to 50.00 A

Increments of 0.01 A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT66 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

66

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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12.10 Voltage Protection

Tolerances
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or
25 mA (Irated = 5 A, frated ± 10 %),
valid for protection-class current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %),
valid for instrument transformers

Time delays

1 % of the setting value or 10 ms

12.10.8 Undervoltage Protection with Any Voltage
Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated phase-to-phase voltage VAB
Calculated phase-to-phase voltage VBC
Calculated phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Threshold value67

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms, typical

Approx. 25 ms + OOT68 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Operate time with time delay = 0 ms, maximum

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Times

67
68

842

If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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Technical Data
12.10 Voltage Protection

Dropout time, typical

Approx. 25 ms + OOT

Dropout time, maximum

Approx. 30 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

12.10.9 Overvoltage Protection with Negative-Sequence Voltage/Positive-Sequence
Voltage
Setting Values for the Function
Measuring window

1 cycle to 10 cycles

Increments of 1 cycle

Minimum voltage V1

0.300 V to 60.000 V

Increments of 0.001 V

Pickup value of V2/V1

0.50 % to 100.00 %

Increments of 0.01 %

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Types

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT69
(depends on the measuring-window length) at 50 Hz
48 ms to 190 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout times

22 ms to 55 ms + OOT
(depends on the measuring-window length) at 50 Hz
18 ms to 45 ms + OOT
(depends on the measuring-window length) at 60 Hz

Times

69

OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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12.10 Voltage Protection

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Tolerances

844

Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms
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12.11 Inrush-Current Detection

12.11 Inrush-Current Detection
Setting Values
Operating limit Imax

0.030 A to 35.000 A
at Irated = 1 A

Increments of 0.001 A
Increments of 0.01 A

0.15 A to 175.00 A
at Irated = 5 A
Content 2nd harmonic

10% to 45%

Increments of 1 %

Duration of the crossblock function

0.03 s to 200.00 s

Increments of 0.01 s

Operating times

Approx. 29 ms

Harmonic: I2nd harm/I1st harm

Setting value or at least
I1st harm = 10 mA sec. and I2nd harm = 10 mA sec. (Irated =
1 A)
I1st harm = 50 mA sec. and I2nd harm = 50 mA sec. (Irated =
5 A)

Times

Pickup

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overcurrent protection and a dropout
ratio of 105 % applies for the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Harmonic: I2nd harm/I1st harm

0.75 or
I2nd harm = 5 mA sec. (Irated = 1 A) or
I2nd harm = 25 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz
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Inactive
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Technical Data
12.11 Inrush-Current Detection

Tolerances

846

Current measurement Imax

1 % of the setting value or 5 mA

Harmonic: I2nd harm/I1st harm

1 % of the setting value

Time delays

1 % of the setting value or 10 ms

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

Technical Data
12.12 2nd Harmonic Detection Ground

12.12 2nd Harmonic Detection Ground
Setting Values
Measured value

IN measured
3I0 calculated

2nd harmonic content

10 % to 45 %

Operating times

Approx. 29 ms

Harmonic: I2nd harm/I1st harm

Setting value or at least
I1st harm = 10 mA sec. and

Increments of 1%

Times

Pickup

I2nd harm = 10 mA sec. (Irated = 1 A)
I1st harm = 50 mA sec. and
I2nd harm = 50 mA sec. (Irated = 5 A)
Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overcurrent protection and a dropout
ratio of 105 % applies for the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Harmonics: I2nd harm/I1st harm

0.75 or
I2nd harm = 5 mA sec. (Irated = 1 A) or
I2nd harm = 25 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Harmonics: I2nd harm/I1st harm

1 % of the setting value
for setting values l2nd harm/1st harm

Tolerances
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12.13 External Trip Initiation

12.13 External Trip Initiation
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate time with time delay = 0 ms
- At initiation via binary input signal

Approx. 10 ms + OOT 70.

Sequence tolerance for delay times

1 % of the setting value or 10 ms

Times

Tolerance

70

848

OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays, see chapter
12.1.4 Relay Outputs
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12.14 Automatic Reclosing

12.14 Automatic Reclosing
Function specifications

Cyclic automatic reclosing function
Automatic reclosing function with adaptive dead time (ADT)
Operation with External Automatic Reclosing Function

Number of reclosings

Max. 8, per individual settings

Type (depending on the order
variation)

1-pole, 3-pole, or 1-/3-pole

Operating mode of the automatic
reclosing function

With trip command, without action time
With trip command, with action time
With pickup, without action time
With pickup, with action time

Reclaim time after reclosing

0.50 s to 300.00 s

Increments of 0.01 s

Blocking time after dynamic
blocking

0.5 s

-

Blocking time after manual closure 0.00 s to 300.00 s

Increments of 0.01 s

Start supervision time

0.01 s to 300.00 s

Increments of 0.01 s

Circuit-breaker supervision time

0.01 s to 300.00 s

Increments of 0.01 s

Evolving-fault detection

With trip command
With Pickup

Reaction to evolving faults

Blocks Automatic reclosing function
Start, evolving fault, dead time

Action times (separated for all
cycles)

0.00 s to 300.00 s or oo (ineffective)

Dead times after trip command
(separated for all types and all
cycles)

0.00 s to 1 800.00 s or oo (ineffec- Increments of 0.01 s
tive)

Dead time after evolving-fault
detection (separated for all cycles)

0.00 s to 1 800.00 s

Synchrocheck after 3-pole dead
time

None
Internal
External

Transmission delay, inter close
command

0.00 s to 300.00 s or oo (ineffective)

Increments of 0.01 s

Increments of 0.01 s

Increments of 0.01 s

Dead-line check/reduced dead time Without
Reduced dead time (VWE)
Dead line checking
Voltage supervision warning time

0.10 s to 30.00 s

Increments of 0.01 s

Limiting value for fault-free line

0.3 V to 340.0 V

Increments of 0.1 V

Limiting value for zero potential

0.3 V to 340.0 V

Increments of 0.1 V
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Technical Data
12.15 Current-Jump Detection

12.15 Current-Jump Detection
Times
Pickup time

Approx. 10 ms + OOT71 at 50 Hz
Approx. 8 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Currents

3 % of setting value or 10 mA (Irated = 1 A) or

Tolerances

50 mA (Irated = 5 A), (frated ± 10 %)
for amplitude changes of sinusoidal measurands
Pulse time

71

850

1 % of the setting value or 10 ms

OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays
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Technical Data
12.16 Voltage-Jump Detection

12.16 Voltage-Jump Detection
Times
Pickup time

Approx. 10 ms + OOT72 at 50 Hz
Approx. 8 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Inactive

Voltages

2 % of the setting value or 0.100 V
for amplitude changes of sinusoidal measurands

Pulse time

1 % of the setting value or 10 ms

Tolerances

72

OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays
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12.17 Measuring-Voltage Failure Detection

12.17 Measuring-Voltage Failure Detection
Setting Values
3ph.fail. - VA,VB,VC <

0.300 V to 340 000 V

Increments of 0.001 V

3ph.fail. - phs.curr.release 1 A @ 50 and100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

3ph.fail. - phs.curr. jump

0.005 A to 8.000 A

Increments of 0.001 A

Asym.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

SO 3ph.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies to the current threshold value and a dropout
ratio of 105 % applies to the voltage threshold value.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 10 ms + OOT73 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Times
Use in function group Line
Pickup time

Approx. 10 ms + OOT74 at 50 Hz
Approx. 9 ms + OOT at 60 Hz

Use in other function group types
Pickup time

Approx. 20 ms + OOT75 at 50 Hz
Approx. 18 ms + OOT at 60 Hz

OOT (Output Operating Time) Additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
12.1.4 Relay Outputs
75 OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
12.1.4 Relay Outputs

73

74

852
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12.17 Measuring-Voltage Failure Detection

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 90 Hz
f < 10 Hz
f > 90 Hz

Active

Currents

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)
Voltages

0.5 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms
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Technical Data
12.18 Voltage-Transformer Circuit Breaker

12.18 Voltage-Transformer Circuit Breaker
Setting Values
Response time

854

0.000 s to 0.030 s

Increments of 0.001 s
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Technical Data
12.19 Voltage-Balance Supervision

12.19 Voltage-Balance Supervision
Setting Values
Release threshold

0.300 V to 170.000 V

Increments of 0.001 V

Threshold min/max

0.58 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overvoltage dropout ratio

Approx. 0.97

Undervoltage dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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Technical Data
12.20 Voltage-Sum Supervision

12.20 Voltage-Sum Supervision
Setting Values
Threshold

0.300 V to 170.000 V

Increments of 0.001 V

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

856
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Technical Data
12.21 Voltage Phase-Rotation Supervision

12.21 Voltage Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times
Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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12.22 Current-Balance Supervision

12.22 Current-Balance Supervision
Setting Values
Release threshold

Irated= 1 A

0.030 A to 35.000 A

Increments of 0.001 A

Irated= 5 A

0.15 A to 175.00 A

Increments of 0.01 A

Threshold min/max

0.10 to 0.95

Increments of 0.01

Delay failure indication

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overcurrent dropout ratio

Approx. 0.97

Undercurrent dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

858

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

Technical Data
12.23 Current-Sum Supervision

12.23 Current-Sum Supervision
Setting Values
Slope factor
Threshold

Delay failure indication

0.00 to 0.95

Increments of 0.01

1 A @ 50
and100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50
and100 Irated

0.15 A to 50.00 A

Increments 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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12.24 Current Phase-Rotation Supervision

12.24 Current Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times

860

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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12.25 Temperature Supervision

12.25 Temperature Supervision
Setting Values
Pickup value

-50 °C to 250 °C
-58 °F to 482 °F

Increments of 1°C
Increments of 1°F

Time delay

0 s to 60 s
or ∞

Increments of 1 s

Dropout
Dropout differential

3 °C or 6 °F

Tripping delay

±1 % of the setting value or ±10 ms

Measured temperature value

±0.5 % of the setting value or ±1 °C or ±2 °F

Tolerances
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Technical Data
12.26 Instantaneous Tripping at Switch onto Fault

12.26 Instantaneous Tripping at Switch onto Fault
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of
0.01 s

Tolerances
Times

862

< 1 % of the setting value or 10 ms
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12.27 Broken-Wire Detection

12.27 Broken-Wire Detection
Setting Values
Value
Mode of blocking

Setting Range
Blocking
Automatic blocking
No blocking

Increment

Delta value for autoblock

0.004 I/Irated to 5.000 I/Irated

0.001
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Technical Data
12.28 Trip-Circuit Supervision

12.28 Trip-Circuit Supervision
Setting Values

864

Number of monitored circuits per circuit-breaker function group

1 to 3

Operating mode per circuit

With 1 binary input
With 2 binary inputs

Pickup and dropout time

Approx. 1 s to 2 s

Adjustable indication delay with 1 binary input

1.00 s to 600.00 s

Increments of 0.01 s

Adjustable indication delay with 2 binary inputs

1.00 s to 30.00 s

Increments of 0.01 s
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Technical Data
12.29 Analog Channel Supervision via Fast Current Sum

12.29 Analog Channel Supervision via Fast Current Sum
Times
Pickup times

Approx. 2 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms

Blockings
Blocked functions
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All functions that process the measured values from this current measuring point (for example, differential protection).
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Technical Data
12.30 Operational Measured Values and Statistical Values

12.30 Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:

•

The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•
•

The values were determined for pure sinusoidal signals – without harmonics.
All measured values have an additional tolerance of 1 DIGIT.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.2 % of the measured value in the above-mentioned
measuring range

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.2 % of the measured value in the above-mentioned
measuring range

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Currents, Instrument Transformers
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

866

0.1 % of the measured value in the above-mentioned
measuring range
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12.30 Operational Measured Values and Statistical Values

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Currents, Protection-Class Current Transformer
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 100 Irated
1 A, 5 A
(0.1 to 5) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

0.2 % of the measured value in the above-mentioned
measuring range
45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Currents, Sensitive Ground-Current Transformer
3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above-mentioned
measuring range

Frequency range (expanded)

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above-mentioned
measuring range

Phase Angle
ΦV

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦV

0.2° at rated voltage

ΦI

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦI
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Power Values
Active power P

W secondary

Voltage range
Current range
Frequency range

(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Power factor

|cosφ| ≥ 0.707

Tolerance

0.5 % of Srated in the above-mentioned measuring
range

Reactive power Q

var secondary

Voltage range
Current range
Frequency range

(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Power factor

|cosφ| ≤ 0.707

Tolerance

0.5 % of Srated in the above-mentioned measuring
range

Apparent power S

VA secondary

Voltage range
Current range
Frequency range

(0.8 to 1.2) · Vrated
(0.01 to 2) · Irated
45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.5 % of Srated in the above-mentioned measuring
range

Power Factor
Voltage range

(0.8 to 1.2) · Vrated

Current range

(0.1 to 2) · Irated

Frequency range

45 Hz to 55 Hz at frated = 50 Hz
55 Hz to 65 Hz at frated = 60 Hz

Tolerance

0.02 in the above-mentioned measuring range

Frequency f

Hz

Range

frated - 0.20 Hz ≤ f ≤ frated + 0.20 Hz

Tolerance

± 2 mHz at V = Vrated or at I = Irated

Range

frated - 3.00 Hz ≤ f < frated + 3.00 Hz

Tolerance

± 5 mHz at V = Vrated or at I = Irated

Range

25 Hz to 80 Hz; operational measured values
10 Hz to 90 Hz; functional measured values, system
frequency

Tolerance

± 10 mHz at V = Vrated or at I = Irated

Frequency
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Statistical Values of the Device
Device operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2e+15

Operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None
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12.31 Analog-Units Function Group
20-mA Unit Ether. 7XV5674-0KK00-1AA1
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

20-mA Unit Serial 7XV5674-0KK30-1AA1 (RS485) and 7XV5674-0KK40-1AA1 (Fiberglass)
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

RTD Unit (Ziehl TR1200) 7XV5662-6AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

RTD Unit (Ziehl TR1200 IP) 7XV5662-8AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

Temperature Measured Values

870

Unit of measurement for temperature

°C or °F, adjustable

Pt 100

-199 °C to 800 °C (-326 °F to 1472 °F)

Ni 100

-54 °C to 278 °C (-65 °F to 532 °F)

Ni 120

-52 °C to 263 °C (-62 °F to 505 °F)

Resolution

1 °C or 1 °F

Tolerance

±0.5 % of the measured value ±1 K
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12.32 Phasor Measurement Unit
Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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12.33 Measuring Transducers
Current Inputs
Value

Setting Range

Rated current measuring range

± 20 mA

Maximum current measuring range

± 24 mA

Tolerances

•
•
•

872

without trimming
with offset trimming

± 124 μA (0.62 % at 20 mA)
± 60 μA (0.3 % at 20 mA)
± 20 μA (0.1% at 20 mA)

with full trimming

Sampling rate

≥ 3 Hz

Number of channels per measuring transducer
module

2 or 4

Analog-digital converter

16 Bit Sigma/Delta
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12.34 Arc Protection
Setting Values
Threshold I>

Threshold 3I0>>

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

External trip initiation

no
current
light

Operating mode

light only
current and light

Sensor

point sensor
line sensor
custom

Threshold light

-28.00 dB to 0.00 dB

Channel

Possible settings, application-dependent

Increments of 0.01

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria is used:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 90 % applies to the current threshold values.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Shortest operate time
Operating mode = light only
Shortest operate time
Operating mode = Current and light

76

Approx. 2.6 ms + OOT 76
Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

OOT (Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relay, see chapter
12.1.4 Relay Outputs
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12.35 Synchronization Function
Operating Modes
Synchrocheck
Switching synchronous systems
Switching asynchronous systems
De-energized switching
Direct closing command
Setting Values
Supervision/Delay times:
Max.durat. sync.process

0.00 s to 3 600.00 s or ∞ (ineffective)

Increments of 0.01 s

Supervision time de-energized
switching

0.00 s to 60.00 s

Increments of 0.01 s

Closure delay

0.00 s to 60.00 s

Increments of 0.01 s

Upper voltage limit Vmax

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

Lower voltage limit Vmin

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-tophase)
0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V
Increments of 0.001 V

Voltage threshold values:

Differential values, changeover thresholds asynchronous/synchronous/balancing:
Voltage differences
V2 > V1; V2 < V1

0.000 V to 170.000 V

Increments of 0.001 V

Frequency difference f2 > f1;
f2 < f1

0.000 Hz to 2.000 Hz (synchronous)
0.000 Hz to 4.000 Hz (asynchronous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1

0o to 90o

Increments of 1o

Angle adjustment

0.0o to 360.0o

Increments of 0.1o

Voltage adjustment

0.500 to 2.000

Increments of 0.001

0.01 s to 0.60 s

Increments of 0.01 s

Adjustments of the sides:

Circuit breaker
Closing time of the circuit breaker
Dropout Ratio

874

Min./max. operating limit

1 % of the setting value

Voltage differential

10 % of the setting value or 0.5 V

De-energized/energized

5 % of the setting value

Frequency difference

3 mHz

Angle difference

0.1o
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Measured Values of the Synchronization Function
Reference voltage V1

•
•

Range

Display always as phase-to-phase voltage
10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Voltage to be synchronized V2

•
•

Display always as phase-to-phase voltage
10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Range
Tolerance at rated frequency

Frequency of the voltage V1f2

•
•

Range
Tolerance at rated frequency

Voltage difference V2-V1

•
•

f1 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz
f2 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz
In kV primary, in V secondary or in % Vrated

Range

Display always as phase-to-phase voltage in relation
to side 1
10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Frequency difference f2-f1

•
•

In kV primary, in V secondary or in % Vrated

Range

Frequency of the voltage V1f1

•
•

In kV primary, in V secondary or in % Vrated

Range

In mHz
frated ± 10 %

Tolerance at rated frequency

1 mHz

Angle difference λ2-λ1

In o

•
•

Range

-180o to +180o

Tolerance at rated frequency

0.5o

Times
Measuring time, after switching on the variables

Approx. 80 ms

Operating Range
Voltage

20 V to 340 V

Frequency

frated - 4 Hz ≤ frated ≤ frated + 4 Hz

Tolerances of the voltage settings

2 % of the pickup value or 1 V

Voltage difference V2>V1; V2<V1

1V

Frequency difference f2>f1; f2<f1

10 mHz

Angle difference α2>α1; α2<α1

1o

Tolerance of all time settings

10 ms

Max. phase displacement angle

5o for Δf ≤ 1 Hz

Tolerances

10o for Δf > 1 Hz
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12.36 Closing-Circuit Supervision
Setting Values

876

Operating mode per circuit

With 1 binary input
With 2 binary inputs

Adjustable indication delay with 1 binary input

1.00 s to 600.00 s

Increments of 0.01 s

Adjustable indication delay with 2 binary inputs

1.00 s to 30.00 s

Increments of 0.01 s
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12.37 Circuit-Breaker Wear Monitoring
Setting Values
Threshold value

ΣIx-method stage

0 to 10 000 000

Increments of 1

2P-method stage

0 to 10 000 000

Increments of 1

I2t-method stage

0.00 I/Ir*s to 21 400 000.00 I/Ir*s

Increments of 0.01

CB opening time

0.001 s to 0.500 s

Increments of 0.001 s

CB break time

0.001 s to 0.600 s

Increments of 0.001 s

CB make time

0.001 s to 0.600 s

Increments of 0.001 s

Exponent for the ΣIx method

1.0 to 3.0

Increments of 0.1

Switching cycles at Irated

100 to 1 000 000

Increments of 1

Rated short-circuit breaking current Isc

10 to 100 000

Increments of 1

Switching cycles at Isc

1 to 1000

Increments of 1

Level of warning 1

1 % to 100 %

Increments of 1 %

Level of warning 2

1 % to 100 %

Increments of 1 %

Operating
1 A @ 50 and 100 Irated
current threshold 5 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

-0.050 s to 0.050 s

Increments of 0.001 s

Delay correction time
Tolerances
Tolerance of the measured value make time
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12.38 CFC
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
TChart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered level
104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Table 12-4)

Table 12-4
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Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1

BSC_INFO

2.7

BUILD_ACD

2.9

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6
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Element

Ticks

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

ENC_DEF

3.6

ENC_EXE

3.8

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1

GE_D

0.9

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5
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Element

Ticks

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4

SPC_INFO

0.4

SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020

Technical Data
12.38 CFC

Element

Ticks

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TP

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2

2.6
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12.39 SIPROTEC 5 Process-Bus Client
Supported Sampled-Value Streams for 50 Hz and 60 Hz Rated Power Frequency
Stream Type

Sampling Rate

ASDU

Analog Channels

IEC 61850-9-2 LE

80 samples/cycle

1

4 I, 4 V

IEC 61850-9-2 LE

256 samples/cycle

1

4 I, 4 V

IEC 61869-9

4000 Hz

1

Max. 32

IEC 61869-9

4800 Hz

1

Max. 32

IEC 61869-9

4800 Hz

2

Max. 32

IEC 61869-9

12 800 Hz

8

Max. 32

IEC 61869-9

15 360 Hz

8

Max. 32

Max. number of analog channels to be subscribed
(Limitations of the individual device applies and
supersede the max. usable analog channels)

60

Max. number of streams able to be subscribed per
ETH-BD-2FO

32

Max. number of ETH-BD-2FO with Process-Bus Client
functionality per SIPROTEC 5 device

4

Simultaneous support at same ETH-BD-2FO module of YES

•
•
•

IEEE 1588v2/PTP
GOOSE
Process-bus client functionality

Simultaneous support at same ETH-BD-2FO module of NO

•
•
•
•

IEEE 1588v2/PTP
GOOSE
Merging Unit functionality
Process-bus client functionality

Simultaneous support on different ETH-BD-2FO
module of

•
•
•
•

YES

IEEE 1588v2/PTP (only on one ETH-BD-2FO)
GOOSE
Merging Unit functionality
Process-bus client functionality

Use of IEC 61850-8-1 MMS and Reports with MU func- NO
tionality
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12.40 SIPROTEC 5 Merging Unit Functionality
Supported Sampled-Value Streams for 50 Hz and 60 Hz Rated Power Frequency
Stream Type

i

Sampling Rate

ASDU

Analog Channels

IEC 61850-9-2 LE

80 samples/cycle

1

4 I, 4 V

IEC 61850-9-2 LE

256 samples/cycle

1

4 I, 4 V

IEC 61869-9

4000 Hz

1

Max. 32

IEC 61869-9

4800 Hz

1

Max. 32

IEC 61869-9

4800 Hz

2

Max. 32

IEC 61869-9

12 800 Hz

8

Max. 32

IEC 61869-9

15 360 Hz

8

Max. 32

NOTE
IEC 61869-9 limit of 24 analog channels is defined. This must be considered for third-party process-bus
clients.
Number of published streams per ETH-BD-2FO

1

Max. number of ETH-BD-2FO with MU functionality
per SIPROTEC 5 device

4

Simultaneous support at same ETH-BD-2FO module of YES

•
•
•

IEEE 1588v2/PTP
GOOSE
Merging Unit functionality

Simultaneous support at same ETH-BD-2FO module of NO

•
•
•
•

IEEE 1588v2/PTP
GOOSE
Merging Unit functionality
Process-bus client functionality

Simultaneous support on different ETH-BD-2FO
module of

•
•
•
•

YES

IEEE 1588v2/PTP (only on one ETH-BD-2FO)
GOOSE
Merging Unit functionality
Process-bus client functionality

Use of IEC 61850-8-1 MMS and Reports with MU func- NO
tionality
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12.41 Point-on-Wave Switching
You can find more information about the technical data of the Point-on-wave switching function in the
Point-on-Wave Switching Function Manual.
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Generator Protection

7UM512 Generator protection relay (Version V3)

Scope of functions
51

32

51/37

32
VAR

64 DC

46

59

64

27

64 R

81

Fig. 1
7UM512 generator protection relay (V3)

Application
The 7UM512 unit is a numerical generator protection relay that provides a practical combination of protection functions
for generators. The unit contains all the
protection functions required for small
generators, such as emergency generators or private power plants. The unit is
also a module in comprehensive protection systems for large generators based
on the 7UM51 range. The 7UM51 is supplemented by 7UT51 differential protection relays.
Construction
The unit is of compact construction and
comprises all components for:
 Measured value acquisition and
evaluation
 Operation and display
 Indication and command output
 Acquisition of binary signals
 Serial data transmission
 Auxiliary voltage supply
The unit is supplied with housings for
flush and surface mounting. The model
for panel flush mounting or cubicle
mounting has rear connection terminals
and can be supplied with or without a
glass cover. The model for panel surface
mounting has 100 screw terminals accessible from the front.

Siemens LSA 2.5.3 . February 1997

Functions
The unit contains the following integrated
protection functions:
 Overcurrent–time protection (with undervoltage seal-in)
 Over/undercurrent protection
 DC voltage protection
 Single-phase overvoltage protection
 Single-phase undervoltage protection
 Overfrequency protection
 Underfrequency protection
 Active power protection
 Reactive power protection
 Unbalanced–load protection
 Stator earth-fault (directional) protection
 Direct coupling (for separate protection
equipment)
 Tripping circuit monitoring
Measurement method
The influences of superimposed harmonics, high-frequency transients, transient DC current components and differing CT saturation levels is suppressed to
a large degree by the use of a powerful
microprocessor and complete digital signal processing (measured value acquisition, measured value conditioning and
measured value processing).
Precise measurement of the current and
voltage over a wide frequency range of
10 to 68 Hz is achieved by adapting the
sampling rate.

Some protection functions make use of
the symmetrical current component. A
change in the phase sequence, which
can occur when the direction of rotation
is reversed in a pumped-storage power
plant, is taken into account by the protection relay. The phase sequence is also
signalled to the protection relay as a
binary indication.
Serial interfaces
The relay is equipped with two serial
interfaces. The interface at the front is
suitable for connection of an AT-compatible personal computer. An operating and
analysis software program DIGSI is available for convenient and clear setting,
evaluation of fault records and data, as
well as for commissioning. The interface
on the rear of the unit is either an isolated V.24 interface or an 820-nm fibreoptic interface. It is used either as a system interface for connecting to the
SINAUT LSA substation control and
protection, i.e. to a protection data master unit (protocol acc. to VDEW/ZVEI recommendation, company-specific), or as
an operating interface for connecting a
PC.
Settings
All setting parameters can be input either
via the integrated operator and display
panel or via a personal computer. The operator is guided through the setting process. The parameters are written into nonvolatile memories so that the settings
remain secure even during interruption of
the supply voltage.
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Self–monitoring
All important hardware and software
components are monitored continuously.
Any irregularities in the hardware or in
the program sequence are immediately
detected and alarmed. This significantly
improves the security and the availability
of the protection system.
Overcurrent–time protection (ANSI 51)
This stage is for use as short-circuit and
standby protection for protection gear
connected upstream, such as differential
protection or distance protection.
An undervoltage stage provides the option of maintaining the overcurrent excitation if the current returns below the
starting threshold and at the same time
the voltage drops because the excitation
system cannot be powered sufficiently.
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Over/undercurrent protection
(ANSI 51/37)
The undercurrent protection is versatile.
It detects disconnected and interrupted
lines or, when used as protection for
large motors, mechanical faults in the
driven machine that can cause the motor
to be off-loaded. With this function, it is
also possible to implement simple circuitbreaker protection.
The protection function can be ANDed or
ORed with an input binary signal.
DC voltage protection (64 DC)
The protection function is designed for
generators that are started with a frequency converter. It protects the generators (and the parts of the station that are
galvanically connected with them) from
DC voltage. The function can respond to
violation either of an upper or a lower
limit value.
Overvoltage protection (ANSI 59)
The protection prevents insulation faults
due to an excessive voltage. The protection function evaluates a phase-to-phase
voltage. It provides two stages.
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Fig. 2
Frequency-dependent undervoltage function (Vset < 60 V)

Undervoltage protection (ANSI 27)
Undervoltage protection compares a
phase-to-phase voltage with a lower limit
value. This function is used for asynchronous motors and pumped–storage motorgenerators and prevents instability due to
voltage.
To stabilize the voltage during a power
deficiency, the undervoltage protection
function can be used for load shedding.
A further criterion for power deficiency in
networks is a drop in the frequency below the nominal frequency. To combine
the two criteria in a protection function,
the response value of the undervoltage
function can be made to depend on the
frequency. If the network frequency then
deviates from the nominal frequency, the
undervoltage threshold is raised.
Frequency time protection (ANSI 81)
The 7UM512 protection relay contains
two-stage frequency protection. Each
stage can be used as either an overfrequency or underfrequency protection.
The algorithm filters out the fundamental
reliably even from distorted voltages and
performs a fast and precise frequency
calculation.

Active power protection (ANSI 32)
The protection relay can utilize as protection criterion either exceeding of the
power output of a generator or exceeding
of the power input (reverse power). The
power is calculated by the 7UM512
protection relay from a phase-to-phase
voltage and a phase current.
The monitoring of the power output of a
generator can be useful for starting and
shutting down generators. As reverse
power protection, the function protects
the driving steam turbines and is also
used for service shutdown of the generator.
Reactive power protection
(ANSI 32 VAR)
This protection function can be used as a
single-stage underexcitation protection. It
protects the generator from falling out of
step because of underexcitation. The
reactive power is calculated from a
phase-to-phase voltage and a phase current.
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Unbalanced–load protection (ANSI 46)
Asymmetrical current loads of the three
phases of a generator cause heating of
the rotor because of the reverse field that
arises.
This protection function detects an asymmetrical load on three-phase generators.
It works on the principle of the symmetrical components and evaluates the negative system of phase currents. The heating in the generator is calculated in the
protection relay. Separately settable
warning and tripping stages compare the
calculated overtemperature with the corresponding threshold values. Moreover,
the unbalanced load of an independent
stage to which a delay element has been
added is evaluated.

Unbalanced load
alarm stage 2>

t
TALARM

Thermal
trip stage

Unbalanced load
trip stage 2>>

Thermal
alarm stage

T>>TRIP
2perm

Stator earth-fault protection
(ANSI 64)
On generators operated in isolation, an
earth fault results in the occurrence of a
displacement voltage in the generator
neutral point. In a unit connection, a displacement voltage is a sufficient, selective protection criterion. If a generator is
galvanically connected with a busbar, the
direction of the earth current flowing
must also be evaluated for selective
earth–fault detection. A directional earth–
fault protection function is required.
The 7UM512 protection relay measures
the displacement voltage with a special
input on a voltage transformer at the generator neutral point or at the open delta
winding of a voltage transformer. In this
way, earth–fault protection for up to 95%
of the stator winding of a generator operated in a unit connection is possible.
For the earth current, a separate current
measuring input is also available. The stator earth–fault protection function can
thus also function as a directional earthfault protection. It is possible to switch
between the two modes with a coupled
external binary signal (circuit-breaker
position).

2>>

2

Fig. 3
Trip range of the unbalanced–load protection
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Example: Automatic shutdown of idling generator
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Example: Circuit-breaker failure protection
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Rotor earth–fault protection
(ANSI 64R)
This function is designed to detect earth
faults in the exciter and uses an auxiliary
AC voltage of approx. 45 V. The protection calculates the resistive component
of the complex earth impedance from
this auxiliary voltage and from the earth
current flowing. This protection provides
two stages. The high-impedance measuring stage can be used as an alarm,
whereas the low-impedance measuring
stage can be used to disconnect the generator. Interruptions in the measuring circuit are detected by the 7UM512 and can
be signalled if required.
Direct coupling
Direct coupling functions are functions of
the 7UM512 that are used for acquisition
of binary information. This binary information is entered in the fault indication
memory. Such information can actuate
LEDs, alarm relays and command relays.
Each ”direct coupling” can delay the effect of the binary information by an individual timer. The “direct coupling” function is used for processing of information
from the Buchholz relay or generator
commands.
Tripping circuit monitoring
The 7UM512 protection relay is able to
monitor two tripping circuits (circuitbreaker coils including incoming cables)
for correct functioning.

Fault recording
In the protection relay, instantaneous or
rms values are implemented depending
on your selection. The recording duration
is up to 5 s for instantaneous values and
up to 60 s for rms values. In the 7UM512
protection relay, primary values of up to
eight faults can be stored. The total number depends on the duration of each fault
and the parameterized longest recording
duration. Setting a leading and trailing
time and the start event (start on activation or on trip) permits adaptation to different requirements. The fault data can
be transferred to the SINAUT LSA
substation control and protection or to a
PC and evaluated there.
Trip matrix/trip circuits
The unit is equipped with five trip relays.
These can be arbitrarily assigned to the
above mentioned protection functions by
parameterization (software matrix). Furthermore, each protection function can
be switched “On” or “Off” via the operator panel. A third “Blocked” mode permits commissioning of the unit with the
local annunciations and the alarm relay
circuits operative, but without tripping of
the circuit-breakers.
With the many parameterizing possibilities provided, testing of and alterations to
the circuit-breaker operation can be performed during commissioning, as well as
during normal operation without the need
for rewiring.

Indication memory
The unit provides detailed data for the
analysis of faults and for checking states
during operation. All the indication fault
memories listed below are protected
against power supply failure.
 Time
The unit has a battery-backed clock
that can be synchronized with a binary
signal or via the system interface. All
indications are assigned a time and
date.
 Fault indications
The indications of the last three faults
can be retrieved at any time.
 Operational indications
All indications that are not directly
associated with a fault are stored in
the operational indication buffer.
Assignable alarm relays, LEDs and
binary inputs
The alarm relays and LEDs can be freely
assigned for user-specific output and display of indications. The storable LED displays are protected against power supply
failure.
All binary inputs can be operated either
as make circuits or as break circuits.
They can also be assigned as defined by
the user. The signal input at a binary input
can be logically combined with several
protection functions.

Operational measurement
The values acquired and calculated by the
unit can be displayed on the LD display or
on a PC. These include: Conductor currents and voltages (both primary and secondary), earth current, neutral voltage,
current positive-sequence component,
frequency, active and reactive power,
power factor, current-voltage angle, excitation voltage, negative-sequence component of the conductor currents overtemperature due to unbalanced load.
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Technical data
Input circuits

Rated current
Rated voltage, can be parameterized
Rated frequency, can be parameterized
Thermal overload capability
in voltage path, continuous
in current path, continuous
1s
10 s
in earth current path, continuous
1s
10 s
DC voltage inputs, continuous
Power consumption
in voltage path
at VN = 100 V
in current path
at N = 1 A
at N = 5 A

1 or 5 A
100 to 125 V AC
50/60 Hz

Rated auxiliary voltage Vaux

Permissible tolerance of rated auxiliary voltage
Power consumption

24, 48 V DC or
60, 110, 125 V DC or
220, 250 V DC
– 20 to + 15 %
max. 16 W

Current >
Trip delay, resetting delay
Reset ratio (settable)
Response time
Undervoltage seal-in V<
Excitation hold time during undervoltage
Reset ratio

0.1 x N to 8 x N
0 to 32 s
0.9 to 0.99
Approx. 40 ms
20 to 100 V
0 to 32 s
1.05

Over/undercurrent protection
(ANSI 51/37)

Current ><
Trip delay, resetting delay
Reset ratio
for >
for <
Response time

0.05 to 8 A
0 to 32 s
0.95
1.05
Approx. 40 ms

DC voltage protection (V = ><)
(ANSI 64 DC)

Voltage V = ><
Trip delay, resetting delay
Reset ratio
V=>
V=<
Response time for operating state 1
0

0.1 to 8.5 V
0 to 32 s
Approx. 0.98
1.1
<60 ms
<200 ms

Overvoltage protection (ANSI 59)
(single phase)

Voltage V>, V>>
Trip delay, resetting delay
Reset ratio
Response time

30 to 180 V
0 to 32 s
Approx. 0.98
Approx. 50 ms

Undervoltage protection (ANSI 27)
(single phase, or optionally frequencydependent)

Voltage V<
Trip delay, reset delay
Reset threshold (function of V–f characteristic)
Response time

20 to 140 V
0 to 32 s
2 to 6 V above response value
Approx. 50 ms

Frequency protection (ANSI 81)

Number of steps
Frequency f1, f2
Trip delay, reset delay
Reset difference
Response time
Undervoltage blocking V<
Reset ratio of the blocking

2
40 to 65 Hz
0 to 32 s
0.1 Hz
Approx. 120 ms
40 to 100 V
1.05

Active power protection (ANSI 32)
(reverse power protection)

Active power | P |> (with reference to SN)
Trip delay, reset delay
Reset ratio
Response time

1 to 120 %
0 to 32 s
0.9 or 0.5 % of SN
 190 ms

Reactive power protection
(ANSI 32 VAR)
(underexcitation protection)

Reactive power | Q |> (with reference to SN)
Trip delay, reset delay
Reset ratio
Response time

1 to 120 %
0 to 32 s
0.9 or 0.5 % of SN
 190 ms

Voltage supply
via integrated DC/DC converter

140 V AC
4 x N
100 x N
20 x N
15 A
300 A
100 A
60 V DC
< 0.3 VA
< 0.1 VA
< 0.5 VA
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Overcurrent time protection
(ANSI 51)
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Technical data (continued)

Setting ranges (continued)
Unbalanced–load protection
(ANSI 46)

Alarm stage 2> (with reference to N)
Delay of warning
Thermal time constant
Thermal alarm stage (with reference to the tripping overtemperature)
Tripping stage 2>> (with reference to N)
Reset ratio
Trip delay, reset delay
Response time of the independent characteristic

3 to 30 %
0 to 32 s
100 to 2 500 s
70 to 99 %

Stator earth-fault protection
(ANSI 64)

Displacement voltage Vearth>
Current earth>
Angle of the directional straight line
Reset ratio Vearth / earth
Trip delay, reset delay
Response time

5 to 120 V
2 to 100 mA
0 to 360°
0.7/0.95
0 to 32 s
60 ms

Rotor earth-fault protection
(ANSI 64R)

Alarm stage RAlarm<
Tripping stage RTRIP<
Reset ratio
Trip delay, reset delay
Response time
Permissible rotor-earth capacitance

3 to 30 k
1 to 5 k
1.25
0 to 32 s
80 ms
0.15 to 3 F

Direct coupling

Number
Trip delay t1, t2, t3, t4
Reset delay t1, t2, t3, t4
Response time

4
0 to 32 s
0 to 32 s
<15 ms

Switchover of the rotating field direction

Response time

200 ms (requirements:  < 0.1 x N and
V < 0.1 x VN)

Response tolerances under nominal
conditions

Current
Voltage
Power
Times

3 % of the setting value
3 % of the setting value
0.3 % of SN or 3 % of the setting value
10 ms

Operational measured values

Voltage
Current
Power
Power factor
Phase angle
Unbalanced load
DC voltage
Frequency

VPH1 – PH2, V0
PH1, PH2, PH3, pos., 0
P/SN, Q/SN
cos 

2
2TH
V=
f

Fault data acquisition

Either instantaneous values (12 values per cycle)
Or calculated values (one value per cycle)

vPH1, vPH2, vPH3, iPH1, iPH2, iPH3, VErr
Vpos., pos., PH1, PH2, PH3, E, cos , f – fN

Contacts

Potential-free trip contacts

3 x 2 NO, 2 x 1 NO
(total of 5 trip relays)
1000 W/VA
30 W/VA
5A
30 A
250 V DC
13
20 W/VA
1A
250 V DC

Switching capacity

Permissible current
Switching voltage
Alarm contacts
Switching capacity
Permissible current
Switching voltage

Reverse current
Overtemperature

make
break
continuous
0.5 s

make/break

10 to 80 %
0.95
0 to 32 s
60 ms

Displays
Inputs

LED displays on the front of the unit
Optocoupler, for 24 to 250 V DC
Current consumption independent of voltage

16
8
approx. 2.5 mA

Construction

For panel surface mounting
Weight approx.
For panel flush mounting, cubicle mounting
Weight approx.
Degree of protection acc. to EN 60 529

in housing 7XP20 40–1
12 kg
in housing 7XP20 40–2
10.5 kg
IP 51
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7UM512 Generator protection relay (Version V3)
Technical data (continued)
Serial interfaces

Operating interface

System interface
Protocol
Error detection
Transfer rate
Procedure
Connection electrical
Distance
Connection fibre-optic cable
Optical wavelength
Permissible line attenuation
Distance

On the front, not isolated, suitable for connection to serial interface of a personal
computer, 25-pole socket
Isolated, suitable for coupling to central
equipment
Siemens-specific or acc. to VDEW/ZVEI
recommendation
Hamming distance d = 4
4800, 9600 or 19200 Bd
Asynchronous
Similar to V.24/V.28 to CCITT or RS232C to
EIA, 2 kV isolation
Up to 1000 m
Two integrated FSMA plug connectors for
FO connection
820 nm
Max. 8 dB for glass-fibre 62.5/125 mm
Max. 2 km

CE–conformity, standards

This product is in conformity with the directives of the Council of
the European Communities on the approximation of the laws of
the Member States relating to the electromagnetic compatibility
(EMC Council Directive 89/336/EEC) and concerning electrical
equipment for use within specified voltage limits (low voltage
directive 73/23/EEC). The product conforms with the international
standard IEC 255 and the national standard DIN 57 435 part 303
(corresponding to VDE 0435 part 303).
The relay is designed for use in an industrial environment, for
installation in standard relay rooms and compartments so that
with proper installation electro–magnetic compatibility (EMC) is
ensured.

Conformity is proved by tests performed
by Siemens AG in line with article 10 of the
Council Directives in accordance with the
generic standards EN 50081 and EN 50082
for the EMC directive 89/336/EEC and
standard 60255–6 for the low voltage directive.

Insulation tests
IEC 255-5, VDE 0435 Part 303

Voltage test (routine test) all circuits except the auxiliary voltage
Voltage test (routine test), for auxiliary voltage only
Impulse voltage test (type test), all circuits, class III

2 kV (rms value), 50 Hz
DC 2.8 kV
5 kV (peak value), 1.2/50 ms, 0.5 J,
3 positive and 3 negative impulses at intervals of 5 s

EMC–tests; immunity (type test)
Standards: IEC 255–6, IEC 255–22
(international product standard)
EN 50082–2 (generic standard)
VDE 0435 part 303 (German
product standard)

High frequency test with 1 MHz interference
IEC 255–22–1, class III and VDE 0435 part 303, class III
Electrostatic discharge
IEC 255–22–2, class III and IEC 1000–4–2, class III
Radio–frequency electromagnetic field, non–modulated
report IEC 255–22–3, class III
Radio–frequency electromagnetic field, amplitude modulated
IEC 1000–4–3, class III
Radio–frequency electromagnetic field, puls modulated
ENV 50204, class III
Fast transients
IEC 255–22–4 class III, IEC 1000–4–4 class III

2.5 kV (peak), 1 MHz, t = 15 ms,
400 shots/s, duration 2 s
4 / 6 kV contact discharge, 8 kV air discharge, both polarities, 150 pF, Rl = 330 W
10 V/m, 27 to 500 MHz

Conducted disturbances induced by radio–frequency fields,
amplitude modulated
IEC 1000–4–6, class III
Power frequency magnetic field
IEC 1000–4–8, class IV
IEC 255–6

10 V/m, 80 to 1 000 MHz, AM 80 %, 1 kHz,
10 V/m, 900 MHz, repetition frequency
200 Hz, duty cycle 50 %
2 kV, 5/50 ns, 5 kHz, burst length = 15 ms,
repetition rate 300 ms, both polarities,
Rl = 50 W,, duration 1 min
10 V, 150 kHz to 80 MHz, AM 80 %, 1 kHz

30 A /m, continuous, 300 A /m for 3 s, 50 Hz
0.5 mT; 50 Hz

EMC–tests; emission (type test)
Standard: EN 50081–2 (European generic
standard for use in industrial
environment)

Conducted interference voltage, auxiliary voltage
CISPR 11, EN 55011 and VDE 0875 part 11
Interference field strength
CISPR 11, EN 55011 and VDE 0875 part 11

150 kHz to 30 MHz, group 1
class A
30 to 1 000 MHz, group 1
class A

Climatic conditions

Permissible ambient temperature

during service
limit operating temperature
during storage
during transport

– 5 to + 55C
– 20 to + 70C
– 25 to + 55C
– 25 to + 70C
Annual average 75 % relative humidity;
on 30 days/year up to 95 % relative humidity; condensation not permissible

during service

10 Hz to 60 Hz: 0.035 mm amplitude
60 Hz to 500 Hz: 0.5 g acceleration
5 Hz to 8 Hz: 7.5 mm amplitude
8 Hz to 500 Hz: 2 g acceleration

Humidity class

Mechanical stress tests
IEC 255–21–1, IEC 68–2

Permissible mechanical stress

during transport

Siemens LSA 2.5.3 . February 1997
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7UM512 Generator protection relay (Version V3)
Selection and ordering data
Order No.
7UM512  –   B 0 1 – 0  B 0

7UM512 Generator protection relay (version V3)
Rated current at 50 to 60 Hz, 100 to 125 V AC
1A
5A

1
5

Rated auxiliary voltage
24 V, 48 V DC
60 V, 110 V, 125 V DC
220 V, 250 V DC

2
4
5

Construction
for panel flush mounting or cubicle mounting
for panel surface mounting
for panel flush mounting or cubicle mounting without glass cover

C
D
E

Rear serial interface (suitable for station control and DIGSI operating program)
electrical
optical

B
C

Accessories
Rotor earth-fault protection
Series transformer 100/45 V AC
Coupling device 2 x 4 F
Series resistor

(W x H x D in mm)

135 x 170 x 85
196 x 300 x 110
196 x 300 x 146

7XR8500–0
7XR6000
3PP1336–0DZ013002

Stator earth-fault protection
Voltage divider 500/100 V

196 x 300 x 146

3PP1336–1CZ0113001

DC voltage protection
Voltage divider 1 : 20 and 1 : 10

196 x 300 x 110

3PP1326–0BZ012009

Operation software
DIGSI program (suitable for all protection relays 7UM..., 7UT..., 7SJ..., 7SA..., ...)

German
English
Test version: German
English
Connecting cables for protection relays (25-pin) – PC (9-pin); (other variations supplied on request)

7XS5020–0AA00
7XS5020–1AA00
7XS5021–0AA00
7XS5021–1AA00
7XV5100–2

Documentation
German
Katalogblatt LSA 2.5.3:
Handbuch:

Maschinenschutz 7UM512 (Version V3)
Maschinenschutz 7UM512 (Version V3)

E50001–K5752–A131–A2
C53000–G1100–C110–1

English
Catalog LSA 2.5.3:
Manual:

7UM512 Generator protection (Version V3)
7UM512 Generator protection (Version V3)

E50001–K5752–A131–A2–7600
C53000–G1176–C110–1
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L

K

n

 L3

 L2

 L1

N

100 V ~

Binary inputs 1 to 8, alarm relays,
trip relays and LEDs are
marshallable

 load

Exitation
system

k

L1 L2 L3

Network

isec load

45 V ~

e

RL

L+

b

Block f > <

Coupling  > < 2

Coupling  > < 1

Direct coupling

 RE
8A1
8A4
8A3
7A2

83
4
8
37

7D3
1D1
1D2
2C1

81 7D1
82 7D4

79 8D3
80 7D2

62 8D1
78 8D4

58 7A1
59 7A4
7A3
61 8D2

54
55
56
57

28 1C2
53 8A2

26

51 4A1
RxD
MR 52 4A2

16 4B2 L–

–
–

Trip relay 4

Trip relay 3

Trip relay 2

Trip relay 1

Unit malfunction
alarm

Alarm relay 12

Alarm relay 11

Alarm relay 10

Alarm relay 9

Alarm relay 8

Alarm relay 7

Alarm relay 6

Alarm relay 5

Alarm relay 4

Alarm relay 3

Fibre–optic interface
coupling to control unit

V.24 interface, 2-kV isolated
coupling to control unit

Binary
input 8

Binary
input 7

Binary
input 6

Binary
input 5

Binary
input 4

Binary
input 3

Binary
input 2

Binary
input 1

7UM512

Alarm relay 2

Alarm relay 1

Version for panel flush mounting/cubicle mounting

V = > < 38 2C2
15 4B1 L+

E

L–

Power supply

i

k

Unbalanced load block

Block V > <

Block  > <

LED reset

N
a

 L3

 L2

7 1A2
27 1C1

3A2
2A1
2A2
1A1

5
2
6
3

 L1

VE

2B2
3B3
2B3
3A1

14
11
31
1

V RE

3B1

13 2B1
10 3B2
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V L2

V L1

Version for panel surface mounting

65
64
63
68
67
66
71
70
69
86
85
84
87
88
89
90
91
92
93
94
95
96
43
44
45
46
47
48

5B1
5B3
5B4
5B2
5A1
5A3
5A4
5A2
6D1
6D3
6D4
6D2
5D1
5D2
5D3
5D4
4A3
4A4

74
99
100
75
72
97
98
73
20
22
23
21
24
25
49
50
76
77

6A3 19
6A1 18
6A2 17

7B1
8B1
6B1
7B2
8B2
6B2
7B3
8B3
6B3
7B4
8B4
6B4
3D1
4D1
3D2
4D2
3D3
4D3
3D4
4D4
3C1
4C1
3C2
4C2
3C3
4C3
3C4
4C4

TxD
MT

Optional
fibre–optic or
V.24 serial interface

L–
L+
Trip command 4
L+
Trip command 5

Trip command 3

L–
L+

Trip command 2

L–
L+

L+
Trip command 1

L+(M1)
Internal failure

Rotor earth–fault protection inoperative
L+(M2)

f 1 < TRIP; f 2 >TRIP

Unbalanced load ( 2 >; 2TH )
Unblanced load alarm stage

DC voltage V > <

External command trip

Under / Overvoltage trip

Rotor earth–fault warning

Rotor earth–fault trip R E >

Stator earth–fault trip V E >

Over/undercurrent trip  > <

Overcurrent trip  >

Generator Protection

7UM512 Generator protection relay (Version V3)

Fig. 6
Connection diagram for the 7UM512 generator protection relay (Version V2), from state of development EE
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Dimension drawings in mm

30

206.5
180

7.3
13.2

29.5

172

5.4

220

255.8

245

266

Fibre–optic
interface

244

Diam. 5 or M4

1.5

10

Diam. 6

225

221

231.5

Front view

Side view

Panel cutout

Fig. 7
7XP2040–2 housing (for panel flush mounting and cubicle mounting)
234
27

7.5
51
76

.....
.....

29.5

75

100

266

40

344

280

Cutout 20 x 60
(without paint)

1.5

39

Fibre–optic interface

1
26

.....
.....

25
50

219
Front view

Z

71
260
Side view

Detail Z:

Fig. 8
7XP2040–1 housing (for panel surface mounting)
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Conditions of Sale and Delivery S Export Regulations S Trademarks S Dimensions
Conditions of Sale and Delivery
Subject to the
General Conditions of Supply and Delivery
for Products and Services of the
Electrical and Electronic Industry
and to any other conditions agreed upon
with the recipients of catalogs.

J

The technical data, dimensions and
weights are subject to change unless
otherwise stated on the individual pages
of this catalog.

We reserve the right to adjust the prices
and shall charge the price applying on
the date of delivery.

The illustrations are for reference only.
A 9.91 a

Export Regulations
In accordance with present provisions of
the German Export List and the US Commercial Control List, export licences are
not required for the products listed in this
catalog.

Trademarks
All product designations used are trademarks or product names of Siemens AG
or of other suppliers.

An export licence may however be required due to country–specific application of
the products.

Relevant are the criteria stated in the delivery note and the invoice.
Subject to change without notice.

Dimensions
All dimensions in this catalog are given in
mm.

Siemens online!
The Power Transmission and Distribution
Group can also be found in the Internet:
http://www.ev.siemens.de

Responsible for
Technical contents: Dr. Hans–Joachim Hermann,
Siemens AG, EV S V13, Nürnberg
General editing: Roland Reichel/Claudia Kühn–Sutiono,
Siemens AG, EV S SUP22, Nürnberg/EV BK T, Erlangen
Siemens LSA 2.5.3 . February 1997

11

Generator Protection

Bereich
Energieübertragung und -verteilung
Geschäftsgebiet Sekundärsysteme
P. O. Box 48 06
D-90026 Nürnberg
12
Siemens Aktiengesellschaft

Power
Transmission
and Distribution
Order No.:Siemens
E50001-K5752–A131-A2–7600
LSA 2.5.3 . February 1997
Printed in Germany
KG K 0297 2.0 SD 12 En 321515 6101/U527

Overcurrent Protection / 7SJ602
SIPROTEC 7SJ602 multifunction overcurrent and motor protection relay
Function overview

1

Feeder protection
• Overcurrent-time protection
• Sensitive ground-fault detection

2

• Directional sensitive ground-fault detection
• Displacement voltage
• Disk emulation

LSP2136-afpen.tif

• Overload protection

3

• Breaker failure protection
• Negative-sequence protection
• Cold load pickup

4

• Auto-reclosure
• Trip circuit supervision
Motor protection

5

• Starting time supervision
• Locked rotor
• Restart inhibit

6

• Undercurrent monitoring
Fig. 5/33

SIPROTEC 7SJ602
multifunction protection relay

• Temperature monitoring
Control functions

Description

7

• Commands for control of a circuit-breaker
• Control via keyboard, DIGSI 4 or SCADA system

The SIPROTEC 7SJ602 is a numerical overcurrent relay which,
in addition to its primary use in radial distribution networks
and motor protection, can also be employed as backup for line,
transformer and generator differential protection. The SIPROTEC
7SJ602 provides deﬁnite-time and inverse-time overcurrent
protection along with overload and unbalanced-load (negativesequence) protection for a very comprehensive relay package.

Measuring functions

8

• Operational measured values I, V
• Power measurement P, Q, S, Wp, Wq
• Slavepointer
• Mean values

For applications with ground-current detection two versions are
available: One version with four current transformer inputs for
non-directional earth (ground) fault detection and a second version with three current inputs (2 phase, 1 earth/ground) and one
voltage input for directional earth (ground) fault detection.

Monitoring functions

The ﬂexible communication interfaces are open for modern
communication architectures with control systems.

Communication interfaces

9

• Fault event logging with time stamp (buffered)
• 8 oscillographic fault records
• Continuous self-monitoring

10

• System interface
– IEC 60870-5-103 protocol
– PROFIBUS-DP
– MODBUS RTU/ASCII

11

• Front interface for DIGSI 4

12

Hardware
• 4 current transformers or

13

• 3 current + 1 voltage transformers
• 3 binary inputs
• 4 output relays
• 1 live status contact

14
15
Siemens SIP · Edition No. 7 5/31

Overcurrent Protection / 7SJ602
Application
Wide range of applications

1

The SIPROTEC 7SJ602 is a numerical
overcurrent relay which, in addition to
its primary use in radial distribution
networks and motor protection, can
also be employed as backup for feeder,
transformer and generator differential
protection.

2

The SIPROTEC 7SJ602 provides deﬁnitetime and inverse-time overcurrent
protection along with overload and
negative sequence protection for a very
comprehensive relay package. In this
way, equipment such as motors can be
protected against asymmetric and excessive loading. Asymmetric short-circuits
with currents that can be smaller than the
largest possible load currents or phase
interruptions are reliably detected.

3
4
5

The integrated control function allows
simple control of a circuit-breaker or
disconnector (electrically operated/
motorized switch) via the integrated HMI,
DIGSI or SCADA.

6

1) alternatively; see “Selection and ordering data” for details
Fig. 5/34

Function diagram

ANSI

7
8
9
10
11

IEC

Protection functions

50, 50N

I>, I>>, I>>>
IE>, IE>>

Deﬁnite-time overcurrent protection (phase/neutral)

50, 51N

Ip, IEp

Inverse-time overcurrent protection (phase/neutral)

67Ns, 50Ns

IEE>, IEE>>, IEEp

Directional/non-directional sensitive ground-fault detection

64

I2

Displacement voltage

50BF

Breaker failure protection

79

Auto-reclosure

46

I2>

Phase-balance current protection
(negative-sequence protection)

49

ϑ>

Thermal overload protection

48

Starting time supervision

66/86

Restart inhibit

37

12
13
14
15
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I<

Undercurrent monitoring

38

Temperature monitoring via external device,
e.g. bearing temperature monitoring

74TC

Trip circuit supervision breaker control

Overcurrent Protection / 7SJ602
Construction, protection functions
Construction

1

The relay contains all the components
needed for
• Acquisition and evaluation of measured
values

2

• Output of signals and trip commands
• Input and evaluation of binary signals
• SCADA interface
(RS485, RS232, ﬁber-optic)

LSP2138-afpen.tif

LSP2137-afpen.tif

• Operation and display

3

• Power supply.
The rated CT currents applied to the
SIPROTEC 7SJ602 can be 1 A or 5 A. This
is selectable via a jumper inside the relay.
Two different housings are available. The
ﬂush-mounting version has terminals
accessible from the rear. The surfacemounting version has terminals accessible
from the front. Retroﬁtting of a communication module, or replacement of an
existing communication module with a
new one are both possible.

4
Fig. 5/35

Rear view of ﬂush-mounting
housing

Fig. 5/36

View from below showing
system interface (SCADA) with
FO connection (for remote
communications)

5
6
7

Protection functions
Deﬁnite-time characteristics

8

The deﬁnite-time overcurrent function
is based on phase-selective evaluation
of the three phase currents and ground
current.
The deﬁnite-time overcurrent protection
for the 3 phase currents has a low-set
Fig. 5/37 Deﬁnite-time overcurrent
Fig. 5/38 Inverse-time overcurrent
overcurrent element (I>), a high-set
characteristic
characteristic
overcurrent element (I>>) and a high-set
instantaneous element (I>>>). Intentional trip delays can be set
Available inverse-time characteristics
from 0 to 60 seconds for all three overcurrent elements.
The deﬁnite-time overcurrent protection for the earth (ground)
current has a low-set overcurrent element (IE>) and a high-set
overcurrent element (IE>>). Intentional trip delays can be
parameterized from 0 to 60 seconds.

Characteristics acc. to

ANSI/IEEE

IEC 60255-3

Inverse

•

•

Short inverse

•

Long inverse

•

Inverse-time characteristics

Moderately inverse

•

In addition, inverse-time overcurrent protection characteristics
(IDMTL) can be activated.

Very inverse

•

•

Extremely inverse

•

•

Reset characteristics

Deﬁnite inverse

•

I squared T

•

For easier time coordination with electromechanical relays, reset
characteristics according to ANSI C37.112 and IEC 60255-3 /
BS 142 standards are applied. When using the reset characteristic (disk emulation), a reset process is initiated after the fault
current has disappeared.
This reset process corresponds to the reverse movement of the
Ferraris disk of an electromechanical relay (thus: disk emulation).

RI/RD-type

9
10
11

•

12
13
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Overcurrent Protection / 7SJ602
Protection functions
(Sensitive) directional ground-fault detection (ANSI 64, 67Ns)

1

The direction of power ﬂow in the zero sequence is calculated
from the zero-sequence current I0 and zero-sequence voltage
V0. For networks with an isolated neutral, the reactive current
component is evaluated; for compensated networks the active
current component or residual resistive current is evaluated.
For special network conditions, e.g. high-resistance grounded
networks with ohmic-capacitive ground-fault current or lowresistance grounded networks with ohmic-inductive current,
the tripping characteristics can be rotated approximately ± 45
degrees (cosine/sinus).

2
3

Two modes of ground-fault direction detection can be implemented: tripping or in “signalling only mode”.

4

It has the following functions:
• TRIP via the displacement voltage VE.
• Two instantaneous elements or one instantaneous plus one
inverse characteristic.

5

• Each element can be set in forward, reverse, or nondirectional.
(Sensitive) ground-fault detection (ANSI 50Ns, 51Ns/50N, 51N)

6

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).

7

Thermal overload protection (ANSI 49)
The thermal overload protection function provides tripping
or alarming based on a thermal model calculated from phase
currents.

8

The ambient temperature or the temperature of the coolant can
be detected serially via an external temperature monitoring box
(also called thermo-box). If there is no thermo-box it is assumed
that the ambient temperatures are constant.

9

Thermal overload protection without preload:

10

For thermal overload protection without consideration of the
preload current, the following tripping characteristic applies only
when
I ≥ 1.1 · IL

11

For different thermal time constants TL, the tripping time t is
calculated in accordance with the following equation:

t=

12
13

35
⋅ TL
⎛ I ⎞2
⎜ ⎟ −1
⎝ IL ⎠

I

= Load current

IL

= Pickup current

TL

= Time multiplier

The reset threshold is above 1.03125 · I/IN

14
15
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Fig. 5/39

Directional determination using cosine measurements

Thermal overload protection with preload
The thermal overload protection with consideration of preload
current constantly updates the thermal model calculation
regardless of the magnitude of the phase currents. The tripping
time t is calculated in accordance with the following tripping
characteristic (complete memory in accordance with
IEC 60255-8).

⎛ I ⎞2 ⎛ I pre ⎞2
⎜
⎟ −⎜
⎟
⎝ k⋅ I N ⎠ ⎝ k⋅ I N ⎠
t = t ⋅ ln
2
⎛ I ⎞
⎜
⎟ −1
⎝ k⋅ I N ⎠
t

= Tripping time after beginning of the thermal overload

t

= 35.5 · TL

Ipre

= Preload current

I

= Load current

k

= k factor (in accordance with IEC 60255-8)

In

= Natural logarithm

TL

= Time multiplier

IN

= Rated (nominal) current

Overcurrent Protection / 7SJ602
Protection functions
Breaker failure protection (ANSI 50BF)

1

If a faulted portion of the electrical circuit
is not disconnected upon issuance of a
trip command, another command can be
initiated using the breaker failure protection which operates the circuit-breaker,
e.g. of an upstream (higher-level) protection relay. Breaker failure is detected if
after a trip command, current is still ﬂowing in the faulted circuit. As an option it is
possible to make use of the circuit-breaker
position indication.
Negative-sequence protection
(I2>>, I2>/ANSI 46 Unbalanced-load
protection)

2
3
Fig. 5/40

Tripping characteristics of the negative-sequence protection function

The negative-sequence protection (see Fig. 5/40) detects a
phase failure or load unbalance due to network asymmetry.
Interruptions, short-circuits or crossed connections to the current transformers are detected.
Furthermore, low level single-phase and two-phase short-circuits
(such as faults beyond a transformer) as well as phase interruptions can be detected.
This function is especially useful for motors since negativesequence currents cause impermissible overheating of the rotor.
In order to detect the unbalanced load, the ratio of negative
phase-sequence current to rated current is evaluated.
I2

= negative-sequence current

TI2

= tripping time

4
Cold load pickup
By means of a binary input which can be wired from a manual
close contact, it is possible to switch the overcurrent pickup
settings to less sensitive settings for a programmable duration
of time. After the set time has expired, the pickup settings automatically return to their original setting. This can compensate for
initial inrush when energizing a circuit without compromising
the sensitivity of the overcurrent elements during steady state
conditions.

5

3-pole multishot auto-reclosure (AR, ANSI 79)

7

6

Auto-reclosure (AR) enables 3-phase auto-reclosing of a feeder
which has previously been disconnected by overcurrent protection.

8

Trip circuit supervision (ANSI 74TC)
Transformer protection
The high-set element permits current coordination where the
overcurrent element functions as a backup for the lower-level
protection relays, and the overload function protects the transformer from thermal overload. Low-current single-phase faults
on the low voltage side that result in negative phase-sequence
current on the high-voltage side can be detected with the
negative-sequence protection.

One or two binary inputs can be used for trip circuit monitoring.
Control
The relay permits circuit-breakers to be opened and closed
without command feedback. The circuit-breaker/disconnector
may be controlled by DIGSI, or by the integrated HMI, or by the
LSA/SCADA equipment connected to the interface.

9
10
11
12
13
14
15
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Overcurrent Protection / 7SJ602
Protection functions
Switch-onto-fault protection

1

If switched onto a fault, instantaneous
tripping can be effected. If the internal
control function is used (local or via serial
interface), the manual closing function is
available without any additional wiring.
If the control switch is connected to a
circuit-breaker by-passing the internal
control function, manual detection using
a binary input is implemented.

2
3

Busbar protection (Reverse interlocking)
Binary inputs can be used to block any
of the six current stages. Parameters are
assigned to decide whether the input
circuit is to operate in open-circuit or
closed-circuit mode. In this case, reverse
interlocking provides highspeed busbar
protection in radial or ring power systems
that are opened at one point. The reverse
interlocking principle is used, for example,
in medium-voltage power systems and
in switchgear for power plants, where a
high-voltage system transformer feeds
a busbar section with several mediumvoltage outgoing feeders.

4
5
6
7
8

Fig. 5/41

9
10
11
12
13
14
15
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Reserve interlocking

Overcurrent Protection / 7SJ602
Motor protection, additional functions
Motor protection

1

Starting time supervision (ANSI 48)
Starting time supervision protects the
motor against long unwanted start-ups
that might occur when excessive load
torque occurs, excessive voltage drops
occur within the motor or if the rotor is
locked. Rotor temperature is calculated
from measured stator current. The tripping time is calculated according to the
following equation:

2
3

⎛I
⎞2
t TRIP = ⎜ START ⎟ ⋅ t start max
⎝ I rms ⎠
for I rms > I start , reset ratio

4
IN
approx. 0.94
I START

tTRIP

= tripping time

Istart

= start-up current of the motor

Fig. 5/42

Starting time supervision

5

tstart max = maximum permissible starting
time
Irms

6

= actual current ﬂowing

Restart inhibit (ANSI 66/86)

7

If a motor is started up too many times
in succession, the rotor can be subject to
thermal overload, especially the upper
edges of the bars. The rotor temperature
is calculated from the stator current and
the temperature characteristic is shown
in a schematic diagram. The reclosing
lockout only permits startup of the motor
if the rotor has sufﬁcient thermal reserves
for a complete start-up.

8
9

Undercurrent monitoring (ANSI 37)

10

Fig. 5/43 Restart inhibit
With this function, a sudden drop in current, which may occur due to a reduced
motor load, is detected. This can cause
Additional functions
shaft breakage, no-load operation of pumps or fan failure.

Temperature monitoring (ANSI 38)

Measured values

11

A temperature monitoring box with a total of 6 measuring
sensors can be used for temperature monitoring and detection
by the protection relay. The thermal status of motors, generators
and transformers can be monitored with this device. Additionally, the temperature of the bearings of rotating machines
are monitored for limit value violation. The temperatures are
measured with the help of temperature detectors at various
locations of the device to be protected. This data is transmitted
to the protection relay via a temperature monitoring box (also
called thermo-box or RTD-box) (see “Accessories”).

The r.m.s. values are calculated from the acquired current
and voltage along with the power factor, active and reactive
power. The following functions are available for measured value
processing:

12

• Currents IL1, IL2, IL3, IE, IEE (67Ns)
• Voltages VL1, VE (67Ns if existing

13

• Power Watts, Vars, VA/P, Q, S
• Power factor (cos φ),
• Energy ± kWh, ± kVarh, forward and reverse power ﬂow
• Mean as well as minimum and maximum current, voltage and
power values

14
15
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Communication
Communication

1
2

LSP2163-afp.eps

With respect to communication, particular
emphasis has been placed on high levels
of ﬂexibility, data integrity and utilization
of standards common in energy automation. The design of the communication
modules permits interchangeability.
Local PC interface

3

The SIPROTEC 7SJ602 is ﬁtted with an
RS232 PC front port. A PC can be connected to ease set-up of the relay using
the Windows-based program DIGSI which
runs under MS-Windows. It can also be
used to evaluate up to 8 oscillographic
fault records, 8 fault logs and 1 event log
containing up to 30 events.

4
5

Fig. 5/44

RS232/RS485 electrical communication module

Fig. 5/45

PROFIBUS ﬁber-optic double ring communication module

Fig. 5/46

System solution/communication

A communication module located on
the bottom part of the unit incorporates
optional equipment complements and
readily permits retroﬁtting. It guarantees
the ability to comply with the requirements of different communication
interfaces.

6
7

LSP2164-afp.eps

System interface on bottom of the unit

This interface is used to carry out communication with a control or a protection
system and supports a variety of communication protocols and interface designs,
depending on the module connected.

8

IEC 60870-5-103 protocol

9
10

IEC 60870-5-103 is an internationally
stan- dardized protocol for the efﬁcient
communication in the protected area.
IEC 60870-5-103 is supported by a number of protection device manufacturers
and is used worldwide.
PROFIBUS-DP

11

PROFIBUS-DP is an industry-recognized
standard for communications and is supported by a number of PLC and protection
device manufacturers.

12

MODBUS RTU

13

MODBUS RTU is an industry-recognized
standard for communications and is supported by a number of PLC and protection
device manufacturers.

14
15
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Overcurrent Protection / 7SJ602
Typical connections
Typical connections
CT connections

1

Fig. 5/47 Standard
• Phase current measured
• Ground current measured
(e. g. core balance CT)

2

Fig. 5/48 Standard connection
• Connection of 3 CTs with
residual connection for
neutral fault

3

Fig. 5/49 • Isolated networks only

4
Fig. 5/47

5

Connection of 4 CTs with measurement of the earth (ground) current

6
7
8
9
Fig. 5/48

Connection of 3 CTs with residual connection for neutral fault

10
11
12
13
14

Fig. 5/49

Connection of 2 CTs only for isolated or resonant-earthed (grounded) power systems

15
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Overcurrent Protection / 7SJ602
Typical connections
7SJ6022/7SJ6026

1
2
3
4

Fig. 5/50
Connection of 3 CTs with measurement
of the sensitive earth (ground) current

5
6
7
8
9
10

Fig. 5/51
Connection of 3 CTs with directional
earth (ground)-fault detection

Fig. 5/52
Connection of 3 CTs and 1 VT with
measurement of the earth (ground)
current and one phase voltage

11
12
13
14
15
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Fig. 5/53

Example of typical wiring

Overcurrent Protection / 7SJ602
Technical data
Alarm relays
Contacts per relay

General unit data
CT circuits
Rated current IN

1 or 5 A (settable)

Option: sensitive ground-fault CT IEE < 1.6 A or < 8 A (settable)
Rated frequency fN

50/60 Hz (selectable)

Power consumption
Current input at IN = 1 A
at IN = 5 A
For sensitive ground-fault
detection at 1 A

< 0.1 VA
< 0.3 VA
Approx. 0.05 VA

Overload capability
Thermal (r.m.s)
Dynamic (pulse current)
Overload capability if equipped
with sensitive ground-fault
current transformer
Thermal (r.m.s.)

Dynamic (impulse current)

100 x IN for 1 s
30 x IN for 10 s
4 x IN continuous
250 x IN one half cycle

300 A for 1 s
100 A for 10 s
15 A continuous
750 A (half cycle)

Voltage transformer
Rated voltage VN

100 to 125 V

230 V continuous

Power supply via integrated
DC/DC converter

Superimposed AC voltage, peakto-peak
At rated voltage
At limits of admissible voltage

DC 24/48 V/± 20 %
DC 60/110 V/± 20 %
DC 110/125/220/250 V/± 20 %
AC 115 V/- 20 %, + 15 %
AC 230 V/- 20 %, + 15 %

≤ 12 %
≤6%

Power consumption

Approx. 3 to 6 W, depending on
operational status and selected
auxiliary voltage

Bridging time during failure/
short-circuit of auxiliary voltage

≥ 50 ms at Vaux ≥ AC/DC 110 V
≥ 20 ms at Vaux ≥ DC 24 V

Binary outputs
Trip relays

4 (conﬁgurable)

Contacts per relay

1 NO/form A
(Two contacts changeable to
NC/form B, via jumpers)

Switching capacity
Make
Break

1

1000 W/VA
30 VA, 40 W resistive
25 VA with L/R ≤ 50 ms

Switching voltage

250 V

Permissible current

5 A continuous

2

Binary inputs
Number

3 (conﬁgurable)

Operating voltage

DC 24 to 250 V

Current consumption, independent of operating voltage

Approx. 1.8 mA

Pickup threshold, selectable via
bridges
Rated aux. voltage
DC 24/48/60/110 V
Vpickup
DC 110/125/220/250 V Vpickup

≥ DC 19 V
≥ DC 88 V

Permissible maximum voltage

DC 300 V

3
4
5

Connection (with screws)
Connection ring cable lugs
Wire size

Wmax = 11 mm, d1 = 5 mm
2.0 – 5.3 mm2 (AWG 14-10)

Direct connection

Solid conductor, ﬂexible lead,
connector sleeve
2.0 – 5.3 mm2 (AWG 14-10)

Wire size

6

Voltage terminals

Power supply

Rated auxiliary voltage Vaux /
permissible variations

1 NO/NC (form A/B)

Current terminals

Power consumption at VN = 100 V < 0.3 VA per phase
Overload capability in voltage
path (phase-neutral voltage)
Thermal (r.m.s.)

Switching capacity
Make
Break

1

Connection ring cable lugs
Wire size

Wmax = 10 mm, d1 = 4 mm
0.5 – 3.3 mm2 (AWG 20-12)

Direct connection

Solid conductor, ﬂexible lead,
connector sleeve
0.5 – 3.3 mm2 (AWG 20-12)

Wire size

Switching voltage

250 V

Permissible current
Continuous
For 0.5 s

5A
30 A

Permissible total current
For common potential:
Continuous
For 0.5 s

5A
30 A

8

Unit design
Housing 7XP20

For dimensions please refer
to dimension drawings, part 14

9

Degree of protection
acc. to EN 60529
For the device
in surface-mounting housing
in ﬂush-mounting housing
front
rear

IP 51

For personal safety

IP 2x with closed protection cover

Weight
Flush mounting/
cubicle mounting
Surface mounting

10

IP 51
IP 20

Approx. 4 kg
Approx. 4.5 kg

Serial interfaces
1000 W/VA
30 VA, 40 W resistive
25 VA with L/R ≤ 50 ms

7

11
12

Operating interface
Connection

At front side, non-isolated, RS232,
9-pin subminiature connector

Operation

With DIGSI 4.3 or higher

Transmission speed

As delivered 19200 baud, parity: 8E1
Min. 1200 baud
Max. 19200 baud

Distance

15 m

13
14
15
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Overcurrent Protection / 7SJ602
Technical data
System interface (bottom of unit)

1

System interface (bottom of unit), cont’d

IEC60870-5- 103 protocol

2
3

MODBUS RTU/ASCII

Connection

Isolated interface for data transmission

Isolated interface for data transfer
to a control center

Transmission rate

Min. 1200 baud, max. 19200 baud
As delivered 9600 baud

Transmission rate

Up to 19200 baud

Transmission reliability

Hamming distance d = 4

RS232/RS485 acc. to ordered version

RS485

Connection

Connection

9-pin subminiature connector

Distance

Max. 1 km/3300 ft max. 32 units
recommended
AC 500 V against ground

9-pin subminiature connector on the
bottom part of the housing

Test voltage

AC 500 V

RS232 maximum distance

15 m

Test voltage

RS485 maximum distance

1000 m

Fiber-optic

Fiber-optic

4
5
6

Laser class 1 acc. to
EN 60825-1/-2

For glass ﬁber 50/125 μm
or 62.5/125 μm

Permissible path attenuation

Max. 8 dB, for glass ﬁber 62.5/125 μm

Permissible path attenuation

Max. 8 dB, for glass ﬁber 62.5/125 μm

Distance

Max. 1.5 km/0.9 miles

Bridgeable distance

Max. 1.5 km

Idle state of interface

“Light off”

No character position

Selectable, setting as supplied
„light off”

11

Laser class 1 acc. to EN 60825-1-2 For glass ﬁber 50/125 μm
or 62.5/125 μm

Electrical tests
Speciﬁcations
Standards

IEC 60255-5; ANSI/IEEE C37.90.0

Transmission rate

Up to 1.5 Mbaud

Insulation tests

Transmission reliability

Hamming distance d = 4

2.5 kV (r.m.s. value), 50 Hz

Connection

9-pin subminiature connector

High-voltage tests (routine test)
all circuits except for auxiliary
voltage, binary inputs and
communication interfaces

Distance

1000 m/3300 ft ≤ 93.75 kbaud;
500 m/1500 ft ≤ 187.5 kbaud;
200 m/600 ft ≤ 1.5 Mbaud

High-voltage tests (routine test)
Auxiliary voltage and binary
inputs

DC 3.5 kV

Test voltage

AC 500 V against ground

High-voltage tests (routine test)
only isolated communication
interfaces

500 V (r.m.s. value); 50 Hz

Impulse voltage tests (type test)
all circuits, except
communication interfaces

5 kV (peak value), 1.2/50 ps, 0.5 J,
3 positive and 3 negative impulses
at intervals of 5 s

Fiber optic

10

820 nm

λ = 820 nm

RS485

9

Optical wavelength

Optical wavelength

Isolated interface for data transfer
to a control center

8

Integrated ST connector for ﬁber
optic connection

ST connector on the bottom part of
the housing

PROFIBUS-DP

7

Connection ﬁber-optic cable

Connector type

Connection ﬁber-optic cable

Integrated ST connector for ﬁber
optic connection

Optical wavelength

λ = 820 nm

Laser class 1 acc. to EN 60825-1-2 For glass ﬁber 50/125 μm
or 62.5/125 μm
Permissible path attenuation

Max. 8 dB, for glass ﬁber 62.5/125 μm

Distance

500 kB/s 1.6 km/0.99 miles
1500 kB/s 530 m/0.33 miles

Idle state of interface

Settable, setting as supplied “light off”

12
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EMC tests for interference immunity ; type tests
Standards

IEC 60255-6; IEC 60255-22,
(product standard)
EN 50082-2 (generic standard)
DIN 57435 Part 303

High-frequency test
IEC 60255-22-1, class III
and VDE 0435 Part 303, class III

2.5 kV (peak value); 1 MHz,
τ = 15 ms; 400 surges per s;
test duration 2 s; Ri = 200 Ω

Electrostatic discharge
IEC 60255-22-2 class IV
EN 61000-4-2, class IV

8 kV contact discharge,
15 kV air gap discharge,
both polarities, 150 pF; Ri = 330 Ω

Irradiation with radio-frequency
ﬁeld, non-modulated
IEC 60255-22-3 (Report), class III

10 V/m, 27 to 500 MHz

Irradiation with radio-frequency
ﬁeld, amplitude-modulated
IEC 61000-4-3, class III

10 V/m, 80 to 1000 MHz,
AM 80 %; 1 kHz
duration > 10 s

10 V/m, 900 MHz,
Irradiation with radio-frequency
repetition frequency 200 Hz
ﬁeld, pulse-modulated
IEC 61000-4-3/ENV 50204, class III duty cycle 50 % PM

Overcurrent Protection / 7SJ602
Technical data
EMC tests for interference immunity; type tests, (cont’d)

Mechanical stress tests

Fast transients interference/bursts 4 kV; 5/50 ns; 5 kHz;
IEC 60255-22-4 and
burst length = 15 ms;
IEC 61000-4-4, class IV
repetition rate 300 ms;
both polarities; Ri = 50 Ω;
test duration 1 min

Vibration, shock and seismic vibration

1

During operation
Standards

Acc. to IEC 60255-21
and IEC 60068-2

Surge voltage IEC 61000-4-5,
class III
Auxiliary voltage

Pulse: 1.2/50 µs
From circuit to circuit (common
mode): 2 kV, 12 Ω, 9 µF;
Across contacts (diff. mode):
1 kV, 2 W, 18 µF

Vibration
IEC 60255-21-1, class I
IEC 60068-2-6

Sinusoidal
10 to 60 Hz: ± 0.035 mm amplitude;
60 to 150 Hz: 0.5 g acceleration
Sweep rate 1 octave/min
20 cycles in 3 orthogonal axes

2

Measuring inputs,
binary inputs/outputs

From circuit to circuit (common
mode): 2 kV, 42 Ω, 0.5 µF;
Across contacts (diff. mode):
1 kV, 42 W, 0.5 µF

Shock
IEC 60255-21-2, class I

Half-sine,
acceleration 5 g, duration 11 ms,
3 shocks in each direction of
3 orthogonal axes

3

Conducted RF
amplitude-modulated
IEC 61000-4-6, class III

10 V; 150 kHz to 80 MHz;
AM 80 %; 1 kHz

Seismic vibration
IEC 60255-21-3, class I
IEC 60068-3-3

4

Power frequency magnetic ﬁeld
IEC 61000-4-8, class IV
IEC 60255-6

30 A/m continuous
300 A/m for 3 s, 50 Hz
0.5 mT, 50 Hz

Oscillatory surge withstand
capability
ANSI/IEEE C37.90.1

2.5 to 3 kV (peak value),
1 to 1.5 MHz damped wave;
50 surges per s; duration 2 s
Ri = 150 to 200 Ω;

Sinusoidal
1 to 8 Hz: ± 3.5 mm amplitude
(horizontal axis)
1 to 8 Hz: ± 1.5 mm amplitude
(vertical axis)
8 to 35 Hz: 1 g acceleration
(horizontal axis)
8 to 35 Hz: 0.5 g acceleration
(vertical axis)
Sweep rate 1 octave/min
1 cycle in 3 orthogonal axes

Fast transient surge withstand
capability
ANSI/IEEE C37.90.1

4 to 5 kV, 10/150 ns,
50 surges per s, both polarities;
duration 2 s, Ri = 80 Ω;

Radiated electromagnetic
interference
ANSI/IEEE Std C37.90.2

35 V/m; 25 to 1000 MHz;
amplitude and pulse-modulated

Damped wave
IEC 60694/ IEC 61000-4-12

2.5 kV (peak value),
polarity alternating
100 kHz, 1 MHz, 10 and 50 MHz,
Ri = 200 Ω;

EMC tests interference emission; type tests
Standard

EN 50081-* (generic speciﬁcation)

Conducted interferences,
only auxiliary voltage
IEC/CISPR 22

150 kHz to 30 MHz
limit class B

Radio interference ﬁeld strength
IEC/CISPR 22

30 to 1000 MHz
limit class B

Harmonic currents on incoming
lines of system at AC 230 V
IEC 61000-3-2

Unit belongs to class D
(applies only to units with > 50 VA
power consumption)

Voltage ﬂuctuation and ﬂicker
range on incoming lines of
system at AC 230 V
IEC 61000-3-3

Limit values are adhered to

5
6

During transportation
Standards

Acc. to IEC 60255-21
and IEC 60068-2

Vibration
IEC 60255-21-1, class II
IEC 60068-2-6

Sinusoidal
5 to 8 Hz: ± 7.5 mm amplitude;
8 to 150 Hz: 2 g acceleration
Sweep rate 1 octave/min
20 cycles in 3 orthogonal axes

7

Shock
IEC 60255-21-2, class I
IEC 60068-2-27

Half-sine,
acceleration 15 g, duration 11 ms;
3 shocks in each direction of
3 orthogonal axes

8

Continuous shock
IEC 60255-21-2, class I
IEC 60068-2-29

Half-sine,
acceleration 10 g, duration 16 ms,
1000 shocks in each direction of
3 orthogonal axes

10

Climatic stress tests
Temperatures
Recommended temperature
During operation

9

–5 °C to +55 °C / 23 °F to 131 °F,
(> 55 °C decreased display contrast)

Limit temperature
During operation
–20 °C to +70 °C / –4 °F to 158 °F
During storage
–25 °C to +55 °C / –13 °F to 131 °F
During transport
–25 °C to +70 °C / –13 °F to 158 °F
(Storage and transport
with standard works packaging)

11
12

Humidity
Permissible humidity stress:
It is recommended to arrange the
units in such a way that they are
not exposed to direct sunlight or
pronounced temperature changes
that ould cause condensation.

Annual average: ≤ 75 % relative
humidity, on 56 days per year 95 %
relative humidity, condensation not
permissible!

13
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Overcurrent Protection / 7SJ602
Technical data

1
2

Functions

Inverse-time overcurrent protection (ANSI 51/51N)

Deﬁnite-time overcurrent protection (ANSI 50, 50N)

Setting ranges/steps
Low-set overcurrent element
Phase Ip
Ground IEp

Setting ranges/steps
Low-set overcurrent element
Phase I>
Ground IE>

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

High-set overcurrent element
Phase I>>
Ground IE>>
Instantaneous tripping
Phase I>>>

3

Delay times T for I>, IE>, I>>,
IE>> and I>>>
The set times are pure delay
times

4

Pickup times I>, I>>, IE>, IE>>
At 2 x setting value,
without meas. repetition

5
6
7
8
9
10

Time multiplier for Ip, IEp
(IEC charac.)

Tp = 0.05 to 3.2 s (steps 0.01 s)

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

Time multiplier for Ip, IEp
(ANSI charac.)

D = 0.5 to 15 s (steps 0.1 s)

I/IN = 0.3 to 12.5 (steps 0.1); or ∞

High-set overcurrent element
Phase I>>
Ground IE>>

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

0 to 60 s (steps 0.01 s)

Instantaneous tripping
Phase I>>>

I/IN = 0.3 to 12.5 (steps 0.1); or ∞

Delay time TI>>

0 to 60 s (steps 0.01 s)

Approx. 25 ms

At 2 x setting value,
with meas. repetition

Approx. 35 ms

Pickup times for I>>>
at 2 x setting value

Approx. 15 ms

Reset times I>, I>>, IE>, IE>>
Reset time I>>>

Approx. 40 ms
Approx. 50 ms

Reset ratios

Approx. 0.95

Overshot time

Approx. 55 ms

Tolerances
Pickup values I>, I>>, I>>>,
IE>, IE>>
Delay times T

5 % of setting value or 5 % of
rated value
1 % of setting value or 10 ms

Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2

≤1%

Temperature, range:
- 5 °C ≤ Θamb ≤ 40 °C /
23 °F ≤ Θamb ≤ 104 °F

I/IN = 0.1 to 4 (steps 0.1)
I/IN = 0.05 to 4 (steps 0.01)

≤ 0.5 %/10 K

Frequency, range
0.98 ≤ f/fN ≤ 1.02
0.95 ≤ f/fN ≤ 1.05

≤ 1.5 %
≤ 2.5 %

Harmonics
Up to 10 % of 3rd harmonic
Up to 10 % of 5th harmonic

≤1%
≤1%

Tripping time characteristic
acc. to IEC

See page 5/33

Pickup threshold

Approx. 1.1 x Ip

Reset threshold,
alternatively disk emulation

Approx. 1.03 x Ip

Dropout time
50 Hz
60 Hz

Approx. 50 ms
Approx. 60 ms

Tolerances
Pickup values

5 % of setting value or 5 % of
rated value

Timing period for 2 ≤ I/Ip ≤ 20
and 0.5 ≤ I/Ip ≤ 24

5 % of theoretical value
± 2 % current tolerance;
at least 30 ms

Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2
Temperature, range:
-5 °C ≤ Θamb ≤ 40 °C /
-23 °F ≤ Θamb ≤ 104 °F
Frequency, range:
0.95 ≤ f/fN ≤ 1.05
Tripping characteristic
acc. to ANSI/IEEE

≤1%
≤ 0.5 %/10 K

≤ 8 %, referred to theoretical
time value
See page 5/33

Pickup threshold

Approx. 1.06 x Ip

Dropout threshold,
alternatively disk emulation

Approx. 1.03 x Ip

Tolerances

11
12
13
14
15
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Pickup threshold

5 % of setting value or 5 % of
rated value

Timing period for 2 ≤ I/Ip ≤ 20
and 0.5 ≤ I/Ip ≤ 24

5 % of theoretical value
± 2 % current tolerance; at least
30 ms

Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2
Temperature, range:
-5 °C ≤ Θamb ≤ 40 °C /
23 °F ≤ Θamb ≤ 104 °F
Frequency, range:
0.95 ≤ f/fN ≤ 1.05

≤1%
≤ 0.5 % /10 K

≤ 8 %, referred to theoretical
time value

Overcurrent Protection / 7SJ602
Technical data
(Sensitive) ground-fault protection (directional/non-directional)
Deﬁnite-time ground-fault protection (ANSI 50Ns)
Setting ranges/steps
Low-set element IEE>
High-set element

IEE>>

I/IEEN = 0.003 to 1.5 (steps 0.001);
or ∞ (deactivated)
I/IEEN = 0.003 to 1.5 (steps 0.001);
or ∞ (deactivated)

Delay times T for IEE> and IEE>> 0 to 60 s (steps 0.01 s)
Pickup times IEE>, IEE>>
At 2 x setting value
without meas. repetition

Approx. 35 ms

At 2 x setting value
with meas. repetition

Approx. 55 ms

Reset times IEE>, IEE>>
At 50 Hz
At 60 Hz

Approx. 65 ms
Approx. 95 ms

Reset ratios

Approx. 0.95

Overshot time

Approx. 55 ms

Tolerances
Pickup values IEE>, IEE>>
Delay times T

5 % of setting value or 5 % of
rated value
1 % of setting value or 10 ms

Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2
Temperature, range:
- 5 °C ≤ Θamb ≤ 40 °C /
23 °F ≤ Θamb ≤ 104 °F

≤1%
≤ 0.5 %/10 K

Inverse-time ground-fault protection (ANSI 51Ns), cont’d
Temperature, range:
-5 °C ≤ Θamb ≤ 40 °C /
23 °F ≤ Θamb ≤ 104 °F

≤ 0.5 %/10 K

Frequency, range:
0.95 ≤ f/fN ≤ 1.05

≤ 8 %, referred to theoretical
time value

Tripping characteristic acc. to
ANSI/IEEE

Approx. 1.06 x IEEp

Dropout threshold,
alternatively disk emulation

Approx. 1.03 x IEEp

≤ 1.5 %
≤ 2.5 %

Harmonics
Up to 10 % of 3rd harmonic
Up to 10 % of 5rd harmonic

≤ 1%
≤1%

Inverse-time ground-fault protection (ANSI 51Ns)

Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2

5

≤ 0.5 %/10 K

Frequency, range:
0.95 ≤f/fN ≤ 1.05

≤ 8 %, referred to theoretical
time value

Direction measurement

IE, VE (measured)

Measuring principle

Active/reactive measurement

Reset ratio
Measuring method

Approx. 0.8
cos φ and sin φ

Direction vector

-45 ° to +45 ° (in steps of 0.1 °)

Dropout delay TReset Delay

1 to 60 s (steps 1 s)
In 2 operating points F1 and F2

0 ° to 5 ° (in steps of 0.1 °)

Tp = 0.05 to 3.2 s (steps 0.01 s)

Angle correction F1, F2

Time multiplier for IEEp
(ANSI characteristic)

D = 0.5 to 15 s (steps 0.1 s)

Current values I1, I2
For sensitive input

I/IEEN = 0.003 to 1.5 (steps 0.001);
or ∞ (deactivated)

Measuring tolerance
acc. to DIN 57435

2 % of the setting value or 1 mA

0 to 60 s (steps 0.01 s)

Angle tolerance

3°

Delay time T for IEE>>
Tripping time characteristic
acc. to IEC

See page 5/33

Measuring time

Approx. 60 ms

Pickup delay time

0.04 to 320 s or ∞ (steps 0.01 s)

Time delay

0.1 to 40000 s or ∞ (steps 0.01 s)

Approx. 50 ms
Approx. 60 ms

Dropout ratio

0.95 or (pickup value - 0.6 V)

5 % of setting value or 5 % of rated
value

Operating time tolerances

Approx. 1.1 x IEEp
Approx. 1.03 x IEEp

Tolerances
Pickup values

Timing period for 2 ≤ I/IEEp ≤ 20 5 % of theoretical value
and 0.5 ≤ I/IEEN ≤ 24
± 2 % current tolerance;
at least 30 ms
Inﬂuencing variables
Auxiliary voltage, range:
0.8 ≤ Vaux/VauxN ≤ 1.2

8
9
10
11

Displacement voltage (ANSI 64)
VE >/VN = 0.02 to 1.3 (steps 0.001)

Reset threshold
alternatively disk emulation
Dropout time
50 Hz
60 Hz

I/IEEN = 0.003 to 1.6
(in steps of 0.001 I/IEEN)

Displacement voltage, measured

Pickup threshold

7

I/IEEN = 0.003 to 1.2
(in steps of 0.001 I/IEEN)

I/IEEN = 0.003 to 1.4 (steps 0.001)

IEE>>

6

Direction detection (ANSI 67Ns)

Time multiplier for IEEp
(IEC characteristic)

High-set element

4

≤1%

Temperature, range:
-5 °C ≤ Θamb ≤ 40 °C /
23 °F ≤ Θamb ≤ 104 °F

Angle correction for cable
converter
(for resonant-grounded system)

Setting ranges/steps
Low-set element IEEp

3

5 % of setting value or 5 % of
rated value

Timing period for 2 ≤ I/IEEp ≤ 20 5 % of theoretical value
and 0.5 ≤ I/IEEN ≤ 24
± 2 % current tolerance; at least
30 ms

Measuring enable
For sensitive input

Frequency, ranges:
0.98 ≤ f/fN ≤ 1.02
0.95 ≤ f/fN ≤ 1.05

2

See page 5/33

Pickup threshold

Tolerances
Pickup threshold

1

12

Measuring tolerance
VE (measured)

3 % of setting value, or 0.3 V
1 % of setting value, or 10 ms

13

The set times are pure delay times

14

≤1%

15
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Overcurrent Protection / 7SJ602
Technical data

1
2

Thermal overload protection with memory (ANSI 49) with preload

Negative-sequence protection (ANSI 46)

Setting ranges

Setting ranges/steps

Factor k according to IEC 60255-8 0.40 to 2 (steps 0.01)

Tripping stages I2> and I2>>

8 to 80 % to IN (steps 1 %)

Thermal time constant τth

1 to 999.9 min (steps 0.1 min)

Delay times T (I2>), T (I2>>)

0 to 60 s (steps 0.01 s)

Thermal warning stage
Θalarm/Θtrip

50 to 99 % referred to trip
temperature rise (steps 1 %)

Lower function limit

At least one phase current ≥ 0.1 x IN

Prolongation factor at motor
stand-still kτ

1 to 10 (steps 0.01)

Reset ratios
Θ/Θtrip
Θ/Θalarm

3

Tolerances
Referring to k · IN

4

Referring to trip time

Reset below 0.99 Θalarm
Approx. 0.99

5

Temperature, range
- 5 °C ≤ Θamb ≤ + 40 °C /
23 °F ≤ Θamb ≤ 104 °F
Frequency, range
0.95 ≤ f/fN ≤ 1.05

6

±5%
(class 5 % acc. to IEC 60255-8)
±5%±2s
(class 5 % acc. to IEC 60255-8)

≤ 0.5 %/10 K

≤1%

Pickup value

IL/IN = 0.4 to 4 (steps 0.1)

Time multiplier tL (= t6 -time)

1 to 120 s (steps 0.1 s)
Approx. 0.94
± 5 % of setting value or 5 %
of rated value

Referring to trip time

±5%±2s

Inﬂuencing variables

9

Temperature, range
- 5 °C ≤ Θamb ≤ + 40 °C /
23 °F ≤ Θamb ≤ 104 °F

10
11
12

Frequency, range
0.95 ≤ f/fN ≤ 1.05

≤1%
≤ 0.5 %/10 K

Tripping stages I2> and I2>>

Approx. 35 ms

Approx. 42 ms

Reset ratios
Tripping stages I2> and I2>>

Approx. 0.9 to 0.01 x IN

Current I/IN≤ 1.5
Current I/IN > 1.5

± 1 % of IN ± 5 % of set value
± 5 % of IN ± 5 % of set value

Delay times T (I2>) and T (I2>>) ± 1 % but min. 10 ms
Auxiliary DC voltage, range
0.8 ≤ Vaux/VauxN ≤ 1.2
Temperature, range
–5 °C ≤ Θamb +40 °C /
23 °F ≤ Θamb ≤ 104 °F
Frequency, range
0.98 ≤ f/fN ≤ 1.02
0.95 ≤ f/fN ≤ 1.05

≤1%
≤ 0.5 %/10 K

≤ 1 % of IN
≤ 5 % of IN

Number of possible shots

1 to 9, conﬁgurable

Auto-reclosure modes

3-pole

Dead times for 1st and any
further shot

0.05 s to 1800 s (steps 0.01 s)

Blocking time after successful AR

0.05 s to 320 s (steps 0.01 s)

Lock-out time after unsuccessful AR 0.05 s to 320 s (steps 0.01 s)
Reclaim time after manual close

0.50 s to 320 s (steps 0.01 s)

Duration of reclose command

0.01 s to 60 s (steps 0.01 s)

Trip circuit supervision (ANSI 74TC)
≤1%

Trip circuit supervision

With one or two binary inputs

Breaker failure protection

Circuit-breaker trip test

Trip/reclosure cycle

Setting ranges/steps

Control

Pickup of current element

CB I>/IN = 0.04 to 1.0 (steps 0.01)

Delay time

0.06 to 60 s or ∞ (steps 0.01 s)

Pickup times (with internal start) is contained in the delay time
is contained in the delay time
(via control)
(with external start) is contained in the delay time
Dropout time

Approx. 25 ms

Tolerances

13

Approx. 310 ms

Auto-reclosure (ANSI 79)

Referring to pickup
threshold 1.1 IL

Auxiliary DC voltage, range
0.8 ≤ Vaux/VauxN ≤ 1.2

Approx. 200 ms

Inﬂuencing variables

Tolerances

8

at fN = 60 Hz
Approx. 75 ms

Pickup values I2>, I2>>
≤1%

Setting ranges

Reset ratio I/IL

at fN = 50 Hz
Approx. 60 ms

Tolerances

Thermal overload protection without memory (ANSI 49) without preload

7

Tripping stages I2> and I2>>
But with currents I/IN > 1.5
(overcurrent case) or negativesequence current < (set value
+0.1 x IN)
Reset times

Inﬂuencing variables
Auxiliary DC voltage, range
0.8 ≤ Vaux/VauxN ≤ 1.2

Pickup times

Pickup value

2 % of setting value

Delay time

1 % or 20 ms

14
15
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Number of devices

1

Evaluation of breaker contact

None

Overcurrent Protection / 7SJ602
Technical data
Motor protection

Thermo-box (instead of system interface) (ANSI 38)

Setting ranges/steps
Rated motor current/
transformer rated current

Number of temperature sensors

Max. 6

Type of measuring

Pt 100 Ω or Ni 100 Ω or Ni 120 Ω

Installation drawing

“Oil” or “Environment” or “Stator”
or “Bearing” or “Other”

Start-up current of the motor

Imotor/IN = 0.2 to 1.2
(in steps of 0.1)
Istart/Imotor = 0.4 to 20
(in steps of 0.1)

Permissible start-up time tstart max 1 to 360 s (in steps of 0.1 s)
Starting time supervision (ANSI 48)

Limit values for indications
For each measuring detector
Warning temperature
(stage 1)

Setting ranges/steps
Pickup threshold
Tripping time characteristic

Alarm temperature
(stage 2)

Ipickup/Imotor = 0.4 to 20
(in steps of 0.1)

⎛ I ⎞2
tTRIP = ⎜ start ⎟ ⋅ t start max
⎝ I mrs ⎠

Additional functions

For Irms > Ipickup

Operational measured values

Istart

= Start-up current of the
motor

For currents

Irms

= Current actually ﬂowing

Ipickup

= Pickup threshold, from
which the motor start-up is
detected

tstart max = Maximum permissible
starting time
tTRIP
Reset ratio Irms/Ipickup

= Tripping time

Range
Tolerance

4
IL1, IL2, IL3, IE
in A (Amps) primary or in % IN
10 to 240 % IN
3 % of measured value
VL1-E, in kV primary or in %
10 to 120 % of VN
≤ 3 % of measured value

For sensitive ground-current
detection

IEE, IEEac, IEEreac
(r.m.s., active and reactive current)
in A (kA) primary, or in %
0 to 160 % IEEN
≤ 3 % of measured value

Power/work
S Apparent power

in kVA, MVA, GVA

5 % or 330 ms

S/VA (apparent power)

For V/VN, I/IN = 50 to 120 %
typically < 6 %

P Active power,

in kW, MW, GW

0 to 60 min (in steps of 0.1min)

P/Watts (active power)

For |cos φ| = 0.707 to 1, typically
< 6 %, for V/VN, I/IN = 50 to 120 %

Minimum restart inhibit
time Trestart

0.2 to 120 min (in steps of 0.1 min)

Q Reactive power,

In kvar, Mvar, Gvar

Q/Var (reactive power)

Maximum permissible number
of warm starts nw

1 to 4 (in steps of 1)

For |sin φ| = 0.707 to 1, typically
< 6 %, for V/VN, I/IN = 50 to 120 %

cos φ, total and phase-selective

-1 to +1

Difference between cold and
warm start nc - nw

1 to 2 (in steps of 1)

Power factor cos φ

For |cos φ| = 0.707 to 1, typically
<5%

Extension factor for cooling
simulation of the rotor
(running and stop)

1 to 10 (in steps of 0.1)

Metering

Delay time

Restart inhibit for motors (ANSI 66/86)
Setting ranges/steps
Rotor temperature compensation time TCOMP

Restarting limit

nc − 1
nc

Θrestart

= Θrot max perm ⋅

Θrestart

= Temperature limit
below which restarting
is possible

Θrot max perm = Maximum permissible
rotor overtemperature
(= 100 % in operational measured value
Θrot/Θrot trip)
nc

= Number of permissible
start-ups from cold
state

+ Wp kWh
- Wp kWh
+ Wq kvarh
- Wq kvarh

3

-50 °C to 250 °C (in steps of 1 °C)
-58 °F to 482 °F (in steps of 1 °F)
or ∞ (no indication)

5 % of setting value or 5 % rated
value

Pickup values

2

-50 °C to 250 °C (in steps of 1 °C)
-58 °F to 482 °F (in steps of 1 °F)
or ∞ (no indication)

For voltages
Range
Tolerance

Range
Tolerance

Approx. 0.94

Tolerances

1

In kWh, MWh, GWh forward
In kWh reverse
In kvarh inductive
In kvarh, Mvarh, Gvarh capacitive

5
6
7
8
9
10
11

Long-term mean values
Mean values

15, 30, 60 minutes mean values

IL1 dmd
IL2 dmd
IL3 dmd

Pdmd

in kW

Qdmd

in kvar

Sdmd

in kVA

in A, kA
in A, kA
in A, kA

12
13

Undercurrent monitoring (ANSI 37)
Threshold

IL < /IN = 0.1 to 4 (in steps of 0.01)

Delay time for IL<

0 to 320 s (in steps of 0.1 s)

14
15
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Overcurrent Protection / 7SJ602
Technical data
Min/max. LOG (memory)

CE conformity

1

Measured values

With date and time

Reset automatic

Time of day (settable in minutes)
Time range (settable in days;
1 to 365, ∞)

2

Reset manual

Via binary input
Via keyboard
Via communication

3
4
5

IL1; IL2; IL3

Min./max. values of primary
voltages

VL1-E

The unit has been developed and manufactured for
application in an industrial environment according to the EMC
standards.

Min./max. values of power

S Apparent Power
P Active power
Q Reactive power
Power factor cos φ

This conformity is the result of a test that was performed by Siemens AG
in accordance with Article 10 of the Council Directive complying
with the generic standards EN 50081-2 and EN 50082-2 for the EMC
Directive and standard EN 60255-6 for the “low-voltage Directive”.

Min./max. values of primary
currents mean values

IL1dmd, IL2dmd, IL3dmd

Min./max. values of power mean
value

Pdmd, Qdmd, Sdmd

Storage

Storage of the last 8 faults

Time assignment

7

Resolution for operationa
indications

1s

Resolution for fault event
indications

1 ms

Max. time deviation

0.01 %

Fault recording
Storage

Storage of max. 8 fault events

Total storage time (fault detection Max. 5 s, selectable pre-trigger and
or trip command = 0 ms)
post-fault time

8

Max. storage period per fault
event Tmax

9

This unit conforms to the international standard IEC 60255, and the
German standard DIN 57435/Part 303 (corresponding to VDE 0435/
Part 303).

Min./max. values of primary
currents

Fault event log

6

This product is in conformity with the Directives of the European
Communities on the harmonization of the laws of the Member States
relating to electromagnetic compatibility (EMC Council Directive
2004/108/EG previous 89/336/EEC) and electrical equipment designed
for use within certain voltage limits (Council Directive 2006/95/EG
previous 73/23/EEC).

0.30 s to 5 s (steps 0.01 s)

Pre-trigger time Tpre

0.05 s to 0.50 s (steps 0.01 s)

Post-fault time Tpost

0.05 s to 0.50 s (steps 0.01 s)

Sampling rate at 50 Hz

1 instantaneous value per ms

Sampling rate at 60 Hz

1 instantaneous value per 0.83 ms

Backup battery

10
11
12
13
14
15
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Lithium battery 3 V/1 Ah,
type CR ½ AA
Self-discharge time > 5 years
“Battery fault” battery charge
warning

Overcurrent Protection / 7SJ602
Selection and ordering data
Description

Order No.

7SJ602 multifunction overcurrent and motor protection relay

7SJ602

-

-

1

-

Measuring inputs (4 x I), default settings
IN = 1A1), 15th position only with A

1

IN = 5A1), 15th position only with A

5

Iph = 1A1), Ie = sensitive (IEE = 0.003 to 1.5 A),
15th position only with B and J

2

See next
page

Measuring inputs (1 x V, 3 x I), default settings
2

3

Iph = 5A1), Ie = sensitive (IEE = 0.015 to 7.5 A),
15th position only with B and J

6

Auxiliary voltage
DC 24/48 V, binary input threshold DC 19 V

2

DC 60/110 V 2), binary input threshold DC19 V 3)

4

DC 110/125/220/250 V, AC 115/230 V 2) binary input threshold 88 V3)

5

4

Unit design
Surface-mounting housing, terminals on top and bottom

B

Flush-mounting housing, screw-type terminals

E

5

Region-speciﬁc default and language settings

6

Region World, 50/60 Hz, ANSI/IEC characteristic,
languages: English, German, French, Spanish, Russian

B

System port (on bottom of unit)
No system port

0

IEC 60870-5-103, electrical RS232

1

IEC 60870-5-103, electrical RS485

2

IEC 60870-5-103, optical 820 nm, ST connector

3

Temperature monitoring box, electrical RS4854)

8

PROFIBUS-DP Slave, electrical RS485

9

L 0 A

PROFIBUS-DP Slave, optical 820 nm, double ring, ST connector

9

L 0 B

MODBUS, electrical RS485

9

L 0 D

MODBUS, optical 820 nm, ST connector

9

L 0 E

7
8
9

Command (without process check back signal)
Without command

0

With command

1

10

Measuring / fault recording
Oscillographic fault recording

1

Oscillographic fault recording, slave pointer,mean values, min./max. values

3

11
12
1) Rated current can be selected by
means of jumpers.
2) Transition between the two auxiliary
voltage ranges can be selected by
means of jumpers.
3) The binary input thresholds can be
selected in two stages by means of
jumpers.
4) Temperature monitoring box
7XV5662- AD10, refer to part 13.

13
14
15
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Overcurrent Protection / 7SJ602
Selection and ordering data
ANSI No.

1

Order No.

Description

7SJ602 multifunction overcurrent and motor protection relay

7SJ602

-

-

Basic version
50/51
50N/51N
49
74TC
50BF

2

46

3

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Earth/ground-fault protection TOC ground/earth IE>, IE>>, IEp
Thermal overload protection
Trip-circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection

F A

1)

F B

2)

F J

2)

H A

1)

H B

2)

H J

2)

Basic version + directional earth/ground-fault detection
50/51
67Ns
64
49
74TC
50BF

4

46

5

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Directional sensitive earth/ground-fault detection IEE>, IEE>>, IEp
Sensitive ground-fault protection
Thermal overload protection
Trip-circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection
Basic version + sensitive earth/ground-fault detection + measuring

50/51
50Ns/51Ns
49
74TC
50BF

6

46

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Sensitive earth/ground-fault detection IEE>, IEE>>, IEp
Thermal overload protection
Trip-circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection
Voltage and power measuring
Basic version + motor protection

7

50/51
50N/51N
49
74TC
50BF

8

46
48
37
66/86

9

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Earth/ground-fault protection TOC ground/earth IE>, IE>>, IEp
Thermal overload protection
Trip circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection
Start-time supervision
Undercurrent/loss of load monitoring
Restart inhibit
Basic version + directional ground/earth fault protection + motor protection

10
11
12
13
14

50/51
67Ns
64
49
74TC
50BF
46
48
37
66/86

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Sensitive ground fault detection for sytems with resonant or isolated IEE>, IEE>>, IEp
Displacement voltage
Thermal overload protection
Trip circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection
Start-time supervision
Undercurrent/loss of load monitoring
Restart inhibit
Basic version + sensitive ground/earth-fault detection + measuring + motor protection

50/51
50Ns/51Ns
49
74TC
50BF
46
48
37
66/86

Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
Sensitive ground/earth-fault detection IEE>, IEE>>, IEp
Thermal overload protection
Trip circuit supervision
Circuit-breaker failure protection
Cold load pickup
Negative-sequence system overcurrent protection
Voltage and power measuring
Start-time supervision
Undercurrent/loss of load monitoring
Restart inhibit
Auto-reclosure (ARC)
Without auto-reclosure ARC

15

79

0

With auto-reclosure ARC

1) Only with position 7 = 1 or 5
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2) Only with position 7 = 2 or 6

Overcurrent Protection / 7SJ602
Selection and ordering data
Accessories

Description

Order No.

1

DIGSI 4
Software for conﬁguration and operation of Siemens protection
units running under MS Windows 2000/XP Professional Edition,
device templates, Comtrade Viewer, electronic manual included
as well as “Getting started” manual on paper, connecting cables
(copper)

2

Basis
Full version with license for 10 computers, on CD-ROM
(authorization by serial number)

7XS5400-0AA00

3

Professional
DIGSI 4 Basis and additionally SIGRA (fault record analysis),
CFC Editor (logic editor), Display Editor (editor for default and
control displays) and DIGSI 4 Remote (remote operation)

7XS5402-0AA00

SIGRA 4

4

(generally contained in DIGSI Professional, but can be ordered
additionally). Software for graphic visualization, analysis and
evaluation of fault records.
Can also be used for fault records of devices of other manufacturers (Comtrade format). Running under MS Windows.
Incl. templates, electronic manual with license for 10 PCs on
CD-ROM.
Authorization by serial number.

5
7XS5410-0AA00

6

Temperature monitoring box
AC/DC 24 to 60 V

7XV5662-2AD10

AC/DC 90 to 240 V

7XV5662-5AD10

7

Connecting cable
(contained in DIGSI 4, but can be ordered additionally)
Cable between PC/notebook (9-pin con.) and protection unit
(9-pin connector)

7XV5100-4

8

Cable between temperature monitoring box and
SIPROTEC 4 unit
- length 5 m / 16.4 ft
- length 25 m / 82 ft
- length 50 m / 164 ft

7XV5103-7AA05
7XV5103-7AA25
7XV5103-7AA50

9

Manual for 7SJ602

Accessories

please visit

www.siemens.com/siprotec

Spanish

please visit

www.siemens.com/siprotec

Description

Order No.

Size of
package

Supplier

Voltage/current terminal 18-pole

C73334-A1-C31-1

1

Siemens

Voltage/current terminal 8-pole

C73334-A1-C32-1

1

Siemens

Short-circuit links
For current terminals
For other terminals

C73334-A1-C33-1
C73334-A1-C34-1

1
1

Siemens
Siemens

Mounting rail for 19" rack

C73165-A63-D200-1

1

Siemens

10
11

LSP2093-afp.eps

Terminal safety cover

LSP2289-afp.eps

Short-circuit links
for current terminals

Mounting rail

English

Your local Siemens representative
can inform you on local suppliers.

12
13
14
15
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Overcurrent Protection / 7SJ602
Connection diagram

1
2
3
4
5
6
7
8
Fig. 5/54

Connection diagram according to IEC standard

9
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Overcurrent Protection / 7SJ602
Connection diagram

1
2
3
4
5
6
7
8
Fig. 5/55

Connection diagram according to IEC standard
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SIPROTEC 5
Paralleling Device 7VE85

Technical Data
Extract from manual C53000-G5040-C071-1, chapter 12

Energy Automation

V7.80 and higher

i

NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.

Disclaimer of Liability

Copyright

This document has been subjected to rigorous technical
review before being published. It is revised at regular intervals, and any modifications and amendments are included
in the subsequent issues. The content of this document has
been compiled for information purposes only. Although
Siemens AG has made best efforts to keep the document as
precise and up-to-date as possible, Siemens AG shall not
assume any liability for defects and damage which result
through use of the information contained herein.
This content does not form part of a contract or of business
relations; nor does it change these. All obligations of
Siemens AG are stated in the relevant contractual agreements.
Siemens AG reserves the right to revise this document from
time to time.
Document version: C53000-H5040-C071-1.02
Edition: 05.2018
Version of the product described: V7.80 and higher

Copyright © Siemens AG 2018. All rights reserved.
The disclosure, duplication, distribution and editing of this
document, or utilization and communication of the content
are not permitted, unless authorized in writing. All rights,
including rights created by patent grant or registration of a
utility model or a design, are reserved.
Trademarks
SIPROTEC™, DIGSI™, SIGUARD™, SIMEAS™, and SICAM™
are trademarks of Siemens AG. Any unauthorized use is
illegal. All other designations in this document can be
trademarks whose use by third parties for their own
purposes can infringe the rights of the owner.

Preface

Purpose of the Manual
This manual describes the functions of the paralleling device.
Target Audience
Protection system engineers, commissioning engineers, persons entrusted with the setting, testing and maintenance of automation, selective protection and control equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.
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•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning electrical equipment for use
within specified voltage limits (Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive) and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens AG.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Other Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see certified.ul.com
Select Online Certifications Directory and enter E194016 as UL File Number.
IND. CONT. EQ.
69CA

[ul_listed_c_us, 1, --_--]
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Additional Support
For questions about the system, please contact your Siemens sales partner.
Support
Our Customer Support Center provides a 24-hour service.
Phone:
Fax:
E-Mail:

+49 (180) 524-7000
+49 (180) 524-2471
support.energy@siemens.com

Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstraße 59
90459 Nürnberg
Germany
Phone:
Fax:
E-Mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given particular attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:
• Proper transport

•
•

Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:
• The equipment must be grounded at the grounding terminal before any connections are made.

6

•
•

All circuit components connected to the power supply may be subject to dangerous voltage.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).
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12.1

General Device Data

12.1.1 Analog Inputs
Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Input and output modules

IO202, IO208, IO211, IO214

IO215

Measuring range

0 V to 200 V

0 V to 7.07 V

Input impedance

< 0.1 VA

< 0.01 VA

Thermal rating

230 V continuously

20 V continuously

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)
Insulation class

SELV (Safety Extra Low Voltage) (according to IEC 60255-27)

Connector type

8-pin multiple contact strip

Differential current input channels

4

Measuring range

DC -24 mA to +24 mA

Fault

< 0.5 % of the measuring range

Input impedance

140 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 20 V

Galvanic separation from ground/
housing

DC 700 V

Permissible overload

DC 100 mA continuously

Measurement repetition

200 ms

Measuring-Transducer Inputs (via Module ARC-CD-3FO)
Connector type

AVAGO AFBR-4526Z

Number of transceivers

3

Fiber type

Polymer Optical Fiber (POF) 1 mm

Receiver
Maximum

-10 dBm ± 2 dBm

Minimum

-40 dBm ± 2 dBm

Spectrum

400 nm to 1100 nm

Attenuation

In the case of plastic optical fibers, you can expect a path attenuation of
0.2 dB/m Additional attenuation comes from the plug and sensor head.

Optical budget 1

Minimal 25 dB

Analog sampling rate

16 kHz

ADC type

10-bit successive approximation

Transmitter

708

Type

LED

Wavelength

λ = 650 nm

Transmit power

Minimum 0 dBm
Maximum 2 dBm

Numerical aperture

0.5 2

Signal rate connection test

1 pulse per second
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Pulse duration connection test

11 μs

Comment:
1

All values in combination with sensors approved by Siemens.

2

Numerical aperture (NA = sin θ (launch angle))

High-Speed Measuring-Transducer Inputs, Voltage/Current (via IO210, IO212)

i

NOTE
Current and voltage must not be connected at the same time to one measuring-transducer input. Instead,
only connect either current or voltage. For EMC reasons, do not connect a line to an unused input (current
or voltage).
Use shielded cables.
Table 12-1

High-Speed Measuring-Transducer Inputs, Voltage

Differential voltage input channels

IO210: 421
IO212: 822

Measuring range

DC -10 V to +10 V

Fault

< 0.5 % of the measuring range

Input impedance

48 kΩ

Conversion principle

Delta-sigma (16 bit)

Insulation test voltage between the DC 3.5 kV
channels
Insulation test voltage with respect DC 3.5 kV
to ground/housing
Max. permissible voltage with
respect to ground on the measuring inputs

300 V

Permissible overload

DC 20 V continuously
DC 60 V continuously (IO210 MT3 terminal point C9)

Measured-value repetition

62.5 μs

Insulation class IO210

ELV (Extra Low Voltage) (acc. to IEC 60255-27)

Insulation class IO212

SELV (acc. to IEC 60255-27)

Table 12-2

High-Speed Measuring-Transducer Inputs, Current

Differential current input channels

IO210: 423
IO212: 824

Measuring range

DC -20 mA to +20 mA

Fault

< 0.5 % of the measuring range

Input impedance, current

12 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 3.5 kV

Galvanic separation with respect to DC 3.5 kV
ground/housing
Permissible current overload

DC 100 mA continuously

21 The

IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
23 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
24 The IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
22 The
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Measured-value repetition

62.5 μs

Temperature Inputs
Settings

Value

Note

Insulation class

PELV (Protective Extra Low Voltage) –
(acc. to IEC 60255-27)

Measurement mode

•
•
•

Pt 100 Ω
Ni 100 Ω
Ni 120 Ω
3-wire connection, shielded cables

–

Connector type

16-pin, 17-pin terminal spring

–

Temperature measuring range

-65 °C to +710 °C

For PT100

-50 °C to +250 °C

For NI100

-50 °C to +250 °C

For NI120

12.1.2 Supply Voltage
Integrated Power Supply
For modular devices, the following printed circuit-board assemblies have a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, CB202)

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, CB202)
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz
DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11
Inrush current

≤ 18 A

Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

710

DC 24 V to DC 48 V

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V
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Integrated Power Supply
PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)
–

DC

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 base module, nonmodular
Without plug-in modules

7.0 W

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

33 VA

24 VA

1/6 expansion module

6 VA

6 VA

1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

3W

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA

Stored-energy time for auxiliary voltage outage or
short circuit, modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices
IEC 61000-4-11
IEC 61000-4-29

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V/DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

12.1.3 Binary Inputs
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar with the exception of the
binary inputs on the IO230, the IO231, and the IO233.

Current consumption, excited

Approx. DC 0.6 mA to 2.5 mA (independent of the control voltage)

Power consumption, max.

0.6 VA

Pickup time

Approx. 3 ms

Dropout

time25

Capacitive load (supply-line capaci- Dropout time
tance)
< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

25 For

time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of
the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Control voltage for all modules
with binary inputs except the
IO233

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage

Vlow ≤ DC 10 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V

Control voltage for binary inputs of Range
the IO233 modules
Maximum permitted voltage

Vhigh ≥ DC 19 V
Vhigh ≥ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. To ensure EMC immunity, use the terminals
shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common potential.

12.1.4 Relay Outputs
Standard Relay (Type S)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Fast Relay (Type F)

712

Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A
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Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)

High-Speed Relay with Semiconductor Acceleration (Type HS)
Switching capacity

On/Off: 1000 W/VA

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300

Power Relay (for Direct Control of Motor Switches)
Switching capacity for permanent and periodic operation
250 V/4.0 A
220 V/4.5 A
110 V/5.0 A
60 V/5.0 A
48 V/5.0 A
24 V/5.0 A

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.

Turn on switching power for 30 s, recovery time until switching on again is 15 minutes.
For short-term switching operations, an impulse/pause ratio of 3 % must be considered.
100 V/9.0 A
60 V/10.0 A
48 V/10.0 A
24 V/10.0 A

1000 W
600 W
480 W
240 W

AC and DC contact voltage

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.
250 V

Permissible continuous current per contact

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s
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Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

≤ 16 ms

Rated data of the output contacts in accordance with
UL certification

DC 300 V, 4.5 A - 30 s ON, 15 min OFF
DC 250 V, 1 hp motor - 30 s ON, 15 min OFF
DC 110 V, 3/4 hp motor - 30 s ON, 15 min OFF
DC 60 V, 10 A, 1/2 hp motor - 30 s ON, 15 min OFF
DC 48 V, 10 A, 1/3 hp motor - 30 s ON, 15 min OFF
DC 24 V, 10 A, 1/6 hp motor - 30 s ON, 15 min OFF

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of each switching pair picks up at a time
thereby avoiding a power-supply short circuit.

12.1.5 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg

Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg

Device Size
Weight of the Non-Modular Devices 7xx82
Type of construction

1/3

Flush-mounting device

3.6 kg

Bracket for non-modular surfacemounted variant

1.9 kg

Dimensions of the Base and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth (incl.
Current Terminal), Width and Depth Each Rounded
up to the Next Full mm (in Inches)

Flush-mounting device

150 mm x 266 mm x 229 mm
(5.91 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm
ation panel
(5.91 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm
tion panel
(5.91 x 12.36 x 9.06)
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Dimensions of Device Rows
Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth (incl. Current Terminal), Width and Depth
Each Rounded up to the Next Full mm (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

150 mm x
266 mm x
229 mm
(5.91 x 10.47 x
9.02)

225 mm x
266 mm x
229 mm
(8.86 x 10.47 x
9.02)

300 mm x
266 mm x
229 mm
(11.81 x 10.47 x
9.02)

375 mm x
266 mm x
229 mm
(14.76 x 10.47 x
9.02)

450 mm x
266 mm x
229 mm
(17.72 x 10.47 x
9.02)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm
(5.91 x 12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x 12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x 12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x 12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x 12.36 x
13.27)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm
(5.91 x 12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x 12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x 12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x 12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x 12.36 x
9.06)

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth, Width and Depth Each
Rounded up to the Next Full mm (in Inches)

Flush-mounting device

75 mm x 266 mm x 229 mm
(2.95 x 10.47 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm
ation panel
(2.95 x 12.36 x 13.27)
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm
tion panel
(2.95 x 12.36 x 9.06)
Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm
(2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm
(2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm
(2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module
Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)
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Degree of Protection According to IEC 60529
For equipment in the surface-mounting housing

IP5426 for front

For equipment in the flush-mounting housing

IP5426 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27

2

Maximum altitude above sea level

2000 m (6561.68 ft)

UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.
Tightening Torques for Terminal Screws
Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

1.0 Nm

–

i

NOTE

i

NOTE

2.0 Nm

For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

Use copper cables only.

Torques for Other Screw Types

26 The
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Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm

provided plug-in label must be used for expansion modules with LEDs.
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12.2

Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG-B 002(003)
IRIG-B 006(007)
IRIG-B 005(004) with extension according to
IEEE C37.118-2005
DCF77
PI (protection interface) 27
SNTP
IEC 60870-5-103
DNP3
IEEE 1588
T104

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active

Beginning of daylight saving time

Input: day and time

End of daylight saving time

Input: day and time

Offset daylight saving time

0 min to 120 min [steps of 15]

Inactive

27 If

provided
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12.3

Paralleling Function

Operating Modes
Switching synchronous systems
Switching asynchronous systems
Switching to dead line or dead busbar
Direct close command
Balancing voltage
Balancing frequency
Setting Values
Supervision/Delay/Pulse times
Max.durat. sync.process

0.00 s to 3600.00 s or ∞ (ineffective)

Increments of 0.01 s

Supervision time for dead-system
switching

0.00 s to 60.00 s

Increments of 0.01 s

Closure delay

0.00 s to 60.00 s

Increments of 0.01 s

T V pulse min/T f pulse min

0.01 s to 1.00 s

Increments of 0.01 s

T V pulse max/T f pulse max

0.01 s to 60.00 s

Increments of 0.01 s

T pause V/T pause f

0.01 s to 60.00 s

Increments of 0.01 s

T close without balancing

1.00 s to 100.00 s

Increments of 0.01 s

Upper voltage limit Vmax

0.300 V to 340.000 V (phase-to-phase)

Increments of 0.001 V

Lower voltage limit Vmin

0.300 V to 340.000 V (phase-to-phase)

Increments of 0.001 V

V1, V2 without voltage

0.300 V to 170.000 V (phase-to-phase)

Increments of 0.001 V

V1, V2 with voltage

0.300 V to 340.000 V (phase-to-phase)

Increments of 0.001 V

Voltage threshold values

Differential values, changeover thresholds asynchronous/synchronous/balancing
Voltage difference
V2 > V1; V2 < V1

0.000 V to 170.000 V

Increments of 0.001 V

Frequency difference
f2 > f1; f2 < f1

0.000 Hz to 2.000 Hz (synchronous)
0.000 Hz to 4.000 Hz (asynchronous)

Increments of 0.001 Hz

Angle difference
α2 > α1; α2 < α1

0° to 90°

Increments of 1°

Δf threshold ASYN <-> SYN

0.010 Hz to 0.200 Hz

Increments of 0.001 Hz

Δf set point for balancing

-1.00 Hz to 1.00 Hz

Increments of 0.01 Hz

Δf for the kick pulse

-1.00 Hz to 1.00 Hz

Increments of 0.01 Hz

Angle adjustment

0.0° to 360.0°

Increments of 0.1°

Voltage adjustment

0.500 to 2.000

Increments of 0.001

0.01 s to 0.60 s

Increments of 0.01 s

Adjustments of the sides

Circuit breaker
Closing time of the circuit breaker
Dropout Ratio

718

Min./max. operating limit

1 % of the setting value

Voltage differential

10 % of the setting value or 0.5 V

Dead/energized

5 % of the setting value

Frequency difference

3 mHz

Angle difference

0.1°
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Measured Values
Reference voltage: V1 (always displayed as a phase-to-phase voltage)
Unit

kV in primary, V in secondary, or % Vrated

Range

10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Voltage to be paralleled: V2 (always displayed as a phase-to-phase voltage)
Unit

kV in primary, V in secondary, or % Vrated

Range

10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Frequency of the voltage V1: f1
Unit

Hz

Range

25 Hz ≤ f ≤ 70 Hz

Tolerance at rated frequency

1 mHz

Frequency of the voltage V2: f2
Unit

Hz

Range

25 Hz ≤ f ≤ 70 Hz

Tolerance at rated frequency

1 mHz

Voltage difference: V2 - V1 (always displayed as a phase-to-phase voltage according to V1)
Unit

kV in primary, V in secondary, or % Vrated

Range

10 % to 120 % of Vrated

Tolerance at rated frequency

≤ 1 % of the measured value or 0.5 % Vrated

Frequency difference: f2 - f1
Unit

mHz

Range

frated ± 10 %

Tolerance at rated frequency

1 mHz

Angle difference: α2 - α1
Unit

°

Range

-180° to +180°

Tolerance at rated frequency

0.5°

Measuring time after switching on
the variables

Approx. 80 ms

Times

Operating Range
Voltage

20 V to 340 V

Frequency

frated - 4 Hz ≤ frated ≤ frated + 4 Hz

Voltage

2 % of the setting value or 1 V

Voltage difference V2>V1; V2<V1

1V

Frequency difference f2>f1; f2<f1

10 mHz

Angle difference α2>α1; α2<α1

1°

Pulse time

1 % of the calculated impulse or 10 ms

Tolerance of all time settings

10 ms

Tolerances
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Max. phase displacement angle

720

5° for Δf ≤ 1 Hz
10° for Δf > 1 Hz
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12.4

Synchronization Function

Operating Modes
Synchrocheck
De-energized switching
Direct closing command
Setting Values
Supervision/Delay times:
Max.durat. sync.process

0.00 s to 3 600.00 s or ∞ (ineffective)

Increments of 0.01 s

Supervision time de-energized
switching

0.00 s to 60.00 s

Increments of 0.01 s

Upper voltage limit Vmax

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

Lower voltage limit Vmin

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-tophase)
0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V
Increments of 0.001 V

Voltage threshold values:

Differential values, changeover thresholds asynchronous/synchronous/balancing./adjusting
commandS:
Voltage differences
V2 > V1; V2 < V1

0.000 V to 170.000 V

Increments of 0.001 V

Frequency difference f2 > f1;
f2 < f1

0.000 Hz to 2.000 Hz (synchronous)
0.000 Hz to 4.000 Hz (asynchronous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1

0o to 90o

Increments of 1o

Angle adjustment

0.0o to 360.0o

Increments of 0.1o

Voltage adjustment

0.500 to 2.000

Increments of 0.001

0.01 s to 0.60 s

Increments of 0.01 s

Adjustments of the sides:

Circuit breaker
Closing time of the circuit breaker
Dropout Ratio
Min./max. operating limit

1 % of the setting value

Voltage differential

10 % of the setting value or 0.5 V

De-energized/energized

5 % of the setting value

Frequency difference

3 mHz

Angle difference

0.1o

SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018

721

Technical Data
12.4 Synchronization Function

Measured Values of the Synchronization Function
Reference voltage V1

•
•

Range
Tolerance at rated frequency

Voltage to be synchronized V2

•
•

Range
Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated
In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated

•
•

Frequency of the voltage V1f1
Range
Tolerance at rated frequency

f1 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

•
•

Frequency of the voltage V1f2
Range
Tolerance at rated frequency

f2 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

Voltage difference V2-V1

In kV primary, in V secondary or in % Vrated

•
•

Range
Tolerance at rated frequency

Display always as phase-to-phase voltage in relation
to side 1
10 % to 120 % of Vrated
≤ 1 % of the measured value or 0.5 % Vrated

Frequency difference f2-f1
• Range
• Tolerance at rated frequency

In mHz
frated ± 10 %

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o

1 mHz
-180o to +180o
0.5o

Times
Measuring time, after switching on the variables

Approx. 80 ms

Operating Range
Voltage

20 V to 340 V

Frequency

frated - 4 Hz ≤ frated ≤ frated + 4 Hz

Tolerances of the voltage settings

2 % of the pickup value or 1 V

Voltage difference V2>V1; V2<V1

1V

Frequency difference f2>f1; f2<f1

10 mHz

Angle difference α2>α1; α2<α1

1o

Pulse time

1 % of the calculated impulse or
10 ms

Tolerance of all time settings

10 ms

Max. phase displacement angle

5o for Δf ≤ 1 Hz

Tolerances

10o for Δf > 1 Hz
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12.5

Overvoltage Protection with 3-Phase Voltage

Setting Values for Stage Type Definite-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value28

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 300.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Type Inverse-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value

0.300 V to 340.000 V

Increments of 0.001 V

Pickup factor

1.00 to 1.20

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve for Stage Type Inverse-Time Overvoltage Protection

28 If

Where
Top

Operate delay

Tinv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

Where
Tinv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V

Measured voltage

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Vthresh

Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT29 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances for Stage Type Definite-Time Overvoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances for Stage Type Inverse-Time Overvoltage Protection

29 OOT

724

Voltages

0.5 % of the setting value or 0.05 V

Operate time for
1.2 ≤ V/V threshold value ≤ 20

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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12.6

Overvoltage Protection with Any Voltage

Setting Values
Measured value30

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Pickup value31

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT32 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Tolerances

30 If

the function Overvoltage protection with any voltage is used in a 1-phase function group, the measured-value parameter is not
visible.
31 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
32 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018

725

Technical Data
12.6 Overvoltage Protection with Any Voltage

Time delays
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1 % of the setting value or 10 ms
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12.7

Undervoltage Protection with 3-Phase Voltage

Setting Values for Stage Type Definite-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value33

0.300 V to 175.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Setting Values for Stage Type Inverse-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold

0.300 V to 175.000 V

Increments of 0.001 V

Pickup factor

0.80 to 1.00

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve
Top=TInv+Tadd

33 If

Where:
Top

Operate delay

TInv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

you have selected the Method of measurement = RMS value, do not set the threshold value under 10 V.
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[fo_UVP3ph_inverse, 2, en_US]

Where
TInv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V
VThresh

Measured undervoltage
Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 25 ms + OOT34 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

Tolerances for Stage Type Definite-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

Time delays
34 OOT
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(Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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Tolerances for Stage Type Inverse-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

Operate time for 0 < V/VThresh < 0.9

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms
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12.8

Undervoltage Protection with Any Voltage

Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated phase-to-phase voltage VAB
Calculated phase-to-phase voltage VBC
Calculated phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Threshold value35

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT36 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

35 If

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
(Output Operating Time): additional delay of the output medium used, see chapter 12.1.4 Relay Outputs

36 OOT
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12.9

Overcurrent Protection, Phases

12.9.1 Stage with Definite-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value37

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times

37 If

Operate time with time delay = 0 ms

Approx. 25 ms + OOT 38 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

38 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation39
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 40

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 41

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 42

Time delays

1 % of the setting value or 10 ms

39 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
41 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
42 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
40 In
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Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.9.2 Stage with Inverse-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement
Threshold value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Extension of the operate time during operation with
transformer inrush-current detection
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Figure 12-1
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Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Figure 12-2

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-3
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-4

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 12-5
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Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 12-6

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation43
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 44

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 45

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 46

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.9.3 Stage with User-Defined Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Fundamental component –
RMS value

Method of measurement
Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

43 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
45 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
46 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
44 In
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Absolute pickup value

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p.u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p.u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018

741

Technical Data
12.9 Overcurrent Protection, Phases

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation47
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 48

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 49

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 50

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

47 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
49 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
50 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
48 In
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12.10 Overcurrent Protection, Ground
12.10.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value51

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT52 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

51 If

Active

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

52 OOT

(Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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Tolerances
3I0 measured via I453, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I454, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.10.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value55

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

53 Slightly

expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
55 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 l
rated,sec.

54 Slightly
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12.10 Overcurrent Protection, Ground

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

[dwocpki1-080213-01.tif, 1, en_US]

Figure 12-7

Operate Curves and Dropout Characteristic Curves According to IEC
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12.10 Overcurrent Protection, Ground

[dwocpki2-080213-01.tif, 1, en_US]

Figure 12-8
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Operate Curves and Dropout Characteristic Curves According to IEC
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

[dwocpka1-080213-01.tif, 2, en_US]

Figure 12-9

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 12-10
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018

Technical Data
12.10 Overcurrent Protection, Ground
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Figure 12-11

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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[dwocpka4-080213-01.tif, 2, en_US]

Figure 12-12

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I456, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I457, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

56 Insignificantly
57 Insignificantly
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5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Dropout time for 2 ≤ I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

12.10.3 Stage with User-Defined Characteristic Curve
Setting Values
Method of measurement
Threshold value

Absolute pickup value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p. u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p. u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I458, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

I459,

3I0 measured via
method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

58 Insignificantly
59 Insignificantly
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Approx. 10 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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12.11 Instantaneous High-Current Tripping
Setting Values
Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.50 to 0.90

Increments of 0.01

Dropout ratio
Dropout

The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time for current > 2·√2·threshold value

Approx. 8 ms + OOT60

Response tolerance, current

5 % of setting value or 10 mA
at Irated = 1 A

Tolerances

5 % of setting value or 50 mA
at Irated = 5 A
Time delays

60 OOT

1 % of the setting value or 10 ms

(Output Operating Time) Additional delay of the output medium used, see Chap. 12.1.4 Relay Outputs
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12.12 Vector-Jump Protection

12.12 Vector-Jump Protection
Setting Values
Threshold V1 min

0.300 V to 175.000 V

Increments of 0.001 V

Threshold V1 max

0.300 V to 175.000 V

Increments of 0.001 V

Threshold Δφ

2.0° to 30.0°

Increments of 0.1°

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

T Reset

0.00 s to 60.00 s

Increments of 0.01 s

T Block

0.00 s to 60.00 s

Increments of 0.01 s

I< Threshold

0.030 A to 35.000 A at 1 A
0.150 A to 175.000 A at 5 A

Increments of 0.001 A

Pickup times

Approx. 80 ms + OOT 61at 50 Hz
Approx. 66.8 ms + OOT at 60 Hz

Dropout times

Approx. 80 ms + OOT at 50 Hz
Approx. 66.8 ms + OOT at 60 Hz

Times

Frequency Operating Range
frated - 3 Hz ≤ f or frated ≤ frated + 3 Hz

According to specified tolerances

f < frated - 3 Hz or f > frated + 3 Hz

Inactive

Angle jump

0.5° at V > 0.5 Vrated

Voltage blocking

1 % of the setting value or 0.500 V

Tolerances

Undercurrent release

For Irated = 1 A: 1 % of the setting value or 10 mA
For Irated = 5 A: 1 % of the setting value or 50 mA

Time delay T

1 % or 10 ms

61 OOT

(Output Operating Time): additional delay of the output medium used. You can find more information in chapter 12.1.4 Relay
Outputs.
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12.13 Overfrequency Protection

12.13 Overfrequency Protection
Setting Values
Pickup values f>

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f>

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT62
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 79 ms + OOT
Approx. 65 ms + OOT

Dropout times f>

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f>
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f>)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

62 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
12.1.4 Relay Outputs
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12.14 Underfrequency Protection
Setting Values
Pickup values f<

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f<

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT63
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 65 ms + OOT
Approx. 54 ms + OOT

Dropout times f<

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f<)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

63 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
12.1.4 Relay Outputs
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12.15 Rate of Frequency Change Protection
Setting Values for the Function
Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Measuring window

2 periods to 5 periods

Increments of 1 period

Threshold

0.100 Hz/s to 20.000 Hz/s

Increments of 0.025 Hz/s

Dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.01 Hz/s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Setting Values for Stage Types

Dropout
Frequency

Parameterizable dropout differential

Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Times
Pickup time

Approx. 160 ms + OOT64 to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Dropout time

Approx. 160 ms + OOT to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Threshold,
measuring window > 3 periods

Approx. 3 % or 0.060 Hz/s

Threshold,
measuring window ≤ 3 periods

Approx. 5 % or 0.060 Hz/s

64 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
12.1.4 Relay Outputs
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12.15 Rate of Frequency Change Protection

Minimum voltage

1 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms

Functional Measured Value

758

Value

Description

df/dt

Calculated rate of frequency change
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12.16 Power Protection (P,Q), 3-Phase

12.16 Power Protection (P,Q), 3-Phase
Setting Values
Measured value

Positive sequence power
Power of phase A
Power of phase B
Power of phase C

Threshold value

-200.0 % to +200.0 %

Increments of 0.1

Tilt-power characteristic

-89.0° to +89.0°

Increments of 0.1°

Dropout delay time

0.00 s to 60.00 s

Increments of 0.01 s

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

Upper stage: 0.90 to 0.99
Lower stage: 1.01 to 1.10

Increments of 0.01
Increments of 0.01

Pickup times

Approx. 55 ms + OOT65 at 50 Hz
Approx. 45 ms + OOT at 60 Hz

Dropout times

Approx. 55 ms + OOT at 50-Hz
Approx. 45 ms + OOT at 60 Hz

Power

0.5 % Srated ± 3 % of setting value

Times

Tolerances

(Srated: rated apparent power)
Time delays

1 % of the setting value or 10 ms

Variables That Influence Pickup Values
Auxiliary DC voltage in the range 0.8 ≤ Vaux./
Vaux.,rated ≤ 1.15

≤1%

Frequency in the range 0.95 ≤ f/frated ≤ 1.05

≤1%

Harmonics
- Up to 10 % of 3rd harmonics
- Up to 10 % of 5th harmonics

≤1%
≤1%

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz < f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f
f ≤ 10 Hz

65 OOT

Inactive

(Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs
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12.17 Power-Plant Disconnection Protection

12.17 Power-Plant Disconnection Protection
Setting Values
Threshold P1>

50.00 % to 100.00 %

Increments of 0.01 %

Threshold P1<

0.00 % to 60.00 %

Increments of 0.01 %

Threshold Vph-ph<
Threshold I>

0.300 V to 175.000 V

Increments of 0.001 V

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold dP1<

-100.00 % to -30.00 %

Increments of 0.01 %

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate curve

2 to 5

Increments of 1

Functional Measured Values
Functional measured values are available to you so that you can better evaluate the behavior of the function.
You can collect these functional measured values in a fault record for example.
Measured Description
Value
P1(t)

Positive-sequence system active power, which is evaluated by the function. The measured value
is calculated every 1/4 cycle.

dP1(t)

Continuous representation of the active-power change, starting from the trigger time. With this,
you can evaluate the change of the active-power difference at the prefault instant (tprior).

dP1(t)max This measured value flows into the characteristic curve. It represents the maximum active power
during the duration of the fault.
Times
Pickup times
Characteristic curve = no

Approx. 28 ms + OOT66 at 50 Hz
Approx. 25 ms + OOT at 60 Hz

Characteristic curve = yes

Approx. 26 ms + OOT at 50 Hz
Approx. 24 ms + OOT at 60 Hz

Dropout times
Characteristic curve = no

Approx. 18 ms + OOT at 50 Hz
Approx. 19 ms + OOT at 60 Hz

Characteristic curve = yes

Approx. 22 ms + OOT at 50 Hz
Approx. 20 ms + OOT at 60 Hz

I>

1 % of the dropout value or 0.005 Irated

P1>

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

Vph-ph<

0.5 % of the dropout value or 0.05 V

Tolerance

66 OOT
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(Output Operating Time): additional delay of the output medium used
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12.17 Power-Plant Disconnection Protection

dP1<

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

P1<

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz
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Technical Data
12.18 Circuit-Breaker Failure Protection

12.18 Circuit-Breaker Failure Protection
Starting Conditions
For circuit-breaker failure protection

3-pole tripping internal or external67

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Monitoring times of the binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

Sensitive threshold value

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria applies:
Dropout differential

95 % of the pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Position supervision via circuit-breaker auxiliary contacts
For 3-pole CB tripping

i

1 input each for make contact and break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

Times

67 Via

762

Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Typical dropout time

< 15 ms

Dropout time via circuit-breaker auxiliary contact
criterion

< 5 ms

binary inputs
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances
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Technical Data
12.19 Instantaneous Tripping at Switch onto Fault

12.19 Instantaneous Tripping at Switch onto Fault
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of
0.01 s

Tolerances
Times

764

< 1 % of the setting value or 10 ms
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12.20 Analog Channel Supervision via Fast Current Sum
Times
Pickup times

Approx. 2 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms

Blockings
Blocked functions
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12.21 Voltage-Comparison Supervision
Times
Alarm times

Approx. 3 ms to 12 ms + OOT 68at 50 Hz
Approx. 2.5 ms to 10 ms + OOT at 60 Hz

Dropout time

20 ms

Frequency Operating Range
10 Hz ≤ f ≤ 80 Hz

According to specified tolerances

f < 10 Hz

Inactive

f > 80 Hz
Tolerances
Pickup threshold
Voltage

68 OOT

766

0.5 % of the setting value or 0.05 V

(Output Operating Time): extra delay of the output medium used
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12.22 Arc Protection
Setting Values
Threshold I>

Threshold 3I0>>

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

External trip initiation

no
current
light

Operating mode

light only
current and light

Sensor

point sensor
line sensor
custom

Threshold light

-28.00 dB to 0.00 dB

Channel

Possible settings, application-dependent

Increments of 0.01

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from the Dropout ratio parameter
If this parameter is not available, a dropout ratio of 95 % applies to the overcurrent protection and a dropout
ratio of 105 % applies to the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Shortest operate time
Operating mode = light only
Shortest operate time
Operating mode = Current and light

Approx. 2.6 ms + OOT 69
Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

69 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relay, see chapter 12.1.4 Relay
Outputs
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12.23 External Trip Initiation
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate time with time delay = 0 ms
- At initiation via binary input signal

Approx. 10 ms + OOT 70.

Sequence tolerance for delay times

1 % of the setting value or 10 ms

Times

Tolerance

70 OOT

(Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays, see chapter 12.1.4 Relay
Outputs

768
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12.24 Inrush-Current Detection
Setting Values
Operating limit Imax

0.030 A to 35.000 A
at Irated = 1 A

Increments of 0.001 A
Increments of 0.01 A

0.15 A to 175.00 A
at Irated = 5 A
Content 2nd harmonic

10 % to 45 %

Increments of 1 %

Duration of the crossblock function

0.03 s to 200.00 s

Increments of 0.01 s

Pre-arcing times

Approx. 29 ms

Times

Dropout Ratios
Harmonic: I2nd harm/I1st harm

0.95

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Current measurement Imax

1 % of the setting value or 5 mA

Harmonic: I2nd harm/I1st harm

1 % of the setting value with setting values
of I2nd harm/I1st harm

Time delays

1 % of the setting value or 10 ms

Tolerances

SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018

769

Technical Data
12.25 Voltage-Transformer Circuit Breaker

12.25 Voltage-Transformer Circuit Breaker
Setting Values
Response time

770

0.000 s to 0.030 s

Increments of 0.001 s
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12.26 Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:
• The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•

The values were determined for pure sinusoidal signals – without harmonics.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Instrument Transformers
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1:6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance
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measuring range
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Currents, Protection-Class Current Transformer
IA, IB, IC, 3I0
Current range

A secondary
< 100 Irated

Rated currents
Measuring range
Frequency range

1 A, 5 A
0.1 to 25 A
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Sensitive Ground-Current Transformer
3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Phase Angle
ΦU

°

Frequency range

47.5 Hz to 52,5 Hz at frated = 50 Hz
57.5 Hz to 62,5 Hz at frated = 60 Hz

Tolerance ΦU

0.2 ° at rated voltage

ΦI

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦI

0.2 ° at rated current

Power Values
Active power P

W secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.01
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz
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Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Reactive power Q

var secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≤ 0.984
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

1.0 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1.5 % of the measured value in the above mentioned
measuring range

Apparent power S

VA secondary

Measuring range
Voltage range
Current range
Frequency range

(0.01 to 2) · Srated
(0.8 to 1.2) · Vrated
(0.01 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

0.3 % of the measured value in the above mentioned
measuring range
40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Frequency f

Hz

Range

frated - 0.20 Hz < frated + 0.20 Hz

Tolerance

± 5 mHz in the Vrated range

Range

frated - 3.00 Hz < frated + 3.00 Hz

Tolerance

± 10 mHz in the Vrated range

Frequency range (expanded)

25 Hz to 80 Hz; operational measured values
10 Hz to 80 Hz; functional measured values, system
frequency

Tolerance

20 mHz in the range frated ± 10 % for rated values

Frequency

Statistical Values of the Device
Device operating hours

h

Range

0 to 9999999 h

Tolerance

1h
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Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999999999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2e+15

Operating hours

h

Range

0 to 9999999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9999999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)

774

Range

0 to 999999999

Tolerance

None
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12.27 Phasor Measurement Unit
Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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12.28 CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level
Fast Event-Triggered

Time (in ms)

Max. Number of Ticks CP300

<1

1000

Event-Triggered

<5

12 594

Interlocking

<5

119 716 in total

Measurement

250

The times describe the response time of a typical CFC chart at the respective task level. The maximum number
of ticks applies to a typical load for the device based on the application template Unit connection extended.
The task level Measurement runs in cycles every 500 ms. All other task levels are event-triggered.
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
TChart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered level
104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Table 12-3)

Table 12-3
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Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1

BSC_INFO

2.7

BUILD_ACD

2.9
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Element

Ticks

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

ENC_DEF

3.6

ENC_EXE

3.8

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1

GE_D

0.9
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Element

Ticks

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4

SPC_INFO

0.4
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Element

Ticks

SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TP

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2

2.6
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NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.
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Preface

Purpose of the Manual
This manual describes the functions for transformer protection.
Target Audience
Protection system engineers, commissioning engineers, persons entrusted with the setting, testing and maintenance of automation, selective protection and control equipment, and operational crew in electrical installations and power plants.
Scope
This manual applies to the SIPROTEC 5 device family.
Further Documentation

[dwprefdm-221012-01.tif, 3, en_US]

•

Device manuals
Each Device manual describes the functions and applications of a specific SIPROTEC 5 device. The printed
manual and the online help for the device have the same informational structure.

•

Hardware manual
The Hardware manual describes the hardware building blocks and device combinations of the SIPROTEC 5
device family.

•

Operating manual
The Operating manual describes the basic principles and procedures for operating and assembling the
devices of the SIPROTEC 5 range.
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•

Communication protocol manual
The Communication protocol manual contains a description of the protocols for communication within
the SIPROTEC 5 device family and to higher-level network control centers.

•

Product information
The Product information includes general information about device installation, technical data, limiting
values for input and output modules, and conditions when preparing for operation. This document is
provided with each SIPROTEC 5 device.

•

Engineering Guide
The Engineering Guide describes the essential steps when engineering with DIGSI 5. In addition, the Engineering Guide shows you how to load a planned configuration to a SIPROTEC 5 device and update the
functionality of the SIPROTEC 5 device.

•

DIGSI 5 online help
The DIGSI 5 online help contains a help package for DIGSI 5 and CFC.
The help package for DIGSI 5 includes a description of the basic operation of software, the DIGSI principles and editors. The help package for CFC includes an introduction to CFC programming, basic examples
of working with CFC, and a reference chapter with all the CFC blocks available for the SIPROTEC 5 range.

•

SIPROTEC 5/DIGSI 5 Tutorial
The tutorial on the DVD contains brief information about important product features, more detailed information about the individual technical areas, as well as operating sequences with tasks based on practical
operation and a brief explanation.

•

SIPROTEC 5 catalog
The SIPROTEC 5 catalog describes the system features and the devices of SIPROTEC 5.

•

Selection guide for SIPROTEC and Reyrolle
The selection guide offers an overview of the device series of the Siemens protection devices, and a
device selection table.

Indication of Conformity
This product complies with the directive of the Council of the European Communities
on harmonization of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning electrical equipment for use
within specified voltage limits (Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed according to the Council Directive
in accordance with the product standard EN 60255-26 (for EMC directive) and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens AG.
The device is designed and manufactured for application in an industrial environment.
The product conforms with the international standards of IEC 60255 and the German
standard VDE 0435.
Other Standards
IEEE Std C 37.90
The technical data of the product is approved in accordance with UL.
For more information about the UL database, see certified.ul.com
Select Online Certifications Directory and enter E194016 as UL File Number.
IND. CONT. EQ.
69CA

[ul_listed_c_us, 1, --_--]
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Additional Support
For questions about the system, please contact your Siemens sales partner.
Support
Our Customer Support Center provides a 24-hour service.
Phone:
Fax:
E-Mail:

+49 (180) 524-7000
+49 (180) 524-2471
support.energy@siemens.com

Training Courses
Inquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG
Siemens Power Academy TD
Humboldtstraße 59
90459 Nürnberg
Germany
Phone:
Fax:
E-Mail:
Internet:

+49 (911) 433-7415
+49 (911) 433-7929
poweracademy@siemens.com
www.siemens.com/poweracademy

Notes on Safety
This document is not a complete index of all safety measures required for operation of the equipment (module
or device). However, it comprises important information that must be followed for personal safety, as well as
to avoid material damage. Information is highlighted and illustrated as follows according to the degree of
danger:

!

DANGER
DANGER means that death or severe injury will result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

WARNING
WARNING means that death or severe injury may result if the measures specified are not taken.
²

!

Comply with all instructions, in order to avoid death or severe injuries.

CAUTION
CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.
²

Comply with all instructions, in order to avoid moderate or minor injuries.
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.
²

i

Comply with all instructions, in order to avoid property damage.

NOTE
Important information about the product, product handling or a certain section of the documentation
which must be given particular attention.

Qualified Electrical Engineering Personnel
Only qualified electrical engineering personnel may commission and operate the equipment (module, device)
described in this document. Qualified electrical engineering personnel in the sense of this manual are people
who can demonstrate technical qualifications as electrical technicians. These persons may commission,
isolate, ground and label devices, systems and circuits according to the standards of safety engineering.
Proper Use
The equipment (device, module) may be used only for such applications as set out in the catalogs and the
technical description, and only in combination with third-party equipment recommended and approved by
Siemens.
Problem-free and safe operation of the product depends on the following:
• Proper transport

•
•

Proper storage, setup and installation
Proper operation and maintenance

When electrical equipment is operated, hazardous voltages are inevitably present in certain parts. If proper
action is not taken, death, severe injury or property damage can result:
• The equipment must be grounded at the grounding terminal before any connections are made.

6

•
•

All circuit components connected to the power supply may be subject to dangerous voltage.

•

Operation of equipment with exposed current-transformer circuits is prohibited. Before disconnecting the
equipment, ensure that the current-transformer circuits are short-circuited.

•

The limiting values stated in the document must not be exceeded. This must also be considered during
testing and commissioning.

Hazardous voltages may be present in equipment even after the supply voltage has been disconnected
(capacitors can still be charged).
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Open Source Software
The product contains, among other things, Open Source Software developed by third parties. The Open
Source Software used in the product and the license agreements concerning this software can be found in the
Readme_OSS. These Open Source Software files are protected by copyright. Your compliance with those
license conditions will entitle you to use the Open Source Software as foreseen in the relevant license. In the
event of conflicts between Siemens license conditions and the Open Source Software license conditions, the
Open Source Software conditions shall prevail with respect to the Open Source Software portions of the software. The Open Source Software is licensed royalty-free. Insofar as the applicable Open Source Software
License Conditions provide for it you can order the source code of the Open Source Software from your
Siemens sales contact - against payment of the shipping and handling charges - for a period of at least 3 years
since purchase of the Product. We are liable for the Product including the Open Source Software contained in
it pursuant to the license conditions applicable to the Product. Any liability for the Open Source Software
beyond the program flow intended for the Product is explicitly excluded. Furthermore any liability for defects
resulting from modifications to the Open Source Software by you or third parties is excluded. We do not
provide any technical support for the Product if it has been modified.
When using DIGSI 5 in online mode, you are provided with the option to go to the main menu Show open
source software information and read and display the Readme_OSS file containing the original license text
and copyright information.
To do this, the following steps are necessary:
• Switch to online mode.

•
•
•

i

Select the device.
Select Online in the menu bar.
Click Show open source software information.

NOTE
To read the Readme_OSS file, a PDF viewer must be installed on the computer.
In order to operate SIPROTEC 5 devices, a valid DIGSI 5 license is required.
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11.1

General Device Data

11.1.1 Analog Inputs
Current Inputs
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Protection-class current transformers

Rated current Irated

Measuring range of
the modular devices

Measuring range of the
non-modular devices

5A
1A

0 A to 500 A
0 A to 100 A

0 A to 250 A
0 A to 50 A

Instrument transformers

5A
1A

0 A to 8 A
0 A to 1.6 A

0 A to 8 A
0 A to 1.6 A

Power consumption per current
circuit at rated current

Approx. 0.1 VA

Thermal rating
(protection and instrument transformers)

500 A for 1 s
150 A for 10 s
20 A continuously
25 A for 3 min
30 A for 2 min

Dynamic load-carrying capacity

1250 A one half wave

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Input and output modules

IO202, IO208, IO211, IO214

IO215

Measuring range

0 V to 200 V

0 V to 7.07 V

Input impedance

< 0.1 VA

< 0.01 VA

Thermal rating

230 V continuously

20 V continuously

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)
Insulation class

SELV (Safety Extra Low Voltage) (according to IEC 60255-27)

Connector type

8-pin multiple contact strip

Differential current input channels

4

Measuring range

DC -24 mA to +24 mA

Fault

< 0.5 % of the measuring range

Input impedance

140 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 20 V

Galvanic separation from ground/
housing

DC 700 V

Permissible overload

DC 100 mA continuously

Measurement repetition

200 ms

Measuring-Transducer Inputs (via Module ARC-CD-3FO)
Connector type

AVAGO AFBR-4526Z
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Number of transceivers

3

Fiber type

Polymer Optical Fiber (POF) 1 mm

Receiver
Maximum

-10 dBm ± 2 dBm

Minimum

-40 dBm ± 2 dBm

Spectrum

400 nm to 1100 nm

Attenuation

In the case of plastic optical fibers, you can expect a path attenuation of
0.2 dB/m Additional attenuation comes from the plug and sensor head.

Optical budget 1

Minimal 25 dB

Analog sampling rate

16 kHz

ADC type

10-bit successive approximation

Transmitter
Type

LED

Wavelength

λ = 650 nm

Transmit power

Minimum 0 dBm
Maximum 2 dBm

Numerical aperture

0.5 2

Signal rate connection test

1 pulse per second

Pulse duration connection test

11 μs

Comment:
1

All values in combination with sensors approved by Siemens.

2

Numerical aperture (NA = sin θ (launch angle))

High-Speed Measuring-Transducer Inputs, Voltage/Current (via IO210, IO212)

i

NOTE
Current and voltage must not be connected to a measuring-transducer input at the same time; only either
current or voltage may be connected. Due to EMC, no line may be connected to an input that is not used
(current or voltage).
Use shielded cables.
Table 11-1

High-Speed Measuring-Transducer Inputs, Voltage

Differential voltage input channels

IO210: 445
IO212: 846

Measuring range

DC -10 V to +10 V

Fault

< 0.5 % of the measuring range

Input impedance

48 kΩ

Conversion principle

Delta-sigma (16 bit)

Insulation test voltage between the DC 3.5 kV
channels
Insulation test voltage with respect DC 3.5 kV
to ground/housing
Max. permissible voltage with
respect to ground on the measuring inputs

45 The
46 The
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300 V

IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
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Permissible overload

DC 20 V continuously
DC 60 V continuously (IO210 MT3 terminal point C9)

Measurement repetition

62.5 μs

Insulation class IO210

ELV (Extra Low Voltage) (acc. to IEC 60255-27)

Insulation class IO212

SELV (acc. to IEC 60255-27)

Table 11-2

High-Speed Measuring-Transducer Inputs, Current

Differential current input channels

IO210: 447
IO212: 848

Measuring range

DC -20 mA to +20 mA

Fault

< 0.5 % of the measuring range

Input impedance, current

12 Ω

Conversion principle

Delta-sigma (16 bit)

Permissible potential difference
between channels

DC 3.5 kV

Galvanic separation from ground/
housing

DC 3.5 kV

Permissible current overload

DC 100 mA continuously

Measurement repetition

62.5 μs

Temperature Inputs
Settings

Value

Insulation class

PELV (Protective Extra Low Voltage) –
(acc. to IEC 60255-27)

Note

Measurement mode

•
•
•

Pt 100 Ω
Ni 100 Ω
Ni 120 Ω
3-wire connection, shielded cables

–

Connector type

16-pin, 17-pin terminal spring

–

Temperature measuring range

-65 °C to +710 °C

For PT100

-50 °C to +250 °C

For NI100

-50 °C to +250 °C

For NI120

11.1.2 Supply Voltage
Integrated Power Supply
For modular devices, the following printed circuit-board assemblies have a power supply:
PS201 – Power supply of the base module and of the 1st device row
PS203 – Power supply of the 2nd device row
CB202 – Plug-in module assembly with integrated power supply, for example, to accommodate communication modules
Permissible voltage
ranges
(PS201, PS203, CB202)

47 The
48 The

DC 19 V to DC 60 V

DC 48 V to DC 300 V
AC 80 V to AC 265 V, 50 Hz/60 Hz

IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
IO212 has 8 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
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Integrated Power Supply
Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS201, PS203, CB202)
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V

Auxiliary rated voltage VH DC 24 V/DC 48 V
(PS101)
Only for non-modular
devices

DC 60 V/DC 110 V/DC 125 V/DC 220 V/
DC 250 V or
AC 100 V/AC 115 V/AC 230 V, 50 Hz/60 Hz
DC 48 V to 150 V

DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

DC 60 V/DC 110 V/
DC 125 V

DC 110 V/ DC 125 V/
DC 220 V/DC 250 V
or
AC 100 V/AC 115 V/
AC 230 V, 50 Hz/60 Hz

Superimposed alternating ≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)
voltage, peak-to-peak,
IEC 60255-11
Inrush current

≤ 18 A

Recommended external
protection

Miniature circuit breaker 6 A, characteristic C according to IEC 60898

Internal fuse
–

DC 24 V to DC 48 V

DC 60 V to DC 125 V

DC 24 V to DC 48 V
AC 100 V to AC 230 V

PS101
Only for non-modular
devices

4 A inert, AC 250 V,
DC 150 V,
UL recognized
SIBA type 179200 or
Schurter type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

PS201, PS203, CB202

2 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)

1722

–

DC

AC 230 V/50 Hz

AC 115 V/50 Hz

1/3 base module, nonmodular
Without plug-in modules

7.0 W

16 VA

12.5 VA

1/3 base module, modular 13 W
Without plug-in modules

33 VA

24 VA

1/6 expansion module

6 VA

6 VA

1/6 plug-in module
3.5 W
assembly without plug-in
modules (modules CB202)

14 VA

7 VA

Plug-in module for base
<5W
module or plug-in module
assembly (for example,
communication module)

< 6 VA

< 6 VA

Stored-energy time for auxiliary voltage outage or
short circuit, modular devices

For V ≥ DC 24 V ≥ 50 ms
For V ≥ DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 50 ms

Stored-energy time for auxiliary voltage outage or
short circuit, non-modular devices

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V/DC 110 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

3W
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11.1.3 Binary Inputs
Rated voltage range

DC 24 V to 250 V
The binary inputs of SIPROTEC 5 are bipolar with the exception of the
binary inputs on the IO230, the IO231, and the IO233.

Current consumption, excited

Approx. DC 0.6 mA to 1.8 mA (independent of the control voltage)

Power consumption, max.

0.6 VA

Pickup time

Approx. 3 ms

Dropout time49

Capacitive load (supply-line capaci- Dropout time
tance)

Control voltage for all modules
with binary inputs except the
IO233

< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in the device to the control
voltage.
Range 1 for 24 V, 48 V, and 60 V
Control voltage
Range 2 for 110 V and 125 V
Control voltage
Range 3 for 220 V and 250 V
Control voltage

Control voltage for binary inputs of Range
the IO233 modules
Maximum permitted voltage

Vlow ≤ DC 10 V
Vhigh ≥ DC 19 V
Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V
Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V
Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

DC 300 V

The binary inputs contain interference suppression capacitors. In order to ensure EMC immunity, use the
terminals shown in the terminal diagrams/connection diagrams to connect the binary inputs to the common
potential.

11.1.4 Relay Outputs
Standard Relay (Type S)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 8 ms; maximum: 10 ms
Break time: typical: 2 ms; maximum: 5 ms

49 For

time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of
the binary input (for example, a resistor in parallel to the binary input or using a change-over contact).
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Max. rated data of the output contacts in accordance
with UL certification

DC 24 V, 5 A, General Purpose
DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 240 V, 5 A, General Purpose
AC 120 V, 1/6 hp
AC 250 V, 1/2 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Fast Relay (Type F)
Switching capacity

On: 1000 W/VA
Off: 30 VA; 40 W ohmic;
30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage

250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Rated data of the output contacts in accordance with
UL certification

AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

Supervision

2-channel activation with cyclic testing (only for make
contact)

High-Speed Relay with Semiconductor Acceleration (Type HS)

1724

Switching capacity

On/Off: 1000 W/VA

Contact voltage

AC 200 V, DC 250 V

Permissible current per contact (continuous)

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s (make contact)

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

Make time, typical: 0.2 ms; maximum: 0.2 ms
Break time, typical: 9 ms; maximum: 9 ms

Rated data of the output contacts in accordance with
UL certification

B150
Q300
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Power Relay (for Direct Control of Motor Switches)
Switching capacity for permanent and periodic operation
250 V/4.0 A
220 V/4.5 A
110 V/5.0 A
60 V/5.0 A
48 V/5.0 A
24 V/5.0 A

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.

Turn on switching power for 30 s, recovery time until switching on again is 15 minutes.
For short-term switching operations, an impulse/pause ratio of 3 % must be considered.
100 V/9.0 A
60 V/10.0 A
48 V/10.0 A
24 V/10.0 A

1000 W
600 W
480 W
240 W

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protection circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage

250 V

Permissible continuous current per contact

5A

Permissible current per contact (switching on and
holding)

30 A for 1 s

Short-time current across closed contact

250 A for 30 ms

Total permissible current for contacts connected to
common potential

5A

Switching time OOT (Output Operating Time)
Additional delay of the output medium used

≤ 16 ms

Rated data of the output contacts in accordance with
UL certification

DC 300 V, 4.5 A - 30 s ON, 15 min. OFF
DC 250 V, 1 hp motor - 30 s ON, 15 min OFF
DC 110 V, 3/4 hp motor - 30 s ON, 15 min OFF
DC 60 V, 1/2 hp motor - 30 s ON, 15 min OFF
DC 48 V, 1/3 hp motor - 30 s ON, 15 min OFF
DC 24 V, 1/6 hp motor - 30 s ON, 15 min OFF

Interference suppression capacitors across the
contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of each switching pair picks up at a time
thereby avoiding a power-supply short circuit.

11.1.5 Design Data
Masses
Device Size
Weight of the Modular Devices
Type of construction

1/3

1/2

2/3

5/6

1/1

Flush-mounting device

4.4 kg

7.2 kg

9.9 kg

12.7 kg

15.5 kg

Surface-mounted device with integrated on-site operation panel

7.4 kg

11.7 kg

15.9 kg

20.2 kg

24.5 kg

Surface-mounted device with
detached on-site operation panel

4.7 kg

7.8 kg

10.8 kg

13.9 kg

17.0 kg

Size

Weight

Detached on-site operation panel

1/3

1.9 kg

Detached on-site operation panel

1/6

1.1 kg
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Device Size
Weight of the Non-Modular Devices 7xx82
Type of construction

1/3

Flush-mounting device

3.6 kg

Bracket for non-modular surfacemounted variant

1.9 kg

Dimensions of the Basic and 1/3 Modules
Type of Construction (Maximum Dimensions)

Width over all x Height over all x Depth 50 (in
Inches)

Flush-mounting device

150 mm x 268 mm x 229 mm (5.91 x 10.55 x 9.02)

Surface-mounted device with integrated on-site oper- 150 mm x 314 mm x 337 mm (5.91 x 12.36 x 13.27)
ation panel
Surface-mounted device with detached on-site opera- 150 mm x 314 mm x 230 mm (5.91 x 12.36 x 9.06)
tion panel
Dimensions of Device Rows
Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth 51 (in Inches)

Type of construc- 1/3
tion

1/2

2/3

5/6

1/1

Flush-mounting
device

150 mm x
268 mm x
229 mm (5.91 x
10.55 x 9.02)

225 mm x
268 mm x
229 mm (8.86 x
10.55 x 9.02)

300 mm x
268 mm x
229 mm(11.81 x
10.55 x 9.02)

375 mm x
268 mm x
229 mm (14.76
x 10.55 x 9.02)

450 mm x
268 mm x
229 mm (17.72
x 10.55 x 9.02)

Surfacemounted device
with integrated
on-site operation
panel

150 mm x
314 mm x
337 mm (5.91 x
12.36 x 13.27)

225 mm x
314 mm x
337 mm (8.86 x
12.36 x 13.27)

300 mm x
314 mm x
337 mm (11.81
x 12.36 x 13.27)

375 mm x
314 mm x
337 mm (14.76
x 12.36 x 13.27)

450 mm x
314 mm x
337 mm (17.72
x 12.36 x 13.27)

Surfacemounted device
with detached
on-site operation
panel

150 mm x
314 mm x
230 mm (5.91 x
12.36 x 9.06)

225 mm x
314 mm x
230 mm (8.86 x
12.36 x 9.06)

300 mm x
314 mm x
230 mm (11.81
x 12.36 x 9.06)

375 mm x
314 mm x
230 mm (14.76
x 12.36 x 9.06)

450 mm x
314 mm x
230 mm (17.72
x 12.36 x 9.06)

Expansion Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth 52 (in Inches)

Flush-mounting device

75 mm x 268 mm x 229 mm (2.95 x 10.55 x 9.02)

Surface-mounted device with integrated on-site oper- 75 mm x 314 mm x 337 mm (2.95 x 12.36 x 13.27)
ation panel
Surface-mounted device with detached on-site opera- 75 mm x 314 mm x 230 mm (2.95 x 12.36 x 9.06)
tion panel

50 Width

and depth rounded to whole numbers in mm
and depth rounded to whole numbers in mm
52 Width and depth rounded to whole numbers in mm
51 Width
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Plug-In Module Dimensions
Type of Construction (Maximum Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL

61 mm x 45 mm x 120.5 mm (2.4 x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO (without protection
cover)

61 mm x 45 mm x 132.5 mm (2.4 x 1.77 x 5.22)

ANAI-CA-4EL

61 mm x 45 mm x 119.5 mm (2.4 x 1.77 x 4.7)

ARC-CD-3FO

61 mm x 45 mm x 120.5 mm (2.4 x 1.77 x 4.74)

Minimum Bending Radii of the Connecting Cables Between the On-Site Operation Panel and the Base Module
Fiber-optic cable

R = 50 mm
Pay attention to the length of the cable protection
sleeve, which you must also include in calculations.

D-Sub cable

R = 50 mm (minimum bending radius)

Degree of Protection According to IEC 60529
For equipment in the surface-mounting housing

IP5453 for front

For equipment in the flush-mounting housing

IP5453 for front

For operator protection (back side)

IP2x for current terminal (installed)
IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27

2

Maximum altitude above sea level

2000 m (6561.68 ft)

UL Note
Type 1 if mounted into a door or front cover of an enclosure.
When expanding the device with the 2nd device row, then they must be mounted completely inside an
enclosure.
Tightening Torques for Terminal Screws

i

Type of Line

Current Terminal

Voltage Terminal with
Voltage Terminal with
Spring-Loaded Terminals Screw Connection

Stranded wires with ringtype lug

2.7 Nm

No ring-type lug

No ring-type lug

Stranded wires with boot- 2.7 Nm
lace ferrules or pin-type
lugs

1.0 Nm

0.6 Nm

Solid conductor, bare
(2 mm2)

1.0 Nm

–

2.0 Nm

NOTE
Use copper cables only.

Torques for Other Screw Types

53 The

Screw Type

Torque

M4 x 20

1.2 Nm

M4 x 8

1.2 Nm

provided plug-in label must be used for expansion modules with LEDs.
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Screw Type

Torque

M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 6

0.39 Nm

Countersunk screw, M2.5 x 8

0.39 Nm

Collar screw, M4 x 20

0.7 Nm
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11.2

Transformer Differential Protection

Setting Values
Operate curve
Threshold value

I/Irated,obj

0.05 to 2.00

Increments of 0.01

0.00 to 0.80

Increments of 0.01

I/Irated,obj

0.00 to 5.00

Increments of 0.01

0.25 to 0.95

Increments of 0.01

I/Irated,obj

1.00 to 20.00

Increments of 0.01

Startup detection threshold value I/Irated,obj

0.1 to 2.0

Increments of 0.1

Characteristic curve increase
factor

1.0 to 5.0

Increments of 0.1

Maximum starting time

0.1 s to 180.0 s

Increments of 0.1 s

1.0 to 5.0

Increments of 0.1

2nd harmonic content

10 % to 45 %

Increments of 1 %

Crossblk. time 2nd har.

0.00 s to 200.00 s or ∞

Increments of 0.01 s

3rd harmonic content

10 % to 80 %

Increments of 1 %

Crossblk. time 3rd har.

0.00 s to 200.00 s or ∞

Increments of 0.01 s

5th harmonic content

10 % to 80 %

Increments of 1 %

Slope 1
Intersection 1 Irest
Slope 2
Intersection 2 Irest
Startup detection

DC-component detection
Characteristic curve increase
factor DC
Inrush-current detection

Overexcitation blocking

Crossblk. time 5th har.

0.00 s to 200.00 s or ∞

Increments of 0.01 s

I/Irated,obj

0.5 to 20.0

Increments of 0.1

I/Irated,obj

1.00 to 20.00

Increments of 0.01

Add-on stabilization time

0.00 s to 5.00 s or ∞

Increments of 0.01 s

Crossblk. time additional stabilization

0.00 s to 2.00 s or ∞

Increments of 0.01 s

Operate curve

See Figure 11-1

Idiff limit 3rd, 5th harm.
Detection of external faults
Add-on stabilization threshold
value

Functional Measured Values
Measured Value

Description

_:2311:300 A, B, C
_:2311:301 A, B, C

Differential current
Restraint current

I-DIFF Fast
Threshold value

I/Irated,obj

Tripping delay

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF Unrestrained
Threshold value

I/Irated,obj

Tripping delay

SIPROTEC 5, Transformer Differential Protection, Manual
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Response Tolerance
For preset characteristic curve parameters; for 2 sides
with 1 measuring point each
I-DIFF stage and characteristic curve

2 % of the setting value

I-DIFF fast stage

2 % of the setting value

Time Delays
I-DIFF stage

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF fast stage

0.00 s to 60.00 s

Increments of 0.01 s

Timer tolerance

1 % of the setting value or 10 ms

[dwdifaus-030912-01.tif, 1, en_US]

Figure 11-1

Operate Curve of the Differential Protection

Operating Times
Operate times for one-sided supply

54 Refer

1730

I-DIFF stage, min

50 Hz
60 Hz

23 ms + OOT54
20 ms + OOT

I-DIFF fast stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

I-DIFF unrestrained stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

Dropout time, approx.

50 Hz
60 Hz

29 ms
26 ms

to protection functions, for example overcurrent protection
SIPROTEC 5, Transformer Differential Protection, Manual
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Dropout ratio

Approx. 0.7

Adaptation for Transformers
Vector-group adaptation

0 to 11 (x 30°)

Increments of 1

Neutral-point treatment

Grounded or not grounded (for each winding)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Frequency tracking

10 Hz to 80 Hz

[sctrdffq-030414-01, 2, en_US]

Figure 11-2

Frequency Influence when Using Transformer Differential Protection
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11.3

Restricted Ground-Fault Protection

Setting Values
Threshold value55

0.05 A to 2.00 A

Increments of 0.01 A

Gradient

0.00 to 0.95

Increments of 0.01

Operate curve

See figure

Pickup tolerance
2%
(for preset characteristic curve parameters; for 2 sides
with 1 measuring point each)
Tripping delay

0.00 s to 60.00 s or ∞
(no tripping)

Increments of 0.01 s

Timer tolerance

1 % of the setting value or 10 ms

Functional Measured Values
Measured Value

Description

(_:306) I REF,operate

Operate quantity of the restricted ground-fault protection from
the angle criterion

(_:307) I Angle,REF

Stabilizing value (angle) of the restricted ground-fault protection
from the angle criterion

(_:311) I REF,Trip operate

Operate quantity of the restricted ground-fault protection when
OFF

(_:312) I angle,REF operate

Stabilizing value of the restricted ground-fault protection when
OFF

(_:301) I diff.

Differential current

(_:302) I restr.

Restraint current

Dropout Ratio
Threshold value

0.7

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
7UT82/7UT85/7UT86/7UT87
Frequency

50 Hz

60 Hz

Operate time

Operate time

55 The

specified setting limit can be dynamically further limited, depending on the transformer adaptation factor, (for this refer to chapter
6.4.4 Application and Setting Notes).
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At 1.5 · setting value threshold value
At 2.5 · setting value threshold value

33 ms + OOT
27 ms + OOT

32 ms + OOT
26 ms + OOT

Dropout time approx.

80 ms

67 ms

[dwausken-170712-01.tif, 1, en_US]

Figure 11-3

Restricted Ground-Fault Protection Operate Curve depending on the Phase Angle between lI0*
and II0** at |II0*| = |II0**| (180° = External fault)
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11.4

Motor Differential Protection

Setting Values
Operate Curve
Threshold value

I/Irated,obj

0.05 to 2.00

Increments of 0.01

0.00 to 0.80

Increments of 0.01

0.00 to 5.00

Increments of 0.01

0.25 to 0.95

Increments of 0.01

1.00 to 20.00

Increments of 0.01

Startup detection threshold value I/Irated,obj

0.1 to 2.0

Increments of 0.1

Characteristic curve increase factor

1.0 to 5.0

Increments of 0.1

Maximum starting time

0.1 s to 180.0 s

Increments of 0.1 s

1.0 to 5.0

Increments of 0.1

1.00 to 20.00

Increments of 0.01

Add-on stabilization time

0.00 s to 5.00 s or ∞

Increments of 0.01 s

Crossblk. time additional stabilization

0.00 s to 2.00 s or ∞

Increments of 0.01 s

Operate curve

See figure

Slope 1
Intersection 1 Irest

I/Irated,obj

Slope 2
Intersection 2 Irest

I/Irated,obj

Startup detection

DC-component detection
Characteristic curve increase factor DC
Detection of External Faults
Add-on stabilization threshold
value

I/Irated,obj

I-DIFF Fast
Threshold value

I/ Irated,obj

Tripping delay

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF Unrestrained
Threshold value

I/ Irated,obj

Tripping delay
Response Tolerance

For preset characteristic curve parameters; for 2 sides with 1 measuring point each
I-DIFF stage and characteristic curve

2 % of the setting value

I-DIFF fast stage

2 % of the setting value

Time Delays

1734

I-DIFF stage

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF fast stage

0.00 s to 60.00 s

Increments of 0.01 s

Timer tolerance

1 % of the setting value or 10 ms
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[dwdifaus-030912-01.tif, 1, en_US]

Figure 11-4

Operate Curve of the Differential Protection

Operating Times
Operate times for one-sided supply
I-DIFF stage, min

50 Hz
60 Hz

23 ms + OOT56
20 ms + OOT

I-DIFF fast tripping stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

I-DIFF unrestrained stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

Dropout time, approx.

50 Hz
60 Hz

29 ms + OOT
26 ms + OOT

Dropout ratio

Approx. 0.7

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

56 Refer

f < 10 Hz
f > 80 Hz

Active

Frequency tracking

10 Hz to 80 Hz

to protection functions, for example overcurrent protection
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[scmodffq-010316-01, 1, en_US]

Figure 11-5
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Frequency Influence When Using Motor Differential Protection
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11.5

Generator Differential Protection

Setting Values
Operate curve
Threshold value

I/Irated,obj

0.05 to 2.00

Increments of 0.01

0.00 to 0.80

Increments of 0.01

0.00 to 5.00

Increments of 0.01

0.25 to 0.95

Increments of 0.01

1.00 to 20.00

Increments of 0.01

Startup detection threshold value I/Irated,obj

0.1 to 2.0

Increments of 0.1

Characteristic curve increase factor

1.0 to 5.0

Increments of 0.1

Maximum starting time

0.1 s to 180.0 s

Increments of 0.1 s

1.0 to 5.0

Increments of 0.1

1.00 to 20.00

Increments of 0.01

Add-on stabilization time

0.00 s to 5.00 s or ∞

Increments of 0.01 s

Crossblk. time additional stabilization

0.00 s to 2.00 s or ∞

Increments of 0.01 s

Operate curve

See diagram Figure 11-6

Slope 1
Intersection 1 Irest

I/Irated,obj

Slope 2
Intersection 2 Irest

I/Irated,obj

Startup detection

DC-component detection
Characteristic curve increase factor DC
Detection of external faults
Add-on stabilization threshold
value

I/Irated,obj

I-DIFF Fast
Threshold value

I/Irated,obj

Tripping delay

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

0.5 to 35.0

Increments of 0.1

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF Unrestrained
Threshold value

I/Irated,obj

Tripping delay
Response Tolerance

For preset characteristic curve parameters; for 2 sides with 1 measuring point each
I-DIFF stage and characteristic curve

2 % of the setting value

I-DIFF fast stage

2 % of the setting value

Time Delays
I-DIFF stage

0.00 s to 60.00 s

Increments of 0.01 s

I-DIFF fast stage

0.00 s to 60.00 s

Increments of 0.01 s

Timer tolerance

1 % of the setting value or 10 ms

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1737

Technical Data
11.5 Generator Differential Protection

[dwdifaus-030912-01.tif, 1, en_US]

Figure 11-6

Operate Curve of the Differential Protection

Operating Times
Operate times for one-sided supply
I-DIFF stage, min

50 Hz
60 Hz

23 ms + OOT57
20 ms + OOT

I-DIFF fast stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

I-DIFF unrestrained stage, min

50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

Dropout time, approx.

50 Hz
60 Hz

29 ms + OOT
26 ms + OOT

Dropout ratio

Approx. 0.7

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

57 Refer

1738

f < 10 Hz
f > 80 Hz

Active

Frequency tracking

10 Hz to 80 Hz

to protection functions, for example overcurrent protection
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C53000-G5040-C016-8, Edition 07.2017

Technical Data
11.5 Generator Differential Protection

[scmodffq-010316-01, 1, en_US]

Figure 11-7

Frequency Influence when Using Generator Differential Protection
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11.6

Line Differential Protection

Tripping Thresholds, I-DIFF Stage
Threshold value

10.0 % to 2000.0 % of Irated Operation

Increments of 0.1 %

Threshold value upon switching 10.0 % to 2000.0 % of Irated Operation

Increments of 0.1 %

Measured Value of the I-DIFF Stage
In order to clarify failures, the I-DIFF stage provides the following measured values:
Measured Value

(_:3451:300)
(_:3451:301)
(_:3451:307)
(_:3451:308)
(_:3451:309)

Description

I
I
I
I
I

diff.
restr.
local
l.restr.
l.CTerr.

Differential current
Restraint current (overall restraint)
Value of local current phasor
Local restraint current
Partial component of the local restraint current that considers the transformer fault.

(_:3451:310) I
l.distor.

Subcomponent of the local restraint current that considers the fault caused
by signal distortion. Each deviation of the signal form from the sinus shape
is interpreted as a signal distortion. The deviation between the actual signal
form and the sinus shape will be converted to a percentage of the stabilization.

(_:3451:311) I sync.

Subcomponents of the overall restraint that are caused by faults during the
time synchronization of the current phasor.

Tripping Thresholds, I-DIFF fast 2 Stage
50.0 % to 10 000.0 % of Irated Operation

Increments of 0.1 %

Threshold value upon switching 50.0 % to 10 000.0 % of Irated Operation

Increments of 0.1 %

Threshold value

Tripping Thresholds, I-DIFF fast Stage
80.0 % to 10 000.0 % of Irated Operation

Increments of 0.1 %

Threshold value upon switching 80.0 % to 10 000.0 % of Irated Operation

Increments of 0.1 %

Threshold value

Trigger Value Tolerances
When using up to 3 line ends

5 % of setting value or 1 % of Irated for each line end

When using up to 6 line ends

10 % of setting value or 1 % of Irated for each line end

Operating Times
The tripping times depend on the number of line ends, the communication speed, and the configured output
contacts. The following data assume a transmission rate of at least 512 kbit/s.
Tripping Time of the I-DIFF Stage
When using 2 line ends
When using 3 line ends
When using 6 line ends

58 OOT

1740

Minimum (50 Hz/60 Hz)

26 ms/23 ms + OOT58

Typical (50 Hz/60 Hz)

28 ms/25 ms + OOT

Minimum (50 Hz/60 Hz)

26 ms/23 ms + OOT

Typical (50 Hz/60 Hz)

30 ms/27 ms + OOT

Minimum (50 Hz/60 Hz)

31 ms/27 ms + OOT

Typical (50 Hz/60 Hz)

37 ms/34 ms + OOT

(Output Operating Time): Additional time delay of the output medium used, for example, 5 ms with fast relays
SIPROTEC 5, Transformer Differential Protection, Manual
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Dropout Times of the I-DIFF Stage
For all line ends

Typical

34 ms to 49 ms + OOT

Tripping Times of the Stages I-DIFF fast/I-DIFF fast 2
When using 2 line ends
When using 3 line ends
When using 6 line ends

Minimum

8 ms + OOT

Typical

11 ms + OOT

Minimum

8 ms + OOT

Typical

11 ms + OOT

Minimum

13 ms + OOT

Typical

19 ms + OOT

Dropout Times of the Stages I-DIFF fast/I-DIFF fast 2
For all line ends

Typical

34 ms to 49 ms + OOT

0.00 s to 60.00 s

Increments of 0.01 s

Time Delays
Delay of the I-DIFF stage

Delay of the stages I-DIFF fast/I-DIFF fast 2 0.00 s

Not adjustable

Delay of 1-phase pickup in resonantgrounded/isolated systems

0.00 s to 0.50 s

Increments of 0.01 s

Timer tolerance

1 % of the setting value or 10 ms

Self-Stabilization
Transformer Error for Each Line End of the Protected Object
Error transmission ratio

1.00 to 10.00

Increments of 0.01

Transformer error A

0.5 % to 50.0 %

Increments of 0.1 %

Transformer error B

0.5 % to 50.0 %

Increments of 0.1 %

Other stabilizing values (adaptive selfstabilization)

Frequency deviations, runtime differences, harmonics,
synchronism quality, jitter

Adjustments for Transformers in the Protection Range
Vector group adjustment (V and 0 to 11
I)
Residual current elimination

Increments of 1

Yes or no

Adjustment of the Charging-Current Compensation
Additional rest. current Ic-rest./Ic-rated

1.0 to 4.0

Increments of 0.1

Total line length

0.1 km to
1000.0 km

Increments of 0.1 km

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

Operating range with rated accuracy

0.8 ≤ f/frated ≤ 0.9

Normal operating range without rated accuracy

1.1 ≤ f/frated ≤ 1.2
0.0 ≤ f/frated ≤ 0.8

SIPROTEC 5, Transformer Differential Protection, Manual
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1741

Technical Data
11.7 Stub-Differential Protection

11.7

Stub-Differential Protection

Tripping Thresholds of the S-DIFF Stage
Threshold value

10.0 % to 2 000.0 %
of Irated Operation

Increments of 0.1 %

80.0 % to 10 000.0 %
of Irated Operation

Increments of 0.1 %

Tripping Thresholds of the S-DIFF fast 2 Stage
Threshold value

Tolerances of the Tripping Thresholds
5 % of the setting value or 1 % of Irated
Operating Times
The reported tripping times assume the issuance of commands via high-speed relays (type HS).
Tripping Times of the S-DIFF Stage
Minimum (50 Hz/60 Hz)

26 ms/23 ms + OOT59

Typical (50 Hz/60 Hz)

28 ms/25 ms + OOT

Dropout Times of the S-DIFF Stage
Typical

34 ms to 49 ms + OOT

Tripping Times of the Stages S-DIFF fast/S-DIFF fast 2
Minimum

8 ms + OOT

Typical

11 ms + OOT

Dropout Times of the Stages S-DIFF fast/S-DIFF fast 2
Typical

34 ms to 49 ms + OOT

Time Delays
Tripping delay of the S-DIFF stage

0.00 s to 60.00 s

Increments of 0.01 s

Tolerance

1 % of the setting value or 10 ms

Self-Stabilization
Transformer Error for Each Line End of the Protected Object
Error transmission

1.00 to 10.00

Increments of 0.01

Transformer error A

0.5 % to 50.0 %

Increments of 0.1 %

Transformer error B

0.5 % to 50.0 %

Increments of 0.1 %

Other stabilizing values (adaptive self-stabilization)

Frequency deviations, harmonic components

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

Operating range with rated accuracy

0.8 ≤ f/frated ≤ 0.9

Normal operating range without rated accuracy

1.1 ≤ f/frated ≤ 1.2
0.0 ≤ f/frated ≤ 0.8

59 OOT

1742

Stable operation without rated accuracy

(Output Operating Time): Additional time delay of the output medium used, for example, 5 ms with fast relays
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11.8

Directional Intermittent Ground-Fault Protection

Setting Values
Threshold
value 3I0>

For current transformer type
protection and Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For current transformer type
protection and Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

For IN transformer For Iph-rated = 1 A
type sensitive and For I
ph-rated = 5 A
IN-rated = 1 A

0.001 A to 35.000 A

Increments of 0.001 A

0.001 A to 175.000 A

Increments of 0.001 A

For IN transformer For Iph-rated = 1 A
type sensitive and For I
ph-rated = 5 A
IN-rated = 5 A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

Number of pulses until intermittent ground fault

2 to 10

Increments of 1

Pickup extension time

0.00 s to 10.00 s

Increments of 0.01 s

Sum of extended pickup times

0.00 s to 100.00 s

Increments of 0.01 s

Reset time

1.00 s to 600.00 s

Increments of 0.01 s

Number of pulses for operate

2 to 100

Increments of 1

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Pickup time

Approx. 30 ms + OOT60 at 50 Hz
Approx. 23 ms + OOT at 60 Hz

Dropout time

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

60 OOT

Active with less sensitivity

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Tolerances
Currents

3I0 via protection-class current transformers:
1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)
3I0 via sensitive current transformer:
1 % of the setting value or 0.1 mA (Irated = 1.6 A)
or 0.5 mA (Irated = 8 A)

Times

1744

1 % of the setting value or ± 10 ms
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11.9

Non-Directional Intermittent Ground-Fault Protection

Setting Values
Threshold
value 3I0>
interm.

For current transformer type protection 0.030 A to 35.000 A
and Irated = 1 A

Increments of 0.001 A

For current transformer type protection 0.15 A to 175.00 A
and Irated = 5 A

Increments of 0.01 A

For IN transformer For Iph-rated = 1 A
type sensitive and For I
ph-rated = 5 A
IN-rated = 1 A

0.001 A to 35.000 A

Increments of 0.001 A

0.001 A to 175.000 A

Increments of 0.001 A

For IN transformer For Iph-rated = 1 A
type sensitive and For I
ph-rated = 5 A
IN-rated = 5 A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

Number of pickups until intermittent ground fault

2 to 10

Increments of 1

Pickup extension time

0.00 s to 10.00 s

Increments of 0.01 s

Sum of extended pickup times

0.00 s to 100.00 s

Increments of 0.01 s

Reset time

1.00 s to 600.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT61 at 50 Hz
Approx. 23 ms + OOT at 60 Hz

Dropout time

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

61 OOT

Active with less sensitivity

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Tolerances
Currents

-3I0 via protection-class current transformers:
1 % of setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)
-3I0 via sensitive current transformer:
1 % of setting value or 0.1 mA (Irated = 1.6 A)
or 0.5 mA (Irated = 8 A)

Times

1746

1 % of the setting value or ± 10 ms
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11.10 Sensitive Ground-Fault Detection
11.10.1 General
Setting Values
Decay time V0
Dropout delay
Core balance
current transformer
current 1
Core balance
current transformer
current 2

0.06 s to 0.20 s

Increments of 0.01 s

0.00 s to 60.00 s

Increments of 0.01 s

Protection-class
current transformers

For Iph-rated = 1 A

0.030 A to
35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.15 A to 175.00 A Increments of 0.01 A

For IN transformer
type sensitive and
IN-rated = 1 A

For Iph-rated = 1 A

0.001 A to
35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.001 A to
175.000 A

Increments of 0.001 A

For IN transformer
type sensitive and
IN-rated = 5 A

For Iph-rated = 1 A

0.005 A to
35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.005 A to
175.000 A

Increments of 0.001 A

0.0° to 5.0°

Increments of 0.1°

Core balance current transformer angle correction F1
Core balance current transformer angle correction F2
Times
Pickup times

Approx. 25 ms + OOT62 at 50 Hz
Approx. 23 ms + OOT at 60 Hz

Dropout times

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances 63

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with less sensitivity 64

Currents

-3I0 via sensitive current transformer:
1 % of the setting value or 0.1 mA (Irated = 1.6 A)

Tolerances

or 0.5 mA (Irated = 8 A, frated ± 10 %)
-3I0 via protection-class current transformers:
1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A, frated ± 10 %)
Voltages

1 % of the setting value or 0.05 V

Times

1 % of the setting value or ±10 ms

62 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
ground-fault stage is inactive
64 Transient ground-fault stage is inactive

63 Transient
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≤ 1° at 3I0 > 5 mA, V0 = 0.6 V
≤ 2° at 3I0 ≤ 5 mA, V0 = 0.6 V

Direction-calculation angle error65

11.10.2 Directional 3I0 Stage with Cos φ or Sin φ Measurement
Setting Values
Direction method of measurement

cos φ
sin φ

–

For Iph-rated =
1A

0.030 A to 35.000 A

Increments of 0.001 A

For Iph-rated =
5A

0.15 A to 175.00 A

Increments of 0.01 A

0.001 A to 35.000 A

Increments of 0.001 A

0.001 A to 175.000 A

Increments of 0.001 A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

Threshold value V0>

0.300 V to 200.000 V

Increments of 0.001 V

Time delay of the direction determination

0.00 s to 60.00 s

Increments of 0.01 s

α1 constraint of the direction range
α2 constraint of the direction range

1° to 15°

Increments of 1°

Angle correction φ

-45° to 45°

Increments of 1°

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value
3I0>
Minimum directional 3I0> for
direction determination

Protection-class
current transformers

For IN transformer For Iph-rated =
type sensitive
1A
and IN-rated = 1 A
For Iph-rated =
5A
For IN transformer For Iph-rated =
type sensitive
1A
and IN-rated = 5 A
For Iph-rated =
5A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undercurrent/undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or

Voltage transformer

150 mV sec.

Operate time with time delay = 0 ms

Approx. 32 ms + OOT66 at 50 Hz
Approx. 29 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

2.5 mA sec. (Irated = 5 A)

Times

65 Not

applicable to 11.10.4 Directional 3I0 Stage with φ(V0,3I0) Measurement
(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

66 OOT
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Dropout time

Approx. 32 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

11.10.3 Directional Transient Ground-Fault Stage
Setting Values
Threshold
value 3I0>

Protection-class
For Iph-rated =
current transformers 1 A

0.000 A to 35.000 A

Increments of 0.001 A

For Iph-rated =
5A

0.00 A to 175.00 A

Increments of 0.01 A

IN-rated = 1 A

0.000 A to 1.600 A

Increments of 0.001 A

IN-rated = 5 A

0.000 A to 8.000 A

Increments of 0.001 A

Threshold value V0>

0.300 V to 200.000 V

Increments of 0.001 V

Maximum operational V0

0.300 V to 200.000 V

Increments of 0.001 V

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Sensitive current
transformer for IN

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undercurrent/undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Operate time with time delay = 0 ms

Approx. 115 ms + OOT67 at 50 Hz
Approx. 112 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT at 50 Hz
Approx. 15 ms + OOT at 60 Hz

Times

11.10.4 Directional 3I0 Stage with φ(V0,3I0) Measurement
Setting Values
Threshold value
3I0>

Protection-class
current transformers

For Iph-rated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

0.001 A to 35.000 A

Increments of 0.001 A

0.001 A to 175.000 A

Increments of 0.001 A

For IN transformer type For Iph-rated = 1 A
sensitive
For Iph-rated = 5 A
and IN-rated = 1 A
67 OOT

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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For IN transformer type For Iph-rated = 1 A
sensitive
For Iph-rated = 5 A
and IN-rated = 5 A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

Min. V0> for direction determination

0.300 V to 200.000 V

Increments of 0.001 V

Time delay of the direction determination

0.00 s to 60.00 s

Increments of 0.01 s

Rotation angle of the reference voltage

-180° to 180°

Increments of 1°

Forward range +/-

0° to 180°

Increments of 1°

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undercurrent/undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Operate time with time delay = 0 ms

Approx. 23 ms + OOT68 at 50 Hz
Approx. 21 ms + OOT at 60 Hz

Extension of operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 21 ms + OOT at 50 Hz
Approx. 20 ms + OOT at 60 Hz

Direction-calculation angle error

≤ 1° at 3I0 ≥ 10 mA, V0 = 0.6 V
≤ 2° at 2 mA < 3I0 < 10 mA, V0 = 0.6 V
≤ 3° at 3I0 ≤ 2 mA, V0 = 0.6 V

Times

Tolerances

11.10.5 Directional Y0 Stage with G0 or B0 Measurement (Admittance)
Setting Values
Direction method of measurement

68 OOT
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B0
G0

–

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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Release
Threshold
value 3I0>

Protection-class
For Iph-rated =
current transformers 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Iph-rated =
5A

0.15 A to 175.00 A

Increments of 0.01 A

For IN transformer
type sensitive and
IN-rated = 1 A

For Iph-rated =
1A

0.001 A to 35.000 A

Increments of 0.001 A

For Iph-rated =
5A

0.001 A to 175.000 A

Increments of 0.001 A

For IN transformer
type sensitive and
IN-rated = 5 A

For Iph-rated =
1A

0.005 A to 35.000 A

Increments of 0.001 A

For Iph-rated =
5A

0.005 A to 175.000 A

Increments of 0.001 A

Threshold value V0>

0.300 V to 200.000 V

Increments of 0.001 V

Threshold value Y0>

0.10 mS to 100.00 mS

Increments of 0.01 mS

Time delay of direction determination

0.00 s to 60.00 s

Increments of 0.01 s

α1 constraint of direction range
α2 constraint of direction range

1° to 15°

Increments of 1°

Angle correction φ

-45° to 45°

Increments of 1°

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undercurrent/undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Operate time with time delay = 0 ms

Approx. 32 ms + OOT69 at 50 Hz
Approx. 29 ms + OOT at 60 Hz

Extension of operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 32 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Admittance

1 % of the setting value or 0.05 mS (Irated = 1.6 A) or
0.25 mS (Irated = 8 A), (frated ± 10 %)

Times

Tolerances

69 OOT

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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11.10.6 Directional Stage with Phasor Measurement of a Harmonic
Setting Values
Min. 3I0> of the Protection-class
selected
current transformers
harmonic phasor
For IN transformer type
sensitive
and IN-rated = 1 A

For Iph-rated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

For Iph-rated = 1 A

0.001 A to 35.000 A

Increments of 0.001 A

For Iph-rated = 5 A

0.001 A to 175.000 A

Increments of 0.001 A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

For IN transformer type For Iph-rated = 1 A
sensitive
For Iph-rated = 5 A
and IN-rated = 5 A

Dropout ratio of the direction determination in terms of the 0.10 to 0.95
zero-sequence harmonic current

Increments of 0.01

Threshold value V0>

0.300 V to 200.000 V

Increments of 0.001 V

Time delay of the direction determination

0.00 s to 60.00 s

Increments of 0.01 s

Extension of the direction result

0.00 s to 60.00 s

Increments of 0.01 s

Forward range +/-

0° to 90°

Increments of 1°

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undercurrent/undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Operate time with time delay = 0 ms

Approx. 70 ms + OOT70 at 50 Hz
Approx. 60 ms + OOT at 60 Hz

Dropout time

Approx. 30 ms + OOT at 50 Hz
Approx. 20 ms + OOT at 60 Hz

Times

70 OOT
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Tolerances
Zero-sequence harmonic current 3I0harm.

-3I0harm. via sensitive current transformer:
1 % of the setting value or 0.1 mA (Irated = 1.6 A)
or 0.5 mA (Irated = 8 A, frated ± 10 %)
-3I0harm. via protection-class current transformers:
1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A, frated ± 10 %)

V0 fundamental-component value

1 % of the setting value or 0.05 V

Direction-calculation angle error of the 3rd, 5th, or
7th harmonic phasor

≤ 1° at 3I0harm. > 5 mA
≤ 2° at 3I0harm. ≤ 5 mA

11.10.7 Non-Directional V0 Stage with Zero-Sequence Voltage/Residual Voltage
Setting Values
Threshold value71

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

V< faulty ph-gnd vltg.

0.300 V to 200.000 V

Increments of 0.001 V

V> healthy ph-gnd. vltg.

0.300 V to 200.000 V

Increments of 0.001 V

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms
Standard filter, true RMS

Approx. 25 ms + OOT72 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

2 cycle filters

Approx. 45 ms + OOT at 50 Hz
Approx. 39 ms + OOT at 60 Hz

Dropout time
Standard filter, true RMS

Approx. 20 ms + OOT at 50 Hz
Approx. 16.6 ms + OOT at 60 Hz

2 cycle filters

Approx. 31.06 ms + OOT at 50 Hz
Approx. 27.06 ms + OOT at 60 Hz

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

71 If

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

72 OOT
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11.10.8 Non-Directional 3I0 Stage
Setting Values
Method of Measurement

Fundamental component
RMS value

Threshold
value 3I0>

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

For transformer type For Iph-rated =
I-sensitive and
1A
IN-rated = 1 A
For Iph-rated =
5A

0.001 A to 35.000 A

Increments of 0.001 A

0.001 A to 175.000 A

Increments of 0.001 A

For transformer type For Iph-rated =
I-sensitive and
1A
IN-rated = 5 A
For Iph-rated =
5A

0.005 A to 35.000 A

Increments of 0.001 A

0.005 A to 175.000 A

Increments of 0.001 A

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Protection-class
For Iph-rated =
current transformers 1 A
For Iph-rated =
5A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT73 at 50 Hz
Approx. 23 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

11.10.9 Non-Directional Y0 Stage
Setting Values

73 OOT

1754

V0> threshold value

0.300 V to 200.000 V

Increments of 0.001 V

Threshold Y0>

0.10 mS to 100.00 mS

Increments of 0.01 mS

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 32 ms + OOT74 at 50 Hz
Approx. 29 ms + OOT at 60 Hz

Extension of operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 32 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Times

Current Operating Range
Minimum 3I0 threshold
for Y0 calculation

Protection-class current
transformers
Sensitive current transformer

30 mA sec. (Irated = 1 A)
150 mA sec. (Irated = 5 A)
1 mA sec. (Irated = 1 A)
5 mA sec. (Irated = 5 A)

Tolerances
Admittance

74 OOT

1 % of the setting value or 0.05 mS (Irated = 1.6 A) or
0.25 mS (Irated = 8 A), (frated ± 10 %)

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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11.11 Distance Protection
Residual Compensation
Kr

-0.33 to 11.00

Increments of 0.01

Kx

-0.33 to 11.00

Increments of 0.01

K0

0.000 to 11.000

Increments of 0.001

Angle (K0)

-180.00° to +180.00°

Increments of 0.01°

Configurable separately for each zone
Parallel-Line Matching
KmR

0.00 to 8.00

Increments of 0.01

KmX

0.00 to 8.00

Increments of 0.01

Km0

0.000 to 8.000

Increments of 0.001

Angle (Km0)

-180.00° to +180.00°

Increments of 0.01

Phase Preference
For double ground faults in a grounded system

Block leading phase from ground
Block lagging phase from ground
Release all loops involved
Release phase-to-ground loops involved
Release phase-to-phase loops involved

For double ground faults in isolated or resonant- C(A) acyclic
grounded system
A(C) acyclic
B(A) acyclic
A(B) acyclic
C(B) acyclic
B(C) acyclic
C(A) cyclic
A(C) cyclic
All loops involved
Ground-Fault Detection
Threshold value 3I0>

1 A @ 50 and
100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

0.300 V to 200.000 V

Increments of 0.001 V

Threshold value V0>

Measuring tolerances for sinusoidal measurands ± 5 %
Pickup Method
Overcurrent pickup
Iph>>
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1 A @ 50 and
100 Irated

0.250 Ato 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

1.25 A to 175.00 A

Increments of 0.01 A

Dropout ratios

Approx. 0.95

Measuring tolerances for sinusoidal measurands

± 5%
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Voltage- and phase angle-dependent current pickup (V/I/ϕ) (optional)
Characteristic

Cascaded with adjustable slopes

Minimum phase current Iph>

Current in short circuit angle range
Iϕ

1 A @ 50 and
100 Irated

0.100 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

0.50 A to 175.00 A

Increments of 0.01 A

1 A @ 50 and
100 Irated

0.100 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

0.50 A to 175.00 A

Increments of 0.01 A

Undervoltage phase-to-ground (individually separated 0.500 V to 200.000 V
according to Iph>, Iph>>, and Iϕ>)

Increments of 0.001 V

Undervoltage phase-to-phase (individually separated
according to Iph>, Iph>>, and Iϕ>)

Increments of 0.001 V

1.000 V to 200.000 V

Lower threshold angle ϕ>

30.0° to 60.0°

Increments of 0.1°

Upper threshold angle ϕ<

90.0° to 120.0°

Increments of 0.1°

Dropout ratios
Iph>, Iϕ>

Approx. 0.95

Phase-to-ground voltage
Phase-to-phase voltage

Approx. 1.05

Measuring tolerances for sinusoidal measurands
Amounts of V, I

±5%

Angle ϕ

± 3°

Impedance pickup (optional)
Minimum phase current Iph>

1 A @ 50 and
100 Irated

0.050 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

0.25 A to 175.00 A

Increments of 0.01 A

Under consideration of the respective direction, the limits of the zones that are set the furthest, are the most
important ones.
Dropout ratio

Approx. 1.05

Distance Measurement
Quadrilateral, MHO or circular characteristic curve

Characteristic
Minimum phase current I>

1 A @ 50 and
100 Irated

0.050 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and
100 Irated

0.25 A to 175.00 A

Increments of 0.01 A

φDist = Angle of distance-protection characteristic 30.0° to 90.0°

Increments of 0.1°

Quadrilateral setting ranges:
X reach = reach of reactance

For Irated = 1 A

0.050 Ω to 600.000 Ω

For Irated = 5 A

0.010 Ω to 120.000 Ω

R (ph-ph) = Phase-to-phase
resistance reserve

For Irated = 1 A

0.050 Ω to 600.000 Ω

For Irated = 5 A

0.010 Ω to 120.000 Ω

R (ph-gnd) = Phase-to-ground
resistance reserve

For Irated = 1 A

0.050 Ω to 600.000 Ω

For Irated = 5 A

0.010 Ω to 120.000 Ω

αPole = Zone inclination
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0° to 45°

Increments of 0.001 Ω
Increments of 0.001 Ω
Increments of 0.001 Ω
Increments of 1°
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Direction determination for polygon:
For all fault types

With actual short-circuit, buffered or cross-polarized
voltages

Directional sensitivity

Dynamically unlimited, stationary about 1 V

Every zone can be configured as forward, reverse, or non-directional.
Setting ranges for MHO characteristic:
Zr impedance range

For Irated = 1 A

0.050 Ω to 600.000 Ω

For Irated = 5 A

0.010 Ω to 120.00 Ω

Polarization

Increments of 0.001 Ω

With buffered or cross-polarized voltages

Setting ranges for circular characteristic curve:
Zr impedance reach

For Irated = 1 A

0.100 Ω to 600.000 Ω

For Irated = 5 A

0.020 Ω to 120.00 Ω

Angle for R-reserve

10.0° to +90.0°

Increments of 0.001 Ω
Increments of 0.1°

Every zone can be configured as forward or backward.
Load cutout (for impedance pickup):
Rload = Minimum load resistance

For Irated = 1 A

0.050 Ω to 600.000 Ω

For Irated = 5 A

0.010 Ω to 120.000 Ω

φload = Maximum load angle

20.0° to 60.0°

Increments of 0.001 Ω
Increments of 0.1°

Dropout Ratios
- Currents

Approx. 0.95

- Impedances

Approx. 1.05

Measured-value correction

For ground-current coupling in parallel lines

Measuring tolerances for sinusoidal measurands

Times
Shortest operate time

Approx. 9 ms + OOT75 at 50 Hz
Approx. 8 ms (60 Hz) + OOT

Dropout time

Approx. 30 ms

Incremental times

0.00 s to 60.00 s; ∞ for all zones

Timer tolerance

1 % of the setting value or 10 ms

Increments of 0.01 s

The set times are pure time delays.
Frequency Operating Range
0.9 f/frated to 1.1 f/frated

According to specified tolerances

0.8 f/frated ≤f < 0.9 f/frated

Slightly expanded tolerances

1.1 f/frated ≤ f ≤ 1.2 f/frated
f < 0.8 frated

Active

f > 1.2 frated

75 OOT
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11.12 Impedance Protection
Setting Values
Min. phase-current thresh 1 A @ 100 Irated

0.030 A to 100.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 500.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 50.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 250.00 A

Increments of 0.01 A

For Irated = 1 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

For Irated = 5 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

X reach (ph-ph) = reach of For Irated = 1 A
reactance, phase-to-phase
For Irated = 5 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

R reach (ph-g) = reach of
resistance, phase-toground

For Irated = 1 A

0.100 Ω to 600.000 Ω

Increments of 0.001 A

For Irated = 5 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

R reach (ph-ph) = reach of For Irated = 1 A
resistance, phase-toFor Irated = 5 A
phase

0.100 Ω to 600.000 Ω

Increments of 0.001 A

0.020 Ω to 120.000 Ω

Increments of 0.001 A

X reach (ph-g) = reach of
reactance, phase-toground

Dropout Ratios
Currents

About 0.95

Voltage

About 1.05

Impedances

About 1.05

Operate time with time delay = 0 ms

Approx. 30 ms + OOT 76 at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Dropout time

Approx. 30 ms + OOT at 50 Hz
Approx. 26 ms + OOT at 60 Hz

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)
Voltage

0.5 % of the setting value or 0.05 V

Impedances
Measurement tolerances for sinusoidal values

76 OOT

(Output Operating Time) additional delay of the used output medium, such as 5 ms with quick-acting relay
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11.13 Power-Swing Blocking
General
Measuring principle

Cyclic supervision of impedance curves for monotony,
continuity, and jump

Detectable power-swing frequency

0.1 Hz to 12 Hz for symmetrical operation,
up to 7 Hz during 1-pole dead times and unbalanced
faults

Power-swing blocking

Can be set separately for each distance-protection
zone

Power-swing detection time

≥ 2.5 power-system cycles

Dropout time

≥ 5.5 power-system cycles in case of unbalanced
faults
≥ 5.5 power-system cycles in case of balanced faults
Max. 5 s after leaving the pickup range of the
distance protection

Times
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11.14 External Trip Initiation
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate time with time delay = 0 ms
- At initiation via binary input signal

Approx. 10 ms + OOT 77.

Sequence tolerance for delay times

1 % of the setting value or 10 ms

Times

Tolerance

77 OOT

(Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays, see chapter 11.1.4 Relay
Outputs
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11.15 Overcurrent Protection, Phases
11.15.1 Stage with Definite-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value78

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times

78 If

Operate time with time delay = 0 ms

Approx. 25 ms + OOT 79 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

79 OOT
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation80
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 81

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 82

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 83

Time delays

1 % of the setting value or 10 ms

80 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
82 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
83 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
81 In
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Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.15.2 Stage with Inverse-Time Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Method of measurement
Threshold value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Pickup delay

0.00 s to 60.00 s

Increments of 0.01 s

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Extension of the operate time during operation with
transformer inrush-current detection
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Figure 11-8

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Figure 11-9

1766

Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-10

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-11
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-12

Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE
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[dwocpka4-080213-01.tif, 2, en_US]

Figure 11-13

Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation84
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 85

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 86

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 87

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.15.3 Stage with User-Defined Characteristic Curve
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values for Protection Stage
Fundamental component –
RMS value

Method of measurement
Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

84 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
86 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
87 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
85 In
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Absolute pickup value

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p.u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p.u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value, no filter applied
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

2 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
with filter for the gain of harmonics (including compensation of the amplitude attenuation88
(33 % harmonics, in relation to the fundamental component)
Up to 30 harmonic

1.5 % of the setting value or 10 mA (Irated = 1 A)
or 50 mA (Irated = 5 A), (frated ± 10 %) 89

Up to 50th harmonic, frated = 50 Hz

3% of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 90

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %) 91

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

88 In

case that the filter response exactly matches the user-defined gain factors
case that the user-defined gain factor is set below 3. The tolerance increases, if the gain factor is larger.
90 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
91 In case that the user-defined gain factor is set below 7. The tolerance increases, if the gain factor is larger.
89 In

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1773

Technical Data
11.16 Overcurrent Protection, Ground

11.16 Overcurrent Protection, Ground
11.16.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value92

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT93 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

92 If

Active

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

93 OOT
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Tolerances
3I0 measured via I494, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I495, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.16.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value96

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

94 Slightly

expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
96 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 l
rated,sec.

95 Slightly
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Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

[dwocpki1-080213-01.tif, 1, en_US]

Figure 11-14
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Operate Curves and Dropout Characteristic Curves According to IEC
SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-15

Operate Curves and Dropout Characteristic Curves According to IEC
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Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

[dwocpka1-080213-01.tif, 2, en_US]

Figure 11-16
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Figure 11-17

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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[dwocpka3-080213-01.tif, 2, en_US]

Figure 11-18
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[dwocpka4-080213-01.tif, 2, en_US]

Figure 11-19

Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I497, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

3I0 measured via I498, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

97 Insignificantly
98 Insignificantly

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Dropout time for 2 ≤ I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.16.3 Stage with User-Defined Characteristic Curve
Setting Values
Method of measurement
Threshold value

Absolute pickup value

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.010 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.05 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.002 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.000 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 20.00 p. u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p. u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value or 95 % of the absolute
pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer

1782

Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value
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Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

3I0 measured via I499, method of measurement =
fundamental component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

I4100,

3I0 measured via
method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

99 Insignificantly

Approx. 10 ms

increased tolerances will occur during the calculation of 3I0, maximum factor of 2
increased tolerances will occur during the calculation of 3I0, maximum factor of 2

100 Insignificantly
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11.17 Overcurrent Protection, 1-Phase
11.17.1 Stage with Definite-Time Characteristic Curve
Setting Values
Method of measurement

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio (fixed)

0.95

–

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Threshold value101

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 15 ms + OOT102 at 50 Hz
Approx. 14 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT at 50 Hz
Approx. 17 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

101 If

Active

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

102 OOT
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Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.17.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Fundamental component –
RMS value

Method of measurement
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Threshold value103

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

103 If

With dropout

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1785

Technical Data
11.17 Overcurrent Protection, 1-Phase

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

The operate curves and dropout characteristic curves according to IEC can be found in the Technical Data
chapter under Inverse-Time Overcurrent Protection.
Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
The operate curves and dropout characteristic curves according to ANSI/IEEE can be found in the Technical
Data chapter under Inverse-Time Overcurrent Protection.
Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.17.3 Stage with User-Defined Characteristic Curve
Setting Values
Method of measurement

1786

Fundamental component –
RMS value

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

Technical Data
11.17 Overcurrent Protection, 1-Phase

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 66.67 p. u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p. u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Frequency Operating Range
0.9 ≤ f/frated < 1.1

According to specified tolerances

10 Hz ≤f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤80 Hz
f < 10 Hz
f > 80 Hz

Active with less sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)
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Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 30 ms

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
Operate Curves and Dropout-Time Characteristic Curves According to IEC
Extension of the operate time during operation with
transformer inrush-current detection

1788

Approx. 10 ms
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11.18 Voltage-Dependent Overcurrent Protection, Phases
Setting Values for All Stage Types
Method of measurement
Overcurrent threshold
value

Fundamental component –
RMS value
For Irated = 1 A

0.030 A to 35.000 A

Increments of 0.001 A

For Irated = 5 A

0.15 A to 175.00 A

Increments of 0.01 A

0.10 s to 60.00 s

Increments of 0.01 s

Time delay
Setting Values for Inverse-Time Overcurrent Protection Stages
Method of measurement

Fundamental component –
RMS value

Dropout ratio of undervoltage104

1.01 to 1.20

Increments of 0.01

Undervoltage threshold value104

0.300 V to 175.000 V

Increments of 0.001 V

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

Seal-in voltage

0.300 V to 175.000 V

Increments of 0.001 V

Phase-to-phase voltage

0.300 V to 175.000 V

Increments of 0.001 V

Negative-sequence voltage V2

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Duration of V-seal-in time

0.10 s to 60.00 s

Increments of 0.01 s

Setting Values for Definite-Time Overcurrent Protection Stages

Dropout for Inverse-Time Overcurrent Protection Stages
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout
Current

95 % of 1.1 ⋅ threshold value

Voltage104

105 % of threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer 104

150 mV sec.

Reset of the Integration Timer for Inverse-Time Overcurrent Protection Stages

104 The

Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

value is for the inverse-time overcurrent voltage-released stage.
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Dropout for Definite-Time Overcurrent Protection Stages
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent/overvoltage and of 105 % for
undervoltage functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or

Voltage transformer

150 mV sec.

2.5 mA sec. (Irated = 5 A)

Operate Curves and Dropout Characteristic Curves According to IEC
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

The operate curves and dropout characteristic curves according to IEC can be found in the chapter Technical
Data under Inverse-Time Overcurrent Protection.
Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
The operate curves and dropout characteristic curves according to IEC can be found in the chapter Technical
Data under Inverse-Time Overcurrent Protection.
Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % part of harmonic in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

1790

Voltage

0.5 % of the setting value or 0.05 V

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Time delays

1 % of the setting value or 10 ms
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Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.19 Directional Overcurrent Protection, Phases
11.19.1 Stage with Definite-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Threshold value105

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 106 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Times

105 If

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

106 OOT
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(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delay

1 % of the setting value or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.19.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Backward

–

Method of measurement

Fundamental component –
RMS value

Threshold value107

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Disk emulation
Instantaneous

–

Dropout

107 If

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
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Time multiplier

0.00 to 15.00

Increments of 0.01

Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-8
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-9

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-10
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-11
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-12
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-13

Direction Determination
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Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1 and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase
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Times
Operate time with time delay = 0 ms

Approx. 37 ms + OOT 108 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I ≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.19.3 Stage with User-Defined Characteristic Curve
Setting Values

108 OOT

Rotation angle of the reference voltage

-180° to +180°

Increments of 1°

Directional mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

-

Time multiplier

0.05 to 15.00

Increments of 0.01

Number of value pairs for the operate characteristic
curve

2 to 30

Increments of 1

X values of the operate curve

1.00 p.u. to 66.67 p.u.

Increments of 0.01 p.u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p.u. to 0.95 p.u.

Increments of 0.01 p.u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Threshold value109

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Direction Determination
Type

With healthy voltages
With voltage memory 2 s

Forward range

Vref,rot ±88°

Dropout differential forward/reverse range

1°

Directional sensitivity

Unlimited for 1-phase and 2-phase short circuits
Dynamically unlimited, stationary for 3-phase short
circuits
Approx. 13 V phase-to-phase

Operate time with time delay = 0 ms

Approx. 37 ms + OOT 110 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Times

109 If

you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

110 OOT
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(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % harmonics, in relation to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/threshold value I≤ 20

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Dropout time for I/threshold value I ≤ 0.90

5 % of the reference (calculated) value
+2 % current tolerance or 10 ms

Direction-determination angle error

1°

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.20 Directional Overcurrent Protection, Ground
11.20.1 Stage with Definite-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout ratio

0.90 to 0.99

Increments of 0.01

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1
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According to specified tolerances
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10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays

1 % of the setting value or 10 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.20.2 Stage with Inverse-Time Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Type of characteristic curve

Characteristic curves according to IEC and ANSI

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.00 to 15.00

Increments of 0.01
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Minimum time of the curve

0.00 s to 1.00 s

Increments of 0.01 s

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Operate Curves and Dropout-Time Characteristic Curves according to IEC
Normal inverse: type A
Very inverse: type B
Extremely inverse: type C

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.16.2 Stage with
Inverse-Time Characteristic Curve

Long-time inverse: type B
Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE
Inverse: type C
Short inverse
Long inverse

Refer to the respective figure of the technical data for
the non-dir-OC-ground function 11.16.2 Stage with
Inverse-Time Characteristic Curve

Moderately inverse
Very inverse
Extremely inverse
Definite inverse
Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

1800

Active with reduced sensitivity
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Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.20.3 Stage with Inverse-Time Overcurrent Protection with Logarithmic-Inverse
Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value multiplier

1.00 to 4.00

Increments of 0.01

Time multiplier

0.000 s to 60.000 s

Increments of 0.001 s

Minimum time of the characteristic curve

0.000 s to 60.000 s

Increments of 0.001 s

Maximum time of the characteristic curve

0.000 s to 60.000 s

Increments of 0.001 s

Characteristic curve: see Figure 11-20
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Additional time delay

0.000 s to 60.000 s

Increments of 0.001 s

[dwloginv-300913, 3, en_US]

Figure 11-20

Operate Curve of Logarithmic Inverse-Time Characteristic

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

1802

According to specified tolerances
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10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Inverse-time operate time to logarithmic inverse-time 5 % of the reference (calculated) value
characteristic
+ 2 % current tolerance or 30 ms
Inverse-time dropout time to logarithmic inverse-time 5 % of the reference (calculated) value
characteristic
+ 2 % current tolerance or 30 ms
Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.20.4 Stage with Knee-Point Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°

Direction mode

Forward
Reverse

–

Method of measurement

Fundamental component –
RMS value

Setting Values

Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A
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Characteristic curve: see Figure 11-21
Minimum time of the characteristic curve

0.00 s to 30.00 s

Increments of 0.01 s

Knee-point time of the curve

0.00 s to 100.00 s

Increments of 0.01 s

Maximum time of the characteristic curve

0.00 s to 200.00 s

Increments of 0.01 s

Knee-point value

0.030 A to 35.000 A

Increments of 0.001 A

Current at minimum time of the curve

0.030 A to 35.000 A

Increments of 0.001 A

Time multiplier

0.05 to 1.50

Increments of 0.01

[dwdrloinkn-171013, 1, en_US]

Figure 11-21

Operate Curve of the Logarithmic Inverse Time with Knee-Point Characteristic (In the Example
of Threshold = 0.004 A)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

1804
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Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)

Tolerances

or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Inverse-time operate time to logarithmic inverse time 5 % of the reference (calculated) value
with knee-point characteristic
+ 2 % current tolerance or 30 ms
Inverse-time dropout time to logarithmic inverse time 5 % of the reference (calculated) value
with knee-point characteristic
+ 2 % current tolerance or 30 ms
Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)

11.20.5 Stage with User-Defined Characteristic Curve
Setting Values for the Function Direction Determination
Method for direction determination

Zero sequence
Negative sequence

–

Minimum V0 or V2 threshold

0.150 V to 20.000 V

0.001 V

Rotation angle of the reference voltage

-180° to 180°

1°

Forward range

0° to 180°

1°
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Setting Values
Direction mode

Forward
Reverse

Method of measurement

Fundamental component –
RMS value

Threshold value

–

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout

Disk emulation
Instantaneous

–

Time multiplier

0.05 to 15.00

Increments of 0.01

X values of the operate curve

1.00 p. u. to 66.67 p. u.

Increments of 0.01 p. u.

Y values of the operate curve

0.00 s to 999.00 s

Increments of 0.01 s

Number of value pairs for the dropout characteristic
curve

2 to 30

Increments of 1

X values of the dropout characteristic curve

0.05 p. u. to 0.95 p. u.

Increments of 0.01 p. u.

Y values of the dropout characteristic curve

0.00 s to 999.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout

95 % of 1.1 ⋅ threshold value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Reset of the Integration Timer
Instantaneous

With dropout

Disk emulation

Approx. < 0.90 ⋅ threshold value

Times
The maximum pickup time with operate delay = 0 ms Approx. 30 ms + OOT at 50 Hz
Approx. 25 ms + OOT at 60 Hz
Extension of the operate time during operation with
inrush-current detection

Approx. 10 ms

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

1806

Active with reduced sensitivity

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

Technical Data
11.20 Directional Overcurrent Protection, Ground

Tolerances
Currents, method of measurement = fundamental
component

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Currents, method of measurement = RMS value
(33 % part of harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 50 Hz

3 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of the setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Direction-determination angle error

1º

Influencing Variables for Thresholds
Transient excess pickup in method of measurement = < 5 %
fundamental component, for τ > 100 ms (with
complete unbalance)
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11.21 Negative-Sequence Protection
11.21.1 Stage with Definite-Time Characteristic Curve
Setting Values
Reference value for I2 (Iref)

Rated object current Irated, obj.
Positive-sequence current I1

Pickup value

5.0 % to 999.9 % l2/lref

Increments of 0.1

Dropout ratio

0.40 to 0.99

Increments of 0.01

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Release current (minimum 1 A @ 50 and 100 Irated
current release)
5 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

Maximum phase current
(maximum current
limiting)

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
• Dropout differential derived from the parameter Dropout ratio

•

Dropout differential of 3 % of the object rated current

Times
Pickup time

Approx. 40 ms + OOT111 at 50 Hz
Approx. 35 ms + OOT at 60 Hz

Dropout time

Approx. 35 ms + OOT

Current Operating Range
Current range

At least one phase current ≥ setting value Irelease
All phase currents ≤ setting value Iph, max

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

111 OOT

1808

Inactive

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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Tolerances
Pickup value
I2/Irated, obj

Approx. 2 % of the setting value
or 0.8 % of the absolute value

I2/I1

Approx. 2 % of the setting value
or 4 % of the absolute value (I1 > 50 mA
(Irated = 1 A) or 250 mA (Irated = 5 A))

Time delays

1 % of the setting value or 10 ms

11.21.2 Stage with Inverse-Time Characteristic Curve
Setting Values
Reference value for I2 (Iref)

Rated object current Irated,obj.
Positive-sequence current I1

Pickup value

5.0 % to 999.9 % l2/lref

Dropout

Disk emulation
Instantaneous

Time multiplier

0.05 to 15.00

Increments of 0.01

Release current (minimum 1 A @ 50 and 100 Irated
current release)
5 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

Maximum phase current
(maximum current
limiting)

Increments of 0.1

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
• Dropout differential derived from the parameter Dropout ratio

•

Dropout differential of 3 % of the object rated current

Times
Pickup time

Approx. 40 ms + OOT112 at 50 Hz
Approx. 35 ms + OOT at 60 Hz

Dropout time

Approx. 35 ms + OOT

Dropout Ratio

112 OOT

Disk emulation

Approx. 0.90 ⋅ threshold value

Instantaneous

Approx. 1.05 ⋅ threshold value
Approx. 0.95 ⋅ pickup value

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1809

Technical Data
11.21 Negative-Sequence Protection

Operate and Dropout Characteristic Curves
You can select from the following operate and dropout characteristic curves:
Table 11-3

Standard Characteristic Curves to IEC

Normal inverse: type A
Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B
Table 11-4

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-8
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-9

Standard Characteristic Curves to ANSI

Inverse: type C
Short inverse
Long inverse
Moderately inverse
Very inverse
Extremely inverse
Definite inverse

See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-10
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-11
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-12
See chapter 11.15.2 Stage with Inverse-Time Characteristic Curve, Figure 11-13

Extension of the Operating Time
Extension of the operate time during operation with
transformer inrush-current detection

Approx. 10 ms

Current Operating Range
Current range

At least one phase current ≥ setting value Irelease
All phase currents ≤ setting value Iph, max

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ 0.9 frated

Slightly expanded tolerances

1.1 frated< f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Reference value = rated current
Pickup value

Approx. 2 % of the setting value or
0.8 % of the absolute value

Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the setting value or
+ 2 % of the current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the setting value or
+ 2 % of the current tolerance or 30 ms

Reference value = pos. seq. current
Pickup value

1810

Approx. 2 % of the setting value
or 4 % of the absolute value
(I1 > 50 mA (Irated = 1 A) or 250 mA (Irated = 5 A))
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Operate time for 2 ≤ I/I threshold value ≤ 20

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Dropout time for I/I threshold value ≤ 0.90

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms
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11.22 Undercurrent Protection
Setting Values
Method of measurement
Threshold value I<

Fundamental component –
RMS value
1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.00 s to 60.00 s

Increments of 0.01 s

Time delay
Dropout

The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time

Approx. 25 ms + OOT113 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Currents, method of measurement = fundamental
component

1 % of setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

Currents, method of measurement = RMS value
(33 % portion harmonic, referring to fundamental component)
Up to 30th harmonic

1 % of setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

113 OOT

(Output Operating Time): additional delay of the output medium used, for example, 5 ms with fast relays, see chapter Relay
Outputs
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Up to 50th harmonic, frated = 50 Hz

3 % of setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Up to 50th harmonic, frated = 60 Hz

4 % of setting value or 20 mA (Irated = 1 A)
or 100 mA (Irated = 5 A), (frated ± 10 %)

Time delays
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11.23 Overexcitation Protection
Setting Values
Threshold value
(characteristic curve dependent on
pickup)

1.00 to 1.20

Increments of 0.01

Threshold value
(characteristic curve independent on
pickup)

1.00 to 1.40

Increments of 0.01

Time delay (warning delay and tripping delay)

0.00 s to 60.00 s

Increments of 0.01 s

Characteristic value pairs

2 to 30

Value ranges

V/f

1.00 p.u. to 10.00 p.u.

Increments of 0.01 p.u.

t

0 s to 100 000 s

Increments of 1 s

0 s to 100 000 s

Increments of 1 s

Cooling time therm. replica
Functional Measured Values
Measured Value

Description

Value calculated from voltage and frequency.
(_:2311:322) V/f
(_:13591) Therm.charact. Thermal tripping of the overexcitation protection. If the value reaches
100 %, tripping occurs.
Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Operating Times
Operate times/dropout times
Operate time at frequency

50 Hz

Minimum

33 ms + OOT1

Dropout time

10 ms +

60 Hz
OOT1

30 ms + OOT114
10 ms + OOT1

Dropout Ratios
Warning, tripping (independent stage)

Approx. 0.98

Operate Curve
Thermal replica

For default setting refer to the following characteristic
curve Figure 11-22

V/f pickup

2 % of the setting value

Time delays

1 % of the setting value or 10 ms (min. 1.5 periods)

Thermal replica

5 % based on V/f ± 600 ms

Tolerances

114 Refer

1814

to protection functions, for example overcurrent protection
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Voltage measurement accuracy

0.5 % of the setting value or 0.5 V in the range
fn ± 10 %

Frequency measurement accuracy

1.0 % of the setting value or 1.0 Hz in the frequency
range 10 Hz to 80 Hz

Influencing Quantities
Auxiliary direct voltage in the 0.8 range

≤1%

Time delays

≤ 0.5 %/10 K

Thermal replica

≤1%

Harmonics
Up to 10 % of 3rd harmonic
Up to 10 % of 5th harmonic

≤1%
≤1%

[dwrsasuf-070513-01.tif, 1, en_US]

Figure 11-22

Operate Curve from the Thermal Replica of the Overexcitation Protection (Default Setting)
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11.24 Unbalanced-Load Protection
Setting Values
Maximum continuously perm. I2

3.0 % to 30.0 % l2/
lrated,machine

Increments of 0.1 %

Unbalanced load factor K

1.0 s to 100.0 s

Increments of 0.1 s

Warning delay

0.0 s to 60.0 s; ∞

Increments of 0.1 s

Cooling time thermal replica

0 s to 50 000 s

Increments of 1 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
• Dropout differential derived from a dropout ratio of 95 %

•

Dropout differential of 3 % of the object rated current

Operate Characteristics
Characteristic of the
thermal replica
Where:

tI2Perm

Permissible application time of the negative-sequence
current

K

Unbalanced load factor K

I2/Irated,machine

Unbalanced load (negative-sequence current/rated
current of the machine)

[dwunbaop-300913, 1, en_US]

Figure 11-23

Thermal Characteristic for Unbalanced Load Protection

Times
Pickup time of the warning stage

115 OOT

1816

Approx. 60 ms + OOT115 at 50 Hz
Approx. 50 ms + OOT at 60 Hz

(Output Operating Time): additional delay of the output medium used, for example, 5 ms with fast relays
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Dropout time

Approx. 50 ms or better

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Negative-sequence current I2

Approx. 3 % of setting value or 0.030 A at Irated = 1 A

Tolerances

Approx. 3 % of setting value or 0.150 A at Irated = 5 A
Warning delay

1 % of the setting value or 10 ms

Time for 2 ≤ I2/I2Perm ≤ 20

5 % of reference (calculated) value or 100 ms ±
(1 % current tolerance or 10 mA) at Irated = 1 A
5 % of reference (calculated) value or 100 ms ±
(1 % current tolerance or 50 mA) at Irated = 5 A

Influencing Variables for the Thresholds
Harmonics
– Up to 10 % 3rd harmonic
– Up to 10 % 5th harmonic
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11.25 Instantaneous High-Current Tripping
Setting Values
Threshold value

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.50 to 0.90

Increments of 0.01

Dropout ratio
Dropout

The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time for current > 2·√2·threshold value

Approx. 8 ms + OOT116

Response tolerance, current

5 % of setting value or 10 mA
at Irated = 1 A

Tolerances

5 % of setting value or 50 mA
at Irated = 5 A
Time delays

116 OOT

1818

1 % of the setting value or 10 ms

(Output Operating Time) Additional delay of the output medium used, see Chap. 11.1.4 Relay Outputs
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11.26 Overvoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value117

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 300.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Type Inverse-Time Overvoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Pickup mode

1 out of 3
3 out of 3

Pickup value

0.300 V to 340.000 V

Increments of 0.001 V

Pickup factor

1.00 to 1.20

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve for Stage Type Inverse-Time Overvoltage Protection

117 If

Where
Top

Operate delay

Tinv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

Where
Tinv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V

Measured voltage

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
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Vthresh

Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT118 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Tolerances for Stage Type Definite-Time Overvoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances for Stage Type Inverse-Time Overvoltage Protection

118 OOT

1820

Voltages

0.5 % of the setting value or 0.05 V

Operate time for
1.2 ≤ V/V threshold value ≤ 20

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
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11.27 Overvoltage Protection with Positive-Sequence Voltage
Setting Values
Pickup value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT119 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

119 OOT

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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11.28 Overvoltage Protection with Negative-Sequence Voltage
Setting Values for the Function
Measuring window

1 cycle to 10 cycles

Increments of 1 cycle

Pickup value of V2

0.300 V to 200.000 V

Increments of 0.001 V

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT 120
(depends on the measuring-window length) at 50 Hz
48 ms to 185 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout time

20 ms to 70 ms + OOT
(depends on the measuring-window length)

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms

Tolerances

120 OOT

1822

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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11.29 Overvoltage Protection with Negative-Sequence Voltage/PositiveSequence Voltage
Setting Values for the Function
Measuring window

1 cycle to 10 cycles

Increments of 1 cycle

Minimum voltage V1

0.300 V to 60.000 V

Increments of 0.001 V

Pickup value of V2/V1

0.50 % to 100.00 %

Increments of 0.01 %

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Setting Values for Stage Types

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup times

55 ms to 210 ms + OOT121
(depends on the measuring-window length) at 50 Hz
48 ms to 190 ms + OOT
(depends on the measuring-window length) at 60 Hz

Dropout times

22 ms to 55 ms + OOT
(depends on the measuring-window length) at 50 Hz
18 ms to 45 ms + OOT
(depends on the measuring-window length) at 60 Hz

Times

Frequency Operating Range
0.9 f/frated to 1.1 f/frated

According to specified tolerances

10 Hz to 0.9 f/frated

Slightly expanded tolerances

1.1 f/frated to 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Voltages

0.50 % of the setting value or 0.050 V

Time delays

1.00 % of the setting value or 10 ms

Tolerances

121 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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11.30 Overvoltage Protection with Zero-Sequence Voltage/Residual
Voltage
Setting Values
Method of measurement

RMS value
Fundamental component
Fundamental component
over 2 cycle filters

Block. on measuring-voltage outage

Yes
No

Determ. ph. aff. by grd. flt.

Yes
No

Threshold value122

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Pickup delay

0.00 s to 320.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

V< faulty ph-gnd vltg.

0.300 V to 200.000 V

Increments of 0.001 V

V> healthy ph-gnd. vltg.

0.300 V to 200.000 V

Increments of 0.001 V

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms
Standard filter, true RMS

Approx. 25 ms + OOT123 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

2 cycle filters

Approx. 45 ms + OOT at 50 Hz
Approx. 39 ms + OOT at 60 Hz

Dropout time
Standard filter, true RMS

Approx. 20 ms + OOT at 50 Hz
Approx. 17 ms + OOT at 60 Hz

2 cycle filters

Approx. 31 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

122 If

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

123 OOT
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f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances
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11.31 Overvoltage Protection with Any Voltage
Setting Values
Measured value124

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Pickup value125

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.90 to 0.99

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time with time delay = 0 ms

Approx. 25 ms + OOT126 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Voltages

0.5 % of the setting value or 0.05 V

Tolerances

124 If

the function Overvoltage protection with any voltage is used in a 1-phase function group, the measured-value parameter is not
visible.
125 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
126 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Time delays
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11.32 Undervoltage Protection with 3-Phase Voltage
Setting Values for Stage Type Definite-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value127

0.300 V to 175.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Setting Values for Stage Type Inverse-Time Undervoltage Protection
Measured value

Phase-to-phase
Phase-to-ground

Method of measurement

Fundamental component
RMS value

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold

0.300 V to 175.000 V

Increments of 0.001 V

Pickup factor

0.80 to 1.00

Increments of 0.01

Characteristic constant k

0.00 to 300.00

Increments of 0.01

Characteristic constant α

0.010 to 5.000

Increments of 0.001

Characteristic constant c

0.000 to 5.000

Increments of 0.001

Time multiplier

0.05 to 15.00

Increments of 0.01

Additional time delay

0.00 s to 60.00 s

Increments of 0.01 s

Reset time

0.00 s to 60.00 s

Increments of 0.01 s

Operate Curve
Top=TInv+Tadd

127 If

Where:
Top

Operate delay

TInv

Inverse-time delay

Tadd

Additional time delay (parameter Additional time delay)

you have selected the Method of measurement = RMS value, do not set the threshold value under 10 V.
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[fo_UVP3ph_inverse, 2, en_US]

Where
TInv

Inverse-time delay

Tp

Time multiplier (parameter Time dial)

V
VThresh

Measured undervoltage
Threshold value (parameter Threshold)

k

Curve constant k (parameter Charact. constant k)

α

Curve constant α (parameter Charact. constant α)

c

Curve constant c (parameter Charact. constant c)

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 25 ms + OOT128 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

Tolerances for Stage Type Definite-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

Time delays
128 OOT

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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Tolerances for Stage Type Inverse-Time Undervoltage Protection
Voltages

0.5 % of the setting value or 0.05 V

Currents

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A, frated ± 10 %), valid for protection-class
current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %), valid for instrument
transformers

1830

Operate time for 0 < V/VThresh < 0.9

5 % of the setting value or 30 ms

Reset time delay

1 % of the setting value or 10 ms
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11.33 Undervoltage Protection with Positive-Sequence Voltage
Setting Values
Threshold value

0.300 V to 200.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Current-flow criterion

On
Off

Threshold value I>

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Operate time

Approx. 25 ms + OOT 129 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

Voltages

0.5 % of the setting value or 0.05 V

Tolerances
Currents

1 % of the setting value or 5 mA (Irated = 1 A) or
25 mA (Irated = 5 A, frated ± 10 %),
valid for protection-class current transformers
1 % of the setting value or 0.1 mA (Irated = 1.6 A) or
0.5 mA (Irated = 8 A, frated ± 10 %),
valid for instrument transformers

Time delays

129 OOT

1 % of the setting value or 10 ms

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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11.34 Undervoltage Protection with Any Voltage
Setting Values
Measured value

Measured phase-to-ground voltage VA
Measured phase-to-ground voltage VB
Measured phase-to-ground voltage VC
Measured phase-to-phase voltage VAB
Measured phase-to-phase voltage VBC
Measured phase-to-phase voltage VCA
Calculated phase-to-phase voltage VAB
Calculated phase-to-phase voltage VBC
Calculated phase-to-phase voltage VCA
Calculated voltage V0

Method of measurement

Fundamental component
RMS value

Threshold value130

0.300 V to 340.000 V

Increments of 0.001 V

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

1.01 to 1.20

Increments of 0.01

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for the overvoltage and of 105 % for the
undervoltage functionality.
Minimum absolute dropout differential

150 mV sec.

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT131 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

Voltages

0.5 % of the setting value or 0.05 V

Time delays

1 % of the setting value or 10 ms

Tolerances

130 If

you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
(Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

131 OOT
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11.35 Undervoltage-Controlled Reactive-Power Protection
Setting Values
Threshold value

Power Q

1.00 % to 200.00 %

Increments of 0.01 %

Voltage of protection
stage

3.000 to 175.000

Increments of 0.001 V

Voltage of reclosure
stage

3.000 V to 340.000 V

Increments of 0.001 V

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Release time delay of reclosure stage

0.00 s to 3600.00 s

Increments of 0.01 s

Current I1 release threshold

Dropout Ratio
Protection stage
Reactive-power flow Q

Approx. 0.95

Voltage

Approx. 1.02

Release current

Approx. 0.95

Reclosure stage
Voltage

Approx. 0.98

Release current

Approx. 0.95

Pickup time

Approx. 55 ms + OOT132 at 50 Hz
Approx. 45 ms + OOT at 60 Hz

Dropout time

Approx. 55 ms + OOT at 50 Hz
Approx. 45 ms + OOT at 60 Hz

Times

Tolerances
Current I1

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A)

Voltage

0.5 % of the setting value or 0.05 V

Power Q

0.5 % Srated ± 3 % of the setting value
(Srated: rated apparent power)

Time delays

1 % of the setting value or 10 ms

Reclosure time delay

1 % of the setting value or 10 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

132 OOT

(Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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f < 10 Hz
f > 80 Hz

1834

Active
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11.36 Voltage-Comparison Supervision

11.36 Voltage-Comparison Supervision
Times
Alarm times

Approx. 3 ms to 12 ms + OOT 133at 50 Hz
Approx. 2.5 ms to 10 ms + OOT at 60 Hz

Dropout time

20 ms

Frequency Operating Range
10 Hz ≤ f ≤ 80 Hz

According to specified tolerances

f < 10 Hz

Inactive

f > 80 Hz
Tolerances
Pickup threshold
Voltage

133 OOT

0.5 % of the setting value or 0.05 V

(Output Operating Time): extra delay of the output medium used

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1835

Technical Data
11.37 Fault Locator

11.37 Fault Locator
Setting Values
You can find the following settings in the line data of the Line protection function group:
• Reactance per unit length of the line per kilometer or per mile
• Line length for the correct output of the fault distance as a percentage of the line length
• Residual compensation factors in the setting format Kr and Kx or K0 and angle (K0)
Parallel-line compensation (optional)

For connection or disconnection

Consideration of the load current in the case of 1phase ground faults

Correction of the X value, for connection and disconnection

Fault Distance
Output of the fault distance (line length)

In Ω primary
In km, miles or in percent. 134

Tolerances
Measuring tolerances during sinusoidal measurands
and fault duration
> 25 ms at 60 Hz or
> 30 ms at 50 Hz

134 The

1836

1.5 % from fault location at VK/Vrated ≥ 0.01 and one of
the following scenarios:
• Metal fault
• Non-metal fault during single-side infeed
without load

output of the fault distance in km, miles and percent presupposes a homogeneous line.
SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

Technical Data
11.38 Overfrequency Protection

11.38 Overfrequency Protection
Setting Values
Pickup values f>

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f>

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT135
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 79 ms + OOT
Approx. 65 ms + OOT

Dropout times f>

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f>
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f>)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

135 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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11.39 Underfrequency Protection
Setting Values
Pickup values f<

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2 000 mHz

Increments of 10 mHz

Time delay T

0.00 s to 600.00 s

Increments of 0.01 s

Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Pickup times f<

Angle difference method

Times
50 Hz
60 Hz

Approx. 70 ms + OOT136
Approx. 60 ms + OOT

Filtering method
50 Hz
60 Hz

Approx. 65 ms + OOT
Approx. 54 ms + OOT

Dropout times f<

60 ms to 80 ms

Frequency

Parameterizable dropout differential

Dropout
Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Operating Ranges
Voltage range

5 V to 230 V (phase-phase)

Frequency range

Angle difference method

10 Hz to 80 Hz

Filtering method

25 Hz to 80 Hz

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz

± 5 mHz at V = Vrated

frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

Time delay T(f<)

1 % of the setting value or 10 ms

Minimum voltage

1 % of the setting value or 0.5 V

136 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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11.40 Underfrequency Load Shedding
Setting Values for the Function
Minimum voltage

0.300 p.u. to 0.900 p.u.

Increments of 0.001 p.u.

Minimum current

0.020 p.u. to 0.200 p.u.

Increments of 0.001 p.u.

Power angle

-30° to 30°

Increments of 1°

Positive power direction

inv. to CT neu.pnt sett.
acc. to CT neu.pnt sett.

Threshold value for the df/dt-rising 0.1 Hz/s to 20.0 Hz/s
rate or df/dt-falling rate

Increments of 0.1 Hz/s

df/dt measuring window

2 periods to 5 periods

Increments of 1 period

df/dt dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.10 Hz/s

f < stabilization counter

1 to 20

Increments of 1

Pickup threshold

40.00 Hz to 70.00 Hz

Increments of 0.01 Hz

Dropout differential

20 mHz to 2000 mHz

Increments of 10 mHz

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Setting Values for the Stage

Times
Pickup times with stabilization counter = 6

Approx. 85 ms + OOT137 at 50 Hz
Approx. 80 ms + OOT at 60 Hz

Dropout time

Approx. 80 ms + OOT at 50 Hz
Approx. 75 ms + OOT at 60 Hz

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout
Frequency

0.01 Hz

df/dt-rising rate and df/dt-falling rate

0.1 Hz/s

Voltage V1

105 % of the threshold value

Current I1

105 % of the threshold value at φ ≤ 0
95.23 % of the threshold value at φ > 0

Power angle

1°

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Voltage transformer

150 mV sec.

Tolerances
Frequency f<
frated - 0.20 Hz < f < frated + 0.20 Hz
137 OOT

± 5 mHz at V = Vrated

(Output Operating Time): additional time delay of the output medium used, for example, 5 ms with fast relay
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frated - 3.0 Hz < f < frated + 3.0 Hz

± 10 mHz at V = Vrated

df/dt, measuring window > 3 periods

Approx. 3 % or 0.06 Hz/s

df/dt, measuring window ≤ 3 periods

Approx. 5 % or 0.06 Hz/s

Minimum voltage

0.5 % of the setting value or 0.05 V

Minimum current

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A), (frated ± 10 %)

Power angle

1°

Time delays

1 % of the setting value or 10 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

1840
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11.41 Rate of Frequency Change Protection
Setting Values for the Function
Minimum voltage

3.000 V to 175.000 V

Increments of 0.001 V

Measuring window

2 periods to 5 periods

Increments of 1 period

Threshold

0.100 Hz/s to 20.000 Hz/s

Increments of 0.025 Hz/s

Dropout differential

0.02 Hz/s to 0.99 Hz/s

Increments of 0.01 Hz/s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Setting Values for Stage Types

Dropout
Frequency

Parameterizable dropout differential

Minimum voltage
The larger dropout differential (= | pickup value – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from Dropout ratio 105 % for the Minimum voltage parameter
Minimum absolute dropout differential

150 mV secondary

Times
Pickup time

Approx. 160 ms + OOT138 to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Dropout time

Approx. 160 ms + OOT to 220 ms + OOT (depends on measuring
window length)
at 50 Hz
Approx. 140 ms + OOT to 200 ms + OOT (depends on measuring
window length)
at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Threshold,
measuring window > 3 periods

Approx. 3 % or 0.060 Hz/s

Threshold,
measuring window ≤ 3 periods

Approx. 5 % or 0.060 Hz/s

138 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
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Minimum voltage

1 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms

Functional Measured Value

1842

Value

Description

df/dt

Calculated rate of frequency change
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11.42 Instantaneous Tripping at Switch onto Fault
Setting Values
Tripping delay

0.00 s to 60.00 s

Increments of
0.01 s

Tolerances
Times

< 1 % of the setting value or 10 ms

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1843

Technical Data
11.43 Thermal Overload Protection, 3-Phase – Advanced

11.43 Thermal Overload Protection, 3-Phase – Advanced
Setting Value for the Function Block Filter
h(0)

-100.000 to 100.000

Increments of 0.001

h(1)

-100.000 to 100.000

Increments of 0.001

h(2)

-100.000 to 100.000

Increments of 0.001

h(3)

-100.000 to 100.000

Increments of 0.001

h(4)

-100.000 to 100.000

Increments of 0.001

Setting Values/Increments for the Protection Stage
Threshold current
warning

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold thermal warn.

50 % to 100 %

Increments of 1 %

Dropout threshold operate

50 % to 99 %

Increments of 1 %

Emerg. start T overtravel

0 s to 15 000 s

Increments of 10 s

K-factor acc. to IEC 60225-8

0.10 to 4.00

Increments of 0.01

Thermal time constant

10 s to 60 000 s

Increments of 1 s

Cooling time constant

10 s to 60 000 s

Increments of 1 s

Imax thermal

1 A @ 50 and 100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

Imin cooling

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.000 A to 10.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.00 A to 50.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.000 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.000 A to 8.000 A

Increments of 0.001 A

Temperature rise at Irated

40 K to 200 K

Increments of 1 K

Default temperature

-55°C to 55°C

Increments of 1°C

Minimal temperature

-55°C to 40°C

Increments of 1°C

Dropout Ratios
Tripping threshold (fixed at 100 %)

Dropout if value drops below operate indication
dropout threshold

Thermal warning threshold

About 0.99 of the setting value

Current warning threshold

About 0.95 of the setting value

Frequency Range of the Input Signals
The function captures input signals up to the 50th harmonic.
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Tolerances
No filter applied
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A) or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-8

Up to 50th harmonic,
frated = 50 Hz

4 % or 20 mA ( Irated = 1 A) or 100 mA ( Irated = 5 A),

Up to 50th harmonic,
frated = 60 Hz

5 % or 25 mA ( Irated = 1 A) or 125 mA ( Irated = 5 A),

4 % class acc. to IEC 60255-8
5 % class acc. to IEC 60255-8

With the filter for compensation of the amplitude attenuation due to the anti-aliasing filter
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A) or 50 mA ( Irated = 5 A),

Up to 50th harmonic,
frated = 50 Hz

3 % or 20 mA ( Irated = 1 A) or 100 mA ( Irated = 5 A),

2 % class acc. to IEC 60255-8

Up to 50th harmonic,
frated = 60 Hz

3 % class acc. to IEC 60255-8
4 % or 20 mA ( Irated = 1 A) or 100 mA ( Irated = 5 A),
4 % class acc. to IEC 60255-8

With the filter for gain of harmonics including compensation of the amplitude attenuation139
(33 % harmonics, in relation to the fundamental component)
With reference to k ⋅ Irated

Up to 30th harmonic

2 % or 10 mA ( Irated = 1 A) or 50 mA ( Irated = 5 A),
2 % class acc. to IEC 60255-8140

With reference to the
operate time

Up to 50th harmonic,
frated = 50 Hz

4 % or 20 mA ( Irated = 1 A) or 100 mA ( Irated = 5 A),

Up to 50th harmonic,
frated = 60 Hz

5 % or 25 mA ( Irated = 1 A) or 125 mA ( Irated = 5 A),

Up to 30th harmonic

3 % or 1 s for I/(k ⋅ Irated) > 1.25,

4 % class acc. to IEC 60255-8141
5 % class acc. to IEC 60255-8141
3 % class acc. to IEC 60255-8

Operate Curve
Operate curve

Where

t

Operate time

τth

Time constant

I

Current load current

Ipreload

Preload current

k

Setting factor according to VDE 0435 part 3011 or
IEC 60255-8 (K factor)

Irated, obj

Rated current of the protected object

139 In

case that the filter response exactly matches the user-defined gain factor.
case that the user-defined gain factor is set below 3. The tolerance is increased if the gain factor is larger.
141 In case that the user-defined gain factor is set below 7. The tolerance is increased if the gain factor is larger.

140 In
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Figure 11-24
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Operate Curve of Overload Protection
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11.44 Analog-Units Function Group
20-mA Unit Ether. 7XV5674-0KK00-1AA1
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

20-mA Unit Serial 7XV5674-0KK30-1AA1 (RS485) and 7XV5674-0KK40-1AA1 (Fiberglass)
Max. number of connected 20-mA units

4

Max. number of channels per 20-mA unit

12

RTD Unit (Ziehl TR1200) 7XV5662-6AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

RTD Unit (Ziehl TR1200 IP) 7XV5662-8AD10
Max. number of connected RTD units

4

Max. number of sensors per RTD unit

12

Sensor type

Pt 100 to EN 60751; connection of Ni 100 and Ni 120
sensors possible. The measured values must be
converted in the evaluation unit.

Temperature Measured Values
Unit of measurement for temperature

°C or °F, adjustable

Pt 100

-199 °C to 800 °C (-326 °F to 1472 °F)

Ni 100

-54 °C to 278 °C (-65 °F to 532 °F)

Ni 120

-52 °C to 263 °C (-62 °F to 505 °F)

Resolution

1 °C or 1 °F

Tolerance

±0.5 % of the measured value ±1 K
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11.45 Temperature Supervision
Setting Values
Pickup value

-50 °C to 250 °C
-58 °F to 482 °F

Increments of 1°C
Increments of 1°F

Time delay

0 s to 60 s
or ∞

Increments of 1 s

Dropout Conditions
Dropout differential

3 °C or 6 °F

Tripping delay

±1 % of the setting value or ±10 ms

Measured temperature value

±0.5 % of the setting value or ±1 °C or ±2 °F

Tolerances
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11.46 Hotspot Calculation
Setting Values
Emerg. start T overtravel

0 s to 15 000 s

Increments of 1 s

80 °C to 140 °C

Increments of 1 °C

HST Warning Threshold

°C
°F

176 °F to 284 °F

Increments of 1 F

HST Alarm Threshold

°C

80 °C to 140 °C

Increments of 1 °C

°F

176 °F to 284 °F

Increments of 1 F

Aging Warning Threshold

0.125 to 128.000

Increments of 0.001

Aging Alarm Threshold

0.125 to 128.000

Increments of 0.001

Turn time constant

0 min to 30 min

Increments of 1 min

y Turn exponent

1.6 to 2.0

Increments of 0.1

Temperature gradient

20 to 50

Increments of 1

Factor k21

1.0 to 5.0

Increments of 0.1

Factor k22

1.0 to 5.0

Increments of 0.1

Oil time constant

50 min to 500 min

Increments of 1 min

m Turn exponent

0.8 to 1.0

Increments of 0.1

Temperature gradient

20 to 50

Increments of 1

IEC 60076-7

IEEE C57.91 2011

Functional Measured Values
Measured Value
(_:13531:307) Tmp.A

Description

(_:13531:308) Tmp.B

Hotspot temperature for phase B in °C or °F (depending on the setting)

(_:13531:309) Tmp.C

Hotspot temperature for phase C in °C or °F (depending on the setting)

(_:13531:310) TmpMa

Hotspot temperature for the 3 phases in °C or °F (depending on the setting)

(_:13531:311) AgRate

Relative aging rate

(_:13531:305) RsWarn

Load margin until warning indication in percent

(_:13531:306) RsAlm

Load margin until alarm indication in percent

Hotspot temperature for phase A in °C or °F (depending on the setting)

Frequency Operating Range
Frequency tracking

10 Hz to 80 Hz

Measured Temperatures
Temperature unit of the measurement

°C or °F

Resolution

1 °C or 1 °F

Tolerance

±0.5 % of the measured value or ±1 K

Dropout Ratio
Alarm threshold

Approx. 0.99 of the setting value

Warning threshold

Approx. 0.99 of the setting value

Power Factor
The accuracy of the power factor calculation is a function of the accuracy of the current measurement.
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Operate Time
Synthesizing the hotspot temperature is a slow process. The measuring interval is 300 ms. The operate time is
a function of the oil temperature and the load increase.
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11.47 Circuit-Breaker Failure Protection
Starting Conditions
For circuit-breaker failure protection

3-pole tripping internal or external142

Setting Values
Phase-current threshold
values

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Supervision time of release signal

0.00 s to 1.00 s

Increments of 0.01 s

Time delays T1

0.000 s to 60.000 s

Increments of 0.001 s

Time delays T2

0.050 s to 60.000 s

Increments of 0.001 s

Supervision times of binary inputs

0.05 s to 60.00 s

Increments of 0.01 s

1 A @ 50 Irated
5 A @ 100 Irated
5 A @ 50 Irated
1 A @ 1.6 Irated

Sensitive threshold value

1 A @ 50 Irated
5 A @ 100 Irated
5 A @ 50 Irated

Dropout
The greater dropout differential (= | pickup threshold – dropout threshold |) of the following 2
criteria applies:
Dropout differential

95 % of the pickup value

Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Circuit-Breaker Supervision
Position supervision via circuit-breaker auxiliary contacts
For 3-pole CB tripping

i

142 Via

1 input each for make contact and break contact

NOTE
The circuit-breaker failure protection can also work without the circuit-breaker auxiliary contacts stated.
Auxiliary contacts are required for circuit-breaker failure protection in cases where the current flow is
absent or too low for tripping (for example with a transformer or a Buchholz protection).

binary inputs
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Times
Pickup time, in the case of an internal start
Pickup time, in the case of an external start

< 1 ms
< 5 ms

Typical dropout time

< 15 ms

Dropout time via circuit-breaker auxiliary contact
criterion

< 5 ms

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Threshold values, dropout thresholds

2 % of the setting value or 1 % of the rated current

Times

1 % of the setting value or 10 ms

Tolerances
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11.48 Circuit-Breaker Restrike Protection
Setting Values
Threshold value

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Monitoring duration

1.00 s to 600.00 s

Increments of 0.01 s

Position recognition delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Trip delay time

0.05 s to 60.00 s

Increments of 0.01 s

Retrip delay time

0.00 s to 60.00 s

Increments of 0.01 s

Minimum operate (trip) time

0.00 s to 60.00 s

Increments of 0.01 s

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Operate time with time delay = 0 ms

Approx. 25 ms + OOT at 50 Hz
Approx. 22 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Active

Threshold

1 % of the setting value or 5 mA (Irated = 1 A) or 25 mA
(Irated = 5 A)

Time delays

1 % of the setting value or 10 ms

Tolerances

SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017

1853

Technical Data
11.49 Arc Protection

11.49 Arc Protection
Setting Values
Threshold I>

Threshold 3I0>>

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

External trip initiation

no
current
light

Operating mode

light only
current and light

Sensor

point sensor
line sensor
custom

Threshold light

-28.00 dB to 0.00 dB

Channel

Possible settings, application-dependent

Increments of 0.01

Dropout
The larger dropout differential (= | pickup threshold – dropout threshold |) of the following
2 criteria is used:
Dropout differential derived from the Dropout ratio parameter
If this parameter is not available, a dropout ratio of 95 % applies to the overcurrent protection and a dropout
ratio of 105 % applies to the undercurrent protection.
Minimum absolute dropout differential
Protection-class current transformers

15 mA sec. (Irated= 1 A) or
75 mA sec. (Irated = 5 A)

Instrument transformers

0.5 mA sec. (Irated= 1 A) or
2.5 mA sec. (Irated = 5 A)

Times
Shortest operate time
Operating mode = light only
Shortest operate time
Operating mode = Current and light

Approx. 2.6 ms + OOT 143
Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

143 OOT

(Output Operating Time): Additional delay of the output medium used, for example, 5 ms with fast relay, see chapter
11.1.4 Relay Outputs
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11.50 Power-Plant Disconnection Protection
Setting Values
Threshold P1>

50.00 % to 100.00 %

Increments of 0.01 %

Threshold P1<

0.00 % to 60.00 %

Increments of 0.01 %

Threshold Vph-ph<
Threshold I>

0.300 V to 175.000 V

Increments of 0.001 V

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 50 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold dP1<

-100.00 % to -30.00 %

Increments of 0.01 %

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

Operate curve

2 to 5

Increments of 1

Functional Measured Values
Functional measured values are available to you so that you can better evaluate the behavior of the function.
You can collect these functional measured values in a fault record for example.
Measured Description
Value
P1(t)

Positive-sequence system active power, which is evaluated by the function. The measured value
is calculated every 1/4 cycle.

dP1(t)

Continuous representation of the active-power change, starting from the trigger time. With this,
you can evaluate the change of the active-power difference at the prefault instant (tprior).

dP1(t)max This measured value flows into the characteristic curve. It represents the maximum active power
during the duration of the fault.
Times
Pickup times
Characteristic curve = no

Approx. 28 ms + OOT144 at 50 Hz
Approx. 25 ms + OOT at 60 Hz

Characteristic curve = yes

Approx. 26 ms + OOT at 50 Hz
Approx. 24 ms + OOT at 60 Hz

Dropout times
Characteristic curve = no

Approx. 18 ms + OOT at 50 Hz
Approx. 19 ms + OOT at 60 Hz

Characteristic curve = yes

Approx. 22 ms + OOT at 50 Hz
Approx. 20 ms + OOT at 60 Hz

I>

1 % of the dropout value or 0.005 Irated

P1>

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

Vph-ph<

0.5 % of the dropout value or 0.05 V

Tolerance

144 OOT

(Output Operating Time): additional delay of the output medium used
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dP1<

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

P1<

0.5 % Srated or ±3 % of the setting value when Q < 0.5
Srated

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

1856

Inactive
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11.51 Inrush-Current Detection
Setting Values
Operat.-range limit Imax

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Content 2nd harmonic

10 % to 45 %

Increments of 1 %

Duration of the crossblock function

0.03 s to 200.00 s

Increments of 0.01 s

Pre-arcing times

Approx. 29 ms

Times

Dropout Ratios
Harmonic: I2nd harm/I1st harm

0.95

Dropout
The greater dropout differential (= | pickup value – dropout value |) of the following 2 criteria
applies:
Dropout differential derived from the parameter Dropout ratio
If this parameter is not available, a dropout ratio of 95 % applies for overcurrent and of 105 % for undercurrent functionality.
Minimum absolute dropout differential
Protection-class current transformer

15 mA sec. (Irated = 1 A) or
75 mA sec. (Irated = 5 A)

Instrument current transformer

0.5 mA sec. (Irated = 1 A) or
2.5 mA sec. (Irated = 5 A)

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Current measurement Imax

1 % of the setting value or 5 mA

Harmonic: I2nd harm/I1st harm

1 % of the setting value with setting values
of I2nd harm/I1st harm

Time delays

1 % of the setting value or 10 ms

Tolerances
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11.52 3-Phase Power Protection (P,Q)
Setting Values
Measured value

Positive sequence power
Power of phase A
Power of phase B
Power of phase C

Threshold value

-200.0 % to +200.0 %

Increments of 0.1

Tilt-power characteristic

-89.0° to +89.0°

Increments of 0.1°

Dropout delay time

0.00 s to 60.00 s

Increments of 0.01 s

Time delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

Upper stage: 0.90 to 0.99
Lower stage: 1.01 to 1.10

Increments of 0.01
Increments of 0.01

Times
Pickup times

Approx. 55 ms + OOT145 at 50 Hz
Approx. 45 ms + OOT at 60 Hz

Dropout times

Approx. 55 ms + OOT at 50-Hz
Approx. 45 ms + OOT at 60 Hz

Power

0.5 % Srated ± 3 % of setting value

Tolerances

(Srated: rated apparent power)
Time delays

1 % of the setting value or 10 ms

Variables That Influence Pickup Values

145 OOT

1858

Auxiliary DC voltage in the range 0.8 ≤ VAux/VAuxRated ≤ 1.15

≤1%

Frequency in the range 0.95 ≤ f/frated ≤ 1.05

≤1%

Harmonics
- Up to 10 % of 3rd harmonics
- Up to 10 % of 5th harmonics

≤1%
≤1%

(Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs
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11.53 Reverse-Power Protection
Setting Values
Reverse power Preverse (p.u.)

-0.30 % to -30.00 %

Increments of 0.01 %

Angle correction

-10.00 ° to 10.00 °

Increments of 0.01 °

Minimum voltage V1

0.300 V to 60.000 V

Increments of 0.001 V

Tripping delay

0.00 s to 60.00 s

0.00 s to 60.00 s

Tripping delay with quick stop

0.00 s to 60.00 s

0.00 s to 60.00 s

Dropout delay

0.00 s to 60.00 s

Increments of 0.01 s

Dropout ratio

0.40 to 0.99

Increments of 0.01

Pickup times

Approx. 360 ms at f = 50 Hz
Approx. 300 ms at f = 60 Hz

Dropout times

Approx. 360 ms at f = 50 Hz
Approx. 300 ms at f = 60 Hz

Times

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Reverse power

0.15 % Srated or 5 % of the setting value

Tolerances

when Q < 0.5 Srated
Time delays
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11.54 Current-Jump Detection
Times
Pickup time

Approx. 10 ms + OOT146 at 50 Hz
Approx. 8 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances
Currents

3 % of setting value or 10 mA (Irated = 1 A) or
50 mA (Irated = 5 A), (frated ± 10 %)
for amplitude changes of sinusoidal measurands

Pulse time

146 OOT

1860

1 % of the setting value or 10 ms

(Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays
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11.55 Voltage-Jump Detection
Times
Pickup time

Approx. 10 ms + OOT147 at 50 Hz
Approx. 8 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz
f < 10 Hz
f > 80 Hz

Inactive

Tolerances

147 OOT

Voltages

2 % of the setting value or 0.100 V
for amplitude changes of sinusoidal measurands

Pulse time

1 % of the setting value or 10 ms

(Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays
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11.56 Vector-Jump Protection
Setting Values
Threshold V1 min

0.300 V to 175.000 V

Increments of 0.001 V

Threshold V1 max

0.300 V to 175.000 V

Increments of 0.001 V

Threshold Δφ

2.0° to 30.0°

Increments of 0.1°

Operate delay

0.00 s to 60.00 s

Increments of 0.01 s

T Reset

0.00 s to 60.00 s

Increments of 0.01 s

T Block

0.00 s to 60.00 s

Increments of 0.01 s

I< Threshold

0.030 A to 35.000 A at 1 A
0.150 A to 175.000 A at 5 A

Increments of 0.001 A

Pickup times

Approx. 80 ms + OOT 148at 50 Hz
Approx. 66.8 ms + OOT at 60 Hz

Dropout times

Approx. 80 ms + OOT at 50 Hz
Approx. 66.8 ms + OOT at 60 Hz

Times

Frequency Operating Range
frated - 3 Hz ≤ f or frated ≤ frated + 3 Hz

According to specified tolerances

f < frated - 3 Hz or f > frated + 3 Hz

Inactive

Angle jump

0.5° at V > 0.5 Vrated

Voltage blocking

1 % of the setting value or 0.500 V

Tolerances

Undercurrent release

For Irated = 1 A: 1 % of the setting value or 10 mA
For Irated = 5 A: 1 % of the setting value or 50 mA

Time delay T

1 % or 10 ms

148 OOT

(Output Operating Time): additional delay of the output medium used. You can find more information in chapter 11.1.4 Relay
Outputs.
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11.57 Synchronization Function
Operating Modes
Synchrocheck
Switching synchronous systems
Switching asynchronous systems
Switching synchronous/asynchronous systems with balancing commands
De-energized switching
Direct closing command
Balancing Voltage
Balancing Frequency
Setting Values
Supervision/Delay/Pulse times:
Max.durat. sync.process

0.00 s to 3 600.00 s or ∞ (ineffective)

Increments of 0.01 s

Supervision time de-energized
switching

0.00 s to 60.00 s

Increments of 0.01 s

Closure delay

0.00 s to 60.00 s

Increments of 0.01 s

T V pulse min/T f pulse min

0.01 s to 1.00 s

Increments of 0.01 s

T V pulse max/T f pulse max

0.01 s to 60.00 s

Increments of 0.01 s

T pause V/T pause f

0.01 s to 60.00 s

Increments of 0.01 s

T close without balancing

1.00 s to 100.00 s

Increments of 0.01 s

Upper voltage limit Vmax

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

Lower voltage limit Vmin

0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-tophase)
0.300 V to 340.000 V (phase-tophase)

Increments of 0.001 V
Increments of 0.001 V

Voltage threshold values:

Differential values, changeover thresholds asynchronous/synchronous/balancing:
Voltage differences
V2 > V1; V2 < V1

0.000 V to 170.000 V

Increments of 0.001 V

Frequency difference f2 > f1;
f2 < f1

0.000 Hz to 2.000 Hz (synchronous)
0.000 Hz to 4.000 Hz (asynchronous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1

0o to 90o

Increments of 1o

Δf threshold ASYN <-> SYN

0.010 Hz to 0.200 Hz

Increments of 0.001 Hz

Δf set point for balancing

-1.00 Hz to 1.00 Hz

Increments of 0.01 Hz

Δf for the kick pulse

-1.00 Hz to 1.00 Hz

Increments of 0.01 Hz

Angle adjustment

0.0o to 360.0o

Increments of 0.1o

Voltage adjustment

0.500 to 2.000

Increments of 0.001

0.01 s to 0.60 s

Increments of 0.01 s

Adjustments of the sides:

Circuit breaker
Closing time of the circuit breaker
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Dropout Ratio
Min./max. operating limit:

1 % of the setting value

Voltage differential

10 % of the setting value or 0.5 V

De-energized/energized

5 % of the setting value

Frequency difference

3 mHz

Angle difference

0.1o

Measured Values of the Synchronization Function
Reference voltage V1

•
•

Range
Tolerance at rated frequency

Voltage to be synchronized V2

•
•

Range
Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1% of the measured value or 0.5% Vrated
In kV primary, in V secondary or in % Vrated
Display always as phase-to-phase voltage
10 % to 120 % of Vrated
≤ 1% of the measured value or 0.5% Vrated

•
•

Frequency of the voltage V1f1
Range
Tolerance at rated frequency

f1 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

Frequency of the voltage V1f2
• Range
• Tolerance at rated frequency

f2 in Hz
25 Hz ≤ f ≤ 70 Hz
1 mHz

Voltage difference V2-V1

In kV primary, in V secondary or in % Vrated

•
•

Range
Tolerance at rated frequency

Display always as phase-to-phase voltage in relation
to side 1
10 % to 120 % of Vrated
≤ 1% of the measured value or 0.5% Vrated

Frequency difference f2-f1
• Range
• Tolerance at rated frequency

In mHz
frated ± 10 %

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o

1 mHz
-180o to +180o
0.5o

Times
Measuring time, after switching on the variables

Approx. 80 ms

Operating Range
Voltage

20 V to 340 V

Frequency

frated -4 Hz ≤ frated ≤ frated +4 Hz

Tolerances of the voltage settings

2 % of the pickup value or 1 V

Voltage difference V2>V1; V2<V1

1V

Frequency difference f2>f1; f2<f1

10 mHz

Angle difference α2>α1; α2<α1

1o

Tolerances
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Pulse time

1 % of the calculated impulse or
10 ms

Tolerance of all time settings

10 ms

Max. phase displacement angle

5o for Δf ≤ 1 Hz
10o for Δf > 1 Hz
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11.58 Voltage Controller
Setting Values
General Information
I reference for % values

0.20 A to 100 000.00 A

Increments of 0.01 A

V reference for % values

0.20 kV to 1 200.00 kV

Increments of 0.01 kV

40.00 kV to 1 360.00 kV

Increments of 0.01 kV

40.00 kV to 1 360.00 kV

Increments of 0.01 kV

Bandwidth

0.2 % to 10.0 %

Increments of 0.1 %

T1 delay

5 s to 600 s

Increments of 1 s

T1 Inverse Min

5 s to 100 s

Increments of 1 s

T2 delay

0 s to 100 s

Increments of 1 s

Fast step down limit

0.0 % to 50.0 %

Increments of 0.1 %

Fast step down T delay

0.0 s to 10.0 s

Increments of 0.1 s

Fast step up limit

-50.0 % to 0.0 %

Increments of -0.1 %

Fast step up T delay

0.0 s to 10.0 s

Increments of 0.1 s

Function monitoring

1 min to 120 min

Increments of 1 min

Target voltage rising

0.0 % to 20.0 %

Increments of 0.1 %

Max load current

0.0 % to 500.0 %

Increments of 0.1 %

R line

0.0 Ω to 30.0 Ω

Increments of 0.1 Ω

X line

-30.0 Ω to 30.0 Ω

Increments of 0.1 Ω

Vmin threshold

40.00 kV to 1 360.00 kV

Increments of 0.01 kV

Vmin time delay

0 s to 20 s

Increments of 1 s

Vmax threshold

40.00 kV to 1 360.00 kV

Increments of 0.01 kV

Vmax time delay

0 s to 20 s

Increments of 1 s

V< Threshold

40.00 kV to 1 360.00 kV

Increments of 0.01 kV

V< Time delay

0 s to 20 s

Increments of 1 s

I> Threshold

10 % to 500 %

Increments of 1 %

I> Time delay

0 s to 20 s

Increments of 1 s

I< Threshold

3 % to 100 %

Increments of 1 %

Volt. cont. 2W
Target voltage 1
Target voltage 2
Target voltage 3
Target voltage 4
Volt. cont. 3W and GC
Target voltage 1 w1
Target voltage 2 w1
Target voltage 3 w1
Target voltage 4 w1
Target voltage 1 w2
Target voltage 2 w2
Target voltage 3 w2
Target voltage 4 w2
Volt. cont. 2W, 3W, and GC

Line compensation LDC-Z

Line compensation LDC-X and R

Limiting values

Blockings
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I< Time delay

0 s to 20 s

Increments of 1 s

Measured Values, Two-Winding Transformer
Measured Value
V act.

Description

Primary

Secondary % Referenced to

Current, measured positivesequence voltage (referenced
to phase-to-phase)

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

kV

V

Voltage difference referenced
to the rated voltage of the
controlled winding

I load

Current measured load current A
(positive-sequence system)

A

Load current referenced to the
rated current of the winding

V max

Maximum positive-sequence
voltage ever measured (referenced to phase-to-phase)

kV

V

Maximum voltage of the
winding referenced to the
rated voltage of the winding

V min

Minimum positive-sequence
voltage ever measured (reference to phase-to-phase)

kV

V

Minimum voltage of the
winding referenced to the
rated voltage of the winding

V target

Calculated target voltage with
consideration of Z compensation

kV

V

Target voltage of the winding
referenced to the rated voltage
of the winding

Measured Values, Three-Winding Transformer
Measured Value
Vact.w1

Description

Primary

Secondary % Referenced to

Actual voltage of winding 1

kV

V

Target voltage of the primary
system referenced to the rated
voltage

Vact.w2

Actual voltage of winding 2

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

kV

V

Voltage difference referenced
to the rated voltage of the
controlled winding

I load w1

Load current of winding 1

A

A

Load current referenced to the
rated current of winding 1

I load w2

Load current of winding 2

A

A

Load current referenced to the
rated current of winding 2

Vmax 1

Maximum voltage of winding 1 kV

V

Maximum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmax 2

Maximum voltage of winding 2 kV

V

Maximum voltage of winding 2
referenced to the rated voltage
of winding 2

Vmin 1

Minimum voltage of winding 1 kV

V

Minimum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmin 2

Minimum voltage of winding 2 kV

V

Minimum voltage of winding 2
referenced to the rated voltage
of winding 2

V tar.w1

Target voltage of winding 1

V

Target voltage of winding 1
referenced to the rated voltage
of winding 1
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Measured Value
V tar.w2

Description

Primary

Secondary % Referenced to

Target voltage of winding 2

kV

V

Target voltage of winding 2
referenced to the rated voltage
of winding 2

Measured Values Grid Coupling Transformer
Measured Value
Vact.w1

Description

Primary

Secondary % Referenced to

Actual voltage of winding 1

kV

V

Target voltage of the primary
system referenced to the rated
voltage

Vact.w2

Actual voltage of winding 2

kV

V

Target voltage of the primary
system referenced to the rated
voltage

ΔV act.

Voltage difference between
the target voltage and the
actual voltage

kV

V

Voltage difference referenced
to the rated voltage of the
controlled winding

I load w1

Load current of winding 1

A

A

Load current referenced to the
rated current of winding 1

I load w2

Load current of winding 2

A

A

Load current referenced to the
rated current of winding 2

Vmax 1

Maximum voltage of winding 1 kV

V

Maximum voltage of winding 1
referenced to the rated voltage
of winding 1

Vmax 2

Maximum voltage of winding 2 kV

V

Maximum voltage of winding 2
referenced to the rated voltage
of winding 2

Vmin 1

Minimum voltage of winding 1 kV

V

Minimum voltage of winding 1
referenced to rated voltage of
winding 1

Vmin 2

Minimum voltage of winding 2 kV

V

Minimum voltage of winding 2
referenced to rated voltage of
winding 2

V tar.w1

Target voltage of winding 1

kV

V

Target voltage of winding 1
referenced to the rated voltage
of winding 1

V tar.w2

Target voltage of winding 2

kV

V

Target voltage of winding 2
referenced to the rated voltage
of winding 2

Dropout Ratio

1868

Threshold of the voltage limit

About 0.99 of the setting value

Threshold of the current limit

About 0.99 of the setting value
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11.59 Current-Balance Supervision
Setting Values
Release threshold

1 A @ 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

Threshold value min/max

0.10 to 0.95

Increments of 0.01

Tripping delay

0.00 s to 100.00 s

Increments of 0.01 s

1 A @ 50 Irated
5 A @ 100 Irated
5 A @ 50 Irated

Dropout Ratio
Overcurrent dropout ratio

Approx. 0.97

Undercurrent dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.60 Voltage-Balance Supervision
Setting Values
Release threshold value

0.300 V to 170,000 V

Increments of 0.001 V

Threshold value min/max

0.58 to 0.95

Increments of 0.01

Tripping delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Overvoltage dropout ratio

Approx. 0.97

Undervoltage dropout ratio

Approx. 1.05

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

1870
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11.61 Current-Sum Supervision
Setting Values
Slope of the characteristic curve

0.00 to 0.95

Increments of 0.01

Threshold

1 A @ 50
and100 Irated

0.030 A to 10.000 A

Increments of 0.001 A

5 A @ 50
and100 Irated

0.15 A to 50.00 A

Increments 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

0.00 s to 100.00 s

Increments of 0.01 s

Tripping delay
Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times
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11.62 Voltage-Sum Supervision
Setting Values
Threshold value

0.300 V to 170.000 V

Increments of 0.001 V

Tripping delay

0.00 s to 100.00 s

Increments of 0.01 s

Dropout Ratio
Dropout ratio

Approx. 0.97

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms

Times

1872
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11.63 Current Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times
Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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11.64 Voltage Phase-Rotation Supervision
Setting Values
Tripping delay

0.00 s to 100.00 s

Phase-rotation direction

ABC
ACB

Increments of 0.01 s

Times

1874

Tripping time

Approx. 500 ms

Dropout time

Approx. 500 ms
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11.65 Trip-Circuit Supervision
Setting Values
Number of monitored circuits per circuit-breaker function group

1 to 3

Operating mode per circuit

With 1 binary input
With 2 binary inputs

Pickup and dropout time

About 1 s to 2 s

Adjustable indication delay with 1 binary input

1.00 s to 600.00 s

Increments of 0.01 s

Adjustable indication delay with 2 binary inputs

1.00 s to 600.00 s

Increments of 0.01 s
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11.66 Protection Interface and Protection Topology
Setting Values
Mode

On
Off

PPS Synchronization

Telegr. and PPS
Telegr. or PPS
PPS synchronization off

Blocking of the unbalanced
runtimes

Yes
No

Maximum signal runtime threshold 0.1 ms to 30.0 ms

Increments of 0.1 ms

Maximum runtime difference

0.000 ms to 3.000 ms

Increments of 0.001 ms

Failure indication after

0.05 s to 2.00 s

Increments of 0.01 s

Transm. fail. alarm after

0.0 s to 6.0 s

Increments of 0.1 s

Max. error rate/h

0.000 % to 100.000 %

Increments of 0.001 %

Max. error rate/min

0.000 % to 100.000 %

Increments of 0.001 %

PPS failure indication after

0.5 s to 60.0 s

Increments of 0.1 s

Transmission Rate
Direct connection:
Transmission rate

2048 kbit/s

Connection via communication networks:
Supported network interfaces

G703.1 with 64 kbit/s
G703-T1 with 1.455 Mbit/s
G703-E1 with 2.048 Mbit/s
X.21 with 64 kbit/s or 128 kbit/s or 512 kbit/s
Pilot wires with 128 kbit/s

Transmission rate

64 kbit/s at G703.1
1.455 Mbit/s at G703-T1
2.048 Mbit/s at G703-E1
512 kbit/s or 128 kbit/s or 64 kbit/s at X.21
128 kbit/s for pilot wires

Transmission Times
Priority 1:
Response time, total approx.
For 2 ends

Minimum

8 ms

Typical

10 ms

Minimum

10 ms

Typical

14 ms

Minimum

15 ms

Typical

18 ms

For 2 ends

Typical

20 ms

For 3 ends

Typical

20 ms

For 6 ends

Typical

26 ms

For 3 ends
For 6 ends
Dropout times, total approx.
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Priority 2:
Response time, total approx.
For 2 ends

Minimum

9 ms

Typical

16 ms

Minimum

12 ms

Typical

18 ms

Minimum

17 ms

Typical

23 ms

For 2 ends

Typical

24 ms

For 3 ends

Typical

25 ms

For 6 ends

Typical

32 ms

For 3 ends
For 6 ends
Dropout times, total approx.

Priority 3149
Response time, total approx.
For 2 ends

Minimum
Typical

For 3 ends

Minimum
Typical

For 6 ends

100 ms
150 ms

Minimum
Typical

200 ms

For 2 ends

Typical

100 ms

For 3 ends

Typical

150 ms

For 6 ends

Typical

200 ms

Dropout times, total approx.

149 Times

cannot be determined because the signals are transmitted in fragments.
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11.67 Date and Time Synchronization
Date format

DD.MM.YYYY (Europe)
MM/DD/YYYY (USA)
YYYY-MM-DD (China)

Time source 1, time source 2

None
IRIG-B 002(003)
IRIG-B 006(007)
IRIG-B 005(004) with extension according to
IEEE C37.118-2005
DCF77
PI (protection interface) 150
SNTP
IEC 60870-5-103
DNP3
IEEE 1588
T104

Time zone 1, time zone 2

Local
UTC

Failure indication after

0 s to 3600 s

Time zone and daylight saving time

Manually setting the time zones

Time zone offset with respect to GMT

-720 min to 840 min

Switching over to daylight saving time

Active
Inactive

150 If

Beginning of daylight saving time

Input: day and time

End of daylight saving time

Input: day and time

Offset daylight saving time

0 min to 120 min [steps of 15]

provided

1878
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11.68 Phasor Measurement Unit
Accuracy
IEEE Standard for Synchrophasor
Measurements
IEEE Std C37.118.1aTM-2014
Data Transfer
IEEE Standard for Synchrophasor
Data transfer
IEEE Std C37.118.2TM-2011
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11.69 Analog Channel Supervision via Fast Current Sum
Times
Pickup times

Approx. 2 ms (faster than the fastest protection function)

Dropout time

Approx. 100 ms

Blockings
Blocked functions

1880

All functions that process the measured values from this current measuring point (for example, differential protection).
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11.70 Measuring-Voltage Failure Detection
Setting Values
3ph.fail. - VA,VB,VC <

0.300 V to 340 000 V

Increments of 0.001 V

3ph.fail. - phs.curr.release 1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

0.005 A to 8.000 A

Increments of 0.001 A

1 A @ 50 and 100 Irated

0.030 A to 35.000 A

Increments of 0.001 A

5 A @ 50 and 100 Irated

0.15 A to 175.00 A

Increments of 0.01 A

1 A @ 1.6 Irated

0.001 A to 1.600 A

Increments of 0.001 A

5 A @ 1.6 Irated

3ph.fail. - phs.curr. jump

0.005 A to 8.000 A

Increments of 0.001 A

Asym.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

SO 3ph.fail. - time delay

0.00 s to 30.00 s

Increments of 0.01 s

Dropout
The larger dropout differential (= | pickup value – dropout threshold |) of the following 2 criteria
is used:
Dropout differential derived from the Dropout ratio parameter
If this parameter is not available, a dropout ratio of 95 % applies to the overvoltage protection and a dropout
ratio of 105 % applies to the undervoltage protection.
Minimum absolute dropout differential

150 mV sec.

Pickup time

Approx. 10 ms + OOT151 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time

Approx. 20 ms + OOT

Times

Times
Use in function group Line
Pickup time

Approx. 10 ms + OOT152 at 50 Hz
Approx. 9 ms + OOT at 60 Hz

Use in other function group types
Pickup time

Approx. 20 ms + OOT153 at 50 Hz
Approx. 18 ms + OOT at 60 Hz

Frequency Operating Range
0.9 ≤ f/frated ≤ 1.1

According to specified tolerances

10 Hz ≤ f < 0.9 frated

Slightly expanded tolerances

1.1 frated < f ≤ 80 Hz

151 OOT

(Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
(Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
153 OOT (Output Operating Time) Additional delay of the output medium used, for example 5 ms with fast relays, see chapter
11.1.4 Relay Outputs
152 OOT
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f < 10 Hz
f > 80 Hz

Active

Tolerances
Currents

1 % of the setting value or 5 mA (Irated = 1 A)
or 25 mA (Irated = 5 A), (frated ± 10 %)

1882

Voltages

0.5 % of the setting value or 0.5 V

Time delays

1 % of the setting value or 10 ms
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11.71 Voltage-Transformer Circuit Breaker
Setting Values
Response time

0.000 s to 0.030 s
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11.72 Operational Measured Values and Statistical Values
The following applies to the tolerances of currents and voltages:
• The values apply both to the RMS values and the absolute value and phase angle of the fundamental
components.

•

The values were determined for pure sinusoidal signals – without harmonics.

Voltages
VA, VB, VC
Voltage range
Secondary rated voltage
Measuring range
Frequency range

V secondary
< 200 V secondary
100 V to 125 V AC
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

VAB, VBC, VCA

V secondary
< 200 V

Voltage range
Secondary rated voltage
Measuring range
Frequency range

100 V to 125 V AC
(0.1 to 2) · Vrated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Instrument Transformers
IA, IB, IC, 3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1884

0.3 % of the measured value in the above mentioned
measuring range
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Currents, Protection-Class Current Transformer
IA, IB, IC, 3I0
Current range

A secondary
< 100 Irated

Rated currents
Measuring range
Frequency range

1 A, 5 A
0.1 to 25 A
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Currents, Sensitive Ground-Current Transformer
3I0
Current range
Rated currents
Measuring range
Frequency range

A secondary
< 1.6 Irated
1 A, 5 A
(0.1 to 1.6) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

0.1 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Phase Angle
ΦV

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦV

0.2 ° at rated voltage

ΦI

°

Frequency range

47.5 Hz to 52.5 Hz at frated = 50 Hz
57.5 Hz to 62.5 Hz at frated = 60 Hz

Tolerance ΦI

0.2 ° at rated current

Power Values
Active power P

W secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.01
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz
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Tolerance

0.3 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Reactive power Q

var secondary

Measuring range
Voltage range
Current range
Frequency range

|cosφ| ≥ 0.984
(0.8 to 1.2) · Vrated
(0.1 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance

1.0 % of the measured value in the above mentioned
measuring range

Frequency range (expanded)

40 Hz to 69 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

1.5 % of the measured value in the above mentioned
measuring range

Apparent power S

VA secondary

Measuring range
Voltage range
Current range
Frequency range

(0.01 to 2) · Srated
(0.8 to 1.2) · Vrated
(0.01 to 2) · Irated
49 Hz to 51 Hz at frated = 50 Hz
59 Hz to 61 Hz at frated = 60 Hz

Tolerance
Frequency range (expanded)

0.3 % of the measured value in the above mentioned
measuring range
40 Hz to 60 Hz at frated = 50 Hz
50 Hz to 70 Hz at frated = 60 Hz

Tolerance

0.5 % of the measured value in the above mentioned
measuring range

Frequency f

Hz

Range

frated - 0.20 Hz < frated + 0.20 Hz

Tolerance

± 5 mHz in the Vrated range

Range

frated - 3.00 Hz < frated + 3.00 Hz

Tolerance

± 10 mHz in the Vrated range

Frequency range (expanded)

25 Hz to 80 Hz; operational measured values
10 Hz to 80 Hz; functional measured values, system
frequency

Tolerance

20 mHz in the range frated ± 10 % for rated values

Frequency

Statistical Values of the Device

1886

Device operating hours

h

Range

0 to 9 999 999 h

Tolerance

1h
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Statistical Values of the Circuit Breaker
Op.cnt. (operation counter)
Range

0 to 999 999 999

Tolerance

None

∑I Off (sum of the primary currents switched off)

A, kA, MA, GA, TA, PA primary

Range

0 to 9.2 e+15

Operating hours

h

Range

0 to 9 999 999 h

Tolerance

1h

Circuit breaker open hours

h

Range

0 to 9 999 999 h

Tolerance

1h

Statistical Values of the Disconnector
Op.cnt. (operation counter)
Range

0 to 999 999 999

Tolerance

None
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11.73 Energy Values
Setting Values
Active energy Wp
Reactive energy Wq

kWh, MWh, GWh
kvarh, Mvarh, Gvarh

Range

≤ 2% for I > 0.1 Irated,
V > 0.1 Vrated
|cosφ| ≥ 0.707

Tolerance at rated frequency

1888
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11.74 CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level
Fast Event-Triggered

Time (in ms)

Ticks CP200

Ticks CP300

<1

500

1000

Event-Triggered

<10

3176

12 023

Interlocking

<10

24 716 in total

112 996 in total

Measurement

250

The times describe the response time of a typical CFC chart at the respective task level. The maximum number
of ticks applies to a typical load for the device based on the application template 3-winding trans. (Diff.
Protection, CBFP, REF, DIS).
The task level Measurement runs in cycles every 500 ms. All other task levels are event-triggered.
In order to estimate the tick consumption of a CFC chart, you can use the following formula:
Tchart = 5 ∙ nInp + 5 ∙ nOutp + TTLev + ∑i Tint + ∑j TBlock
where:
nInp

Number of indications routed as input in the CFC chart

nOutp

Number of indications routed as output in the CFC chart

TTLev

Tint

101 Ticks in Fast Event-Triggered Level
104 Ticks in Event-Triggered Level
54 Ticks in Measurement Level
74 Ticks in Interlocking Level
Number of internal connections between 2 CFC blocks in one chart

TBlock

Used ticks per CFC block (see Technical Data)

Table 11-5

Ticks of the Individual CFC Blocks

Element

Ticks

ABS_D

2.3

ABS_R

1.5

ACOS_R

6.9

ADD_D4

3.4

ADD_R4

3.3

ADD_XMV

6.4

ALARM

1.8

AND_SPS

1.1

AND10

2.9

APC_DEF

1.2

APC_EXE

1.0

APC_INFO

3.9

ASIN_R

1.3

ATAN_R

1.2

BLINK

1.3

BOOL_CNT

2.0

BOOL_INT

1.5

BSC_DEF

1.3

BSC_EXE

1.1
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Element

Ticks

BSC_INFO

2.7

BUILD_ACD

2.9

BUILD_ACT

2.2

BUILD_BSC

1.2

BUILD_CMV

2.3

BUILD_DEL

2.1

BUILD_DPS

1.4

BUILD_ENS

1.3

BUILD_INS

0.5

BUILD_Q

0.8

BUILD_SPS

0.6

BUILD_WYE

3.2

BUILD_XMV

2.9

BUILDC_Q

3.0

CHART_STATE

5.9

CMP_DPS

1.5

CON_ACD

0.7

CON_ACT

0.5

CONNECT

0.4

COS_R

2.5

CTD

1.8

CTU

1.6

CTUD

2.3

DINT_REAL

3.0

DINT_UINT

3.0

DIV_D

2.9

DIV_R

1.6

DIV_XMV

2.2

DPC_DEF

0.4

DPC_EXE

0.4

DPC_INFO

1.1

DPC_OUT

1.3

DPS_SPS

1.0

DRAGI_R

1.7

EQ_D

1.0

EQ_R

1.9

EXP_R

1.5

EXPT_R

2.7

F_TRGM

0.3

F_TRIG

0.3

FF_D

0.9

FF_D_MEM

1.4

FF_RS

0.7

FF_RS_MEM

1.2

FF_SR

0.8

FF_SR_MEM

1.1

GE_D

0.9
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Element

Ticks

GE_R

1.1

GT_D

0.9

GT_R

1.2

HOLD_D

1.1

HOLD_R

1.0

INC_INFO

0.9

LE_D

1.1

LE_R

1.1

LIML_R

1.5

LIMU_R

1.5

LN_R

3.3

LOG_R

1.2

LOOP

1.5

LT_D

0.9

LT_R

0.9

MAX_D

0.9

MAX_R

1.4

MEMORY_D

0.9

MEMORY_R

1.1

MIN_D

0.7

MIN_R

1.3

MOD_D

1.5

MUL_D4

2.5

MUL_R4

2.7

MUL_XMV

2.8

MUX_D

1.2

MUX_R

0.9

NAND10

3.5

NE_D

0.9

NE_R

0.9

NEG

1.2

NEG_SPS

0.8

NL_LZ

3.8

NL_MV

5.6

NL_ZP

2.7

NOR10

3.2

OR_DYN

1.1

OR_SPS

1.3

OR10

2.6

R_TRGM

0.4

R_TRIG

0.4

REAL_DINT

3.0

REAL_SXMV

3.0

SIN_R

0.8

SPC_DEF

0.4

SPC_EXE

0.4

SPC_INFO

0.4
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SPC_OUT

0.4

SPLIT_ACD

3.4

SPLIT_ACT

1.0

SPLIT_BSC

1.3

SPLIT_CMV

2.2

SPLIT_DEL

2.0

SPLIT_DPS

1.0

SPLIT_INS

0.5

SPLIT_Q

0.7

SPLIT_SPS

0.8

SPLIT_WYE

2.6

SPLIT_XMV

2.1

SQRT_R

0.6

SUB_D

1.3

SUB_R

1.6

SUB_XMV

2.4

SUBST_B

1.0

SUBST_BQ

1.5

SUBST_D

1.0

SUBST_R

1.0

SUBST_XQ

1.4

SXMV_REAL

3.0

TAN_R

1.1

TLONG

2.2

TOF

1.0

TON

1.1

TT

2.5

TSHORT

1.9

UINT_DINT

3.0

XOR2
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Editorial
Editorial
We are proud to show you the new SIPROTEC 5 Compact device
– a universal SIPROTEC protection device with clear focus on
medium voltage, industrial and infrastructure applications, but
which can also be used in high voltage applications.
Generations of Siemens protection experts have developed and
produced SIPROTEC, placing vast specialist knowledge and
passion in every device even before the start of the digital era.
All of this experience has been incorporated into the development of our new SIPROTEC 5 Compact series.
As before, we will continue to be a faithful partner for you.
The new SIPROTEC 5 Compact – SIPROTEC 7SX800 – stands for
the highest production and development quality from Siemens.
It is an extension of the SIPROTEC 5 generation range and
adopts all system properties and benefits of SIPROTEC 5.

[ph_SIPROTEC 5 Compact, 2, --_--]

Figure /1 SIPROTEC 5 Compact

Whether you need an overcurrent device for a feeder, want to
protect a motor or need a device for power system decoupling,
the universal approach of SIPROTEC 5 Compact ensures that it is
just right for your application.
Your protection device will always be the same – SIPROTEC
7SX800!
With SIPROTEC 5 Compact, you are well equipped to meet the
growing economic and availability requirements imposed on
your power systems.
Our guiding theme for the development of this new device type:
SIPROTEC 5 Compact
| From Siemens | For the Future | For You
Smart Infrastructure
Digital Grid
Energy Automation
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SIPROTEC 5 Compact
Overview
∣ From Siemens
SIPROTEC has stood for reliable protection for over 100 years.
1.1

For generations, Siemens protection experts have used expert
knowledge and passion to develop and produce the devices.

• Experience from over 2.2 million SIPROTEC devices.
• Certified and proven development and production process
• Algorithms and benefits of SIPROTEC 5 in a compact housing
∣ For the Future
SIPROTEC 5 Compact is already prepared for the challenges of
the future.

• Virtual tests with SIPROTEC DigitalTwin for shorter test times
and less work

• IoT connectivity for quicker response times and greater power
system availability

• Integrated cybersecurity to protect your device and guarantee
the optimum power system availability

∣ For You
For both novices and professionals
SIPROTEC 5 Compact offers the right application for everyone.
We have added special functions even for experienced protection experts.

• Universal device for various uses and a low number of models
• Single-line color display as quick and clear user interface
• High density of inputs/outputs for small and compact switchgears

[ph_SIPROTEC5_C_W9, 2, --_--]

Figure 1.1/1 SIPROTEC 5 Compact – Rear View
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SIPROTEC 5 Compact
7SX800 Universal Protection Device

1.2

[dw_sip5compact_anwendung, 2, en_US]

Figure 1.2/1 Field of application for SIPROTEC 5 and SIPROTEC 5 Compact devices

The graphic gives an simplified overview of the utilization of
SIPROTEC 5 and SIPROTEC 5 Compact devices in the power
system. With renewable energy producers, in particular, there is
power infeed into the grid at all voltage levels. Protected objects
are busbars, overhead lines or cables, and transformers. These
objects have the corresponding protection device allocated.
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SIPROTEC 5 Compact
7SX800 Universal Protection Device
Description

1.2

SIPROTEC 7SX800 is a universal, compact protection device
forming part of the SIPROTEC 5 device series. As a universal
device it helps you in optimizing your device variants and the
associated training and spare parts costs.
It has been specifically developed for the efficient and compact
protection of feeders, lines and motors in medium-voltage
systems, but can also be used in the high voltage area. It covers
the most diverse protection, automation, and monitoring applications with its modular functional scope. Its high levels of
performance and the comprehensive library of functions
enhance the field of application up to high voltage applications.
The new universal device enables the connection of a large
number of inputs and outputs within a very small space and
boasts a comprehensive library of protection functions that you
can easily activate for your application using function points.
SIPROTEC 7SX800 already features future-proof functions today.
Virtual testing with SIPROTEC DigitalTwin considerably cuts the
testing and fault analysis times. IoT connectivity is required to
provide simple access to your device data and guarantee quick
response times. The integrated cybersecurity functions comprehensively protect your device and support your power system's
maximum availability.
The functional scope and thus applications of SIPROTEC 7SX800
are continuously enhanced as a result of its modular structure
and the powerful DIGSI 5 engineering tool. Future-proof system
solutions, high investment security and low operating costs –
this is what SIPROTEC 7SX800 stands for.
Main function

•
•
•

Feeder and overcurrent protection for all
voltage levels
Motor protection for small to medium-sized
motors (100 kW to 2 MW)
Voltage and frequency protection

Inputs and outputs

4 current transformers, 4 voltage transformers
(optional), 4 or 14 binary inputs, 5 or 11 binary
outputs

Width of housing

1/6 × 19 inches

Benefits

• Compact and cost-efficient universal protection device
• Safety thanks to powerful as well as tried-and-tested protection functions

• One universal device for the most different applications
• Easy to use thanks to the graphic color display with single line
display

• Intuitive device operation using web UI
• Cybersecurity as per NERC CIP and BDEW white paper requirements (for example, logging security-related events and
alarms) available as standard

• Full compatibility between IEC 61850 Editions 1, 2.0 and 2.1
Functions
DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

[ph_SIPROTEC 5 Compact, 2, --_--]

Figure 1.2/2 SIPROTEC 5 Compact – Universal Protection Device

• Directional and non-directional overcurrent protection with
additional functions

• Motor protection functions: Startup time monitoring, thermal

overload protection for stator and rotor, restart inhibit, unbalanced-load protection, load-jam protection

• Stator and bearing temperature monitoring via temperature
sensors with external RTD unit.

• Sensitive ground-fault protection (non-directional, directional)
to detect stator ground faults
• Optimized tripping times thanks to directional comparison
• Detection of ground faults of any type in isolated and arc-

suppression-coil-ground power systems using the following
functions: 3I0>, U0>, fleeting contact, cos φ, sin φ, harmonic,
pulse detection, dir. Detection of intermittent ground faults
and admittance

• Targeted automatic reclosing (AREC) of overhead line sections
• Overvoltage and undervoltage protection
• Frequency protection and frequency change protection for
load shedding applications

• Underfrequency load shedding in case of underfrequency,

taking into consideration changed infeed conditions thanks to
decentralized power generation

• Power protection, configurable as active or reactive power
protection

• PQ – Basic: Voltage unbalance; voltage changes: Overvoltage,
dip, open circuit; TDD, THD and harmonic component

• Directional reactive power undervoltage protection (undervoltage-controlled reactive power protection)

• Control, synchrocheck and switchgear interlocking protection

• Circuit-Breaker Failure Protection
• Circuit breaker reignition monitoring
• Graphical logic editor to create powerful automation functions in the device
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SIPROTEC 5 Compact
7SX800 Universal Protection Device

• Single line display
• Integrated Ethernet interface can be used for different and

redundant logs (IEC 61850, Modbus TCP, PROFINET IO). IEC
60870-5-104 and DNP3 TCP under development

• Integrated electrical serial interface can be used for different

1.2

logs (IEC 60870-5-103, DNP3 serial) or for time synchronization using IRIG-B (under development)

• Reliable data transmission via PRP and HSR redundancy logs
• Extensive cybersecurity functionality, such as role-based

access control (RBAC), protocoling security-related events or
signed firmware

• Simple, quick and secure access to device data via a standard
Web browser – without additional software

• Capturing operational measured variables and protection

function measured values for the evaluation of the systems,
to support commissioning, and to analyze faults

• Time synchronization with IEEE 15881
• Powerful fault recording (buffer for a max. record time of
80 sec. at 8 kHz or 320 sec. at 2 kHz)

• Auxiliary functions for simple tests and commissioning
Applications

• Detection and selective 3-pole tripping of short circuits in

electrical equipment of star networks, lines with infeed at one
or two ends, parallel lines and open-circuited or closed ring
systems of all voltage levels

• Detection of ground faults in isolated or arc-suppression-coilground power systems in star, ring, or meshed arrangement

• Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars
• Protection and monitoring of capacitor banks
• Protection and interfacing of regenerative infeeds
• Protection against thermal overload of the stator due to overcurrent, cooling problems or pollution

• Protection against thermal overload of the rotor during

startup due to frequent startups, excessively long startups or
blocked rotor

• Monitoring for voltage unbalance or phase outage
• Monitoring the thermal state and the bearing temperatures
with temperature measurement

• Detection of idling drives of pumps and compressors, for
example

• Detection of ground faults in the motor
• Protection against motor short circuits
• Protection against instability due to undervoltage.
• Detection and recording of power quality data in the mediumvoltage and subordinate low-voltage power system

• Reverse-power protection
• Load shedding applications

1

Under development
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SIPROTEC 5 Compact
Application Examples – Overcurrent protection
Overcurrent Protection

1.3

[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 1.3/1 Application Example – Overcurrent Protection

Properties

• Preconfigured devices with application templates
• Easy addition of additional functions via the library
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SIPROTEC 5 Compact
Application Examples – Directional comparison protection
Directional Comparison Protection for Power Line Runs with
Infeed at Two Ends
Using the direction determination of the directional overcurrent
protection, you can implement directional comparison protection for power line runs with an infeed at both ends (Figure
1.3/2). Directional comparison protection is used for the selective isolation of a faulty line section (subsections of closed ring
feeders, for example). Sections are isolated in fast time, that is,
they do not suffer the disadvantage of long grading times. This
technique requires that directional information can be
exchanged between the individual protection stations. You can
implement this information exchange using, for example,
IEC 61850 GOOSE or with pilot wires for signal transmission via
an auxiliary voltage loop.

1.3

[dw_DwDOCP07_SIP5C, 1, en_US]

Figure 1.3/2 Principle of directional comparison protection for power
line runs with infeed at two ends
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SIPROTEC 5 Compact
Application Examples – Induction Motor
Induction Motor: Protection and Control

1.3

[dw_Motor-Sip5C, 1, en_US]

Figure 1.3/3 Induction Motor: Protection and Control

Properties

• Reduced investment due to protection and control in one
device

• Thermal motor protection functions for safe monitoring of the
motor

• Thermal motor protection functions due to connection to an
RTD unit
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SIPROTEC 5 Compact
Overview of functions
Application Templates

ANSI

14

Function

Abbr.

Available

Application templates are available in DIGSI 5 for standard applications. They contain basic configurations and default settings.

Protection functions for 3-pole tripping

■

Locked rotor

■

24

Overexcitation protection

V/f

■

25

Synchrocheck, synchronization function

Sync

■

27

Undervoltage protection

V<

■

Directional reactive power undervoltage protection (undervoltage-controlled reactive power protection)

Q>/V<

■

32

Power protection active/reactive power

P<>, Q<>

■

32R

Reverse-power protection

-P<

■

37

Undercurrent protection, minimum power

I<, P<

■

38

Temperature supervision

θ>

■

46

Negative-sequence system overcurrent protection

I2>

■

46

Unbalanced-load protection (thermal)

I2² t>

■

46

Negative-sequence overcurrent protection with direction

I2>, ∠(V2,
I2)

■

47

Overvoltage protection: "Negative-sequence system V2" or
"negative-sequence system V1/positive-sequence system V1"

U2>;
U2/U1>

■

Application templates (template)
1

2

3

4

5

6

■

■

■

■

■

■

■

48

Starting time monitoring for motors

I²start

■

■

■

49

Thermal overload protection

θ, I2t

■

■

■

49

Thermal overload protection, user-defined characteristic curve

θ, I2t

■

49

Overload protection for RLC filter circuit elements of a capacitor θ, I2t
bank

■

49R

Thermal overload protection, rotor (motor)

θR

■

50N/51N
TD

Overcurrent protection, ground

IN>

■

■

■

■

Overcurrent protection, phases

I>

■

■

■

■

Instantaneous tripping at switch onto error

SOTF

■

50/51 TD
50HS

Instantaneous high-current tripping

I>>>

■

50/51 TD

Overcurrent protection with positive-sequence current I1

I1>

■

50N/51N
TD

Overcurrent protection, 1-phase

Ip, INp

■

50Ns/
51Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) admittance Y0>, c) 3I0-harm>

INs>

■

Sensitive ground-fault detection via pulse detection; hint: This
stage also requires the function 50Ns/51Ns or 67Ns "sensitive
ground-fault detection for grounded arc suppression coils and
isolated power systems"

IN pulse

■

Intermittent ground-fault protection

IIE>

50/51 TD

Overcurrent protection for RLC filter circuit elements of a capac- I>
itor bank

■

■

■

■

■

■

■

■

■

7
1.4

■

■
■

50BF

Circuit-breaker failure protection, 3-pole

CBFP

■

50L

Load-jam protection

I>L

■

50RS

Circuit breaker reignition monitoring

CBRM

■

51V

Voltage-dependent overcurrent protection

t=f(I, V)

■

59C

Peak overvoltage protection, 3-phase, for capacitors

V> cap.

■

59N

Overvoltage protection, zero-sequence system

V0>

■

59R, 27R

Peak overvoltage protection, 3-phase, for capacitors

V> cap.

■

59, 59N

Overvoltage protection: "3-phase" or "zero-sequence system V0" V>
or "positive-sequence system V1" or "universal Vx"

■

■
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ANSI

1.4

Function

Abbr.

Available

Overview of functions

60

Voltage-comparison supervision

ΔV>

■

60C

Current-unbalance protection for capacitor banks

Iunbal>

■

Application templates (template)
1

2

3

4

■

66

Restart inhibit for motors

I²t

■

67

Directional overcurrent protection, phases

I>, ∠(V, I)

■

■

67N

Directional overcurrent protection, ground

IN>, ∠(V,
I)

■

■

67Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) V0>, c)
cos/sine Phi, d) transient ground fault, e) Phi(V, I), f) admittance
Directional tripping stage with one harmonic; hint: this stage
also requires the function "67Ns sensitive ground-fault detection for grounded arc suppression coils and isolated power
systems"

74TC

■

∠(U0h,
I0h)

Directional intermittent ground-fault protection

IIEdir>

■

Trip-circuit supervision

AKU

■

74CC

Single circuit monitoring
Automatic reclosing

AREC

■

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; df/
dt<>

■

Underfrequency load shedding

df/dt

■

Vector-Jump Protection

Δφ>

■

■

■

7

■

■

86

Lockout

87N T

Restricted Ground-fault Protection

ΔIN

FL

Fault locator

FO

■

■
■

PQ – Basic measured values: THD (Total Harmonic Distortion)
and harmonic component and THD voltage average values

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■
■
■

PQ – Basic measured values: Voltage unbalance

■

PQ – Basic measured values: Voltage changes – monitoring of
voltage dips, overvoltages and voltage interruptions

■

PQ – Basic measured values: TDD - Total demand distortion

■

Measured values, standard

■

Measured values, extended: Min, max, average

■

Basis PQ measured values: TDH and harmonic

■

Switching statistics counter

■

Circuit-breaker wear monitoring

6

■

79

81U

5

ΣIx, I²t, 2P

■

CFC (standard, control)

■

CFC arithmetic

■

Switching sequence function

■

Inrush-current detection

■

External trip initiation

■

Control

■

■

■

■

■

■

■

■

Fault recording of analog and binary signals

■

■

■

■

■

■

■

■

Monitoring

■

■

■

■

■

■

■

■

Circuit breaker

■

■

■

■

■

■

■

■

Disconnector/grounding conductor

■

Temperature recording via communication protocol

■

Cybersecurity: Role-based access control

■

Table 1.4/1 SIPROTEC 7SX800 Functions, Application Templates (Templates)

(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I
(2) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I, 4*V
(3) Directional definite-time overcurrent protection/inverse-time overcurrent protection – grounded power system
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SIPROTEC 5 Compact
Overview of functions
(4) Directional definite-time overcurrent protection/inverse-time overcurrent protection - grounded arc suppression coils/isolated Power
system
(5) Motor: Current measurement
(6) Motor: Current and voltage measurement
(7) Decoupling

1.4
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SIPROTEC 5 Compact – System
Functional Integration
Thanks to the modular design of the software as well as
the functional integration, SIPROTEC 5 Compact devices
are well suited for all tasks in the energy sector.
The devices include:

2.1

• Protection
• Control and automation
• Supervision and monitoring
• Data acquisition and logging for data analysis
• Communication and Internet of Things (IoT)
• Cybersecurity
• Test and diagnostics
Due to the modular design of the software and the highperformance engineering tool DIGSI 5, SIPROTEC 5 Compact is
perfectly suitable for protection, automation, measurement, and
monitoring tasks for the operation and monitoring of modern
power systems.
The devices are not only protection and electronic control units;
their performance enables them to assure functional integration
of the desired depth and scope. For example, they can perform
monitoring, efficient fault recording, a wide range of measuring
functions, and much more, in parallel, and they have been
designed to facilitate future extensions.
SIPROTEC 5 Compact provides extensive, precise data acquisition and data logging on bay level for these functions. In
connection with its communication flexibility, this expands the
field of application and opens up a wide variety of possibilities in
meeting requirements for present and future power systems.
With SIPROTEC 5 Compact, you are on the safe side for your
application. The following figure shows the possible functional
expansion of a SIPROTEC 5 Compact device.

[dw_funktionale-Integration SIP5 C, 1, en_US]

Figure 2.1/1 Possible Functional Expansion of SIPROTEC 5 Compact
Devices

Faster results with application templates
A common function library provides all protection, automation,
monitoring, and auxiliary functions for the SIPROTEC 5 Compact
devices. The same functions are truly the same for all devices.
Once established, configurations can be transferred from device
to device. This results in substantially reduced engineering
effort.
Predefined application templates are available in DIGSI 5 for
every device type. These contain basic configurations, required
functions, and default settings. In addition, you can save a
device as a master template in a user-defined library and reuse it
as a template for your typical applications. This saves time and
money. Saving user-defined application templates is possible.
Figure 2.1/2 shows an example of a line feeder in a system
configuration in which the functions in the application template
are combined into function groups (FGs). The function groups
correspond to the primary components (protected objects:
feeder "V-I-3ph", motor, switching devices, circuit breakers)
thereby simplifying the direct reference to the actual system.
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Functional Integration

2.1

[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 2.1/2 Feeder Protection

Instrument and Protection-Class Current Transformers
The flexibility of the SIPROTEC 5 family enables even greater
functional integration and parallel processing of an wide range
of functions. If you also want to use the Synchrophasor measurement function, that is, the high-precision acquisition of
current and voltage phasors and the variables derived from
them such as power and frequency, this function can be
assigned to the measuring input. Another possible application is
monitoring power quality characteristic key values.

The modular, flexible structure of the software ensures
perfectly customized solutions for all your requirements in
the power system.
With SIPROTEC 5, you have flexibility throughout the entire
product lifecycle and your investment is thus protected.

The high-precision measured values and status information
provided by the SIPROTEC 5 devices can be transmitted to automation systems such as a SICAM substation automation technology and power systems control or central analysis systems
(for example, SIGUARD PDP) via the high-performance communications system. In particular, the control and monitoring of
intelligent power systems require information from power
generators (conventional or renewable energy) and from
consumers (line feeders). The required information may be
measured values, switching states, or messages from protection
and monitoring functions. In addition to performing local
protection, control, and monitoring tasks, the
SIPROTEC 5 devices are an excellent data source. The flexible
communication among the devices enables them to be
combined in various communication topologies. In this context,
the widely used Ethernet-based communications standard
IEC 61850 offers many advantages.
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SIPROTEC 5 Compact – System
Protection – Functions
Protection

Synchrocheck, Synchronization Function (ANSI 25)
When two subsystems or live equipment are connected to the
power system, the voltage must be synchronous with one
another at the moment of connection. The synchronization
function monitors this requirement.
The synchronization function can be used for synchronous
power systems (galvanically coupled, no frequency difference)
as well as asynchronous networks (galvanically separated,
frequency difference present).
It has 3 operating modes:

• For galvanically coupled power systems (delta_f =0):
– Synchrocheck (monitoring of voltage, frequency, and
phase-angle difference)

• For non-galvanically coupled power systems:

2.2

– Switching of synchronous power systems (control of
equality of frequency, voltage and phase-angle difference
and continuity over a time frame)
– Switching of asynchronous power systems (voltage and
frequency difference, connection to the synchronization
point taking into consideration the make time of the circuit
breaker).
[dw_schutz_SIP5C, 1, en_US]

Figure 2.2/1 SIPROTEC 5 Compact – Functional Integration – Protection

SIPROTEC 5 provides all the necessary protection functions to
address reliability and security of power systems and their
components. The functions are based on decades of experience
in using systems, including suggestions from the Siemens
customers.
The modular, functional structure of SIPROTEC 5 allows exceptional flexibility and a perfect adaptation of the protection functionality to the conditions of the system and is still capable of
further changes in the future.

Evaluation of the frequency difference causes the function to
switch automatically between the synchronous and asynchronous power system functions. The synchrocheck function can be
utilized for pure monitoring.
The relative parameters for synchronization are derived from
voltage transformers (arranged to the left and right on the
circuit breaker). Depending on the available number of voltage
transformer inputs, one or two synchronizing locations (circuit
breakers) can be applied in one device.

The available device functions are described in the following
sections.

Several functions can be used with up to 2 parameter sets
(stages) for the synchrocheck and up to 6 parameter sets
(stages) for the synchronization function per device. This
enables the device to always react to different power system or
plant conditions with the correct synchronization parameters.

Overexcitation Protection (ANSI 24)

Undervoltage Protection (ANSI 27)

The overexcitation protection is used for detecting high induction values in generators and transformers. It protects the equipment from excessive thermal loads.

The undervoltage protection monitors the permissible voltage
range or protects equipment from subsequent damage due to
undervoltage. It can be used in the power system for decoupling
or load-shedding tasks.

The induction is recorded indirectly by the evaluation of the
V/Hz ratio. Overvoltage leads to excessive magnetizing currents,
while underfrequency leads to higher losses when resetting the
magnetization.
There is a danger of overexcitation if the power system is
disconnected and the voltage and frequency control function in
the remaining system does not react quickly or the power unbalance is excessive.
Within this function, the following maximum number of stages
can be operated simultaneously: 1 dependent stage with userdefined characteristics and 2 independent stages.
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Various undervoltage protection functions are available. By
default, 2 stages are preconfigured. Up to 3 identical stages are
possible. The undervoltage protection functions can be blocked
by means of a current criterion.

SIPROTEC 5 Compact – System
Protection – Functions
The following functions are available:

• Undervoltage protection with 3-phase voltage
– Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages
– Methods of measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Undervoltage protection with positive-sequence voltage
– 2-phase short circuits or ground faults lead to an unbalanced voltage collapse. In comparison to phase-related
measuring systems, such events have no noticeable impact
on the positive-sequence voltage. Therefore, this function
particularly suitable for the assessment of stability problems.
– Methods of Measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

• Undervoltage protection with any voltage
– Detection of any 1-phase undervoltage for special applications

The power protection can be integrated into any automation
solution, for example, to monitor very specific power limits
(further logical processing in CFC).
The power protection function comes with a factory-set stage
each for the active power and the reactive power. A maximum
of 4 active-power stages and 4 reactive-power stages can be
operated simultaneously in the function. The stages have an
identical structure.
You can define thresholds for exceedance or underrunning of
the power lines. The combination of the different stages via CFC
result in various applications.
Application Examples

• Detection of negative active power. In this case, the reverse-

power protection can be applied using the CFC to link power
protection outputs to the "direct tripping" function.

• Detection of capacitive reactive power. If overvoltage is
detected due to long lines under no-load conditions, it is
possible to select the lines where capacitive reactive power is
measured.

– Methods of Measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Rate-of-voltage change protection dV/dt
– Detects system states that are not secure caused by an
unbalance between generated and consumed active power
– Can be used as a criterion for load-shedding applications
Reactive-Power Undervoltage Protection (QU Protection)
The reactive-power undervoltage protection (QU protection)
represents a system protection for power-system disconnection.
To avoid a voltage collapse in energy systems, the energy
producing side, for example a generator, should be provided
with voltage and frequency protection devices. An undervoltage-controlled reactive power direction protection (QU
protection) is required at the power-system interconnection
point. The QU protection detects critical power-system situations and ensures that the power-generation system is disconnected from the power system. It also ensures that reconnection
only takes place if the network conditions are stable. The criteria
for this are parameterizable and can be found in the document
Technical directive for generating plants on the mediumvoltage power system (BDEW, June 2008) and in the "FNN
requirement specification reactive power direction undervoltage
protection (FNN, Feb 2010)".
Power Protection (ANSI 32, 37)
The power protection works on a 3-phase basis and detects
exceedance or underrunning of the set active-power or reactivepower thresholds (Figure 2.2/2). Predefined power limits are
monitored and corresponding warning indications are issued.
The power direction can be determined by measuring the angle
of the active power. Thus, for example, reverse energization in
the power systems or at electric machines can be detected.
Machines in idle state (motors, generators) are detected and can
be shut down via a message.

[dw_Wirk_Blind_KL, 1, en_US]

Figure 2.2/2 Active-Power Characteristic Curve and Reactive-Power
Characteristic Curve
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Reverse-Power Protection (ANSI 32R)
The reverse-power protection is used in generators and power
units. If the mechanical energy (for example, steam supply at
the turbine) fails, the generator obtains the driving energy from
the power system. In this operating state, the turbine can be
damaged, which is prevented by tripping of the reverse-power
protection. In order to react quicker if there is a steam outage,
the position of the quick-stop valve is coupled additionally via
binary input. It is used to switch between 2 time delays of the
trip command. Furthermore, the function is used for operational
disconnection (sequential circuit) of generators.
For other applications, the universal power protection
(ANSI 32, 37) is recommended.

2.2

The reverse-power protection works on a 3-phase basis and
monitors the absorbed active power (negative threshold value).
By evaluating the positive-sequence system power and selecting
a long measuring window, the function is insensitive to disturbance variables and very precise (minimum setting threshold:
-0.3 % P/Srated). The measuring accuracy is substantially affected
by the angle error. Because the SIPROTEC 5 devices are compensated, the primary transformers affect the measuring accuracy.
The function can correct the angle error: You can find the angle
error in the test report of the transformer or it can be measured
using the primary system.
Undercurrent Protection (ANSI 37)
Undercurrent protection detects the falling edge or decreasing
current flow. This may be due to switching operations, for
example, from a higher-level circuit breaker, or by decreasing
loads, for example, pumps running empty.
In both situations, it may be necessary to open the local circuit
breaker in order to prevent consequential damage. The undercurrent protection handles this task.

3-phase current machines. It operates on the basis of symmetric
components. The protection function evaluates the negativesequence current and prevents thermal overloading of the rotor
of electric machines (generators, motors). The thermal behavior
is modeled using the integral method.
The following equation forms the basis of the protection function.

[fo_Schieflastschutz, 1, en_US]

With
K

Constant of the machine (5 s to 40 s)

I2

Negative-sequence current

I N, M

Rated current of the machine

An inverse-time characteristic curve results as the operate curve.
Small unbalanced load currents result in longer tripping times.
To prevent overfunction in case of large unbalanced load
currents (for example, with asymmetrical short circuits), large
negative-sequence currents (approx. 10*I permissible) are
limited. In addition, the continuous additional unbalanced load
is monitored, and if the threshold is exceeded, an alarm indication is issued after a time delay.
Negative-Sequence System Overcurrent Protection (ANSI 46)
The protection function determines the negative-sequence
current from the phase currents. It can be related to the rated
object current or to the positive-sequence current (advantageous for conductor break monitoring).

Optionally, the auxiliary contacts of the local circuit breaker are
evaluated in order to prevent overfunction.

The negative-sequence system overcurrent protection can be
used with the transformer as a responsive backup protection on
the supply side for detecting low-current 1-pole and 2-pole
errors. Also low-voltage side, 1-phase errors can be detected
here, which create no zero-sequence system in the current on
the upper-voltage side (for example, in vector group Dyn).

Temperature Supervision (ANSI 38)

With the negative-sequence overcurrent protection system,
various monitoring and protection tasks can be realized:

The function consists of an undercurrent stage with a currentindependent time delay. A maximum of 2 stages can be operated in parallel.

The temperatures (for example winding or oil temperatures) are
recorded via an external temperature-supervision device. Typical
sensors are Pt 100, Ni 100, and Ni 120. The temperatures are
transmitted via serial or Ethernet interfaces for protection and
monitored in the temperature-supervision function to ensure
that they do not exceed set limiting values. There are
2 threshold values per temperature measuring point. The function is designed so that the temperatures from up to 12 measuring points can be processed. The integrated broken-wire
detection sends an alarm indication depending on the measuring point.
Unbalanced-Load Protection (ANSI 46)
Asymmetrical current loading of the 3 windings of a generator
result in heat buildup in the rotor because of the developing
reverse field. The protection detects an asymmetrical loading of
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• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection (setting under rated object current).

• Detection of phase-conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

The function comes factory-set with 1 stage. A maximum of
6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

SIPROTEC 5 Compact – System
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Overcurrent Protection, Negative-Sequence System with
Direction (ANSI 46, 67)

Overvoltage protection with negative-sequence voltage
(ANSI 47)

The function overcurrent protection, negative-sequence system
with direction serves as the backup short-circuit protection for
unbalanced faults.

• Monitoring the power system and electric machines for

With the negative-sequence system, various monitoring and
protection tasks can be realized:

• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection.

• Detection of phase conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

voltage unbalance

• Method of measurement: Calculation of negative-sequence
voltage from the measured phase-to-ground voltages

Overvoltage protection with zero-sequence system/residual
voltage (ANSI 59N/64)

• Detection of ground faults in isolated or arc-suppression-coil-

ground systems, as well as in electric equipment (for example
machines)

• Detection of the faulty phase (optional)
• Method of measurement: Measurement of the residual

voltage directly at the broken-delta winding or calculation of
the zero-sequence voltage from the phase-to-ground voltages

• Measuring methods: Optionally, measurement of the funda-

mental component (standard or with especially strong attenuation of harmonics and transients) or of the RMS value

The function comes factory-set with 1 stage. A maximum
of 6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

Overvoltage protection with any voltage (ANSI 59)

Overvoltage Protection Functions (ANSI 59, 47, 59N)

Starting Time Supervision (ANSI 48)

Overvoltages occur in long lines with little or no load, for
example. The overvoltage protection monitors the permissible
voltage range, protects equipment from subsequent damage
through overvoltages, and serves to decouple systems (for
example wind-energy infeeds).

The starting time supervision protects the motor from too long
startup procedures. In particular, rotor-critical high-voltage
motors can quickly be heated above their limiting temperature
when multiple starting attempts occur in a short period of time.
If the durations of these starting attempts are prolonged for
example by excessive voltage surges during motor switching, by
excessive load torque, or by blocked rotor conditions, a trip
signal will be initiated by the protection device. Figure 2.2/3
shows the thermal characteristic curve of the function. Different
maximum starting times can be taken into account for starting
with the motor cold or hot.

Various overvoltage protection functions are available. By
default, 2 stages are configured. Up to 3 identical stages are
possible.
The following functions are available:
Overvoltage protection with 3-phase voltage (ANSI 59)

• Detection of any 1-phase overvoltage for special applications
• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value)

• Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages

• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value).
Overvoltage protection with positive-sequence voltage
(ANSI 59)

• Detecting symmetrical, stationary overvoltages with positivesequence voltage

• Method of measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

Overvoltage protection with positive-sequence voltage and
compounding in line protection (ANSI 59)

• Capacitive line impedances can lead to stationary overvoltages at the opposite end of the line (Ferranti effect).
• Method of measurement: The positive-sequence system of

the voltage is calculated at the other end of the line by means
of the local, measured voltages and current using the equivalent circuit of the line.

[dwtherms-200712-03.tif, 1, en_US]

Figure 2.2/3 Thermal Characteristic Curve of the Starting Time Monitoring

Circuit-Breaker Failure Protection (ANSI 50BF)
The circuit-breaker failure protection consists of 2 stages and
provides phase and ground backup protection if the main circuit
breaker fails to clear a power-system incident. If the fault
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current is not interrupted after a time delay has expired, a retrip
command or the busbar trip command will be generated. The
correct circuit-breaker operation is monitored via current measurement and via circuit-breaker position contacts. The current
detection logic is phase-segregated and can therefore also be
used in 1-pole tripping schemes.

for example, the stage of an overcurrent protection, and then
trips with switching to a short circuit. Typically, such protection
stages are configured that themselves trip with a delay. Actual
closure detection takes place in the switch-position recognition.

The circuit-breaker failure protection can be initiated by all integrated protection functions as well as by external devices via
binary input signals or by serial communication via GOOSE
messages in IEC 61850 systems. To increase operational reliability, an external start can be applied with 2 binary inputs in
parallel. Various delays may take place for 1-pole and 3-pole
starting.

The load-jam protection function serves to protect the motor
during sudden rotor blocking. Damage to drives, bearings, and
other mechanic motor components can be avoided and reduced
by means of quick motor shutdown.

External Trip Initiations

The thermal overload protection can also pick up as soon as the
configured threshold values of the thermal replica are exceeded.
The load-jam protection, however, is able to detect a blocked
rotor more quickly, thus reducing possible damage to the motor
and powered equipment.

Any signals from external protection and monitoring devices can
be coupled in via binary inputs or serial communication. These
signals can then be included in message and trigger processing
or used to start a fault record. The trip initiation acts like a
protection function. The trip command may be delayed. 1-pole
tripping is available if the device and switch are capable of
1-pole disconnection. Thus the integration of mechanical
protection equipment (for example, pressure or oil-level monitors or Buchholz protection) as well as protection devices
working in parallel is possible with no problems. Depending on
the application, you can select the required number of trip initiations.
Instantaneous High-Current Tripping (ANSI 50HS)
When switching on a faulty line, immediate tripping is possible.
In the case of high fault currents, this overcurrent protection
with instantaneous tripping leads to a very fast tripping when
switching onto faults.
The function comes factory-set with 1 stage. A maximum of
2 stages can be operated simultaneously within the function.
The stages have an identical structure. Actual closure detection
takes place in the switch-position recognition. It activates
directly in case of manual closure or is automatically determined
from the measured values (current, voltage) or by means of the
circuit-breaker auxiliary contacts.
When used in the transformer, the current stage must be set
above the maximum short-circuit current or inrush current
flowing through.
Circuit-Breaker Restrike Protection (ANSI 50RS)
The circuit-breaker restrike protection function monitors the
circuit breaker for arc reignition, which may be triggered by
overvoltage at the circuit-breaker poles after disconnection of
the capacitor bank, for example. The function generates an
auxiliary trip signal in the event of a circuit-breaker reignition.
Instantaneous Tripping at Switch-onto Fault (SOTF)
This function is available for applications in which overcurrent
protection (50HS) is not sufficient or not used. It enables instantaneous tripping even with low fault currents. The function has
no measuring function of its own. It is linked on the input side
with the pickup (measurement) of another protection function,
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Load-Jam Protection (ANSI 50L)

The rotor blocking results in a current jump in the phases. The
current jump is detected by the function as a recognition characteristic.

Overcurrent Protection, Phases and Ground
(ANSI 50/51, 50N/51N)
The overcurrent protection functions for phases and ground
detect short circuits on electric equipment. The non-directional
overcurrent protection is suitable as main protection for singleside infeed radial power systems or open ring systems. As a
backup or emergency overcurrent protection, it can be used
additionally to the main protection, for example, on lines or
transformers. With transformers, the preferred application is the
backup protection for downstream parts of the electrical power
system.
2 definite-time overcurrent protection stages and an inversetime overcurrent protection stage are preconfigured. Additional definite-time overcurrent protection stages, and 1 stage
with a user-defined characteristic curve can be configured
within this function.
All the usual characteristic curves according to IEC and ANSI/IEEE
are available for the inverse-time overcurrent protection stages,
see for example Figure 2.2/4.
Apart from the characteristic, the stages of the overcurrent
protection are structured identically.

• They can be blocked individually via binary input or by other
functions (for example, inrush-current detection, automatic
reclosing, cold-load pickup detection)

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• Each stage can be operated as an alarm stage (no operate
indication)

• You can select either the measurement of the fundamental
component and the measurement of the RMS value for the
method of measurement
• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Dropout delays can be set individually.

SIPROTEC 5 Compact – System
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Intermittent Ground-Fault Protection
Intermittent (reigniting) faults occur due to insulation weaknesses in cables or due to the ingress of water into cable joints.
The faults will eventually go off by themselves or expand to
permanent short-circuits. During intermittent operation,
neutral-point resistors can be thermally overloaded in the case
of low-impedance grounded power systems. The normal
ground-fault protection cannot reliably detect and switch off the
current pulses that are sometimes very brief.
The necessary selectivity of protection in the case of intermittent ground faults is achieved by adding up the single pulses
over time and tripping after a reached (adjustable) total time.
The pickup threshold IIE > evaluates RMS values in relation to a
system period.
2.2

Transformer Inrush-Current Detection
When the device is used on a power transformer, large magnetizing inrush currents will flow when the transformer is switched
on. These inrush currents may be several times the rated
current, and, depending on the transformer size and type of
construction, may last from several tens of milliseconds to
several seconds. The inrush-current detection function detects a
transformer switch-on process and generates a blocking signal
for protection functions that are affected in undesirable ways
when transformers are switched on. This enables a sensitive
setting of these protection functions.

Figure 2.2/4 IEC Characteristic Curves of the “Normal Inverse" Type

In order to securely record the inrush processes, the function
uses the Harmonic Analysis method of measurement and the
CWA method (current wave shape analysis). The two processes
can optionally be activated individually or work in parallel and
link the result through logical OR. This means that a 1-outof-2 decision is made which increases the availability of the
electrical plant.

Overcurrent Protection, 1-Phase (ANSI 50N/51N)

Voltage-Controlled Overcurrent Protection (ANSI 51V)

With transformers, the preferred application is the backup
protection for the parts of the electrical power system
connected to the grounded star winding. The neutral-point
current of the transformer is thus processed directly. Alternatively, the function can also be used as high-impedance
restricted ground-fault protection.

Short circuit and backup protection are also integrated here. It is
used where power system protection operates with currentdependent protection equipment.

[dw_IEC-kennlinie, 1, en_US]

Tank leakage protection for insulated transformers is another
application.
The modular design and scope of the protection function are
identical to the overcurrent protection ground function
(ANSI 50N/51N).
Sensitive Ground-Current Protection (ANSI 50Ns/51Ns)
The sensitive ground-current protection function detects
ground-fault currents in isolated and arc-suppression-coilground systems. It can also be used for special applications
where a highly sensitive current measurement is required.
Responses of protection devices and trippings can be saved in
the separate ground-fault log.

There are 3 different forms of the function (stage types):

• Controlled
• Voltage-dependent
• Undervoltage stability
The current function can be controlled via an evaluation of the
machine voltage. The controlled variant triggers the sensitively
set current stage. In the voltage-dependent variant, the current
pickup value drops in a linear relationship with dropping
voltage. The fuse-failure monitor prevents overfunction.
IEC and ANSI characteristics are supported, see Table 2.2/1.
Supported inverse-time characteristic curves
ANSI/IEEE

IEEE/IEC 60255-3

Inverse

Characteristic curve

•

•

Moderately inverse

•

Very inverse

•

•
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Supported inverse-time characteristic curves
Extremely inverse

•

Fully inverse

•

•

Table 2.2/1 IEC and ANSI Characteristic

2.2

For generator protection applications, the function undervoltage stability is frequently used. If the exciting transformer
is connected directly to the generator lead and a short circuit
occurs, the excitation voltage drops. As a result, the synchronous generated voltage and with it the short-circuit current are
reduced and can drop below the pickup value. With the undervoltage stability feature, the pickup is maintained. If an external
error is cleared according to protective grading, the voltage
recovery results in the dropout of the pickup maintenance. If the
voltage fails due to an error in the voltage-transformer circuit,
this does not result in an overfunction. A pickup additionally
causes an overcurrent.
Peak Overvoltage Protection for Capacitors (ANSI 59C)
The dielectric medium of a capacitor is stressed by the applied
peak voltage. Hence excessively high peak voltages may lead to
destruction of the dielectric medium. IEC and IEEE standards
define how long capacitors should withstand which overvoltages.

All these events cause a voltage of 0 in the voltage transformer
secondary circuits. Which can lead to failures of the protection
functions.
The following protection functions are automatically blocked in
the case of a measuring-voltage failure:

• Directional negative-sequence protection
• Ground-fault protection for high-impedance faults in
grounded-neutral power systems.

Restart Inhibit (ANSI 66)
The restart inhibit prevents restarting of the motor if the permissible temperature limit would be exceeded as a result.
In normal operation, and also under increased load conditions,
the rotor temperature of a motor is far below the permissible
temperature limit. The high starting currents required during
motor startup increase the risk of the rotor being damaged by
overheating instead of the stator. This is related to the short
thermal constant of the rotor. To prevent the circuit breaker
being tripped by several attempts to start the motor, the motor
must be prevented from restarting if it is obvious that the
temperature limit of the rotor would be exceeded during the
start attempt (Figure 2.2/5).

The function calculates the peak voltage in a phase-segregated
way from the fundamental component and superimposed
harmonics. Integration of the phase currents then yields the
peak voltage.
The function offers different stage types with regard to the time
delay:

• Stage with inverse-time characteristic according to IEC and
IEEE standards

• Stage with user-defined characteristic curve
• Stage with independent characteristic curve
A maximum of 4 stages with independent characteristic curve
can be applied in parallel.
1-Phase Current-unbalance Protection for Capacitor Banks
(ANSI 60C)
The 1-phase current-unbalance protection for capacitors
provides protection in the event of errors in capacitor elements
(C elements) of a double neutral point capacitor bank. It
provides very sensitive monitoring of the unbalanced current
between the two neutral points and allows for the counting of
individual defective C-elements.
Measuring-voltage Failure Detection (ANSI 60FL)
This function monitors the voltage transformer secondary
circuits for:

• Non-connected transformers
• Pick up of the voltage-transformer circuit breaker (in the event
of short circuits in the secondary circuit)

• Broken conductor in one or more measuring loops
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[Dw_PrReLo_02, 1, en_US]

Figure 2.2/5 Temperature Curve of the Rotor and Repeated Attempts to
Start the Motor

Directional Overcurrent Protection, Phases and Ground
(ANSI 67, 67N)
The directional overcurrent protection functions for phases and
ground detect short circuits on electrical equipment. The directional overcurrent protection allows the application of devices
also in electrical power systems where selectivity of protection
depends on knowing both the magnitude of the fault current
and the direction of power flow to the fault location. This is the
case with parallel lines that have one infeed, for example, or
cable runs with infeed at both ends or in lines connected to
form ring topologies.
Two independent overcurrent-protection stages (definite-time
overcurrent protection stages) and a dependent overcurrentprotection stage (inverse-time overcurrent protection stage) are
preconfigured. Additional definite-time overcurrent protection

SIPROTEC 5 Compact – System
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stages, as well as one stage with a user-defined characteristic
curve, can be configured within this function.
For the inverse-time overcurrent protection stages all usual
characteristic curves according to IEC and ANSI/IEEE are available.
Figure 2.2/6 shows the free configurability of the directivity of
the ground function. The characteristic can be rotated for the
phase function.

systems. Various function stages are available for this purpose
that can also be used in parallel. Thus, the working method of
the function can be perfectly adapted to the conditions of the
power system, the user philosophy, and different manifestations
of the error:
Overvoltage protection stage with zero-sequence system/
residual voltage
The zero-sequence voltage (residual voltage) is evaluated in
relation to threshold-value violation. In addition, the faulty
phase can be determined when the phase-to-ground voltages
are connected.
Directional ground-current stage with direction determination
using cos φ and sin φ measurement
This is the "classical" watt-metric (cos φ, in the arc-suppressioncoil-ground system) or var-metric (sin φ, in the isolated power
system) method of measurement for the direction determination of static ground faults. For direction determination, the
current component which is perpendicular to the set directioncharacteristic curve (= axis of symmetry) is decisive (3I0dir.), see
Figure 2.2/7. The stage can be adapted to the power-system
conditions by a corresponding setting (position of the directioncharacteristic curve). Therefore, highly sensitive and precise
measurements are possible.

[dw_DwDirRot, 1, en_US]

Figure 2.2/6 Directivity of the Ground Function

Apart from the characteristics, the stages are structured identically.

• Blocking options for the stage: in the event of measuring-

voltage failure, via binary input signal or by means of other
functions (automatic reclosing, cold-load pickup detection).

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• The directional mode can be set for each stage.
• The stage can optionally be used for directional comparison
protection. Hence both a release procedure and a blocking
method can be implemented.

• Each stage can also be used as an alarm stage (no operate
indication)

• You can select the measurement of the fundamental component and the measurement of the RMS value for the method
of measurement.

• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Logarithmic-inverse characteristics are also available for the

[dwcosphi-171012-01.tif, 3, en_US]

Figure 2.2/7 Direction Determination with cos φ Measurement

Directional sensitive ground-fault detection via harmonics
The function is used for fault localization in stationary ground
faults, particularly in connection with restriction circuits in
circuited medium-voltage rings. It is based on a continuous
measurement with direction determination. This is determined
by means of the phasors of the 3rd, 5th, or 7th harmonic of the
zero-sequence voltage V0 and of the zero-sequence
current 3I0 (Figure 2.2/8).
The advantages of this method are the simple difference
between "faulty" and "healthy" in the directional areas and the
reliable directional result independent of the measuring tolerances.

ground stages.

Directional Sensitive Ground-Fault Detection (ANSI 67Ns,
ANSI 51Ns, 59N)
The directional sensitive ground-fault detection function detects
ground faults in isolated and arc-suppression-coil-ground
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Stabilization in the event of intermittent ground faults
Functions for the detection of stationary ground faults (for
example, cosφ function) can react adversely in the event of
intermittent ground faults: Message and fault-record flooding is
possible. This can be effectively avoided by automatic blocking
of these functions in the event of intermittent ground faults.
Trip-Circuit Supervision (ANSI 74TC)
The circuit-breaker coil and its feed lines are monitored via 2
binary inputs. If the trip circuit is interrupted, and alarm indication is generated.
Automatic Reclosing (ANSI 79)
2.2
[dw_dir-sens-gnd-fault-detect_harm, 1, en_US]

Figure 2.2/8 Sensitive Ground-Fault Detection via Harmonics

Directional ground-current stage with direction determination
using φ (V, I) measurement
This method can be applied as an alternative to the cos φ or sin
φ method if this is desired because of user philosophy. The
direction is determined by determining the phase angle
between the angle-error compensated ground current and the
rotated zero-sequence voltage V0. To take different system
conditions and applications into account, the reference voltage
can be rotated via an adjustable angle. This moves the vector of
the rotated reference voltage close to the vector of the ground
current 3I0com. Consequently, the result of direction determination is as reliable as possible (see also Figure 2.2/6).
Sensitive ground-fault detection via pulse-pattern detection
The pulse-pattern detection function is used when a pulsating
ground-fault current is generated for fault localization by
connecting and disconnecting a capacitor arranged in parallel to
the arc-suppression coil. The function then detects a faulty
feeder using the pulse pattern during a stationary ground fault
in overcompensated systems.
Transient ground-fault method
This transient method operates only during the
first 1 to 2 periods after fault inception. It determines the direction via the evaluation of the active energy of the transient
process. It is especially appropriate if direction information is
required for errors that expire again very quickly (after 0.5 to a
few periods). Thus, parallel use to the stage with cos φ measurement or harmonic methods is appropriate.
This method can also be operated in meshed power systems. It
is also especially well-suited for closed rings because circulating
zero-sequence currents are eliminated. Due to additional logic,
the function can also optionally clear a static error.
Non-directional ground-current stage
If necessary, a simple, non-directional ground-current stage can
be configured.
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About 85 % of the arc faults on overhead lines are extinguished
automatically after being tripped by the protection function. The
overhead line can therefore be put back into operation. Reclosure is performed by an automatic reclosing function (AR). Each
protection function can be configured to start or block the automatic reclosing function.
Basic features and operating modes

• Tripping-controlled start with or without action time
• Pickup-controlled start with or without action time
• 3-pole automatic reclosing for all types of faults; different
dead times are available depending on the type of fault

• Multiple-shot automatic reclosing
• Cooperation with external devices via binary inputs and

outputs or via serial communication with GOOSE message in
IEC 61850 systems

• Control of the integrated automatic reclosing function by an
external protection

• Cooperation with the internal or external synchrocheck
• Monitoring of the circuit-breaker auxiliary contacts
• Dynamic change of the settings of the overcurrent protection
functions depending on the automatic reclosing status

Voltage-dependent supplementary functions
The integration of automatic reclosing in the feeder protection
allows evaluation of the line side voltages.

SIPROTEC 5 Compact – System
Protection – Functions
A number of voltage-dependent supplementary functions are
thus available:

• Dead-line check (DLC)

By means of a dead-line check, reclosure is triggered only
when the line is de-energized (prevention of asynchronous
pickup), if no synchrocheck can be used

• Adaptive dead time (ADT)

The adaptive dead time is used only if automatic reclosing at
the opposite end was successful (reduction of stress on equipment).

• Reduced dead time (RDT)

Reduced dead time is used together with the automatic
reclosing function where no teleprotection scheme is used:
When faults within the overreach zone, but outside the
protected line, are switched off for short-time interruption,
the RDT function decides on the basis of the measured of the
reverse polarity voltage from the opposite end which has not
tripped whether to reduce the dead time.

Frequency Protection (ANSI 81)
Frequency deviations are caused by an unbalance between
generated and the consumed active power. This is caused by,
for example, load shedding, network disconnections, increased
need for active power, generator failures, or faulty functioning
of the load-frequency control. The frequency protection detects
frequency deviations in the power system or in electric
machines.

between the generated and the consumed active power. For
this purpose, it is integrated into power-system decoupling and
load-shedding measures.
The function offers 2 stage types:

• df/dt rising
• df/dt falling
A maximum of 5 stages of each stage type can be applied in the
function.
Either the measuring accuracy or the pickup time can be optimized for the specific application by defining the measuringwindow length.
The function is automatically blocked in the event of undervoltages, in order to rule out imprecise or incorrect measurements.
Restricted Ground-fault Protection (ANSI 87N)
The longitudinal differential protection can detect ground faults
close to the neutral point of a grounded star winding only to a
limited extent. The restricted ground-fault protection assists you
with this. The neutral-point current and the calculated zerosequence current of the phase currents are evaluated according
to Figure 2.2/9 and Figure 2.2/10. Overfunction in response to
external ground faults is prevented by stabilizing measures. In
addition to the differential and restraint currents, based on the
zero-sequence variables, the phase angles of the zero-sequence
currents between each other are monitored. The tripping variable is the zero-sequence current in the neutral point.

It monitors the frequency band and outputs alarm indications. In
case of critical power frequency, entire power units can be
isolated or networks can be decoupled. To ensure network
stability, load shedding can be initiated.
Different frequency-measuring elements with high accuracy and
short pickup times are available. Tripping by frequency-measuring elements can be triggered either at the local circuit
breaker or at the opposite end by automatic remote tripping.
The following measuring elements are available:

• Overfrequency protection (ANSI 81O)

Two-stage designs can be increased up to 3 stages. All stages
are of identical design.

• Underfrequency protection (ANSI 81U)

Three-stage design (default), can be increased up to 5 stages.
All stages are of identical design.

[dwgrdpri-170712-01.tif, 2, en_US]

Figure 2.2/9 Restricted Ground-fault Protection Basic Principle

Each frequency-measuring element provides 2 different
methods of measurement:

• Angle difference method: Angle change of the voltage phasor
over a time interval

• Filter method of measurement: Evaluation of instantaneous
voltage values with special filters

The DIGSI 5 library provides the corresponding protection function for every method of measurement.
Rate-of-Frequency Change Protection (ANSI 81R)
With the rate-of-frequency change protection, frequency
changes can be detected quickly. The function can prevent
system states that are not secure, caused by an unbalance
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Figure 2.2/11 Measuring Point Selection for Multiple Infeeds on the
Neutral Side

Fault Locator (FL)
Single ended fault locator
[dwausken-170712-01.tif, 3, en_US]

Figure 2.2/10 Operate Curve

For use in auto transformers, an additional measure was
adopted in order to prevent a failure in response to external
ground faults. The protection function independently determines the side of the auto winding that is necessary for reliable
operation of the protection function. A measuring point is
selected that results in the greatest restraint current (see also
Figure 2.2/11).
This method is also used if multiple 3-phase current measuring
points are present on the line side, for example in breaker-anda-half arrangements (see Figure 2.2/9 and Figure 2.2/10).
In the differential protection devices, other protection functions
are available that can be used as supplemental protection and
monitoring functions as well as backup protection for the
upstream and downstream power system. It is also possible to
monitor limiting values.
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The integrated fault locator calculates the fault impedance and
the fault distance. The result is displayed in ohms, miles, kilometers, or in percent of the line length. The influence of parallel
lines and of load currents can also be compensated.

SIPROTEC 5 Compact – System
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2.3

[dw_steuerung_SIP5C, 1, en_US]

Figure 2.3/1 SIPROTEC 5 Compact – Functional Integration – Control

SIPROTEC 5 Compact includes all control and supervision function at bay level, required for an efficient operation of the
switchgear.
The , freely configurable, color graphic display for control
diagrams is available for convenient local control. Frequent
operating actions, such as starting switching sequences or
displaying the indication list, can be called up via one of
the 9 function keys.
The application templates supplied provide the full functionality
that you need for your application. Protection and control functions access the same logical elements. From the perspective of
switching devices, protection and control are treated with equal
priority.
A new level of quality in control is achieved with the application
of the communication standard IEC 61850. For example, binary
information from the bay can be processed very elegantly and
data (such as for interlocking across multiple fields) can be
exchanged between the devices. Cross communications via
GOOSE enable efficient solutions, since here the wiring is
replaced with data telegrams.
All devices already have up to 4 switching objects (switches,
disconnectors, or grounding conductors) via the base control
package. Optionally, additional switching objects and switching
sequences can be configured using CFC blocks in accordance
with IEC 61131-3.
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Figure 2.4/1 SIPROTEC 5 Compact – Functional Integration – Automation

The integrated CFC (Continuous Function Chart) graphical automation editor enables you to create logic diagrams clearly and
simply. DIGSI 5 supports this with powerful logic blocks based
on the standard IEC 61131-3. All devices already have a
powerful base automation package. This makes it easy to
provide specific functions for automation of a switchgear.
You can graphically link all internal digital information, such as
internal protection signals or operating states, directly to the
logic blocks and process them in real time using CFCs. You can
also link measured values or monitor them with respect to
limiting values.
Examples of automation applications are:

• Interlockings
• Switching sequences
• Message derivations or the tripping of switching operations
• Messages or alarms by linking available information
• Load shedding in a feeder
• Administration of decentralized energy infeeds
• System switchovers depending on the network status
• Automatic grid separations in the event of grid stability problems

Of course, SIPROTEC 5 Compact provides a substation automation system, such as SICAM PAS/PQS, with all necessary information, thus ensuring consistent, integrated, and efficient solutions for further automation.
Using macros makes it possible to reuse CFC subplans simply
and clearly, in the device, project, or in other projects. CFC
online monitoring makes it possible to track and check the
sequence of the plans in the device. Corrections can therefore
be made quickly and efficiently.
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monitoring includes for example: circuit breakers, transformers,
and gas compartments in gas-insulated switchgear (GIS).
SIPROTEC 5 provides the process interfaces, buffers, recorders,
and automation functions necessary for monitoring equipment:

• Process values are stored together with a time stamp in the
operational log

• The circuit-breaker statistics provide essential data for condition-based maintenance of switchgear

• Process variables (for example, pressure, SF6 loss, speed, and

temperature) are monitored for limit violations via measuring
transducers connected to the sensors.

• Using external 20 mA or temperature measuring devices that
are connected serially or by Ethernet, other measured values
can be captured and processed.

Monitoring power quality

[dw_Monitoring_SIP5C, 1, en_US]

Figure 2.5/1 SIPROTEC 5 Compact – Functional Integration – Monitoring

SIPROTEC 5 Compact devices can take on a wide variety of monitoring tasks.
These can be divided into the following groups:

• Self-monitoring

• Monitoring power-system stability
• Monitoring of equipment (condition monitoring)
• Monitoring power quality
Self-Monitoring
SIPROTEC 5 Compact devices are equipped with many monitoring procedures. These detect faults, internal as well as
external, in secondary circuits, store them in buffers, and report
them. This information is used to record the device fault and
helps to determine the cause of the error in order to take appropriate corrective actions.
Monitoring power-system stability
Grid Monitoring combines all of the monitoring systems that are
necessary to assure power-system stability during normal operation. SIPROTEC 5 Compact provides all necessary functionalities,
such as fault recorders, continuous recorders, for Grid Monitoring. This functionality allows to monitor power system limit
violations (for example, stability monitoring via load-angle
control) and to trigger the appropriate responses actively. This
data in the network control systems can also be used as input
variables for online power-flow calculation and enable a significantly faster response in case of status changes in the power
system.
Monitoring of equipment (condition monitoring)
Condition monitoring is an important tool in asset management
and operational support from which both the environment and
the company can benefit. Equipment that typically requires

Besides availability, the ultimate consumers demand also a high
quality concerning the electrical energy (power quality). This
depends on process management and the responsibility of the
power utilities and consumers among other factors. The
increasing use of power electronic components (for example,
nonlinear motor drives, renewable infeeds) can have loading
effects on power quality. Switching operations in the electrical
power system can result in brief voltage dips. An inadequate
power quality can lead to interruptions of supply, damages,
production outages, and high follow-up costs. Consequently, a
reliable measurement of the appropriate power quality features
becomes more and more important.
SIPROTEC 5 Compact offers basic detection and recording of
some power quality data with PQ Basic:

• Voltage changes (overvoltage, dips, interruption) and voltage
unbalance

• Harmonic component voltages and currents, THD and TDD
Many applications do not require detections according to the
most stringent PQ standards. PQ-Basic offers a cost-effective,
simple solution without having to install and operate additional
power-quality devices. In this way, you can quickly get an overview of your PQ status for the entire power system since all the
installed SIPROTEC 5 Compact devices can simply be upgraded
via a firmware update without having to install additional hardware. You can then, for example, perceive trends and be
warned if the power quality has reached problematic limits at
sensitive points. This can be used to detect weak points early so
that corrective measures can be taken.
If a detection and evaluation of the power-system quantities is
necessary as per the entire scope of grid codes, such as the
EN 50160 standard, SIPROTEC 5 provides appropriate power
quality recorders such as the SIPROTEC 7KE85. A SICAM PQS
system provides centralized data archiving and an elegant evaluation of the weekly reports as per, for example, EN 50160,
among others.
Power Quality – Basic (PQ-Basic)
Voltage Unbalance
In a 3-phase power system, the voltages are normally balanced,
as well as the connected loads. In some cases, however, the
balanced conditions can be disturbed due to various influences.
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Voltage unbalances can be caused by various factors:

• Unbalanced load, for example, caused by different consumers
in the individual phases

• Phase failure, for example, due to a tripped 1-phase fuse or a
broken conductor

• Faults in the primary system, for example, at the transformer
The function Voltage unbalance:

• Detects the voltage-unbalance conditions in the distribution
and industrial power systems.

• Monitors the voltage-unbalance conditions.
In the function Voltage unbalance, the following stage types
are available:

• V2/V1: ratio of the negative-sequence voltage to the positivesequence voltage

• V0/V1: ratio of the zero-sequence voltage to the positivesequence voltage
2.5

All the measured values are displayed under Power quality
basic > Voltage unbalance of a specific function group in the
HMI.

[dw_PQ_VoltVar_event_duration, 1, en_US]

Figure 2.5/2 Duration of a Voltage Dip or Overvoltage Event

THD and Harmonics

The specific function group in which the function Voltage
unbalance is instantiated must be connected to the 3-phase
voltage measuring point.

At the connection point to the public power system, the allowed
total harmonic distortion (THD) is limited according to the
power-quality related standards. The function THD and
harmonics can be used to monitor the THD value.

Voltage Variation

The function THD and harmonics serves for the calculation of
the following values:

The function Voltage variation is used for measuring and monitoring short-duration variations of the voltage in distribution
and industrial power systems. The power-quality events such as
voltage dips, swells, and interruptions in 3-phase systems are
detected.
This measuring function provides the RMS value of the voltage
for the minimum value in the event of a voltage dip, the lowest
residual voltage in the event of an interruption or the highest
swell, as well as the duration of the event.
All events can be logged in operational or user-defined logs.
They can enable the fault recorder via binary warning indications, and write their values as tracks.

• THD values of the 3-phase currents and 3-phase voltages
• Aggregated THD values of the 3-phase voltages

If the aggregated THD value exceeds the threshold, a warning
is generated.

• Harmonics of the 3-phase currents and 3-phase voltages
The calculated THD values and harmonics are displayed under
Power quality basic > THD and harmonics of a specific function group in the HMI or via the DIGSI Online-Editor. If routed,
the calculated THD values and harmonics are available in the
communication protocols and in the fault record. Abnormal
values can be logged in the operational or user-defined log if
routed.
Total Demand Distortion
At the connection point to the public power system, the allowed
total demand distortion (TDD) is limited according to the
power-quality related standards. The function Total demand
distortion can be used to monitor the TDD value.
The function Total demand distortion serves for calculating the
following values of the 3-phase currents:

• 3-s TDD value
• TDD value within an interval

If the TDD value TDD intvl. exceeds the threshold value, a
warning is generated.

The TDD values are displayed under Power quality basic > TDD
of a specific function group in the HMI or via the DIGSI OnlineEditor. If routed, the TDD values are available in the communication protocols and the fault records. Abnormal values can be
logged in the operational log or user-defined logs.
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General Properties, Power Quality – Basic:
Values of the 3 phases (phase-selective) can

• be viewed on the device display as well as remotely using
DIGSI 5 and even used with CFC

• be transmitted using the protocols supported by SIPROTEC 5

Compact (typically, as per IEC 61850) for additional use or for
documentation,

• optionally be recorded in the fault record; started via CFC (it is
possible to configure one binary input to the external starting
condition of the fault recorder).

• All events and anomalous PQ data can be logged in opera-

tional message or user-defined logs with a time stamp and
they can be displayed on the HMI and DIGSI 5 information list.
The data is stored in nonvolatile memories (and are not lost in
a power outage). You can also export data to a file with DIGSI.

• If limiting values are exceeded, beacons can be generated.
• Statistical values such as meters and previous maximum

values can be reset via the HMI, BI or remotely via DIGSI or via
the log (resetting of the log be by way of the CFC and a userdefined signal)

2.5
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precision, time-stamped phasors indicate power frequency and
the change in the power frequency. They can be transmitted to
central analysis systems via the high-performance communication systems.
Measured values are displayed as primary and secondary values
and as reference values. These values are also available for other
applications, for example, transmission to the systems control or
automation tasks.
Up to 8 analog inputs can be supplied for each device.
All analog inputs are factory-calibrated and thereby ensure
maximum accuracy.
Separate measuring transducers (analog inputs) are therefore
unnecessary. The high-precision measured data enables
extended energy management and makes commissioning much
easier.
SIPROTEC 5 thus provides the following measured values for
analysis and further processing:

• The basic measured values with high dynamic range and high
accuracy (protection-class current transformer)

• The basic measured values with very high accuracy (instrument transformer)

2.6
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Figure 2.6/1 SIPROTEC 5 Compact – Functional Integration – Data
Acquisition and Recording

The recorded and logged bay data is comprehensive. It represents the image and history of the bay. It is also used by the
functions in the SIPROTEC 5 device for monitoring, substation
automation, and multibay automation tasks. Thus, they represent the basis both for the functions available today and for
future applications.
Measurement and

PMU2

A large number of measured values is derived from the analog
input variables, which supply a current image of the process.
Depending on the device type, the following basic measured
values are available:

• Operational measured values
• Fundamental phasor and symmetrical components
• Protection-specific measured values, such as differential and
restraint current for differential protection

• Mean values
• Minimum values and maximum values
• Energy measured values
• Statistical values
• Limiting values
Besides the basic measured values, synchrophasor measured
values can also be activated in the devices (application as PMU,
Phase Measurement Unit)
Synchrophasor measured values support a range of applications
for monitoring grid stability. For this purpose,
SIPROTEC 5 devices acquire the necessary PMU data. These high-

2

Under development
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• Synchrophasor measured values with high-precision time

stamping for subsequent tasks such as grid stability monitoring.

• Detection of current and voltage signals up to the 50 th

harmonic with a high accuracy for selected protection functions (for example thermal overload protection, peak overvoltage protection for capacitors) and operational measured
values.

Recorder
In SIPROTEC 5 Compact devices, recorders are able to record
large volumes of data. They feature a large number of analog
and binary inputs, and a high sampling frequency. An extremely
wide range of records can be converted, either continuously or
via various trigger criteria.
Besides storing the data on internal mass storage, a transmission to central analysis systems is possible. Consequently, you
are able to monitor systems regarding typical characteristics.
Fault Recorders
The fault recording in stores analog and binary data during a
fault event, for example, in the event of short circuits or ground
faults, and preserves the records, including high-precision time
stamps for subsequent analysis. Calculated measurands such as
power or frequency can also be incorporated into the fault
recording function. Analysis takes place after the data is read
out from the device by DIGSI using SIGRA. Recorded data is
archived to prevent data loss in the event of supply voltage
failure. Analog and binary signal traces for recording are freely
configurable, and pre-trigger record duration and seal-in time
can be programmed within a very wide range. SIPROTEC 5 fault
recording provides long recording times with outstanding accuracy.

SIPROTEC 5 Compact – System
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Features of the fault recorders:

• Recording of all analog channels
• Sampling frequencies from 1 kHz to 8 kHz
• High recording capacity for individual records of 20 s
for 24 channels at an 8 kHz sampling frequency

• Storage capacity for up to 128 fault records
• The recording duration for all records is limited by the avail-

able storage capacity of the device, and depends on the
number of configured channels and sampling frequency.
Example
- Line protection with 8 analog channels (4 I, 4 V),
- Sampling frequency 1 kHz, 6 measured value and 20 binary
channels: Resulting recording capacity of the device
about 890 s!

• Up to 100 freely configurable binary and 50 additional measured value tracks

Time synchronization
In order to compare the measured values and recordings of
devices at different locations to each other, a very exact time
synchronization of all devices is required. Thus, the time
synchronization is an important property and must be done with
a high degree of accuracy.

The long recording length is achieved with large event-log
buffers and separate logs for different event categories. The
events to be logged are freely configurable and provide
improved manageability. Configuration of user-specific eventlog buffers for cyclical or event-driven recording is also
supported.
Convenient, complete analysis
Event-log buffers of different categories enable easier, targeted
analysis. Changes to parameters and configuration data are
recorded.
Maintainability
Hardware and software are constantly monitored and irregularities are detected immediately. In this way, extremely high levels
of security, reliability, and availability are achieved at the same
time. Important information about essential maintenance activities (for example, battery supervision), hardware defects
detected by internal monitoring, or compatibility problems are
recorded separately in the device-diagnosis log. All entries
include specific instructions. The following table provides an
overview of the typical logs.
The log entries and fault records are retained even in case of an
auxiliary-voltage and battery-voltage failure.
2.6

The time synchronization can be done using 1 or 2 timers.
Depending on time source, an accuracy from 1 ms to 1 μs is
attained. Events are logged with a date and time with 1 ms resolution.

Type of Log

Number of
Messages

Property

Operational log

2000 messages

Cyclical logging of operational
indications (for example,
control processes)

The time synchronization is optionally realized via:

Fault log

1000 messages per Event-driven recording of
fault
faults. A maximum
of 128 faults can be stored. A
maximum of 1000 messages
can be recorded for each
fault.

User-specific
buffer

200 messages

Option of cyclical or eventdriven recording of userdefined signals

Ground-fault log

100 messages per
ground fault

Event-driven recording of
ground faults. A maximum
of 10 ground faults can be
stored. A maximum
of 100 messages can be
recorded for each ground
fault.

Parameterization
history log
(cannot be
deleted)

200 messages

Logging of all parameter
changes and configuration
downloads

Communication
log

500 messages

Logging the status of all
configured communication
links (such as disturbances
that arise, testing and diagnostic operation, and communication loads)

• IRIG-B signal3
• SNTP protocol
• Substation automation protocol (for example, IEC 61850)
• IEEE 1588 protocol (accuracy: 1μs) 3
• DIGSI 5 protocol (not cyclical)
• Internal time with integrated quartz crystal
Time synchronization in the device has a battery back-up. Thus,
the internal clock continues to run with the quartz accuracy of
the device even in case of outage of the auxiliary voltage.
GPS time signal receiver for IRIG-B, DCF77(Under development)
The recommended GPS receiver from Meinberg synchronizes
the internal time of all connected protection devices. The
internal clock of the protection devices are updated using the
respective telegram (IRIG-B, DCF77). SIPROTEC 5 devices generally support redundant time synchronization. The time information can be provided by 2 external timers. One timer functions
as the primary time source. If it fails, a switchover to the second
(secondary) timer is performed.
Event-log buffer
Event-log buffers mark important events with a time stamp
(accurate to 1 ms) for subsequent analysis.

3

Under development
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Type of Log

Number of
Messages

Property

Security log
(cannot be
deleted)

500 messages

Logging the successful and
unsuccessful attempts to
access restricted areas of the
device

Device-diagnosis
log

500 messages

Logging and display of
specific instructions in case of
necessary maintenance (for
example, battery supervision),
detected hardware defects, or
compatibility problems

Table 2.6/1 Overview of Typical Logs

2.6
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Figure 2.7/1 SIPROTEC 5 Compact – Functional Integration – Communication

2.7

SIPROTEC 5 Compact devices are equipped with high-performance communication interfaces. These are integrated interfaces
to provide a high level of security and flexibility. The interface is
independent of the protocol used. This can be loaded according
to the application.
Particular importance was given to the realization of full
communication redundancy:

• Ethernet-based protocols (for example, Modbus TCP,
IEC 61850 Ed1 and Ed2)

• IoT interface via GridEdge for integration in cloud systems
such as MindSphere

• PRP and HSR uninterruptible Ethernet redundancy protocols
(seamless redundancy), in particular for high-availability
station communication, as well as RSTP and point-to-point
communication.
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Communication Interfaces of the Device
The protection device features a redundant optical Ethernet
interface on the rear panel.
Ethernet Interface
The Ethernet interface is used for Ethernet-based protocol applications, for example, IEC 61850, Modbus TCP, time synchronization via SNTP, DIGSI 5 via TCP etc. Several applications can run in
parallel, whereby unused applications can be switched off for
security reasons.
Optical Ethernet Interface
The optical Ethernet interface has 2 optical duplex LC 1300-nm
interfaces. It can be configured with or without an integrated
switch. The maximum optically permitted distance via 50/125µm or 62.5/125-µm multimode optical fibers is 2 km. The optical
transmission and receiving level is measured in the module and
can be displayed with DIGSI 5.

2.7
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Figure 2.7/2 Rear Panel with Optical Interfaces

38 SIPROTEC 5 Compact ⋅ Catalog – Edition 2

SIPROTEC 5 Compact – System
Communication – Interfaces

Ethernet interface

Optical

Ethernet interface4

Electrical

Time synchronization4

Serial interface or

Port or plug-in module

Front interface

Communication Interfaces

Physical connector
USB

■

1 x electrical serial RS485, RJ45

■

2 x electrical Ethernet 10/100 Mbit/s, RJ45, 20 m

■

2 x optical Ethernet 100 Mbit/s, 1300 nm, LC connector, 2 km via 50/125 μm or 62.5/125 μm multimode optical fiber

■

Applications
DIGSI 5 protocol

■

■

■

■

■

■

DNP3 TCP4

■

■

Modbus TCP

■

■

PROFINET IO4

■

■

SUP Ethernet (Slave Unit Protocol) for connecting external temperature gages or 20-mA measuring
devices

■

■

Diagnostics homepage

■

■

DHCP, DCP (automatic IP configuration)

■

■

Line Mode

■

■

PRP (uninterruptible Ethernet ring redundancy (Parallel Redundancy Protocol))

■

■

HSR (uninterruptible Ethernet ring redundancy (High Availability Seamles Redundancy Protocol))

■

■

RSTP (uninterruptible Ethernet ring redundancy (Rapid Spanning Tree Protocol))

■

■

SNTP (time synchronization over Ethernet)

■

■

SNMP V3 (network management protocol) 4

■

■

IEEE 1588v24 (PTP protocol over Ethernet – microseconds accuracy)

■

■

IEEE 802.1q (VLAN)

■

■

IRIG-B, DCF77, PPS4

■
■

IEC 61850-8-1 server (including GOOSE, reporting to 6 clients)
IEC 60870-5-1034

■

IEC 60870-5-1044
DNP3

serial4

SUP serial (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices4

■

■

Additional Ethernet logs and services

Table 2.7/1 Communication Applications and Plug-in Modules

4

Under development
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Logs
Communication interfaces are supplied without a protocol application. According to the Table 2.7/1 a module can be initialized
via DIGSI 5 with a protocol application. Every interface is
assigned the desired application via DIGSI 5. Assignments can be
erased and re-configured. This enables a high degree of flexibility when configuring the modules.
DIGSI 5 Protocol
The DIGSI 5 protocol works with TCP services, which can be
routed via IP networks. Worldwide remote access to devices via
secure connections is an integral component of the communication concept. The protocol is available on the USB interface and
the Ethernet interface. Optionally, DIGSI 5 can also be operated
via its own Ethernet module if substation controller functions
and access for operation and maintenance are to be kept strictly
separate.
IEC 61850-8-1 Client-Server Communication
Ethernet Plug-In Module

2.7

Messages, measured and metered values can be transferred to a
maximum of 6 clients (substation controllers) via the clientserver communication in static and dynamic reports. Dynamic
reports are created and read by the client without changing the
parameters of the device. The static reports are created via
the IEC 61850 System Configurator and are permanently saved
in the device as indication lists. Fault records can also be
retrieved in binary COMTRADE format. Extensive control functions are available from the client, for example, for the safe
switching of a circuit breaker. The setting parameters of the
device can be read and also changed via the IEC 61850 protocol.
The devices can be integrated in interoperable, intelligent Smart
Grids without difficulty. Changing the device parameterization
during operation is possible through substation-controller equipment in order to adapt selected setting parameters to the operating conditions. Redundant solutions can be realized with 2
Ethernet modules.
IEC 61850-8-1 GOOSE
GOOSE has been established as a worldwide standard for cross
communication between devices in order to transmit messages
and measured values between devices. In addition to GOOSE
between devices within switchgear, GOOSE is also supported
between devices in different switchgears. The exchanged information is described in data terms via standard-conforming SCL
files, which were defined in Edition 2 of IEC 61850. The
exchange itself occurs via high-performance IP network connections or Ethernet network connections. This data exchange can
also be realized via an Ethernet module used exclusively for this
purpose.
GOOSE messages can be used to exchange time-critical information that must be transmitted in a few milliseconds. In this case,
GOOSE connections replace transmission via contacts and
binary inputs; for protection signals, transmission times
under 10 ms are required, and under 20 ms for switch positions
and interlockings. Measured and metered values are transmitted
in less than 100 ms. GOOSE applications are generated in the
system configurator for this purpose. This data is exchanged by
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the devices in a high-performance manner via GOOSE
messages.
Receivers of GOOSE messages can constantly monitor the
receipt of indications and measured values for an outage of the
connection. The state of missing indications is automatically
updated at the receiver in order to attain a secure state. This
allows a constant, high-quality monitoring of GOOSE communication to be realized. GOOSE messages transmitted during the
test mode of a device are ignored by the receivers if these are in
normal operation. A test of a device can be performed without
disconnection from the communication network.
IEC 60870-5-103
Under development

The serial protocol is transmitted via the RS485 interface.
Compatible and specifically extended for Siemens, it is the
IEC 60870-5-103 protocol that is supported. . The implementation is compatible with existing solutions, for example with
SIPROTEC 4 or SIPROTEC 5 devices, which will enable a troublefree exchange and extension of devices even in the very long
term. In addition to indications, measured values, and fault
records, metered values, and customer-specific defined indications of systems control are also available in protocol extensions. Control commands for switching devices can also be
transmitted via the protocol. Setting values in the device can
also be read or changed via the generic services of the protocol.
Information about the device can be routed to the protocol
interface by the user with DIGSI 5. Information types and function numbers can be freely configured here. This enables adaptation to existing solutions and the interchangeability of devices
without changes in the systems control. This is an important
contribution to investment security.
IEC 60870-5-104
Under development

The station and network control protocol IEC 60870-5-104 is
supported via the electrical and optical Ethernet module.
Besides the transmission of messages (single-point and doublepoint indications), measured values, metered values to 1 master
or 2 (redundant) masters, 3 masters (controlling stations) which
are sent the same information are also possible. Furthermore,
IEC 60870-5-104 data transmission is supported and fault
records can be read from the device in the COMTRADE format.
In command direction, secure switching of switching objects is
possible via the protocol. Time synchronization can take place
via the IEC 60870-5-104 master or via SNTP via the network,
redundant time servers being supported.
SUP – Slave Unit Protocol
This Siemens-specific protocol is used temperature measuring
devices (RTD unit 7XV5662-_AD10) in series* or via Ethernet.
These devices are available as accessories for extension of
SIPROTEC 5 devices with analog interfaces. The measured values
of these devices can be further processed in the
SIPROTEC 5 device or are used for protection functions such as
overload protection or transformer hotspot calculation.
*Under development
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Serial DNP3 or DNP3 TCP
Under development

DNP3 is supported as a serial protocol via RS485 or an
optical 820 nm interface, and as an Ethernet-based TCP variant
via the electrical or optical Ethernet module. A redundant optical
or electrical ring can be implemented simply by means of the
switch integrated in the Ethernet module. Information about a
device, and the fault records of the device, can be routed and
transferred using the DNP3 protocol. Switching commands can
be executed in control direction. DNP3 TCP can support up to 2
masters (Figure 2.7/3).
Setting values in the device cannot be read or changed via the
protocol.

[dw_COM_PRO_IO, 2, en_US]

Figure 2.7/4 Communication Paths for PROFINET IO

The following device classes are defined for PROFINET IO:

• PROFINET IO controller

A PROFINET IO controller is typically the programmable logic
controller (PLC) on which the automation program runs. The
PROFINET IO controller provides output data to the configured
IO devices in its role as provider and is the consumer of input
data of IO devices.

• PROFINET IO supervisor
[dw_SIP5C-0057, 1, en_US]

Figure 2.7/3 DNP3 TCP/IEC 60870-5-104 communication with further
serial connection with an IEC 60870-5-103 master

Modbus TCP
The Modbus TCP communication protocol is supported via the
electrical and optical Ethernet module. Modbus TCP and
Modbus RTU are very similar to one another. However, Modbus
TCP uses TCP/IP packets for data transmission.
Modbus TCP can be used to transmit messages (single-point and
double-point indications), measured values, metered values to
1 or 2 (redundant) masters. In command direction, switching of
switching objects is possible via the protocol.
Time synchronization can take place via SNTP or IEEE 1588 5via
the network, redundant time servers being supported.
PROFINET IO
PROFINET IO is an Ethernet-based communication protocol that
can be used in all areas of communication automation.

A PROFINET IO supervisor can be a Programming Device (PD),
a personal computer (PC), or a human-machine interface
(HMI). It serves for commissioning or diagnostic purposes and
corresponds to a class-2 master in PROFIBUS.

• PROFINET IO device

A PROFINET IO device is a distributed IO field device that is
connected to one or more IO controllers via PROFINET IO. It is
comparable to the function of a slave in PROFIBUS. The
PROFINET IO device is the provider of input data and the
consumer of output data. The SIPROTEC 5 device works as the
IO device.

PROFINET IO S2 Redundancy and SOE (Sequence of Events)
The integrated Ethernet interface supports the redundancy on
the system level for the PROFINET IO protocol. System redundancy is the redundancy of the IO controller or of the communication interface of the input/output device. Figure 2.7/5 shows
an example in which 1 input/output device is connected to
2 different IO controllers. The input/output device maintains the
active communication with one of the IO controllers as the
primary controller and with the other as the standby controller.

The data exchange of PROFINET IO follows the Provider/
Consumer model. A configured PROFINET IO system has the
same look and feel as in PROFIBUS.

5

Under development
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[dw_Profinet-IO-S2-redundancy, 1, en_US]

Figure 2.7/5 Connection of an Input/Output Device to 2 Different IO
Controllers

The Ethernet interface also supports SOE functionality in which
the digital signals can be queried from the input/output device
(SIPROTEC 5 or SIPROTEC 5 Compact) and can be relayed to the
IO controller with accurate time stamps and a FIFO buffer
having a capacity of 500 signals.
VLAN as per IEEE 802.1q

2.7

VLAN as per IEEE 802.1q is the standard in which various applications on the same physical Ethernet network can be disconnected or isolated. This improves the security, availability and
performance in the network and, at the same time, ensures cost
efficiency.
In a VLAN-capable network, you mark the Ethernet frames that
belong to the different application domains so that the other
switches or receivers either transmit a packet with the desired
priority or discard the packet due to security policy.
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[dw_SIP5_ IEEE802-1q_VLAN, 1, en_US]

Figure 2.7/6 1 Physical Medium for 3 Applications

The SIPROTEC 5 Compact family supports VLAN on the integrated Ethernet interface. As shown in the example figure
above, the SIPROTEC 5 device uses only one single physical
medium for 3 different applications with 3 different IP interfaces. The switches control the telegrams to be transmitted in
accordance with their setting. Devices can only receive those
telegrams for which they are configured.
IEEE C37.118 (Synchrophasor)
Under development

SIPROTEC 5 devices optionally calculate synchrophasors and
work as a Phasor Measurement Unit (PMU). These measured
values, which are synchronized across large geographic areas
with high precision, allow for assessment of power system
stability. These values are transmitted via an Ethernet network
with the IEEE C37.118 protocol to a data concentrator. The
transmission occurs via an optical or electrical Ethernet module
(Figure 2.7/7).
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Figure 2.7/7 Central Evaluation of Fault Records and Phasors

Further Ethernet-based Protocols and Services
Besides the actual protocol application, these services can run in
parallel on an Ethernet module. They can be switched on and off
by the user with DIGSI 5.
Ethernet redundancy with RSTP, PRP, HSR
The electrical and optical Ethernet module supports the building
of redundant ring structures in Ethernet with the redundancy
protocol (RSTP, HSR). With HSR, an uninterrupted ring redundancy is achieved with up to 50 devices in the ring. PRP can be
used to communicate without interruption via parallel networks.
These procedures can be activated by means of parameters.
They are independent of the substation automation protocol or
the selected additional services.
Time Synchronization with SNTP Protocol
The device can poll the absolute time from 1 or 2 time servers
via an SNTP server. In redundant operation, both servers are
read and the time of the 1st server is used for setting the device
clock with an accuracy of 1 ms. If this server fails, the time is
synchronized by the second server.
Time Synchronization with IEEE 1588 (Under Development)
The IEEE 1588 protocol is available for greater time synchronization accuracy via Ethernet. High accuracy of 1µs is required to
synchronize measured values for process bus applications, PMU
data synchronization, and to stabilize unsymmetrical protection
communications for line differential protection applications. It
can be activated on electrical or optical Ethernet modules. A

prerequisite is that the network components (for example,
switches) also support the protocol and special IEEE 1588 time
servers are available in the network. With IEEE 1588, a runtime
measurement for the time synchronous telegrams in the
Ethernet network is carried out so that the terminal devices (for
example SIPROTEC 5) receive time information corrected by the
runtime, which is more precise than with SNTP. Both the Power
Utility Profile (IEC 61850-9-3) and the Power Profile
IEEE C37.238 are supported with the devices working as ordinary slave clocks (terminal devices) in the network.
For the high-precision time synchronization via Ethernet
IEEE 1588, a suitable router, for example, from Ruggedcom, is
used.
Network Monitoring with SNMP
The device can be integrated in network monitoring or powermanagement systems via the SNMP protocol V3. Extensive
monitoring variables, for example the state of the Ethernet
interfaces, their data throughput etc. can be made known to the
monitoring system via MIB (Management Information Base)
files. These variables are described in data-specific terms in MIB
files and can be cyclically read out and monitored by the monitoring system. No values can be changed in the device via
SNMP. It serves exclusively as a diagnosis interface.
Ethernet Redundancy – Network Topologies
Regardless of the selected protocol (IEC 61850, DNP3 TCP), the
electrical and optical Ethernet modules support different
network topologies.
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If such a module operates without an integrated switch that can
be switched off through DIGSI 5, it is connected to external
switches individually or redundantly. In the case of a double
connection, only one interface processes the protocol applications (for example, IEC 61850). The second interface works in
hot standby and the connection to the switch is monitored. In
the case of an outage of interface 1, a switch is made to interface 2 within just a few milliseconds (Figure 2.7/8).

Seamless Redundancy with PRP and HSR
New technologies decisively shorten the time for the reconfiguration of communication networks in the event of interruptions.
These technologies include:

• PRP = Parallel Redundancy Protocol
• HSR = High Available Seamless Ring Redundancy
Both systems operate according to the same principle and
conform to IEC 62439-3 standard.
The same information is thus transmitted via 2 different information routes. The receiver utilizes the first telegram to arrive
and discards the second. If the first telegram does not arrive, the
second one is still available and is used. This mechanism is
based on the Ethernet stack, which assigns the same MAC
address to the two telegrams.

• The PRP protocol uses 2 networks that are physically separate

to transmit 2 identical telegrams. Although this doubles the
effort and cost for the network equipment, the PRP protocol
provides greater availability of the Ethernet system compared
to the HSR protocol.

• HSR operates on the same principle but the 2 identical infor2.7

[dw_SIP5C-0031, 2, en_US]

Figure 2.7/8 Single or redundant connection to external switches

Electrical or optical ring feeders with a maximum of 40 devices
can be established with an integrated switch (RSTP) (Figure
2.7/9). Both interfaces of the module transmit and receive
simultaneously. Mixed operation with SIPROTEC 4 devices is
possible in the ring feeder with a maximum of 30 devices. A
special ring redundancy process, based on RSTP, ensures short
recovery times in the event of the outage of a device, so that
the protocol applications continue running nearly interruptionfree. This configuration is also independent of the protocol
application that runs on the Ethernet module.

[dw_SIP5C-0032, 2, en_US]

Figure 2.7/9 Ring operation with integrated switch and ring redundancy
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mation telegrams are distributed in 2 directions on one
Ethernet ring feeder. The cost for the Ethernet network infrastructure is less but HSR handles N-1 errors – however,
evolving faults result in a communication outage in parts of
the HSR ring feeder.

The procedures can be activated via setting parameters and do
not have any other parameters. They are therefore easy to set
up. The number of network users is limited in both procedures
to a maximum of 512.
HSR and PRP can be combined using so-called RedBox units
(redundancy boxes).
This cost efficient solution according to IEC 62439-3 can be
designed in the following manner:

• 2 switches in the control center
• 2 switches in the bay
• 2 RedBox units (RB) per HSR ring
• Up to 50 devices per HSR ring
• Simple extension by 2 two additional PRP switches.
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respective, permissible protocols/applications. The protocol
parameters are set (for example baud rate, IP address). Then the
module is initialized with the protocol application and, for
example, a serial module with the IEC 60870-5-103 protocol
and the communication settings are loaded.
For an application template of a device there is an appropriate
communication mapping (Figure 2.7/11). In a communication
matrix, the user modifies this mapping and erases and
completes his own information. This mapping file is finally
loaded by DIGSI 5 into the device, and determines the scope of
information that is provided via the protocol. Protocol mappings
can be copied between devices, if they contain the same functions, and can be exported into substation control applications.

2.7
[dw_SIP5C_stossfreie-n-1-struktur, 1, en_US]

Figure 2.7/10 Economical Seamless n-1 Structure with 1 Time Source

Integrated Setting of Communication in DIGSI 5
A communication protocol is configured with DIGSI 5. According
to module type, DIGSI 5 offers the user the selection of the

[Kom_Communication Mapping_en-US_W, 1, --_--]

Figure 2.7/11 Assignment of Communication with DIGSI 5
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[dw_example protection_substation_com_SIP5C, 2, en_US]

Figure 2.7/12 Communication protocols in the substation automation technology and in network control systems

Design to communicate means:

• High-availability redundancy PRP, HSR
• Secure data transmission as per cybersecurity standards
• Communication with IoT applications via GridEdge
• Adaptation to the topology of your communication structure using settings (ring, star or network)

• Extensive routines for testing connections, functions and
operating workflows.
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Safety for personnel and equipment are first priority, but
availability is also critically important. As the plant landscape becomes more open and complex, conventional
security mechanisms are no longer adequate.
For this reason, a security concept has been implemented
in the SIPROTEC 5 device architecture that is designed to
address the multidimensional aspects of security in a
holistic approach.
Multilayer safety mechanisms in all links of the system
security chain provide you with the highest possible level
of safety and availability.

concept lies with the operator of the system. The concept must
consider all system components with regard to all technical
aspects of cybersecurity.
Safety in the hardware design

• The cooling system, reduces thermal load, prolongs service
life and enables error-free operation in a wide ambient
temperature range.

• High availability is achieved with the auxiliary power supply

concept. Central wide range supply ensures the provision of a
common voltage to all components. Individually required
voltage levels are created in the modules concerned.

Safety and cybersecurity includes:

• Storage of calibration data in the analog capture modules

• Security concept in device design
• Information security against IT attacks (IT threats from

• Fully pluggable terminals mean that when devices or modules

outside)

enables completely safe exchange or extensions within the
module unit.
are replaced.

• Now that the current transformer is integrated into the
Safety
Multilayer safety mechanisms
Safety comprises all aspects of protection for personnel and
primary equipment installations. The devices and
DIGSI 5 support this from the functional standpoint. Cybersecurity measures ensure secure operations in networks. The
manufacturer can support the user with these measures. The
responsibility to implement a comprehensive cybersecurity

terminal block (Safety CT-Plug), open-circuited secondary
current circuits cannot occur anymore during replacement of
a device . When the terminal is pulled out, the transformer is
always opened on the safe, secondary circuit.

• The device does not need to be opened to adjust binary input
thresholds or adapt them to the rated current of the transformer (1 A, 5 A). The device does not need to be opened for
battery replacement

2.8

[dw_safety-security, 1, en_US]

Figure 2.8/1 Differentiation of Safety/Security

Monitoring functions
Comprehensive monitoring functions ensure secure operation
by fast detection of irregularities and automatic initiation of
appropriate measures to avert incorrect responses. Depending
on the severity of the irregularity detected, a warning may be
issued, the functions concerned may be blocked, or the entire
device may be isolated by opening the life contact. In all cases,
the device-diagnosis log outputs the cause and appropriate takeaction instruction.
Hardware monitoring

This includes for instance the CPU, the auxiliary voltage, the
battery status, the internal clock, the memory chips, the analog
inputs, the bus connections, the expansion and communication
modules.
Monitoring the analog inputs
As a data source for the protection functions, monitoring of the
analog inputs is assured in multiple stages. Some monitoring
functions are primarily dedicated to the commissioning (incorrect or missing connections) and only generate a warning indication.

All hardware in the device is continuously monitored.
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These include:

Consistent administration of device modes

• Current and voltage balance
• Current and voltage sum
• Phase-sequence supervision

Test modes and the health status of information are forwarded
and handled uniformly and consistently throughout the entire
system. Analysis functions take the modes into consideration
and warrant secure operation. This is particularly critical when
protection and control-related data is transmitted via protection
interfaces and IEC 61850 GOOSE messages. But it applies
equally for signal processing in the function charts (CFC).

Other monitoring functions detect outages during operation
and rapidly initiate blocking of the affected functions:

• Measuring-voltage failure detection (loss of voltage)
• Fast current-sum supervision and broken-wire detection for
the circuits.

Cybersecurity

In addition, the proper working method of all analog/digital
transformers is assured by a plausibility check at the sampling
level.
Trip-Circuit Supervision (ANSI 74TC)
The circuit breaker coil and its lines are monitored via two binary
inputs. If the trip circuit is interrupted, and alarm indication is
generated.
Communication Connections
Telegrams are monitored for correct transmission. Failures are
reported via warning messages. Data associated with protection
and control is transmitted via protection interfaces and
IEC 61850 GOOSE messages. The transmitted information is also
monitored constantly on the receiving side.
Monitoring of protection interfaces
2.8

• 32-bit Cyclic redundancy check checksum monitoring

compliant with CCITT/ITU for detecting corrupted telegrams

• Invalid telegrams are flagged and not used by the protection
system

• Sporadic failures are ignored, persistent failures trigger

blocking of the affected protection and control functions.

• Propagation times are measured and taken into account for
purposes of differential protection communication.

• The topology of the protection zone is monitored. Outages in

the communication connections automatically trigger
switching to other communication routes (ring to chain operation or hot standby), or blocking the entire protection zone.
The same applies if outage of a device in the topology is
detected.

Monitoring of IEC 61850 GOOSE messages

• Cyclic redundancy check checksum monitoring, sequence
number monitoring and repetition time monitoring, for
detecting wrong or missing telegrams

• Applications consider the state of GOOSE messages that are
corrupt or transmitted under test conditions and switch to
safe operation mode.

Load management
The free configurability of protection functions and function
charts (CFC) enables them to be adapted to an enormous range
of applications. During engineering with DIGSI 5, the integrated
load model calculates the resulting device load. This ensures
that only viable configurations can be loaded into the device.

[dw_cyber-security_SIP5C, 1, en_US]

Figure 2.8/2 SIPROTEC 5 Compact – Functional Integration – Cybersecurity

With the increasing integration of bay devices in Ethernet-based
communication networks, communication must be secured
against internal disturbances and attacks from outside. Standards and directives such as IEC 62443, IEC 62351, NERC CIP
(North American Electric Reliability Corporation – Critical Infrastructure Protection), and the BDEW Whitepaper (Requirements
for Secure Control and Telecommunications Systems of the
Bundesverband der Energie- und Wasserwirtschaft e.V) contain
requirements for the secure operation of devices in the critical
communications infrastructure, and are addressed to at both
manufacturers and operators.
Cybersecurity must be incorporated into the design of devices
right from the start. This has been carried out systematically in
the case of SIPROTEC 5. Measures in the hardware ensure that
key material for protecting the communication and datasets of a
device is stored in absolute security. Communication stacks that
are hardened against cyberattacks, a multistage role-based
access concept in operation, and logging of events relevant to
cybersecurity provide the operator with a high degree of cybersecurity when the devices are integrated in the network of the
operator.
By default only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deacti-
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vated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.
Cybersecurity at communication level
Secure authentication takes place between the device and the
communication partner (for example DIGSI 5, Web monitor or
cloud). This prevents an unauthorized program accessing the
devices and reading or writing data there. Through this transmission protocol secured by Transport Layer Security (TLS), the
integrity and confidentiality of the transmitted data are ensured.
This prevents manipulation and unauthorized access of the data.
TLS security is the basis for future communication routes and
certificate management, both across stations (for example
IEC 61850-MMS) and in the direction of cloud systems (for
example, IoT connectivity to MindSphere).
More operational security (safety) by means of confirmation ID
If Role-Based Access Control (or RBAC) is not activated, confirmation ID entering the confirmation ID is required for safety-critical actions (safety), such as changing parameters, in order to
obtain write access to the device. These confirmation IDs can be
configured by the user and may be different for different fields
of application.
Establishing connection after password verification
Optionally, if RBAC is not activated, a connection password can
be set up on the device. Remote access via the Ethernet does
not take place until the user enters the predefined password.
The user has read and write access to the device only after the
connection has been established. This connection password
conforms to the cybersecurity requirements for assigning passwords defined in NERC CIP. It has 8 to 30 characters and must
include upper-case and lower-case letters, digits, and special
characters. Through this secure transmission protocol, the integrity and confidentiality of the transmitted data are ensured. This
prevents manipulation and unauthorized access of the data.

• Support for standard roles and rights according to standards
and directives such as IEC 62351-8, IEEE 1686, and BDEW
Whitepaper

• Emergency-access options in the case of a RADIUS server
connection outage

Logging of events relevant to cybersecurity
Events relevant to cybersecurity, such as login attempts or
device restarts, are recorded and optionally transmitted to a
central server via the standardized Syslog UDP protocol. The
device-internal log entries are secured to prevent deletion and
protected against anonymous access with the RBAC option. The
events can additionally be transmitted to the substation automation unit and archived there.
Integrity assurance of firmware and cybersecurity settings
SIPROTEC 5 device-firmware files are digitally signed. In this
way, corruption from outside by viruses or trojans, for example
by manipulated firmware files, is reliably prevented. In addition,
the cybersecurity settings of a device configured with
DIGSI 5 are stored in an encrypted way and thus protected
against manipulation and disclosure.
Secure standard configuration
By default, only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deactivated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.
It is generally not desirable to have to enter login data, connection passwords, or confirmation IDs during the configuration
and testing phase. During operation, however, the focus is on
the reading of data. Complete access protection can be deactivated in the device until commissioning has been completed
and can then be activated again for operation.
Differentiation of the various network accesses

Establishing of the connection after central authentication and
authorization of the user

In SIPROTEC 5, the IP attack interface of the SIPROTEC 5 devices
can be reduced effectively.

As a new option, the device supports role-based access control
(RBAC). With this option, the device can authenticate and
authorize the users by means of centrally managed login data
and user accounts. Authentication means that the device checks
with the central user management system whether the user
name and password combination entered by the user is valid.
After successful authentication, the device tests the permitted
roles of the user (authorization). Depending on the role
assigned to the user, he can only perform authorized operations
on the device.

• Setting the IP-based access per device port (mainboard RJ45,
slot F/E/P/N)

• Setting options: Full access, read access, or no access
• Adjustable for DIGSI 5 engineering, IEC 61850-MMS process
communication, or Web monitor access

These settings function independently of RBAC.

The main advantages of this option for power utilities are:

• Central maintenance of user accounts and roles in RADIUS/
Microsoft Active Directory Server

• Protection against unauthorized access to the device via

DIGSI 5, Web browser, and on-site operation thanks to built-in
RADIUS authentication and authorization option
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nication is encrypted via VPN. This is fully supported by the
communication services of DIGSI 5.

[dw_SIP5C_cyber-security_syslog_protocol, 1, en_US]

Figure 2.8/3 Role-Based Access Control (RBAC) with Central User
Management

(1) User requests device access (with user name & password)
(2) Authentication request via RADIUS
(3) Authentication & authorization (role) by RADIUS
(4) Success/rejection response from device to user
(5) Role-based user session initiated or rejected

[dw_SIP5C_schaltanlage-mit-remote-zugriff, 1, en_US]

Figure 2.8/5 Secure Operation of Devices within a Switchgear with
Remote Access from an External Network
2.8

[sc_onlyRSTP_de, 1, en_US]

The systems-control network and the network for remote access
can also be separated entirely by selection of an independent
Ethernet port for communication between the device and
DIGSI 5. This falls within the scope of the philosophy of the
operator. With their concept of pluggable modules, the devices
also allow solutions with separate power systems. An extensive
range of cybersecurity features have been integrated in
SIPROTEC 5 and DIGSI 5.

Figure 2.8/4 Isolatable Communication Services during Access via
Ethernet Networks

Security-Patch Management (Security Updates) for
SIPROTEC 5 and DIGSI 5

Product Security Blueprint
You can find valuable hints on the integration and on secure
operation of devices in your network in the Product Security
Blueprint and in the Application Note – SIP5-APP-009 for
SIPROTEC 5 devices. An overall security concept should be
drawn up and maintained in a Spanning Security Blueprint.
This documents typical network configurations, the services
used, and their ports. Measures for updating the components
that are critical for cybersecurity, password protection, and antivirus protection are also described.
Figure 2.8/5 shows a recommendation of this kind for
protecting switchgear. The SIPROTEC 5 devices are integrated in
optical Ethernet rings via switches. In these rings, each Ethernetbased substation automation protocol, for example,
IEC 61850 or DNP3 TCP, runs together with the systems control
without loss of performance. Accesses from a non-secure
external network are allowed via a gateway that is responsible
for safeguarding the network. The accessing party is authenticated, for example, by DIGSI 5, in the gateway and the commu-
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According to the requirements for protecting power plants,
patch management was introduced for SIPROTEC 5 and
DIGSI 5. This means that regular security updates for the software components from third-party vendors integrated into
SIPROTEC 5/DIGSI 5 or used by SIPROTEC 5/DIGSI 5 are tested for
compatibility with SIPROTEC 5 and DIGSI 5. A corresponding list
with the last Microsoft Windows Security Updates tested and
hints on the compatibility with DIGSI 5 is provided for downloading from the Internet and is updated every month.
Device Authentication Using IEEE 802.1x
IEEE 802.1x is the standard protocol that can be used to connect
only to cryptographically authorized network devices as
members of the IEEE 802.1x network. The standard defines
2 main roles where the terminal devices that are to be members
of a network act as Supplicants and the basic network responsible for the switching procedure acts as the Authenticator.
In IEEE 802.1x-capable networks, supplicants (SIPROTEC 5 or
other terminal devices) must provide their cryptographic identity which is then reported to the authenticators (normally

SIPROTEC 5 Compact – System
Safety and Security Concept – Cybersecurity
switching devices). Then, the authenticator compares the
requested login data to the centralized user directory (in this
case, this is the RADIUS server) and activates or deactivates the
access to this port according to the validity of the login data of
the supplicant.
If you use IEEE 802.1x in your OT network, you can individually
control which devices should be part of the network and block
all undesired third-party devices through the use of certificate
authorities or user certificates in the SIPROTEC 5 family.
Safety and Cybersecurity means:

• Long-lasting, rugged hardware with regarding EMC

immunity and resistance to weather and mechanical
loads

• Sophisticated self-monitoring routines identify and
report device faults immediately and reliably

• Compliant with the strict cybersecurity requirements in
accordance with international cybersecurity standards
and directives

• Effective and efficient role-based access control (RBAC)

with central user management in the SIPROTEC 5 device

• Automatic logging of cybersecurity-critical events
• Reduction of the IP attack interface of the device
2.8
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Test and Diagnostics
SIPROTEC 5 devices are equipped with extensive test and
diagnostic functions. These are available to users in
SIPROTEC 5 together with DIGSI 5, and they shorten the
testing and commissioning phase significantly.
The DIGSI 5 Test Suite offers:

• Simulation of binary signals and analog sequences by
integrated test equipment

• Hardware and wiring test
• Testing device functionality and protection functions
• Circuit-breaker test and automatic reclosing test functions

• Communication test including loop test
• Analysis of function charts

from an integrated test equipment. For this, the analog and
binary inputs are decoupled from the process and connected to
the integrated test sequencer.
The tester uses DIGSI 5 to create a test sequence, for example, a
short-circuit sequence, loads it into the device, and runs it in
simulation mode. The test sequencer in DIGSI 5 is capable of
combining up to 6 test items in one test sequence. When loaded
into the device, this test sequence is run in real time and simulates the functions of the device like a real process at binary and
analog inputs. Protection functions, control, logic functions, and
communication can thus be tested in real time without secondary test equipment.
The test sequence is started manually from DIGSI 5 or controlled
via a binary input. This also makes it possible to test the interaction between several devices.
Hardware and Wiring Test

DIGSI 5 Test Suite
The objective of the extensive test and diagnostic functions that
are provided to the user with SIPROTEC 5 together with
DIGSI 5 is to shorten testing and commissioning times. All test
functions are integrated in DIGSI 5. This enables engineering
including the device test to be carried out with one tool. The
most important functions are listed as examples here. There are
also other specific test functions depending on the device type.

2.9

In the hardware test, the state of the binary inputs can be read
out by DIGSI 5 and contacts and LEDs can be switched or set
through DIGSI 5 for test purposes.
The parameters measured at voltage and current inputs are
represented in phasor diagrams – divided according to absolute
value and phase angle (Figure 2.9/2). Thus it is easy to detect
and check if the connections in the measurand wiring are
inverted, as well as the vector group or the direction between
current and voltage. In devices that are connected via operative
connections, even analog measuring points of remote phasor
ends can be represented as vectors. This makes it easy to check
the stability of a differential protection.
In the wiring test, the wiring connections between devices are
tested. If the devices are connected to a network via Ethernet,
this test can be carried out with unprecedented ease. For this,
the contact on a device is closed with the aid of DIGSI 5. This
contact is connected to a binary input of one or more
SIPROTEC 5 devices via a wire connection. These automatically
send a report to DIGSI 5 to the effect that the binary input has
been picked up by the closing operation of the contact. The
tester can then log this test and check the wiring between the
devices.

[dw_test_and_diagnosis, 3, en_US]

Figure 2.9/1 SIPROTEC 5 – Functional Integration – Test

Integrated test sequencer
The integrated test sequencer enables functions to be tested via
the test sequencer integrated in the device. Normally, the device
receives analog and binary signals from the process or from an
external secondary test equipment.Until now, the protection
functions and communication were tested with variables such
as these. With SIPROTEC 5 devices, in the simulation mode,
these variables can now be substituted with values supplied
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[sc_Analog_Inputs, 1, en_US]

Figure 2.9/2 Display of Analog Measuring Points in Phasor Diagrams

SIPROTEC 5 Compact – System
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Testing Device Functionality and Protection Functions
The graphical representation of characteristic curves or
diagrams of protection functions helps not only the engineer
who parameterizes the test functions, but also the engineer
who tests them (Figure 2.9/3). In this test, the operating point
of a protection function is represented graphically in the
diagrams, for example the calculated impedance of a distance
protection in the zone diagram. Additionally, messages relating
to the protection function are logged, for example pickup or
tripping. This test can be carried out with signals from the
process or with the test equipment integrated in the device.

from the transmitting side Tx of an interface, and these are
measured again at the receiving Rx interface. The user thus has
the capability to insert loops at various points in the communication network and to test the connection of the loop. The
number of telegrams sent, received, and corrupted is displayed
continuously in DIGSI 5, so that the quality of the connection
can be monitored.

[dw_loop-test, 2, en_US]

Figure 2.9/4 Loop Test for Operative Connections (Loop Test)

Online monitoring of communication links
The data flow at communication interfaces can be monitored
constantly. To do this, the number of telegrams that are sent,
received, and corrupted per time unit for serial connections and
Ethernet interfaces during operation is measured and displayed
constantly . If faults occur, an alarm can be issued. A network
management and monitoring system performs detailed monitoring of Ethernet modules via the SNMP protocol.

[sc_Schutzfunktionspr, 1, en_US]

Figure 2.9/3 Test of Protection Function with Operating Point of the
Protection Function in the Pickup Characteristic

Circuit-breaker testing and automatic reclosing test function
Switching sequences can be initiated via DIGSI 5 to test the
automatic reclosing (AREC). However, this is only possible if
remote switching via the key switch is permitted. In addition, a
security prompt (confirmation ID) must be entered for switching
authorization via DIGSI 5. There are additional security prompts
for non-interlocked switching. This provides protection against
unauthorized use or inadvertent actuation during operation.
The test logs the closing operation of the switch including the
interlocking and feedback signals at the binary inputs. A circuitbreaker test can also be deactivated and activated without an
interlocking check.
Communication Testing

For operative connections, the transmission time of the signals
is also monitored, and it is calculated during synchronization by
means of a high-precision second pulse in the transmit and
receive directions. Additionally, the communication topology is
also monitored constantly there and displayed in DIGSI 5.
GOOSE connections can be monitored permanently at the
receiving site during operation. This means that an outage is
detected within a few seconds.
Protocol test
For the protocol test, specific signal values are set and reset
using DIGSI 5 (Figure 2.9/5). The test mode itself is configurable.
The device sends the selected value to the client using the
configured communication protocol, for example IEC 61850. In
this case, a report is generated or a GOOSE message is sent
automatically when this information is routed correspondingly.
The device can be used to test systems control information for
all protocols (for example, IEC 61850, IEC 60870-5-103, serial
DNP3, DNP3 TCP) without the effortful generation of signal
states with test equipment. Signals that are transmitted across
operative connections can also be tested.

Since communication is an integral component of the devices
and they are connected either directly or via systems control,
they must be thoroughly tested at commissioning and monitored continuously during operation. The integrated test tools
support the user in the testing and monitoring of communication routes.
Loop test for communication links (loop test)
This test is launched by DIGSI 5 for a communication module
and a selected interface if a protection communication is configured at a remote line end. It is used to detect disturbances in
subsections when inspecting the physical connection of the
communication paths (Figure 2.9/4). Test telegrams are sent
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Function charts (CFC) can thus be created offline in the office
and tested without needing a device.

[sc_Protokolltest, 1, en_US]

Figure 2.9/5 Protocol Test for Substation Automation Technology or for
GOOSE and Operative Connections

Test and Display of External Timers
If the system time of the device is set externally using
1 or 2 timers, this time can be read out in the device or with
DIGSI 5. When the time protocol returns these values, it indicates which timer is setting the system time and issues a statement regarding the quality of the time source. Synchronization
via external clocks can thus be monitored and displayed during
operation (Figure 2.9/6).
2.9

[sc_Interlocking, 1, en_US]

Figure 2.9/7 Easy Analysis of Function Charts

Using the DIGSI 5 Test Suite means:

• Considerably shorter testing and commissioning time
• Having commissioning support personnel in the adjacent
substation is not absolutely necessary

• All test routines performed are documented.
• Testing using secondary test equipment is for the most
part dispensable.

• With the innovative SIPROTEC DigitalTwin solution, a

virtual digital twin of a real SIPROTEC 5 Compact device,
it is possible to use the full functionality of the DIGSI 5
Test Suite at any time, from anywhere, and also without
any hardware.

[sc_DIGSI5_TimeSynch, 1, en_US]

Figure 2.9/6 Test of External Timers

Analysis of Function Charts (CFC Debugging)
Function charts generated in the form of function charts (CFCs)
can be tested offline in DIGSI 5. To this end, test sequences can
be generated with the DIGSI 5 sequencer that act on logical
inputs of the function chart or on the analog and binary inputs
of the device. This makes it possible to test not only the function
chart but also its interaction with upstream and downstream
functions. During this test, the values of variables are displayed
and their changes over time are logged in records that can be
analyzed at a later date, for example, with SIGRA. This enables
even complex temporal dependencies to be analyzed with ease.
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Hardware
SIPROTEC 5 Compact Hardware

Operation Panel

SIPROTEC 5 Compact hardware provides the entire experience of
Siemens for digital protection devices.

• Durability and reliability
– Robust housing
– Excellent EMC shielding in compliance with the most recent
standards and IEC 61000-4
– Expanded temperature range: -25 °C to +70 °C

• User-friendly operation panel
– 9 freely assignable function keys for frequently required
operator control actions
– Separate control keys for switching commands
– Simple switchover of the switching authority
– Context-sensitive keys with labeling in the display
– Complete numerical keypad for simple input of setting
values with navigation keys for easy navigation in the menu
– 8 two-colored LEDs for signaling with labeling in the display

• User-friendly design
– No opening of device necessary for installation and servicing
– Easy battery replacement on the bottom of the device

[le_SIP5C_operation panel, 2, --_--]

Figure 3.1/1 SIPROTEC 5 Compact Operation Panel

(1) Color display

– Integrated communication interfaces as standard

(2) LEDs (green or red, configurable)

– Electronically settable threshold for binary inputs

(3) Display of the LED labeling in the display

– Rated current (1 A/5 A) of the current-transformer inputs
configurable electronically

(4) USB interface

– Removable terminal blocks
– Prewiring of terminals is possible

(5) Numerical keys and function keys
(6) Control/command keys

– Simple replacement of current transformers, for example
with sensitive ground-current transformers in case of
network conversions

(7) Context-sensitive keys with labeling in the display

– Increased safety, since open current-transformer circuits
are no longer possible (safety CT plug).

On-site operation panel elements

SIPROTEC 5 Compact Design
The SIPROTEC 5 Compact device is 1/6 x 19 inches wide. The onsite operation panel features a graphical color display, keyboard,
and 8 dual color LEDs.

(8) Navigation keys

The central element is the graphical color display. With its high
resolution, it provides ample space for icons in graphical representations.
Below the display there is a 12-key block. In combination
with 4 navigation keys and 2 context-sensitive keys, you have
everything you need to navigate conveniently and quickly
through all information that is shown in the display. 2 LEDs on
the upper border of the operation panel inform you about the
current device operating state.
8 additional LEDs, to the left of the keypad, ensure quick,
targeted process feedback. The LED labeling is directly shown on
the display. The USB interface enables fast data transmission. It
is easily accessible from the front and well protected with a
plastic cover.
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The operation panel enables the illustration of a control display
and provides space for measured values and to display event
lists.

the device wiring, the frame is turned accordingly and mounted
on the switch panel. The SIPROTEC 7SX800 protection device is
then pushed into the frame and the wiring is guided upwards or
downwards.

[sc_SIP5CompactDisplay v3, 1, --_--]

Figure 3.1/2 Display – Control Display

The O and I keys (red and green) for the direct control of equipment, a key for displaying the LED labeling, and the CTRL key for
activating the system diagram complete the operation panel.
You can order any SIPROTEC 5 Compact device in 2 different
installation variants:

• As a flush-mounting device
• As a surface-mounting device with integrated on-site operation

Surface Assembly Frame for Wall Installation

[ph_SIP5_C_Surface, 2, --_--]

Figure 3.1/3 SIPROTEC 5 Compact with Surface Assembly Frame

An assembly frame for the SIPROTEC 5 Compact device can be
ordered as an accessory to install it on the wall. Depending on

Hardware Properties
Hardware expandable (modular)
3.1

7SX800
no

Binary inputs

4/14

Binary outputs

5/11

Current inputs

4

Voltage inputs

4

Housing (x 19")

1/6

Flush mounting device
Surface mounting device with integrated on-site operation panel

yes
Yes, with assembly frame

Display (pixels)

320x240

Function keys

9

LEDs
Power supply
Table 3.1/1 Hardware Properties
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8
DC 24 to 250 V/AC 115 to 230 V
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Integrated interfaces
Integrated Interfaces
USB Connection on the Front
The device can be accessed with the DIGSI 5 operating program
by plugging a standard USB cable into the USB-B socket on the
front side. The complete configuration and setting of the device
can be carried out via this connection.
Integrated Interfaces on the Rear Panel of the Device
The device offers a permanently installed redundant Ethernet
interface on the rear panel. For this, observe the connection
plans in the Attachment.

DCF77 format with changes between daylight saving time and
standard time is supported. An additional, second pulse input
enables microsecond-precise synchronization of the device from
a highly precise time source, for example a special GPS receiver.
This accuracy is needed for special protection and measuring
tasks. In this way, devices can be precisely synchronized to the
microsecond across stations. For this purpose, Siemens provides
a prefabricated complete solution with time receiver, FO
converters, and appropriate connecting cables.

[dw_SIP5Comp_rear_optical_interface, 1, --_--]

Figure 3.2/1 Rear View of the Device with Integrated Interfaces

Integrated Redundant Ethernet Interface (Port F)
3.2

The integrated Ethernet interface is available as an optical (2 x
Duplex-LC 1300 nm) variant and can be configured with or
without integrated switch. It can be used for Ethernet-based
protocol applications, for example, IEC 61850, Modbus TCP,
time synchronization via SNTP, network management via SNMP
6, DIGSI 5 via TCP. Several applications can run in parallel,
whereby unused applications can be switched off for security
reasons.
The maximum optically permitted distance via 50/125-µm
or 62.5/125-µm multimode optical fibers is 2 km. The optical
transmission and receiving level is measured in the module and
can be displayed with DIGSI 5.
Serial Electrical RS485 Interface/Time-Synchronized Interface
(Port E) (Under Development)
The serial RS485 interface features an RJ45 socket. It can be
used for asynchronous serial protocols, for example,
IEC 60870-5-103, DNP3. Alternatively, with this interface, the
time in the device can be synchronized using IRIG B.
The time telegram IRIG-B005 (007) of a GPS receiver can be fed
with the 5-V or 24-V levels. In addition, the Central European

6

In preparation
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Die SIPROTEC 5 Terminals
Innovative terminals were developed for the SIPROTEC 5 family.
All terminals are individually removable (Figure 3.3/1). This
enables prewiring of the systems and simple device replacement
without costly rewiring.

[terminal blocks, 1, --_--]

Figure 3.3/2 Voltage and Current Terminal Block with Jumpers

[E_CC_Close_up_AB-03_sRGB, 1, --_--]

Figure 3.3/1 Removed Current Terminal Block

Current terminals
The 8-pole current terminal with 4 integrated current transformers is available in 2 variants:

• 4 protection-class current transformers
• 3 protection-class current transformers + 1 sensitive protection-class current transformer

The terminal design provides the following advantages for the
connection of currents:

• Exchange of the current-transformer type also possible retro3.3

actively on-site (for example, sensitive to normal groundcurrent transformers in case of network conversions)

• Additional safety during tests or device replacement since the
secondary current-transformer circuits always remain closed.

Voltage terminal
The voltage transformers and the binary input and output
signals are connected via the 14-pole voltage terminal. The
cable route away from the device enables clear terminal wiring.
Jumpers precisely matching the current and voltage terminals
are available for connection to common potential of contacts
(see spare parts and accessories, chapter Attachment).
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Standard variants
SIPROTEC 7SX800 Standard Variants
V1

1/6, 4 BI, 5 BO, 4 I, 4 V
Housing width 1/6 x 19”
4 binary inputs
5 binary outputs (1 life contact, 4 fast)
4 current-transformer inputs
4 voltage-transformer inputs

V2

1/6, 14 BI, 11 BO, 4 I, 4 V
Housing width 1/6 x 19”
14 binary inputs
11 binary outputs (1 life contact, 10 fast)
4 current-transformer inputs
4 voltage-transformer inputs

Table 3.4/1 SIPROTEC 7SX800 Standard Variants

3.4
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In project engineering with SIPROTEC 5 Compact, your
workflow is in the center of interest – beginning with the
single-line diagram of the primary system on to ordering,
engineering, and parameter setting all the way through to
testing and commissioning. For you, this means: less
errors, higher quality, and higher efficiency.
Holistic workflow means optimal, integrated support for all
project phases:

• Project specification
• Device engineering
• System engineering
• Commissioning
• Operation and service
All Functions from the Library
SIPROTEC 5 Compact devices always have a basic functionality,
depending on the device type. You can extend this functionality
flexibly with any desired functions from the library. Additional
functions are paid with your credit balance, which is reflected in
function points.
In the SIPROTEC 5 system, the main function is defined by the
device-type selection. This means that the functionality does not
have to be fixed in detail during product selection. In the later
engineering phase, you can select any optional additional function from the device-specific function library. You must simply
ensure that your balance of function-point credit ordered for the
device is not exceeded. Extra function points can simply be reordered at any time.

4
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WEB Monitor
Operation Using the Web UI
Apart from the use of an engineering tool such as DIGSI 5 for
configuration and maintenance, SIPROTEC 5 Compact provides a
Web front end that can be used with a standard Web browser.
The browser-based user interface is a comprehensive commissioning and monitoring tool that provides an easy-to-understand display of the most important measured data. You can
operate the device remotely or locally using the browser-based
user interface and a Web browser.
The browser-based user interface can be used via a communication network:

• During commissioning
– Checking and adjusting the values of a specific setting

[scwebmonitor1, 5, en_US]

Figure 4.1/1 Buttons for the Browser-Based User Interface

– Comparing the values of 2 or more devices
– Checking a setting value against a user-defined setting to
verify whether the setting value differs from the default
value specified by Siemens

• During an inspection
– Querying a value in order to adjust a test case, for example
to preset the tripping current
– Viewing all types of measured values, for example functional measured values and derived values such as the
minimum/maximum and mean values
– Displaying the deviation of the expected measured-value
quality.

• While operating the device
The browser-based user interface is especially optimized for
the protection system and provides comprehensive support
during testing and commissioning from the PC or laptop
computer.

[scAlarmAndWarningList, 1, en_US]

Figure 4.1/2 Alarm List

Additional Information
For more information on Operation with a browser-based user
interface, please refer to the latest system manual for
SIPROTEC 5 Operation under SIOS

All relevant device information and setting options are displayed
graphically on the screen.
Application Options
You can also use the browser-based user interface for the
following applications, for example:

• Checking and adjusting the values of a specific setting
• Comparing the values of 2 or more devices
• Checking a setting value against a user-defined setting as to

whether the setting value differs from the default value specified by Siemens

4.1

• Querying a value to adjust a test case, for example, to preset
the tripping current

• Viewing all types of measured values, for example functional
measured values and derived values such as the minimum/
maximum and mean values

• Displaying the deviation of the expected measured value
quality.
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DIGSI 5
Description
DIGSI 5 is the versatile engineering tool for parameterization,
commissioning, and operating all SIPROTEC 5 devices. Its innovative user interface includes context-sensitive user instructions.
Simple connection to the device via USB enables you to work
with a device easily and efficiently. The full capabilities of
DIGSI 5 are revealed when you connect it to a network of
protection devices: Then you can work with all of the devices in
a substation in one project. DIGSI 5 offers superior usability and
is optimized for your work processes. Only the information you
actually need to carry out your tasks is shown. This can be
reduced further via expanded filter mechanisms. Consistent use
of sophisticated and standardized mechanisms in the user interfaces requires less training.
Functions
Using a PC or laptop computer, you can set parameters for the
devices using the interfaces and export the fault data.
DIGSI 5 is available in different variants (Compact, Standard, and
Premium) with various functionalities:

• Using the Single-Line Editor, you can visually define a substation and the primary equipment. Connect these elements
with the protection function of your protection devices.

• The visual display of the SIPROTEC devices can be configured

and edited with the Display Editor or with a graphics program.
Take your single-line diagram and convert it into a display
image. You can also define your own icons.

• You can configure additional functions like interlocking of the
devices graphically with the function block diagrams editor
(CFC).

• Using the Siemens IEC 61850 System Configurator, you can

configure and set parameters for IEC 61850 stations. Using
this tool, you can administer subnetworks, network users and
their IP addresses and link the information of various participants.

• The DIGSI 5 test suite provides extensive test tools, which

accelerate commissioning and support you with operation.
One of the test functions enables you to compile and execute
test sequences, to test devices without external test equipment.

• SIGRA for simple, fast, and convenient analysis of fault

records, such as those recorded during faults in power plants
by fault recorders.

4.2

Languages: English, German, French, Italian, Portuguese,
Spanish, Turkish, Czech, Polish, and Russian (selectable)
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[sc_DIGSI 5_SplashScreen, 2, --_--]

DIGSI 5 is available in 3 different functional scopes:

• DIGSI 5 Compact
Software for configuring and operating smaller projects with
up to 8 SIPROTEC 5 Compact (7xx800) or non-modular
SIPROTEC 5 devices (7xx82). Contains graphical editors for
Continuous Function Charts (CFC) and device display pages.
Integrated test and commissioning functions, including the
possibility of creating test sequences and their execution in
the protection device without external test equipment. Projects may only contain a single SIPROTEC 5 protection device.

• DIGSI 5 Standard
Like DIGSI 5 Compact, but without constraint with regard to
the number of supported SIPROTEC 5 devices per project, incl.
IEC 61850 System Configurator. Contains additional graphical
editors for single-line diagrams and the network topology.
SIGRA for professional fault-record analysis is available as an
option.

• DIGSI 5 Premium with SIGRA
Same as DIGSI 5 Standard, but with enhanced functionality
for IEC 61850, for example, flexible engineering and functional naming. Contains SIGRA for a professional analysis of
fault records.

SIPROTEC 5 Compact – engineering
DIGSI 5

[dw_digsi-bo, 1, en_US]

Figure 4.2/1 Structure of the DIGSI 5 User Interface

MLFB Number
The device MLFB number can be adopted directly into the engineering program DIGSI 5. In this way, you create your selected
devices directly in DIGSI 5. Since all device characteristics are
unambiguously specified via the MLFB number, engineering
work with DIGSI 5 starts on a consistent basis without the need
to reenter the device characteristics which would take much
time.
From Planning to Engineering up to Testing – DIGSI 5
The engineering tool DIGSI 5 assists you in your workflow from
planning to operation of your systems with SIPROTEC 5 devices.
With DIGSI 5, you have full control over the engineering. The
functional scope of the tool covers all tasks – from device
configuration and device setting to commissioning and evaluation of fault data.
This is how a modern, efficient engineering process looks in
short form:
In the rough planning, the system layout is documented using
CAD. This system layout is prepared as the basis for the detail
planning in the Single-Line Editor. Depending on the application, the required functionality (protection functions, control
and automation scope as well as auxiliary functions) is defined
and a device is selected. In the next step, the device is assigned
an appropriate application template. You can use your own
personally created, exactly matching application templates or

standard application templates here. Function adaptations are
possible at any time after the selection of the application
template. The high-performance copy functions with consistency checks allow fast project engineering. Then, you must
configure the system (routings, implementation of corresponding logic into function charts (CFC)) and set the parameters.
The new program structure of DIGSI 5 is designed to support the
required work steps during a project optimally. The applicationoriented engineering approach guarantees that you are always
aware of the workflow. DIGSI 5 makes you more productive –
from design to engineering and even with installation, commissioning, and operation.
The Project View Guides You Through the Entire Workflow
In DIGSI 5, processing and maintenance of all components of
IEDs and of all associated data is carried out in a project-oriented
way. This means that the topology, devices, parameter values,
communication settings, process data, and much more are
stored in one project.
All devices are available in one central location. Just open the
device in the project tree and the entire content is provided.
When you begin with a device, you can edit your tasks in a
simple and intuitive way.
The user interface of DIGSI 5 is divided into several sections
(Figure 4.2/1). The project tree on the left displays everything
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that belongs to your project, for example, devices and global
settings. Double-clicking an entry opens an Editor in the main
window section. This can be, for example, an editor for
changing protection parameters, for configuring communication mappings, or for creating function charts (CFC).
In the lower section of the screen view, you can access the properties of all elements (for example, for circuit breakers or
signals) quickly and conveniently. This section also contains lists
with warnings and errors.
The libraries are particularly important in DIGSI 5. They are
located on the right and contain everything that is used in the
editors. Here, you select the required scope and insert it into
your project. When configuring the hardware, you can select
different hardware components, for example, a communication
module. On the other hand, if you are working with function
charts (CFC), you select the corresponding logical building
blocks and select the required functionality while configuring
the protection scope. For this purpose, you drag the elements to
the position of the editor where you need them.
Visual Definition of the Primary Topology in Single Lines
The single-line diagram describes the primary topology of your
system (Figure 4.2/2). For this, simply select the correct singleline template from the library. Further processing, for example,
an extension, is possible without difficulty. DIGSI 5 contains a
library with elements that are familiar to you from the ANSI and
ISO standards.

configuration is continually checked. Finally, you can connect
the application template with the primary elements of the
single-line diagram (voltage and current transformers as well as
circuit breakers) graphically. Thus, a topological reference is
created. Setting values of the transformers (primary and secondary rated values, as well as the neutral-point formation for
current transformers) can then be adopted from the single-line
diagram.
If you have created a suitable device type, you can save it as
your own application template and use it in other devices of the
same device family. To do this, export the application template
with DIGSI 5 in UAT format (User-defined Application Template).
Design of User-Defined Control Displays
With the Display Editor, you can create or change the factory-set
displays, known as control displays. The editor assists you in a
typical workflow. You simply decide which fields of the singleline diagram your already created are to be used for the display
pages – and that is all. Of course, the displays can also be
completely newly created or imported. To do this, drag a signal
from the library to a dynamic element in the display and the
connection is created. Besides the use of icons in accordance
with the IEC and ANSI standards, you can create your own static
or dynamic icons in an icon editor.
Routing and Assignment
The routing matrix is one of the most important functionalities
of DIGSI 5. It is conveniently divided between 2 editors: Information routing and Communication mapping. Both views are
designed in such a way that you can complete your task quickly.
With pre-defined or user-defined filters, you reduce the
displayed information to a minimum. As in Excel, you can select
which information is to be displayed for each column (Figure
4.2/4).
In the matrix, all signals are sorted according to function and
function groups. Sources and targets are displayed as columns.
The scope reaches from the compressed form of representation
to a detailed representation of information in which you can
view and change each piece of information (routing to binary
inputs and outputs, LEDs, buffers, etc.) in different columns. In
this way, all information can be configured very simply.
For communication mapping, all necessary settings are already
predefined for the selected protocol. You can adapt these to
your needs in a fast and simple way.

[sc_SLE_two_bays, 1, en_US]
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Figure 4.2/2 Graphical Definition of the Topology of a Substation in the
Single-Line

From the Application to the Solution: Application Templates
and Their Modification
After the topology has been defined, the next step is to add the
required device. You simply use the ordering code from the
configurator in DIGSI 5 and your device specification is already
known. In the next step, you select the application template
appropriate for your application and adapt it according to your
requirements. Remove functions that are not needed and add
the desired functions. The library offers you an extensive selection that you can use for this. The consistency of the device
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With a large selection of filters and the option to open and close
rows and columns, you will find it easy to display only the information you need.
Saving time is a priority with DIGSI 5. All table-based data
displays provide the functionality to fill adjacent cells with a
single mouse-click – in the same way you know from Excel.
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tives. This improves the readability of the function-chart (CFC)
decisively. New display modes also increase clarity. The new
modes offer you a compressed view of the building blocks and
connection points, so that you can see all the information you
need without having to scroll through it.
Use macros (chart in chart) to reuse recurring tasks clearly and
in a pre-checked manner.
Even the use of signals in a function-chart (CFC) is designed to
be simpler. Drag a signal via drag and drop from the signal
library to the input or output port of a building block – and you
are finished. Created logic plans can be tested even without
devices (offline) with DIGSI 5. This ensures the necessary quality
for commissioning and saves time.
The logic sequence with DIGSI 5 can be monitored and analyzed
online in the device as well.

[sc_change CT ratio, 1, en_US]

Figure 4.2/3 Graphical Linkage of Primary and Secondary Equipment

[sc_CFC, 1, en_US]

Figure 4.2/5 Simple Creation of Automations with the CFC Editor

Setting the Parameters of the Device
[sc_Information_routing_long, 1, en_US]

Figure 4.2/4 The Entire Flexibility of the Information Routing Editor

Automation and Switchgear Interlocking Protection
A PLC (Programmable Logic Controller) is integrated in
SIPROTEC 5 devices. In this PLC, automation functions, logic for
switchgear interlocking protection, and lots more can be
executed. If you want to change or adapt these, use the function-chart (CFC) editor that is included as a component in
DIGSI 5 Standard and Premium. Thanks to the fully graphical
user interface, even users without programming knowledge can
fully utilize the functional scope and thus adapt the functionality
of the device (Figure 4.2/5) flexibly.
For this, an entire library is available to you with building blocks
that are compatible with IEC 61131-3. This library contains
simple logical operators, such as AND, but also complex functions such as timers, command chains for switching sequences,
and much more.

All parameter settings are represented in the same way. This
occurs in the parameter editor, which displays all parameters of
a function. Here, you can select between different views of the
settings. On the one hand, there is a primary view where you
can directly enter the primary setting values.
In this way, you can avoid using transformer ratios which can
lead to setting errors. The same applies for the "per unit" view
where setting parameters refer to object rated values. If you opt
for the secondary view, the setting parameters must be
converted to secondary values.
For setting special protection characteristics, the graphical
representation of the characteristics is advantageous. In the
parameter editor, all characteristic variants of the function are
represented. In this way, you can check the effects of changes in
the settings immediately in the graphic. Setting values of
different settings groups can be compared in a common
window in a fast and easy way, differences can be detected and
compensated (Figure 4.2/6).

The use of the editor is more efficient than ever before. You
thus need less building blocks in order to achieve your objec-
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that are recorded in the relay in case of a disturbance of the
protected object are listed in DIGSI 5 and can be displayed,
saved, and printed for documentation purposes.
The new testing options are an innovation. Multi-level test
sequences can be defined (even for phasor factors) via a
sequence functionality. These are loaded into the device with
DIGSI 5 and simulate the physical inputs there. These are then
executed in the device via the integrated test sequencer, which
simulates the analog process values. In this way, you can define
and execute complex checks for testing your project engineering and logic at an early stage.

[sc_Function Settings_with_diagram, 1, en_US]

Figure 4.2/6 Easy Parameter Setting

Frequently used parameters can be marked as favorites. These
favorites are displayed in a transparent favorites view so that
you always keep an overview of everything essential (Figure
4.2/7)

With the test and diagnostic functions, extensive test equipment
is no longer necessary or its tests are reduced to a minimum.
You can find processes that were developed for testing special
protection principles, for example, for line differential protection, in the appropriate device manual. The function-chart (CFC)
editor also offers new analysis functions. DIGSI 5 thus allows
offline debugging of logic plans as well as tracing of measured
values – both in the representation of the logic chart and in the
representation of lists. This reduces overall testing effort during
commissioning. The results of the function-chart (CFC) analysis
can also be represented after completion of the test sequence,
for example, with SIGRA. Thus, even complex runtime relations
can easily be analyzed.

[sc_Favorite_Settings, 1, en_US]

Figure 4.2/7 Favorites View

Cooperating in Teams
4.2

Improve your engineering performance by cooperating in
teams. Using extensive export and import functions, one team
can define the protection parameters and work on the routing
settings while others set system-interface parameters. The individual sections can be updated at any time with the new input
of colleagues. For example, when the protection-parameter
crew has updated its data, this data can be adopted into the
project.
Comprehensive Testing Support During Commissioning and
Operation
The testing and diagnostic functions support you in the commissioning phase. You can thus quickly and simply test the wiring
or observe the effect that a message transmitted via the system
interface has in the superordinate station. The error messages
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[sc_Test sequence, 1, en_US]

Figure 4.2/8 Definition of Test Sequences for Comprehensive Tests of
Device Configurations
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Besides transmitting the device configuration to individual
devices, you can also transmit all device configurations to your
devices automatically.
Besides online access, in addition to reading fault records and
logs, you can also display measured values and messages. You
can save snapshots of measured values and messages in
archives for subsequent analysis or for documenting tests of
temporary operating states or commissioning.
Openness Through Import and Export
DIGSI 5 offers a broad spectrum of exchange formats. These
include the standard formats of IEC 61850 as well as the
uniform data exchange format TEA-X of Siemens tools. This
XML-based format is the basis for all import-export scenarios
and ensures efficient workflows in the engineering process.
Since data must only be entered once, engineering effort is
reduced and you profit from consistent data quality at all levels
of automation.
[sc_Grafische_Konfiguration, 1, en_US]

Figure 4.2/9 Graphical Configuration of Network Connections between
Devices

Direct Online Access of all Accessible Devices
DIGSI 5 also assists you in your workflow if your devices engineered offline are connected to the devices in your plant in your
system. In DIGSI 5, all devices accessible via communication
interfaces are displayed immediately next to your offline
devices. The preferred communication in networks is Ethernet.
Of course, you can individually access devices via a USB interface. In order to work with a physical device, connect the online
device and offline configuration via drag and drop, and you are
done.

Besides efficient data exchange for the levels of power automation, the XML data format also supports easy exchange of data
with other applications.
Via the import interface, you can read data from other applications into DIGSI 5. Thus, this enables external project engineering of the devices. Similarly, you can export the settings
data to other applications for further processing. It is therefore
easy to exchange data with other power-distribution applications: for example, network calculation, protection-data administration/evaluation, and data for the protection-function test.

4.2

[dw_engineering_appl, 2, en_US]

Figure 4.2/10 Open Exchange Formats Allow Reuse of Data at all Tiers
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Overview of Functions
Compact

Standard

Premium

Project processing
8 or 17

Unlimited

Unlimited

Copy and paste

Maximum number of devices per project

■

■

■

Multilingualism is supported

■

■

■

Single-Line Editor with ANSI and IEC standard icons available

–

■

■

Device Display Editor permits creation of user-defined displays and icons

8

■

■

Single-line diagrams and device displays

Setting parameters and routing
Information routing including filtering and sorting

■

■

■

Graphical visualization of protection parameters

–

■

■

Comparison of devices (offline/offline – offline/online)

■

■

■

■

■

■

Assignment of communications to system interface

■

■

■

Assignment of communications to various logs

■

■

■

Graphical network view of devices

–

■

■

Inter-device communication (via IEC 61850 System Configurator)

–

■

■

IEC 61850 Edition 2 fully supported

–

■

■

IEC 61850 structure editor for flexible engineering and functional naming

–

–

■

Via USB and Ethernet

■

■

■

Access to communication partners via system interface

■

■

■

Measured values (current values, minimum, maximum, average values) and storage in
the project as snapshots

■

■

■

Messages (and storage in the project as snapshots)

■

■

■

Logs and records

■

■

■

Display fault records

■

■

■

COMTRADE Viewer

COMTRADE Viewer 9

SIGRA

■

■

■

Continuous function charts (CFC)
Graphic continuous function chart editor (CFC) available
Communication

IEC 61850

Access and communication

Online

Loading settings for the selected device
Commissioning and testing
Creating and running multistage test sequences, no external equipment necessary

■

■

■

Test views for testing the device configuration

■

■

■

Analysis/debugging of continuous function charts (CFCs) in offline and online mode

■

■

■

SCL formats (IEC 61850– ICD/IID/MICS)

–

■

■

Device configurations (full and partial)

■

■

■

Single-line diagrams/topology

■

Display pages

■

■

■

Test object definition (RIO)

■

■

■

Export and import

4.2

■

10

■

Documentation
Printing and exporting project documentation

■

■

■

Creation of user-defined print formats

■

■

■

7
8
9
10

8 SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82); alternatively 1 modular SIPROTEC 5 device
For SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82)
SIGRA available as optional package
WMF export only
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Compact

Standard

Premium

Authorization of access to devices with NERC CIP-compatible password

■

■

■

Secure connection to the device

■

■

■

Configuration data protected from alteration

■

■

■

Confirmation IDs for safeguarding critical activities (for example switching)

■

■

■

Safeguarding and security

4.2
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DIGSI 5 Order Variants

Description

DIGSI 5 Compact

DIGSI 5 Standard

DIGSI 5 Premium with SIGRA

• Software for the configuration and

• Like DIGSI 5 Compact, but without

• Same as DIGSI 5 Standard, but with

•
•

•

operation of smaller projects
including transmission of process data
from the device
Includes graphical editors for Continuous Function Charts (CFC) and
device display pages.
Integrated test and commissioning
functions, including the possibility of
creating test sequences and executing
them in the protection device without
external test equipment
Projects can contain up to 8
SIPROTEC 5 Compact (7xx800) or
non-modular SIPROTEC 5 devices
(7xx82).
Alternatively, it is also possible to
create 1 individual modular
SIPROTEC 5 device.

Product features
Authorization

•
•

constraint with regard to the number
of supported SIPROTEC 5 devices per
project, incl. IEC 61850 System
Configurator
Contains additional graphical editors
for single-line diagrams, device
display pages, and the network
topology
SIGRA for professional fault-record
analysis is available as an option

•

enhanced functionality for IEC 61850,
for example, flexible engineering and
functional naming
Contains SIGRA for a professional
analysis of fault records

All features are listed in the Overview of Functions, Page 68 table.
No license key necessary

Authorization required using the license key;
can be used on one computer per license.

Available interface
languages
Contained in the scope
of delivery of the DVD
version

German, English, Portuguese, Spanish, Italian, French, Russian, Polish, Czech, and Turkish (selectable)

• Program, device drivers, and online

• Program, device drivers, and online

• Program, device drivers, and online

•

•

• USB stick with the number of licenses

•
•

documentation on DVD-ROM
USB stick including a 30-day test
license for a free test of
DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

•
•
•

documentation on DVD-ROM
USB stick with the number of licenses
ordered. The program can be used on
one computer per license.
Includes a 30-day test license for a
free test of DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

documentation on DVD-ROM

•
•

ordered. The program can be used on
one computer per license.
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

DIGSI 5 can also be ordered and delivered via online software delivery (OSD). The delivery of the DVD and USB cable is unnecessary.
The program is offered for downloading. The license can be loaded online on the Automation License Manager.

4.2
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Selection and Ordering Data

Versions

Number of licenses

Delivery form

Order no.

DIGSI 5 Compact

Unlimited

DVD/USB11

7XX8002-0CA00

DIGSI 5 Standard without SIGRA (with COMTRADE
viewer)

1 single license

Download

7XX8002-0SA01

5 single licenses

Download

7XX8002-0SA05

10 single licenses

Download

7XX8002-0SA10

DIGSI 5 standard with SIGRA

1 single license

Download

7XX8002-1SA01

DIGSI 5 Premium with SIGRA

5 single licenses

Download

7XX8002-1SA05

10 single licenses

Download

7XX8002-1SA10

1 single license

Download

7XX8002-1PA01

5 single licenses

Download

7XX8002-1PA05

10 single licenses

Download

7XX8002-1PA10

DVD/USB11

7XX8002-1PT00

Download

7XX8002-1PC10

Download

7XX8002-1PS10

DIGSI 5 Premium Trial (Premium full version
for 30 days)

Unlimited

DIGSI 5 Premium Scientific (only for technical
colleges)

10 single licenses

DIGSI 5 Premium Sales (only for Siemens sales and
distribution Dept.)

10 single licenses

Upgrade from DIGSI 5 Standard to Premium

1 single license

Download

7XX8002-1UP01

5 single licenses

Download

7XX8002-1UP05

10 single licenses

Download

7XX8002-1UP10

Download

7XX8002-0US10

Download

7XX8002-1US10

Download

7XX8002-0UC10

Download

7XX8002-1UC10
7XS5412-2AA00

Upgrade from DIGSI 4 professional to
DIGSI 5 standard

10 single licenses

Upgrade from DIGSI 4 professional to
DIGSI 5 premium

10 single licenses

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Standard

10 single licenses

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Premium

10 single licenses

SIGRA option package for DIGSI 5 Standard

1 single license

DVD/USB11

5 single licenses

DVD/USB11

7XS5413-2AA00

10 single licenses

DVD/USB11

7XS5414-2AA00

Table 4.2/1 DIGSI 5 Selection and Ordering Data
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Exclusively physical delivery (DVD/USB)
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Description
The IEC 61850 System Configurator is the manufacturer-independent solution for the interoperable engineering of
IEC 61850 products and systems. It supports all devices with
IEC 61850, not just Siemens products – like SIPROTEC 5,
SIPROTEC 4, SIPROTEC Compact, Reyrolle, SICAM RTUs, SICAM
IO/AI/P85x/Q200 – but also devices from other Siemens divisions
(such as SITRAS PRO) or from third parties.
The IEC 61850 System Configurator supports the SCL configuration files (substation configuration language) from the
IEC 61850-6 through import or export of all formats
(ICD/IID/CID/SCD/SSD/SED). Thus, IEC 61850 devices can be
added and a complete IEC 61850 station is available for substation automation technology.
IEDs from the IEC 61850 standard of Edition 1, 2.0, or 2.1 are
supported. The possible engineering therefore includes not only
GOOSE communication and client-server configuration via MMS
reporting, but also system topology, process bus communication with SMV (sampled measured values) and
IEC 60870-5-104 addresses for the gateway to the network
control center via IEC 61850-8-1.
Simple engineering thanks to customer-friendly workflows and
the universal display of IEC 61850 addresses as well as customer
description texts. Users with basic or expert IEC 61850 knowledge find the desired level of detail. For documentation
purposes, the engineering can be displayed in the Web browser
in a customer-friendly form. Harmonized interfaces of the tool,
such with DIGSI 4 and DIGSI 5, reduce the engineering effort for
Siemens plants even more.
Benefits

• Comprehensive – one tool for configuring all digital
IEC 61850 devices

• Simple extension and adaptation of plants by using
IEC 61850 Edition 1 and 2 in a project

• Customer-specific IEC 61850 structures (flexible engineering)
permit the implementation of customer standards

• Easy to understand by using application-oriented signal

names instead of the specific IEC 61850 language (logical
nodes, etc.)

4.3
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[sc_IEC 61850 SysConf, 2, --_--]

Figure 4.3/1 Splash Screen for the IEC 61850 System Configurator

• Proven by experience from worldwide standardization activities and engineering of more than 500 000 devices

• Facilitated engineering by means of integrated interfaces to
DIGSI, SICAM SCC, SICAM PAS, SICAM protocol test system
and IEC 6150 browser

Applications

• Interoperable engineering of IEC 61850 (MMS; GOOSE; SMV)
• Import and export of all SCL formats, such as ICD, IID, CID,
SCD, SSD or SED

• Supporting of Editions 1, 2.0, and 2.1 of IEC 61850
• Engineering with IEC 61850-80-1
• Engineering independent from manufacturers
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[One IEC 61850, 3, --_--]

Figure 4.3/2 One IEC 61850 System Configurator for all Devices in the Station

IEC 61850 – Ethernet-Based Substation Automation Protocol
IEC 61850 is more than just a substation automation protocol.
The standard comprehensively defines data types, functions,
and communication in station networks. In Edition 2, the influence of the standard is extended to more sectors of the energysupply industry. Siemens actively participated in designing the
process of adapting Edition 1 to Edition 2 for the purposes of
the standardization framework. Edition 2 fills in certain omissions and defines additional applications. As a global market
leader with Edition 1 SIPROTEC 4 devices, Siemens has resolved
the issues of interoperability, flexibility, and compatibility
between Editions 1 and 2: Cooperation with Edition 1 devices is
possible without difficulties.

The internal structure of SIPROTEC 5 devices conforms to
IEC 61850. The result is that for the first time, an integrated,
consistent system and device engineering, from the single line
of the plant o device parameterization, conforming to the
guiding principles of IEC 61850 is possible.

• Converting the complexity of the IEC 61850 data model into
your familiar user language

4.3

• Integrated, consistent system and device engineering (from

the single line of the plant to device parameterization on the
basis of the IEC 61850 data model)

• Flexible object modeling, freedom in addressing objects, and

flexible communication services warrant the highest possible
degree of interoperability and effective exchange and expansion concepts.

• Full compatibility and interoperability with IEC 61850 Editions
1, 2.0, and 2.1
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ices warrant the highest possible degree of interoperability and
effective exchange and expansion concepts.
The name of the logical device (ldName) is freely editable. For
example, the standard-conforming name CTRL can be changed
to CONTROL. Structural changes can also be made by changing
the logical device (LD), so that the interface structure can be
adapted flexibly to the requirements of the user. Rigid manufacturer specifications are a thing of the past. Prefix and instance
(inst) of the logical node (LN) can also be edited.
The standard defines the length and rules that are checked by
DIGSI 5 when they are entered.

[IEC_Change_CT_ratio, 1, --_--]

Figure 4.3/3 System Specification and Configuration in DIGSI 5 – the
Complexity of IEC 61850 is Transparent

DIGSI 5 with integrated IEC 61850 engineering covers the
complexity of the standard with a sophisticated user interface.
In standard engineering, you as the user will not be required to
deal with the details of IEC 61850; you get to use your user
language.
In the user language, distance protection is distance protection
with zones and dependent functions, not a collection of logical
nodes. Reports are message lists in which information about the
systems control is configured. In the system configurator,
GOOSE connections are simply configured in a table with source
and target information. You work in your language, with functions and messages associated with a device. If you wish, you
can view the assigned IEC 61850 objects in the
IEC 61850 protocol language. This bilingualism is supported
throughout the user interface by DIGSI 5 and the export files on
the systems control. As the user, you can even add helpful notes
to the data points you define in your language and then export
them for data purposes in the ICD and SCD description.

4.3

[sc_DIGSI_catalog, 1, en_US]

Figure 4.3/4 Creating an IEC 61850 Station

Flexible engineering offers IEC 61850 experts a wide range of
freedom to design their own IEC 61850 structure, including with
user-defined functions and objects. Flexible object modeling,
freedom in addressing objects, and flexible communication serv-
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Stages of functions of a device, which the standard maps to
logical nodes (LN), can be deleted, copied, and extended with
objects of the user. Messages can be added to a switching
object such as the LN XCBR, for example, monitoring messages
for a circuit breaker that have not been defined in the original
LN. You as a user, you can route all of the information associated with a given switching object into a logical node (LN).
Logical nodes (LN) can be added from a library. These instructions can be supplemented with your own objects. You can also
define and create generic nodes. For example, there are logical
nodes (LN) whose functionality you as the user create for yourself through logic functions. These user-defined functions can
be loaded into the device and run there. Monitoring functions
can be created and expanded as required.
A high degree of flexibility in communication is offered for
configuration of GOOSE messages and reports.
Addresses, dataset names, etc. can be set by you, the user.
Flexible engineering offers a high degree of design freedom on
many levels, enhancing interoperability for more complete
communication interchangeability. This in turn safeguards
investments in model devices in accordance with IEC 61850.
With the single-line diagram, you as the user can view the topological structure of the system. DIGSI 5 has been prepared so
that it can export this topological structure of a system to the
SSD file conforming to the standard. This description, as an
extension of the SCD file, represents the primary system for
technical data purposes. In the future, the objects of the device
with which processes of the primary system are controlled can
be adapted flexibly to reflect the specifications of the customer.
Flexible engineering is the key to bringing the system view into
harmony with the IEC 61850 structure of the device.
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[structure_editor, 1, --_--]

Figure 4.3/5 Editor for Adapting the IEC 61850 Structure in the
SIPROTEC 5 View

4.3
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Description
The SIPROTEC DigitalTwin is the virtual, digital twin of a real
SIPROTEC 5 device, including the algorithms, functions, and
communication interfaces.
The new, innovative, cloud-based SIPROTEC DigitalTwin offers a
comprehensive test of your SIPROTEC 5 devices as part of the
power automation system with high levels of efficiency, power,
security, and 24/7 availability from anywhere and without any
hardware.
Application Areas

• Visualization and operation of the device (navigation, function keys, etc.)

• Infeed of currents, voltages, binary inputs, etc. to simulate
setting values

• Testing the protection functions, the automation logics, and
the customer-specific applications

• Integration into SICAM A8000, SICAM PAS/SCC substation

automation systems, and SCADA third party systems with the
Ethernet protocols IEC 61850, DNP3, Modbus TCP,
IEC 60870-5-104

• PMU and power-quality systems, such as SICAM PQS,
SIGUARD PDP, or PQ Advisor Compact

• SICAM GridEdge, SIPROTEC Dashboard, or PQ Advisor
Premium IoT applications

• IEC 61850 GOOSE communication between devices, for
example, for interlocking

• Error analysis, for example, fault-record playback
• Cybersecurity functions (Syslog, RADIUS)
• Individual and intuitive SIPROTEC 5 training
Customer Benefit
Saves time and boosts the quality throughout your systems
entire lifecycle.

• Testing the power-automation system in minutes 24/7

without any hardware, without any additional expenditure,
and regardless of location.

• The new systems can be added more quickly due to shorter
project lead times.

• Reduced OPEX with shorter downtimes ensure high availability due to improved pretesting (incl. patches)

• Reduced investment costs (CAPEX) in test devices
• Quick and realistic error analysis due to easy reproducibility of
the product and system behavior

• Flexible, continuous, and personalized training in a virtual
testing environment based on real system conditions

4.4
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[sc_SIPROTEC DigitalTwin energy aut, 1, en_US]

Figure 4.4/1 SIPROTEC DigitalTwin within the Power Automation
System

SIPROTEC 5 Compact – engineering
SIPROTEC DigitalTwin –
Testing the Device

• Infeed of static currents and voltages
• Simulation of binary inputs and analog values
• Device operation (display, LED)

[sc_SIPROTEC-DigitalTwin-Binary-Inputs, 1, --_--]

Figure 4.4/4 SIPROTEC DigitalTwin – Binary Input

IEC 61850 communication

[sc_SIPROTEC-DigitalTwin-Analog-Values, 1, --_--]

Figure 4.4/2 SIPROTEC DigitalTwin – Analog Value

• GOOSE, MMS, and interlocking
• SCADA systems
• Process bus

Testing the Protection Function

• With static values
• With COMTRADE output
• With State Sequencer

[sc_SIPROTEC-DigitalTwin-Binary-Outputs, 1, --_--]

Figure 4.4/5 SIPROTEC DigitalTwin – Binary Output

[sc_SIPROTEC-DigitalTwin-Analog-Values-Vector, 1, --_--]

Figure 4.4/3 SIPROTEC DigitalTwin – Vector Analog Values

Cybersecurity

• Windows Server
• Security Logs
• Role-based access control (RBAC)
Communication

• SCADA systems
• Ethernet-based station protocols
• Protection-data transfer
• Telecontrol interfaces
• Web-based interfaces (SIPROTEC 5 Web UI)
• IoT connectivity/GridEdge

4.4
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SIPROTEC Dashboard
Transparency Increases Efficiency
Protection relays sit at the very heart of our power grid infrastructure. They operate silently inside substations and listen to
the AC 50 Hz or AC 60 Hz heartbeat of the power lines. Once
they come into action however, literally every millisecond
counts to initiate switching operations to avert disaster and alert
the grid operator about a specific fault situation. This is where
the SIPROTEC Dashboard comes into play.
As part of our Grid Diagnostic Suite, the cloud-based SIPROTEC
Dashboard application benefits from a new communication
architecture. SIPROTEC 5 devices communicate not only to the
substation automation level but also to the new SICAM GridEdge
node, and from there to the MindSphere cloud. This way we can
unlock the best of two worlds: Full data transparency on the
Edge level and a grid-wide data overview in the cloud while
adhering to state-of-the-art cyber security standards through the
decoupling of field devices from the cloud.
Empowerment of Maintenance Crews
The SIPROTEC Dashboard empowers operational crews in their
task to troubleshoot faults in the power grid. Instead of waiting
for information from the control center they can now directly
access key data like fault logs and fault records of a given
protection relay that initiated a trip – even before going on-site.
The new SIPROTEC Dashboard enables different views for all
relays in the grid, including a map view, station view and device
view.

Figure 4.5/1 Grid Diagnostic Suite

Multiple Views

• Map view, substation view, device and measurement data
views

• Drill down option for each event

Furthermore, the Dashboard offers additional insights into
compact condition monitoring parameters like the switched
fault current (I2t) or temperature hotspots of transformers or
switchgear – all very helpful indications for an early assessment
of the situation on the ground.

Fault Analysis

One source of complexity when troubleshooting the behavior of
protection relays is related to firmware versions. Are all devices
on the same version? Is the latest version deployed everywhere?
Through our new firmware cross-check functionality, firmware
versions can be analyzed at a glance within the context of a
substation or even across the entire grid.

• Firmware cross-check on station and grid-level
• Settings monitoring on station and grid-level

In summary the SIPROTEC Dashboard is an innovative new
offering for our SIPROTEC devices and offers insightful views on
your protection fleet at a glance.
Advantages at a Glance

• Simplifies workflows for faster response times
• Increases grid availability and service quality
• Full support for SIPROTEC and Reyrolle relays as well as crossvendor support for IEC 61850 enabled protection devices

• Highest cybersecurity standards
Main Features
4.5

[IoT, 1, --_--]

Monitor the status of your protection relay fleet:
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• Automated fault record and fault log retrieval
• Fault record visualization
Device Management

SICAM GridEdge

• Full data transparency via direct device access
• Cross-vendor compatible for IEC 61850 enabled protection
relays

• Modular extensible functionality via containerized applications

• Secure decoupling from relays to the cloud
Condition Monitoring Views

• Circuit breaker I2t statistics
• Hotspot measurements for transformers and switchgear
• Transformer tap position statistics

SIPROTEC 5 Compact – engineering
SIPROTEC Dashboard

[sc_SIPROTEC_Dashboard, 1, --_--]

Figure 4.5/2 IoT Architecture for Power Automation Systems

4.5
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SIGRA
Description
The SIGRA user program supports you in analyzing failures in
your electrical power system. The program graphically analyzes
data recorded during the failure and calculates additional
supplemental quantities such as impedances, powers, or RMS
values, from the supplied measured values, making evaluation
of the fault record easier.
The quantities can be shown as desired in the diagrams of the
following views: time signals, vector diagrams, locus
diagrams, harmonic components, and fault locators and
represented in the table view.
After a system incident, it is especially important to quickly and
completely analyze the error, so that the respective measures
can be derived immediately from the cause analysis. This will
enable the original network status to be restored and the down
time to be reduced to an absolute minimum.
As well as the usual time signal display of the recorded measured quantity, the current version is also set up to display
vector, pie and bar charts to show the harmonics and data
tables. From the measured values recorded in the fault records,
SIGRA calculates further values, for instance missing quantities
in the 3-phase electrical power system, impedances, outputs,
symmetrical components, etc. Using 2 cursors, the fault current
can be evaluated easily and conveniently. Using SIGRA however,
further fault records can also be added. The signals from
another fault record (for example, from the opposite end of the
line) are added to the current signal pattern using drag and
drop.
SIGRA facilitates the display of signals from various fault records
in one diagram as well as a fully automated synchronization of
these signals on a common time base. As well as the precise
determination of the individual factors of the line fault, the fault
location is also of particular interest.
A precise determination of the fault location saves time which
the user can use for an on-site inspection of the error. This function is also supported by SIGRA using the Offline fault location
function. SIGRA can be used for all fault records in COMTRADE
file format.
The functions and advantages of SIGRA can often only be best
displayed on the product itself. Consequently, SIGRA is available
as a 30-day test version.
Functions

• 6 diagram types:
– Time-signal representation (standard)
– Pie chart (for example for R/X)
– Vector diagram (reading angles)
– Bar chart (for example for displaying the harmonics)
– Table (list values for different signals at the same time)
– Fault location (to display the location of faults)
4.6

• Additional-value calculation, for example positive-sequence
impedances, RMS values, symmetrical components, vectors
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[sc_SIGRA_Splash, 1, --_--]

Figure 4.6/1 Fault-Record Analysis with SIGRA

• 2 cursors for for measured values are synchronized in all
views

• Powerful zoom function
• User-friendly configuration via drag and drop
• Innovative signal configuration in a clear matrix
• User profiles that save time and can be assigned to individual
device types or series

• Additional fault records can be added to the existing fault
record

• Synchronization of different fault records to a common time
base

• Simple documentation by copying diagrams into documents
from other MS Office programs

• Offline fault-location determination
Hardware Requirements
To work with SIGRA, you need a PC or laptop computer with the
following minimum specifications, irrespective of the operatingsystem version you are using:

• Intel® Celeron® Dual Core 2.2 GHz (Ivy/Sandy Bridge) or
equivalent

• 2 GB RAM (8 GB recommended)
• Graphic display with resolution of 1024 × 768
pixels (1280 × 1024 recommended)

• 5 GB of available hard-disk space

SIPROTEC 5 Compact – engineering
SIGRA
Operating System

Version/Type

Updates

PC12

VM13

32-bit14

64-bit15

Windows 10

Professional

1803;1809;1903

+

+

+

+

Windows 10

Enterprise

1803;1809;1903

+

+

+

+

Windows 7

Professional

SP116

+

+

+

+

Windows 7

Enterprise

SP116

+

+

+

+

Windows 7

Ultimate

SP116

+

+

+

+

Windows Server 2019

Standard

–

+

–

–

+

Table 4.6/1 Supported und Tested Operating Systems

Virtual Machines
SIGRA supports VMware virtual machines with the following
versions and higher:

• VMware Workstation V6.5.0
• VMware Player V3.1.2
• VMware Tools for Windows V8.4.4
You can find more information on the Internet page: https://
www.vmware.com
You use other Windows and older VMware versions at your own
risk.
Interface Languages:
German, English, French, Spanish, Italian, Chinese, Russian,
Turkish (selectable)

[sc_VectorDiagram, 1, en_US]

Figure 4.6/3 SIGRA Phasor Diagram

[sc_TimeSignalsDiagram, 1, en_US]

Figure 4.6/2 SIGRA Time Signals
[sc_circle diagram, 1, en_US]

Figure 4.6/4 SIGRA Locus Diagrams

4.6
12
13
14
15
16

PC: Windows computer
VM: Virtual machines (for example VMWare)
32 bit: Operating system with 32-bit support (DIGSI 5 cannot be installed or used on a 32-bit operating system)
64-bit: Operating system with 64-bit support
Including security update KB3033929 or other security patch incorporating this security update
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SIGRA

[sc_Oberschwingung, 1, en_US]

Figure 4.6/5 SIGRA Harmonics

DIGSI 5, IEC 61850, and SIGRA support you in an optimal
and holistic manner for your SIPROTEC 5 project:

• Powerful and effective analysis of fault records
• Integrated system and device engineering
• Graphical user interface simplifies and accelerates
project engineering

• Application templates and function groups as images of

the primary application and the primary objects, such as
the line or circuit breaker, warrant a user-oriented
working method and perspective

• Test and simulations tools offer optimal plausibility
checks

4.6
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Attachment
Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order No.
1

Universal protection device

2

3

4

5

6

7

8

9

10

11

12

7 S X 8 0 0 0 - 3 ☐ ☐ 5 ☐ ▲ ▲

Binary inputs/outputs

▲

13

14

15

16

1 ☐ A

0

▲

│ │

│

│

4 BI, 5 BO (4 F, 1 life contact)

A │

│

│

14 BI, 11 BO (10 F, 1 life contact)

B │

│

│

│

│

│

4 x Ip, 4 x U

A

│

│

3 x Ip, 1 x lee, 4 x U

B

│

│

│

│

Standard

0

│

US

1

Measuring inputs

Front view

Ethernet interface (port F)

│
│

Ethernet optical

C

Function-point budget
1 function point

7 X X 8 1 5 2 - 1 A A 0

0

Table 5.1/1 SIPROTEC 7SX800 Selection and Ordering Data

Functions/function points, refer to the next page
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Attachment
Selection and Ordering Data – Functions/Function Points
ANSI
5.1

Function

Function Points (FP)

Protection functions for 3-pole tripping

Basis (0)

14

Locked rotor

37

Undercurrent protection

38

Temperature supervision

46

Negative-sequence system overcurrent protection

46

Unbalanced-load protection

49

Thermal overload protection

49

Thermal overload protection for RLC filter circuit elements of a capacitor bank

49R

Thermal overload protection, rotor (motor)

50/51

Overcurrent protection, phases

50HS

Instantaneous high-current tripping

50/51N

Overcurrent protection with positive-sequence system current I1

Instantaneous tripping at switch onto fault (SOTF)

50/51N

Overcurrent protection, ground

50N/51N

Overcurrent protection, 1-phase

50Ns/51Ns

Sensitive ground-current protection for systems with resonant or isolated neutral (3I0>, 3I0-harm>)
Ground-fault detection via pulse detection
Intermittent ground-fault protection

50/51TD

Overcurrent protection for RLC filter circuit elements of a capacitor bank

50BF

Circuit-breaker failure protection, 3-pole

50RS

Circuit-breaker restrike supervision

59C

Peak overvoltage protection, 3-phase, for capacitors

60C

Current unbalance protection for capacitor banks (1-phase)

74TC

Trip-circuit supervision

74CC

Closing-circuit supervision

79

Automatic reclosing, 3-pole

86

Lockout

87N T

Restricted ground-fault protection
Measured values, extended: min, max, avg
Switching statistic counters
Power Quality – Basic, measured values: THD (Total Harmonic Distortion) and harmonics (current)
CFC (standard, control, arithmetic)
Circuit-breaker wear monitoring
Switching sequences function
Inrush-current detection
External trip initiation
Control
Fault recording of analog and binary signals
Monitoring and supervision
Cybersecurity: role-based access control
Cybersecurity: authenticated network acces via IEEE 802.1x

Table 5.1/2 Standard Function Package (Current-Based Functions and Cybersecurity)
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Attachment
Selection and Ordering Data – Functions/Function Points
ANSI

Function

FP

24

Overexcitation protection

40

25

Synchrocheck, synchronization function

27

Undervoltage protection: 3-phase or positive-sequence system V1 or universal Vx

27R, 59R

Rate-of-voltage-change protection

32,37

Power protection active/reactive power

Directional reactive power undervoltage protection (QU protection)
32R

Reverse-power protection

46

Negative-sequence system overcurrent protection with direction

47

Overvoltage protection: negative-sequence system V2 or negative-sequence system V1/positive-sequence
system V1

51V

Overcurrent protection, voltage dependent

59, 59N

Overvoltage protection: 3-phase or zero-sequence system V0 or positive-sequence system V1 or universal
Vx

60

Voltage-comparison supervision

67

Directional overcurrent protection, phases

67N

Directional overcurrent protection, ground

67Ns

Sensitive ground-fault detection for systems with resonant or isolated neutral including a) 3I0> b) V0>, c)
Cos-/SinPhi, d) Transient ground fault, e) Phi(V,I), f) Admittance

81

Frequency protection: f> or f< or df/dt

81U

Automatische Frequenzentlastung

Intermittent ground-fault blocking for directional sensitive ground-fault detection

Vector-jump protection
FL

Fault locator, single-side
Powe Quality – Basic, measured values: THD (Total Harmonic Distortion) and harmonics (voltage)

Table 5.1/3 Voltage-Based Function Package

ANSI

Function

FP

48

Motor-starting time supervision

5

50L

Load-jam protection motor

5

66

Motor restart inhibit

5

Table 5.1/4 Motor Protection Functions

Protocol

FP

IEC 61850-8-1

5

Modbus TCP
Redundancy protocols RSTP/PRP/HSR
Table 5.1/5 Communication Package – Ethernet Protocols

Measured Values

FP

Voltage unbalance (voltage-based protection functions required)

20

Voltage variations – supervision of voltage dips, swells and interruptions (voltage-based protection functions required)

30

TDD – Total Demand Distortion

10

Table 5.1/6 PQ – Basic
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Attachment
Selection and Ordering Data – Functions/Function Points
For countries in which the SIPROTEC function points manager is
not yet available, you can order the devices pre-configured with
function points. The following options are available:
5.1
Pre-configuration

Short code

20 function points

ZP02

50 function points

ZP05

100 function points

ZP10

150 function points

ZP15

200 function points

ZP20
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Attachment
Accessories
Group

Accessories

Articles per Packaging Unit Order No.

Terminal

Voltage terminal, terminal block, 14-pole

8

7XX8400-0VA00

Terminal

Current terminal, 4 x protection

1

7XX8410-0CF00

Terminal

Current terminal, 3 x protection and 1 x measurement

1

7XX8410-0CG00

Terminal

2-pole cross connector for current terminal

3

7XX8400-0XA00

Terminal

Terminals for expansion module

2

7XX8410-0TE00

Terminal

2-pole cross connector for voltage terminal

6

7XX8400-0XB00

Terminal

Cover for current terminal block

1

7XX8400-0XC00

Terminal

Cover for voltage terminal block

8

7XX8400-0XD00

Terminal

Transport safety, current terminal

2

7XX8400-0XE00

Terminal

Transport safety, voltage terminal

10

7XX8400-0XF00

Terminal

Terminal set for direct connection to 400 V low voltage 17

4

7XX8400-0TD00

Accessories

USB cover

10

7XX8310-0MK00

Accessories

Set of angle rails

2

7XX8300-0ME00

Accessories

Panel surface mounting assembly frame (for mounting a device in
the panel surface mounting)

1

7XX8310-0MG00

Accessories

DIGSI 5 USB cable 2.0

1

7XX8300-0CE00

Table 5.2/1 Accessories

17

In preparation
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Attachment
Connection Diagrams

5.3

[dw_AZ_IO060, 2, en_US]

Figure 5.3/1 IO060 Connection Diagram

[dw_AZ_PS050, 2, en_US]

Figure 5.3/2 PS050 Connection Diagram
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Attachment
Assembly Dimensions

5.4

[dw_SIP5-compact_dimensional_drawing, 2, en_US]

[dw_drilling_sourface_mounting_in_SIP5Comp, 1, en_US]
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Attachment
Grouping Measured Values
Measured Value

Description

Grouping of Base Measured Values
Operational measured values

RMS value calculation and power calculation as per the definition
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG

5.5

Frequency f
Power P, Q, S (3-phase and phase-specific)
Power factor f
Fundamental and symmetrical components

Calculation of phasor variables with Fourier filter or according to transformation rule
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG
Symmetrical components I0, I1, I2, V0, V1, V2

Energy values

Metered values are determined for active and reactive energy. Restore time, restore interval, and
counting mode are adjustable. Restoring can also be initiated via a binary input. The following
metered values are available:
Active energy Wp+ (release), Wp– (uptake)
Reactive energy Wq+ (release), Wq– (uptake)

Statistical values

The following statistical values are formed as follows:
Total sum of primary breaking currents
Total number of initiated trippings of the circuit breaker

Grouping of Advanced Measured Values
Mean values

Mean values can be calculated on the basis of the operational measured values and the symmetrical
components. The time slot for mean-value calculation and the output interval are parameterizable.

Minimum values and maximum values

The minimum/maximum values can be generated on the basis of operational measured values,
symmetrical components, and selected measured values (for example, from mean values). The
display of minimum and maximum values contains the time of their occurrence. The calculation is
stabilized against smaller value fluctuations in currents and voltages.
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Attachment
Technical Data
The following is an extract from the technical data for
SIPROTEC 5 Compact. Refer to the current SIPROTEC 5 Compact
manual under www.siemens.com/siprotec or under SIOS for
more information

Standard Binary Input
Dropout time18

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Measuring range

0 V to 200 V

Burden

< 0.1 VA

Thermal rating

230 V continuously

Control voltage

Capacitive load
(supply-line capacitance)

Dropout time

< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in
the device to the control voltage.
Range 1 for 24 V,
48 V, and 60 V
Control voltage

Power Supply via Integrated Power Supply

Range 3 for 220 V and Vlow ≤ DC 88 V
250 V
Vhigh ≥ DC 176 V
Control voltage

DC 19 V to DC 250 V
AC 92 V to AC 265 V at
50 Hz, 60 Hz

Auxiliary rated voltage VH

DC 24 V, 48 V, 60 V,
110 V, 220 V

Maximum admissible
voltage

AC 115V, 230 V at 50
Hz, 60 Hz

The binary inputs contain interference suppression capacitors. To
ensure EMC immunity, use the terminals shown in the terminal
diagrams/connection diagrams to connect the binary inputs to the
common potential.

Superimposed alternating voltage, peak-topeak, IEC 60255-11, IEC 61000-4-17

≤ 15 % of the DC auxiliary rated voltage
(applies to direct
voltage only)

Inrush current

≤ 18 A

Recommended external protection

6 A miniature circuit
breaker, characteristic C
according to IEC 60898

DC 24 V to DC 250 V

Fast relay (type F)
Making capacity

Breaking capacity

AC and DC contact
voltage

DC 24 V

AC 230 V

AC 110 V

12 W

42 VA, power factor
≥ 0.25

28 VA, power factor
≥ 0.35

Stored-energy time
on outage or short
circuit of the auxiliary voltage

In each permissible AC and DC voltage range ≥
50 ms

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≥ 0.35, 50 Hz to
60 Hz)

4 A time-lag, AC 250 V, DC 300 V, UL recognized
Power Consumption (Life Relay Active)

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≥ 0.35, 50 Hz to
60 Hz)

AC 115 V to AC 230 V
SIBA type 179200

DC 300 V

Relay Outputs

Internal Fuse

–

Vhigh ≥ DC 19 V

Range 2 for 110 V and Vlow ≤ DC 44 V
125 V
Vhigh ≥ DC 88 V
Control voltage

Power Supply

Permissible voltage ranges

Vlow ≤ DC 10 V

250 V

Permissible current per 5 A
contact (continuous)
Permissible current per 30 A for 1 s (make contact)
contact (switching on
and holding)
Short-time current
across closed contact

250 A for 30 ms

Total permissible
5A
current for contacts
connected to common
potential

IEC 61000-4-11
IEC 61000-4-29

Binary Input
Standard Binary Input
Rated voltage range

DC 24 V to 250 V

Current consumption,
picked up

Approx. DC 0.6 mA to DC 2.5 mA (independent
of the control voltage)

Power consumption,
max.

0.6 W

Pickup time

Approx. 3 ms

18

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of the binary input
(for example, a resistor in parallel to the binary input or using a change-over contact).
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Attachment
Technical Data
Protocol

Fast relay (type F)
Switching time

OOT19

Rated data of the
output contacts in
accordance with UL
certification

IEC 61850 (MMS and GOOSE)

Break time: typical: 2 ms; maximum: 5 ms

Modbus TCP

DC 24 V, 5 A, General Purpose

You can switch other network services like
SNMP, RSTP, PRP, HSR, SNTP, and SUP Ethernet
on and off.

DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 120 V, 5 A, General Purpose

Max. line length

2 km via 62.5/125-μm multimode optical fiber

AC 250 V, 5 A, General Purpose

Transmitter Power

Minimum

Typical

Maximum

AC 250 V, 0.5 hp

50 μm/125 μm, NA20
= 0.2

-24.0 dBm

-21.0 dBm

-17.0 dBm

62.5 μm/125 μm, NA20 -20.0 dBm
= 0.275

-17.0 dBm

-14.0 dBm

B300
5.6

DIGSI 5 protocol (secure Web service protocol)

Make time: typical: 4 ms; maximum: 5 ms

R300
Interference suppression capacitors across
the contacts

4.7 nF, ± 20 %, AC 250 V

Monitoring

2-channel activation

Receiver sensitivity

Maximum -12.0 dBm
Minimum -31.0 dBm

Optical budget

Light-Emitting Diodes in the On-Site Operation Panel
Status

Color

Quantity

RUN

Green

1

ERROR

Red

1

Routable (adjustable
2-colored: red or green 8
with DIGSI 5) Only the
defined color can be
used in operation.

User Interface, Front Side

Minimum 7.0 dB for 50 μm/125 μm, NA20 = 0.2
Minimum 11.0 dB for 62.5 μm/
125 μm, NA20 = 0.275

Interface design

Corresponds to IEEE 802.3, 100Base-FX

Laser class 1 as per
EN 60825-1/-2

With the use of 62.5 μm/125 μm and 50 μm/
125 μm optical fibers

The integrated optical Ethernet interface offers the possibility of
replacing the SFPs (Small Form-Factor Pluggable) delivered by
default for a communication route of up to 2 km by SFPs that
can be ordered separately in order to adapt the interface to
different transmission media and longer routes.

You can find a USB connection of type B for the connection to a
laptop computer or to a PC on the front side of the device. A
protection cover protects this USB connection against pollution
and humidity.
USB

User interface

Connection

USB type B

Insulation class

PELV (Protective Extra Low Voltage) (according
to IEC 60255-27)

Integrated Ethernet Interface (Port F)
This terminal is used to load the device with DIGSI 5 using
Ethernet. This terminal also enables IEC 61850 Ethernet communication or communication with another protocol via Ethernet,
for example, for connecting an external RTD unit.
Interface

Integrated optical Ethernet interface

Connector type

2 x Duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

19
20

OOT (Output Operating Time): Additional delay of the output medium used, for example, 1 ms with electronic relays
Numerical Aperture (NA = sin θ [launch angle])
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Attachment
Legal Notices
Indication of Conformity
This product complies with the directive of the Council of
the European Communities on harmonization of the laws
of the Member States concerning electromagnetic
compatibility (EMC Directive 2014/30/EU), restriction on
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Purpose
This manual provides you with a comprehensive overview of the organization
blocks (OB), system functions (SFC), system and standard function blocks (SFC),
and IEC functions contained in the operating systems of the CPUs of the S7-300
and S7-400, diagnostic data, system status lists (SZL), and events.

Note
Refer to the reference section of the "S7-300 Automation System
CPU Specifications: CPU 31xC and CPU 31x" and "S7-300 Automation System
CPU Specifications: CPU 312IFM - 318-2 DP“ /70/ or the
"Automation System S7-400: CPU Specifications" reference manual /101/ or the
Instruction List: S7-400 Programmable Controller /102/ (whichever version applies
to your CPU) for details of which of these functions and blocks are available on
which CPU. The properties of the CFBs and the S7 signaling functions for specific
CPUs are described in /70/ and /101/.

For information about the CPU operating systems, program design, and the
communications and diagnostic capabilities of the CPUs, refer to the
"Configuring Hardware and Communication Connections STEP 7 V5.4" manual
/234/ How to call functions and function blocks in your program is explained in the
language descriptions.
You program and assign parameters for all these functions using the STEP 7
standard software. How to use this software is described in the
"Programming with STEP 7 V5.4" manual /231/ and in the STEP 7 online help.

Audience
This manual is intended for programmers and engineers who are familiar with
controlling processes and are responsible for writing programs for programmable
logic controllers.
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STEP 7 Documentation Packages
The following table displays an overview of the STEP 7 documentation:
Documentation

Purpose

STEP 7 Basic Information with

Basic information for technical
6ES7810-4CA08-8BW0
personnel describing the methods
of implementing control tasks with
STEP 7 and the S7-300/400
programmable controllers.

•

Working with STEP 7 ,
Getting Started Manual

•

Programming with STEP 7

•

Configuring Hardware and
Communication Connections, STEP 7

•

From S5 to S7, Converter Manual

STEP 7 Reference with

Order Number

Provides reference information
and describes the programming
languages LAD, FBD, and STL,
and standard and system
functions extending the scope of
the STEP 7 basic information.

6ES7810-4CA08-8BW1

Online Helps

Purpose

Order Number

Help on STEP 7

Basic information on
Part of the STEP 7
programming and configuring
Standard software.
hardware with STEP 7 in the form
of an online help.

Reference helps on STL/LAD/FBD
Reference help on SFBs/SFCs
Reference help on Organization Blocks

Context-sensitive reference
information.

•

Ladder Logic (LAD)/Function Block
Diagram (FBD)/Statement List (STL)
for S7-300/400 manuals

•

Standard and System Functions for
S7-300/400
Volume 1 and Volume 2

iv

Part of the STEP 7
Standard software.
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Online Help
The manual Volume 1 and Volume 2 is complemented by an online help which is
integrated in the software. This online help is intended to provide you with detailed
support when using the software.
The help system is integrated in the software via a number of interfaces:
• There are several menu commands which you can select in the Help menu:
The Contents command opens the index for the Help on STEP 7.
• Using Help provides detailed instructions on using the online help.
• The context-sensitive help offers information on the current context, for
example, an open dialog box or an active window. You can open the contextsensitive help by clicking the "Help" button or by pressing F1.
• The status bar offers another form of context-sensitive help. It displays a short
explanation for each menu command when the mouse pointer is positioned on
the menu command.
• A brief explanation is also displayed for each icon in the toolbar when the
mouse pointer is positioned on the icon for a short time.
If you prefer to read the information from the online help in printed format, you can
print out individual help topics, books, or the entire online help.
This manual is an extract from the HTML-based Help on STEP 7. As the manual
and the online help share an almost identical structure, it is easy to switch between
the manual and the online help.

Feedback on Documentation
To help us to provide the best possible documentation for you and future STEP 7
users, we need your support. If you have any comments or suggestions relating to
this manual or the online help, please complete the questionnaire at the end of the
manual and send it to the address shown. Please include your own personal rating
of the documentation.

Other Manuals
The various S7-300 and S7-400 CPUs and the S7-300 and S7-400 modules are
described in the following manuals:
• For the S7-300 programmable logic controller, refer to the manuals: "
Automatisierungssystem S7-300 CPU-Daten: CPU 31xC und CPU 31x und
Automatisierungssystem S7-300 CPU-Daten: CPU 312 IFM bis 318-2 DP“ "
/70/, "S7-300, M7-300 Programmable Controllers Module Specifications" /71/
and in the Instruction List /72/.
• For the S7-400 programmable logic controller, refer to the manual:
"Automatisierungssystem S7-400: CPU Daten " /101/ and in the Instruction List
/102/.
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How to Use this Manual
This manual covers the following topics:
• Chapter 1 explains the functions of all the organization blocks.
• Chapter 2 describes the common parameters RET_VAL, REQ and BUSY.
• Chapters 3 to 29 describe the SFCs, SFBs and IEC-FCs.
• The Chapters sections 30 to 35 contain a description of the structure of the
diagnostic data, an overview of the SZL-IDs, the possible events, lists of the
SFCs, SFBs and FCs described in this manual, an overview of the SDBs.
• The bibliography contains a list of further manuals.
• The Glossary explains important terminology.
• The Index helps you to locate sections of text and topics quickly.

Conventions
References to other manuals and documentation are indicated by numbers in
slashes /.../. These numbers refer to the titles of manuals listed in the bibliography.

Special Note
The system functions can be interrupted. If there are any restrictions that apply to
certain SFCs or situations, these are explained in the description of the particular
SFC.

Further Support
If you have any technical questions, please get in touch with your Siemens
representative or responsible agent.
You will find your contact person at:
http://www.siemens.com/automation/partner
You will find a guide to the technical documentation offered for the individual
SIMATIC Products and Systems here at:
http://www.siemens.com/simatic-tech-doku-portal
The online catalog and order system is found under:
http://mall.automation.siemens.com/

Training Centers
Siemens offers a number of training courses to familiarize you with the SIMATIC
S7 automation system. Please contact your regional training center or our central
training center in D 90327 Nuremberg, Germany for details:
Telephone: +49 (911) 895-3200.
Internet:

vi

http://www.sitrain.com
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Technical Support
You can reach the Technical Support for all A&D products
• Via the Web formula for the Support Request
http://www.siemens.com/automation/support-request
• Phone:

+ 49 180 5050 222

• Fax:

+ 49 180 5050 223

Additional information about our Technical Support can be found on the Internet
pages http://www.siemens.com/automation/service

Service & Support on the Internet
In addition to our documentation, we offer our Know-how online on the internet at:
http://www.siemens.com/automation/service&support
where you will find the following:
• The newsletter, which constantly provides you with up-to-date information on
your products.
• The right documents via our Search function in Service & Support.
• A forum, where users and experts from all over the world exchange their
experiences.
• Your local representative for Automation & Drives.
• Information on field service, repairs, spare parts and more under "Services".
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Organization Blocks

1.1

Overview of the Organization Blocks (OBs)

What Are Organization Blocks?
Organization Blocks (OBs) are the interface between the operating system of the
CPU and the user program. OBs are used to execute specific program sections:
• At the startup of the CPU
• In a cyclic or clocked execution
• Whenever errors occur
• Whenever hardware interrupts occur.
Organization blocks are executed according to the priority they are allocated.

Which OBs Are Available?
Not all CPUs can process all of the OBs available in STEP 7. Refer to Operations
lists /72/ and /102/ to determine which OBs are included with your CPU.
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Organization Blocks

Where to Find More Information?
Refer to the online help and the following manuals for more information:
• /70/: this manual contains the technical data that describe the capabilities of the
different S7-300 CPUs.
• /101/: this manual contains the technical data that describe the capabilities of
the different S7-400 CPUs.
The following table contains the start event belonging to each OB as well as the
default priority class.
OB

Start Event

Default Priority
Class

Explanation

OB1

End of startup or end of OB1

1

Free cycle

OB10

Time-of-day interrupt 0

2

OB11

Time-of-day interrupt 1

2

No default time
specified

OB12

Time-of-day interrupt 2

2

OB13

Time-of-day interrupt 3

2

OB14

Time-of-day interrupt 4

2

OB15

Time-of-day interrupt 5

2

OB16

Time-of-day interrupt 6

2

OB17

Time-of-day interrupt 7

2

OB20

Time-delay interrupt 0

3

OB21

Time-delay interrupt 1

4

OB22

Time-delay interrupt 2

5

OB23

Time-delay interrupt 3

6

OB30

Cyclic interrupt 0 (default interval: 5 s)

7

OB31

Cyclic interrupt 1 (default interval: 2 s)

8

OB32

Cyclic interrupt 2 (default interval: 1 s)

9

OB33

Cyclic interrupt 3 (default interval: 500 ms)

10

OB34

Cyclic interrupt 4 (default interval: 200 ms)

11

OB35

Cyclic interrupt 5 (default interval: 100 ms)

12

OB36

Cyclic interrupt 6 (default interval: 50 ms)

13

OB37

Cyclic interrupt 7 (default interval: 20 ms)

14

OB38

Cyclic interrupt 8 (default interval: 10 ms)

15

OB40

Hardware interrupt 0

16

OB41

Hardware interrupt 1

17

OB42

Hardware interrupt 2

18

OB43

Hardware interrupt 3

19

OB44

Hardware interrupt 4

20

OB45

Hardware interrupt 5

21

OB46

Hardware interrupt 6

22

OB47

Hardware interrupt 7

23

OB55

Status interrupt

2

OB56

Update interrupt

2

OB57

Manufacturer specific interrupt

2

OB60

SFC35 "MP_ALM" call

25

1-2

No default time
specified

Cyclic interrupts

Hardware interrupts

DPV1 interrupts

Multicomputing
interrupt
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OB

Start Event

Default Priority
Class

Explanation

OB 61

Synchronous Cycle Interrupt 1

25

OB 62

Synchronous Cycle Interrupt 2

25

Synchronous Cycle
Interrupt

OB 63

Synchronous Cycle Interrupt 3

25

OB 64

Synchronous Cycle Interrupt 4

25

OB 65

Technology synchronization interrupt

25

Technology
synchronization
interrupt

OB70

I/O redundancy error (only in H CPUs)

25

OB72

CPU redundancy error (only in H CPUs)

28

Redundancy error
interrupts

OB 73

Communication redundancy error OB (only in 25
H CPUs)

OB80

Time error

26, 28 1)

OB81

Power supply fault

26, 28 1) with S7-300,
25, 28 1) with S7-400
and CPU 318

OB82

Diagnostic interrupt

26, 28 1) with S7-300,
1)
25, 28 with S7-400
and CPU 318

OB83

Insert/remove module interrupt

26, 28 1) with S7-300,
25, 28 1) with S7-400
and CPU 318

OB84

CPU hardware fault

26, 28 1) with S7-300,
25, 28 1) with S7-400
and CPU 318

OB85

Program error

26, 28 1) with S7-300,
1)
25, 28 with S7-400
and CPU 318

OB86

Failure of an expansion rack, DP master
system or station for distributed I/Os

26, 28 1) with S7-300,
25, 28 1) with S7-400
and CPU 318

OB87

Communication error

26, 28 1) with S7-300,
25, 28 1) with S7-400
and CPU 318

OB 88

Processing interrupt

28

OB90

Warm or cold restart or delete a block being
executed in OB90 or load an OB90 on the
CPU or terminate OB90

29 2)

Background cycle

27 1)

Startup

OB100 Warm restart

1)

OB101 Hot restart

27

OB102 Cold restart

27 1)

OB121 Programming error

Priority of the OB
causing the error

OB122 I/O access error

Priority of the OB
causing the error

1)
2)

Asynchronous error
interrupts

Synchronous error
interrupts

Priority classes 27 and 28 are valid in the priority class model of the startup.
Priority class 29 corresponds to priority 0.29. This means that the background cycle has lower
priority than the free cycle.
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1.2

Program Cycle Organization Block (OB1)

Description
The operating system of the S7 CPU executes OB1 periodically. When OB1 has
been executed, the operating system starts it again. Cyclic execution of OB1 is
started after the startup has been completed. You can call other function blocks
(FBs, SFBs) or functions (FCs, SFCs) in OB1.

Understanding the Operation of OB1
OB1 has the lowest priority of all of the OBs whose run-times are monitored, in
other words, all of the other OBs except OB90 can interrupt the execution of OB1.
The following events cause the operating system to call OB1:
• The startup is completed.
• The execution of OB1 (the previous cycle) has finished.
When OB1 has been executed, the operating system sends global data. Before
restarting OB1, the operating system writes the process-image output table to the
output modules, updates the process-image input table and receives any global
data for the CPU.
S7 monitors the maximum scan time, ensuring a maximum response time. The
value for the maximum scan time is preset to 150 ms. You can set a new value or
you can restart the time monitoring anywhere within your program with SFC43
"RE_TRIGR." If your program exceeds the maximum cycle time for OB1, the
operating system calls OB80 (time error OB); if OB80 is not programmed, the CPU
changes to the STOP mode.
Apart from monitoring the maximum scan time, it is also possible to guarantee a
minimum scan time. The operating system will delay the start of a new cycle
(writing of the process image output table to the output modules) until the minimum
scan time has been reached.
Refer to the manuals /70/ and /101/ for the ranges of the parameters "maximum"
and "minimum" scan time. You change parameter settings using STEP 7.
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Local Data for OB1
The following table describes the temporary (TEMP) variables for OB1. The
variable names are the default names of OB1.
Variable

Type

Description

OB1_EV_CLASS

BYTE

Event class and identifiers: B#16#11: OB1 active

OB1_SCAN_1

BYTE

•

B#16#01: completion of a warm restart

•

B#16#02: completion of a hot restart

•

B#16#03: completion of the main cycle

•

B#16#04: completion of a cold restart

•

B#16#05: first OB1 cycle of the new master CPU
after master-reserve switchover and STOP of the
previous master

OB1_PRIORITY

BYTE

Priority class 1

OB1_OB_NUMBR

BYTE

OB number (01)

OB1_RESERVED_1

BYTE

Reserved

OB1_RESERVED_2

BYTE

Reserved

OB1_PREV_CYCLE

INT

Run time of previous scan (ms)

OB1_MIN_CYCLE

INT

Minimum cycle time (ms) since the last startup

OB1_MAX_CYCLE

INT

Maximum cycle time (ms) since the last startup

OB1_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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1.3

Time-of-Day Interrupt Organization Blocks
(OB10 to OB17)

Description
STEP 7 provides up to eight OBs (OB10 to OB17) which can be run once or
periodically. You can assign parameters for CPU using SFCs or STEP 7 so that
these OBs are processed at the following intervals:
• Once
• Every minute
• Hourly
• Daily
• Weekly
• Monthly
• At the end of each month

Note
For monthly execution of a time-of-day interrupt OBs, only the days 1, 2, ... 28 can
be used as a starting date.
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Understanding the Operation of Time-of-Day Interrupt OBs
To start a time-of-day interrupt, you must first set and then activate the interrupt.
The three following start possibilities exist:
• Automatic start of the time-of-day interrupt. This occurs once you have set and
then activated the time-of-day interrupt with STEP 7. The following table shows
the basic possibilities for activating a time-of-day interrupt with STEP 7.
• You set the time-of-day interrupt with STEP 7 and then activate it by calling
SFC30 "ACT-TINT" in your program.
• You set the time-of-day interrupt by calling SFC28 "SET_TINT" and then
activate it by calling SFC30 "ACT_TINT."

Interval

Description

Not activated

The time-of-day interrupt is not executed, even when loaded in the CPU. It can
be activated by calling SFC30.

Activated once only

The time-of-day OB is canceled automatically after it runs the one time
specified.
Your program can use SFC28 and SFC30 to reset and reactivate the OB.

Activated periodically

When the time-of-day interrupt occurs, the CPU calculates the next start time
for the time-of-day interrupt based on the current time of day and the period.

The behavior of the time-of-day interrupt when you move the clock forwards or
backwards is described in /234/.
Note
If you configure a time-of-day interrupt in such a way that the corresponding OB is to be
processed once, the DATE_AND_TIME must not be in the past (relative to the real-time
clock of the CPU).
If you configure a time-of-day interrupt in such a way that the corresponding OB is to be
processed periodically, the start DATE_AND_TIME, however, are in the past, then the timeof-day interrupt will be processed the next time it is due. This is illustrated in the following
figure.

You can disable or delay and re-enable time-of-day interrupts using SFCs 39 to 42.

Preset
start time

Preset
interval

Current
time

Point at which the time-of-day
interrupt OB is first executed.

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

1-7

Organization Blocks

Conditions That Affect Time-of-Day Interrupt OBs
Since a time-of-day interrupt occurs only at specified intervals, certain conditions
can affect the operation of the OB during the execution of your program. The
following table shows some of these conditions and describes the effect on the
execution of the time-of-day interrupt OB.
Condition

Result

Your program calls SFC29 (CAN_TINT) and
cancels a time-of-day interrupt.

The operating system clears the start event
(DATE_AND_TIME) for the time-of-day interrupt. You
must set the start event again and activate it before the
OB can be called again.

Your program attempted to activate a time-ofday interrupt OB, but the OB was not loaded
on the CPU.

The operating system calls OB85. If OB85 has not been
programmed (loaded on the CPU), the CPU changes to
the STOP mode.

When synchronizing or correcting the system
clock of the CPU, you set the time ahead and
skipped the start event date or time for the
time-of-day OB.

The operating system calls OB80 and encodes the
number of the time-of-day OB and the start event
information in OB80.

When synchronizing or correcting the system
clock of the CPU, the time was set back so
that the start event, date, or time for the OB is
repeated.

S7-400-CPUs and CPU 318:
If the time-of-day OB had already been activated before
the clock was set back, it is not called again.

The CPU runs through a warm or cold restart.

Any time-of-day OB that was configured by an SFC is
changed back to the configuration that was specified in
STEP 7.

The operating system then runs the time-of-day OB
once, regardless of the number of times that this OB
should have been executed. The start event information
of OB80 shows the DATE_AND_TIME that the time-ofday OB was first skipped.

S7-300-CPUs: The time-of-day OB is executed.

If you have configured a time-of-day interrupt for a onetime start of the corresponding OB, set it with STEP 7,
and activated it, the OB is called once after a warm or
cold restart of the operating system, if the configured
start time is in the past (relative to the real-time clock of
the CPU).
A time-of-day OB is still being executed when
the start event for the next interval occurs.

The operating system calls OB80. If OB80 is not
programmed, the CPU changes to the STOP mode.
If OB80 is loaded, both OB80 and the time-of-day
interrupt OB are first executed and then second the
requested interrupt is executed.
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Local Data for Time-of-Day Interrupt OBs
The following table describes the temporary (TEMP) variables for a time-of-day
interrupt OB. The variable names are the default names of OB10.
Variable

Type

Description

OB10_EV_CLASS

BYTE

Event class and identifiers: B#16#11 = interrupt is
active

OB10_STRT_INFO

BYTE

B#16#11: start request for OB10
(B#16#12: start request for OB11)
:
:
(B#16#18: start request for OB17)

OB10_PRIORITY

BYTE

Assigned priority class; default 2

OB10_OB_NUMBR

BYTE

OB number (10 to 17)

OB10_RESERVED_1

BYTE

Reserved

OB10_RESERVED_2

BYTE

Reserved

OB10_PERIOD_EXE

WORD

The OB is executed at the specified intervals:
W#16#0000: once
W#16#0201: once every minute
W#16#0401: once hourly
W#16#1001: once daily
W#16#1201: once weekly
W#16#1401: once monthly
W#16#1801: once yearly
W#16#2001: end of month

OB10_RESERVED_3

INT

Reserved

OB10_RESERVED_4

INT

Reserved

OB10_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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1.4

Time-Delay Interrupt Organization Blocks
(OB20 to OB23)

Description
S7 provides up to four OBs (OB20 to OB23) which are executed after a specified
delay. Every time-delay OB is started by calling SFC32 (SRT_DINT). The delay
time is an input parameter of the SFC.
When your program calls SFC32 (SRT_DINT), you provide the OB number, the
delay time, and a user-specific identifier. After the specified delay, the OB starts.
You can also cancel the execution of a time-delay interrupt that has not yet started.

Understanding the Operation of Time-Delay Interrupt OBs
After the delay time has expired (value in milliseconds transferred to SFC32
together with an OB number), the operating system starts the corresponding OB.
To use the time-delay interrupts, you must perform the following tasks:
• You must call SFC32 (SRT_DINT).
• You must download the time-delay interrupt OB to the CPU as part of your
program.
Time-delay OBs are executed only when the CPU is in the RUN mode. A warm or
a cold restart clears any start events for the time-delay OBs. If a time-delay
interrupt has not started, you can use SFC 33 (CAN_DINT) to cancel its execution.
The delay time has a resolution of 1 ms. A delay time that has expired can be
started again immediately. You can query the status of a delay-time interrupt using
SFC 34 (QRY_DINT).
The operating system calls an asynchronous error OB if one of the following events
occur:
• If the operating system attempts to start an OB that is not loaded and you
specified its number when calling SFC 32 "SRT_DINT."
• If the next start event for a time-delay interrupt occurs before the time-delay OB
has been completely executed.
You can disable or delay and re-enable delay interrupts using SFCs 39 to 42.

1-10

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

Organization Blocks

Local Data for Time-Delay Interrupt OBs
The following table describes the temporary (TEMP) variables for a time-delay
interrupt OB. The variable names are the default names of OB20.
Variable

Type

Description

OB20_EV_CLASS

BYTE

Event class and identifiers:

OB20_STRT_INF

BYTE

B#16#11: interrupt is active
B#16#21: start request for OB20
(B#16#22: start request for OB21)
(B#16#23: start request for OB22)
(B#16#24: start request for OB23)
OB20_PRIORITY

BYTE

Assigned priority class: default values 3 (OB20) to 6
(OB23)

OB20_OB_NUMBR

BYTE

OB number (20 to 23)

OB20_RESERVED_1

BYTE

Reserved

OB20_RESERVED_2

BYTE

Reserved

OB20_SIGN

WORD

User ID: input parameter SIGN from the call for SFC32
(SRT_DINT)

OB20_DTIME

TIME

Configured delay time in ms

OB20_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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1.5

Cyclic Interrupt Organization Blocks (OB30 to OB38)

Description
S7 provides up to nine cyclic interrupt OBs (OB30 to OB38) which interrupt your
program at fixed intervals. The following table shows the default intervals and
priority classes for the cyclic interrupt OBs.
OB Number

Default Interval

Default Priority Class

OB30

5s

7

OB31

2s

8

OB32

1s

9

OB33

500 ms

10

OB34

200 ms

11

OB35

100 ms

12

OB36

50 ms

13

OB37

20 ms

14

OB38

10 ms

15

Understanding the Operation of Cyclic Interrupt OBs
The equidistant start times of the cyclic interrupt OBs are determined by the
interval and the phase offset. Refer to /234/ for the relationship between the start
time, time cycle, and phase offset of an OB.
Note
You must make sure that the run time of each cyclic interrupt OB is significantly
shorter than its interval. If a cyclic interrupt OB has not been completely executed
before it is due for execution again because the interval has expired, the time error
OB (OB80) is started. The cyclic interrupt that caused the error is executed later.
You can disable or delay and re-enable cyclic interrupts using SFCs 39 to 42
Refer to the specifications of your specific CPU for the range of the parameters
interval, priority class, and phase offset. You can change the parameter settings
using STEP 7.
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Local Data for Cyclic Interrupt OBs
The following table describes the temporary (TEMP) variables for a cyclic interrupt
OB. The variable names are the default names of OB35.
Variable

Type

Description

OB35_EV_CLASS

BYTE

Event class and identifiers

OB35_STRT_INF

BYTE

B#16#11: interrupt is active
•

B#16#30: Start request for cyclic interrupt OB
with special criteria (only for H-CPUs and there
only if explicitly configured for them)

•

B#16#31: start request for OB30

•

B#16#36: start request for OB35

•

B#16#39: start request for OB38

•

B#16#3A: Start request for cyclic interrupt OB
with special criteria (only for S7-300 and there
only if explicitly configured for them)

OB35_PRIORITY

BYTE

Assigned priority class: defaults 7 (OB30) to 15
(OB38)

OB35_OB_NUMBR

BYTE

OB number (30 to 38)

OB35_RESERVED_1

BYTE

Reserved

OB35_RESERVED_2

BYTE

Reserved

OB35_PHASE_OFFSET

WORD

•

If OB35_STRT_INF=B#16#3A:
phase offset in µs

•

In all other cases: phase offset in ms

OB35_RESERVED_3

INT

Reserved

OB35_EXC_FREQ

INT

•

If OB35_STRT_INF=B#16#3A:
phase offset in µs

•

In all other cases: interval in milliseconds

OB35_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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1.6

Hardware Interrupt Organization Blocks
(OB40 to OB47)

Description
S7 provides up to eight independent hardware interrupts each with its own OB.
By assigning parameters with STEP 7, you specify the following for each signal
module that will trigger hardware interrupts:
• Which channels trigger a hardware interrupt under what conditions.
• Which hardware interrupt OB is assigned to the individual groups of channels
(as default, all hardware interrupts are processed by OB40).
With CPs and FMs, you assign these parameters using their own software.
You select the priority classes for the individual hardware interrupt OBs using
STEP 7.

Understanding the Operation of Hardware Interrupt OBs
After a hardware interrupt has been triggered by the module, the operating system
identifies the slot and the corresponding hardware interrupt OB. If this OB has a
higher priority than the currently active priority class, it will be started. The channelspecific acknowledgement is sent after this hardware interrupt OB has been
executed.
If another event that triggers a hardware interrupt occurs on the same module
during the time between identification and acknowledgement of a hardware
interrupt, the following applies:
• If the event occurs on the channel that previously triggered the hardware
interrupt, then the new interrupt is lost. This is illustrated in the following figure
based on the example of a channel of a digital input module. The triggering
event is the rising edge. The hardware interrupt OB is OB40.
These hardware interrupts are not detected
Process signal

OB40

Execution of OB40

• If the event occurs on another channel of the same module, then no hardware
interrupt can currently be triggered. This interrupt, however, is not lost, but is
triggered after the acknowledgement of the currently active hardware interrupt.
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If a hardware interrupt is triggered and its OB is currently active due to a hardware
interrupt from another module, the new request is recorded and the OB processed
when it is free.
You can disable or delay and re-enable hardware interrupts using SFCs 39 to 42.
You can assign parameters for the hardware interrupts of a module not only with
STEP 7 but also with SFCs 55 to 57.

Local Data for Hardware Interrupt OBs
The following table describes the temporary (TEMP) variables for a hardware
interrupt OB. The variable names are the default names of OB40.
Variable

Type

Description

OB40_EV_CLASS

BYTE

Event class and identifiers:
B#16#11: interrupt is active

OB40_STRT_INF

BYTE

•

B#16#41: interrupt via interrupt line 1

•

B#16#42: interrupt via interrupt line 2
(only with an S7-400)

•

B#16#43: interrupt via interrupt line 3
(only with an S7-400)

•

B#16#44: interrupt via interrupt line 4
(only with an S7-400)

OB40_PRIORITY
OB40_OB_NUMBR
OB40_RESERVED_1
OB40_IO_FLAG

BYTE
BYTE
BYTE
BYTE

OB40_MDL_ADDR

WORD

OB40_POINT_ADDR

DWORD

•
B#16#45: WinAC: interrupt triggered via PC
Assigned priority class: defaults 16 (OB40) to 23 (OB47)
OB number (40 to 47)
Reserved
Input module: B#16#54
Output module: B#16#55
Logical base address of the module that triggers the
interrupt
•
For digital modules:
bit field with the statuses of the inputs on the module(Bit
0 corresponds to the first input)
The assignment the bits from OB40_POINT_ADDR to
the channels in the module can be found in the
description for the given module.
•

OB40_DATE_TIME

DATE_AND_TI
ME

For analog modules:
Bit field, informing which channel has exceeded which
limit (for detailed info on the structure refer to /71/ or
/101/).
•
For CPs or IMs:
Module interrupt status (not user relevant)
DATE_AND_TIME of day when the OB was called

Note
If you are using a DPV1 capable CPU you can obtain additional information on the
interrupt with the help of SFB 54 "RALRM" which exceeds the start information of
the OB. This also applies when you operate the DP Master in S7 compatible mode.
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1.7

Status Interrupt OB (OB 55)
Note
A status interrupt OB (OB 55) is only available for DPV1 capable CPUs.

Description
The CPU operating system calls OB55 if a status interrupt was triggered via the
slot of a DPV1 slave. This might be the case if a component (module or rack) of a
DPV1 slaves changes its operating mode, for example from RUN to STOP. For
precise information on events that trigger a status interrupt, refer to the
documentation of the DPV1 slave‘s manufacturer.

Local data of the status interrupt OB
The table below contains the temporary (TEMP) variables of the status interrupt
OB. Selected variable names are the default names of OB55.
Variable

Data type

OB55_EV_CLASS

BYTE

Description
Event class and identifiers:
B#16#11 (upcoming event)

OB55_STRT_INF
OB55_PRIORITY

BYTE
BYTE

•

B#16#55: Status interrupt for DP

•

B#16#58: Status interrupt for PN IO

Configured priority class, default values 2

OB55_OB_NUMBR

BYTE

OB number (55)

OB55_RESERVED_1

BYTE

Reserved

OB55_IO_FLAG

BYTE

Input module: B#16#54
Output module: B#16#55

OB55_MDL_ADDR

WORD

logical base address of the interrupt triggering component
(module)

OB55_LEN

BYTE

Data block length supplied by the interrupt

OB55_TYPE

BYTE

ID for the interrupt type "Status interrupt"

OB55_SLOT

BYTE

slot number of the interrupt triggering component (module)

OB55_SPEC

BYTE

Specifier

OB55_DATE_TIME

DATE_AND_TIME

•

Bit 0 to 1: Interrupt specifier

•

bit 2: Add_Ack

•

Bit 3 to 7: Seq. no.

Date and time at which the OB was called

Note
You can obtain the full auxiliary information on the interrupt the DP message frame
contains by calling SFB54 "RALRM" with OB55.
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1.8

Update Interrupt OB (OB 56)
Note
A update interrupt OB (OB 56) is only available for DPV1 capable CPUs.

Description
The CPU operating system calls OB56 if an update interrupt was triggered via the
slot of a DPV1 slave. This can be the case if you have changed the parameters for
the slot of a DPV1 slave (via local or remote access). For precise information on
events that trigger an update interrupt, refer to the documentation of the DPV1
slave‘s manufacturer.

Local data of the update interrupt OB
The table below contains the temporary (TEMP) variables of the update interrupt
OB. Selected variable names are the default names of OB56.
Variable

Data type

Description

OB56_EV_CLASS

BYTE

Event class and identifiers:

OB56_STRT_INF

BYTE

OB56_PRIORITY

BYTE

Configured priority class, default values 2

OB56_OB_NUMBR

BYTE

OB number (56)

OB56_RESERVED_1

BYTE

Reserved

OB56_IO_FLAG

BYTE

Input module: B#16#54

OB56_MDL_ADDR

WORD

B#16#11 (upcoming event)
•

B#16#56: Update interrupt for DP

•

B#16#59: Update interrupt for PN IO

Output module: B#16#55
logical base address of the interrupt triggering component
(module)

OB56_LEN

BYTE

Data block length supplied by the interrupt

OB56_TYPE

BYTE

ID for the interrupt type "Update interrupt"

OB56_SLOT

BYTE

slot number of the interrupt triggering component (module)

OB56_SPEC

BYTE

OB56_DATE_TIME

DATE_AND_TIME

Specifier
•

Bit 0 to 1: Interrupt specifier

•

bit 2: Add_Ack

•

Bit 3 to 7: Seq. no.

Date and time at which the OB was called

Note
You can obtain the full auxiliary information on the interrupt the DP message frame
contains by calling SFB54 "RALRM" with OB56.
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1.9

Manufacturer Specific Interrupt OB (OB57)
Note
An OB for manufacturer specific interrupts(OB57) is only available for DPV1
capable CPUs.

Description
The CPU operating system calls OB57 if an manufacturer specific interrupt was
triggered via the slot of a DPV1 slave.

Local data of the OB for manufacturer specific interrupts
The table below contains the temporary (TEMP) variables of the OB for
manufacturer specific interrupt interrupts. Selected variable names are the default
names of OB57.
Variable

Data type

OB57_EV_CLASS

BYTE

Description
Event class and identifiers:
B#16#11 (upcoming event)

OB57_STRT_INF

BYTE

•

B#16#57: Manufacturer interrupt for DP

•

B#16#5A: Manufacturer interrupt for PN IO

•

B#16#5B: IO: Profile-specific interrupt

OB57_PRIORITY

BYTE

Configured priority class, default values 2

OB57_OB_NUMBR

BYTE

OB number (57)

OB57_RESERVED_1

BYTE

Reserved

OB57_IO_FLAG

BYTE

Input module: B#16#54

OB57_MDL_ADDR

WORD

logical base address of the interrupt triggering component
(module)

OB57_LEN

BYTE

Data block length supplied by the interrupt

OB57_TYPE

BYTE

ID for the interrupt type "Manufacturer specific interrupt"

OB57_SLOT

BYTE

slot number of the interrupt triggering component (module)

OB57_SPEC

BYTE

Output module: B#16#55

OB57_DATE_TIME

Specifier

DATE_AND_TIME

•

Bit 0 to 1: Interrupt specifier

•

bit 2: Add_Ack

•

Bit 3 to 7: Seq. no.

Date and time at which the OB was called

Note
You can obtain the full auxiliary information on the interrupt the DP message frame
contains by calling SFB54 "RALRM" with OB57.
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1.10

Multicomputing Interrupt Organization Block (OB60)

Description
Using the multicomputing interrupt, you can make sure that the reaction of the
CPUs is synchronized to an event during multicomputing. In contrast to hardware
interrupts triggered by signal modules, the multicomputing interrupt can only be
output by CPUs.

Understanding the Operation of Multicomputing Interrupt OBs
A multicomputing interrupt is triggered by calling SFC35 "MP_ALM." During
multicomputing, this brings about a synchronized OB60 start on all CPUs of the
bus segment unless you have disabled OB60 (with SFC39 "DIS_IRT") or delayed it
(with SFC41 "DIS_AIRT"). If you have not loaded OB60 on a CPU, the CPU
returns to the last priority class before the interrupt and continues program
execution there. In single processor operation and when using segmented racks,
OB60 is only started on the CPU on which you called SFC35 "MP_ALM."
When your program calls SFC35 "MP_ALM," you supply a job ID. This ID is
transferred to all CPUs. This allows you to react to a specific event. If you program
OB60 differently on the various CPUs, this may result in different execution times
for the OB. In this case, the CPUs return to the interrupted priority class at different
times. If the next multicomputing interrupt is output by a CPU while another CPU is
still busy executing the OB60 of the previous multicomputing interrupt, then OB60
is not started either on the requesting or on any other CPU belonging to the bus
segment. This is illustrated in the following figure taking the example of two CPUs.
You are informed of the outcome by the function value of the called SFC35.

CPU 1:

"CALL SFC35"
OB60 execution

OB60 execution
Cycle

Cycle

"CALL SFC35"
CPU 2:

"CALL SFC35"

OB60 execution
Cycle

OB60 execution
Cycle
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Local Data for Multicomputing Interrupt OBs
The following table describes the temporary (TEMP) variables of the
multicomputing interrupt OB. The variable names are the default names of OB60.
Variable

Data Type

Description

OB60_EV_CLASS

BYTE

Event class and IDs:

OB60_STRT_INF

BYTE

B#16#11: Interrupt is active
B#16#61:

Multicomputing interrupt triggered by own CPU

B#16#62:

Multicomputing interrupt triggered by another
CPU

OB60_PRIORITY

BYTE

Assigned Priority class: default 25

OB60_OB_NUMBR

BYTE

OB number: 60

OB60_RESERVED_1

BYTE

Reserved

OB60_RESERVED_2

BYTE

Reserved

OB60_JOB

INT

Job ID: input variable JOB of SFC35 "MP_ALM"

OB60_RESERVED_3

INT

Reserved

OB60_RESERVED_4

INT

Reserved

OB60_DATE_TIME

DATE_AND_TI
ME

DATE_AND_TIME of day at which the OB was called.
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1.11

Synchronous Cycle Interrupt OBs (OB 61 to OB 64)

Description
Synchronous cycle interrupts give you the option of starting programs in
synchronous cycle with the DP cycle. OB 61 serves as an interface OB to the
synchronous cycle interrupt TSAL1. You can set the priority for OB 61 between 0
(OB deselected) and from 2 to 26.

!

Caution
For direct access with L or T commands (e.g. L PEB, T PAB) as well when using
SFCs 14 "DPRD_DAT" and 15 "DPWR_DAT", avoid accessing I/O areas, whose
process image partitions are assigned with a connection to OB6x (synchronous
cycle interrupt)

Local Data for the Synchronous Cycle Interrupt OBs
The following table describes the temporary (TEMP) variables of the synchronous
cycle interrupt OBs. The variable names are the default names of OB 61.
Variable

Data Type

Description

OB61_EV_CLASS

BYTE

Event class and IDs:
B#16#11: Interrupt is active

OB61_STRT_INF

BYTE

B#16#64: Start request for OB 61
:
B#16#67: Start request for OB 64

OB61_PRIORITY

BYTE

Assigned Priority class; default: 25

OB61_OB_NUMBR

BYTE

OB number: 61 … 64

OB61_RESERVED_1

BYTE

Reserved

OB61_RESERVED_2

BYTE

Reserved

OB61_GC_VIOL

BOOL

GC violation

OB61_FIRST

BOOL

First use after startup or stop status

OB61_MISSED_EXEC

BYTE

Number of failed starts of OB 61 since last execution of
OB 61

OB61_DP_ID

BYTE

DP master system ID of the synchronous DP master
system

OB61_RESERVED_3

BYTE

Reserved

OB61_RESERVED_4

WORD

Reserved

OB61_DATE_TIME

DATE_AND_TIM
E

DATE_AND_TIME of day at which the OB was called.
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1.12

Technology Synchronization Interrupt OB (OB 65)
Note
The technology synchronization interrupt OB (OB 65) only applies to Technology
CPUs.

Description
The technology synchronization interrupt provides the option of starting a program
at the same time the technology blocks are updated. the technology
synchronization interrupt OB is started after the technology blocks are updated.
The priority class of the technology synchronization interrupt OB is has a fixed
setting of 25 and cannot be changed.

Note
At the time the technology synchronization interrupt OB is started there are still no
updated instance data for the technology functions available.

Local Data for the Technology Synchronization Interrupt OB
The following table describes the temporary (TEMP) variables of the technology
synchronization interrupt OB 65. The variable names are the default names of
OB 65.
Variable

Data Type

Description

OB65_EV_CLASS

BYTE

Event class and IDs:

OB65_STRT_INF

BYTE

B#16#6A: Start request for OB 65

OB65_PRIORITY

BYTE

Priority class: 25 (fixed setting)

B#16#11: incoming event, event class 1

OB65_OB_NUMBR

BYTE

OB number (65)

OB65_RESERVED_1

BYTE

Reserved

OB65_RESERVED_2

BYTE

Reserved

OB65_RESERVED_3

BOOL

Reserved

OB65_FIRST

BOOL

First use of OB 65 after startup

OB65_MISSED_EXEC

BYTE

Number of failed starts of OB 65 since last execution of
OB 65

OB65_RESERVED_4

BYTE

Reserved

OB65_RESERVED_5

BYTE

Reserved

OB65_RESERVED_6

WORD

Reserved

OB65_DATE_TIME

DATE_AND_TIME

Date and time of day at which the OB was called.

1-22

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

Organization Blocks

1.13

I/O Redundancy Error OB (OB70)
Note
The I/O redundancy error OB (OB70) can only be used with H CPUs.

Description
The operating system of the H CPU calls OB70 when there is a loss of redundancy
on PROFIBUS DP (for example, a bus failure for the active DP master or when an
error occurs in the interface module of the DP slave) or when the active DP master
of DP slaves with connected I/Os changes.
The CPU does not change to the STOP mode if a start event occurs and OB70 is
not programmed. If OB70 is loaded and if the H system is in the redundant mode,
OB70 is executed on both CPUs. The H system remains in the redundant mode.

Local Data of the I/O Redundancy OB
The following table contains the temporary (TEMP) variables of the I/O redundancy
error OB. The variable names selected are the default names of OB70.
Variable

Type

Description

OB70_EV_CLASS

BYTE

Event class and IDs:

OB70_FLT_ID

BYTE

•

B#16#72: outgoing event

•

B#16#73: incoming event

Error code (possible values:
B#16#A2, B#16#A3

OB70_PRIORITY

BYTE

Priority class; can be assigned via
STEP 7 (hardware configuration)

OB70_OB_NUMBR

BYTE

OB number (70)

OB70_RESERVED_1

WORD

Reserved

OB70_INFO_1

WORD

Dependent on error code

OB70_INFO_2

WORD

Dependent on error code

OB70_INFO_3

WORD

Dependent on error code

OB70_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME at which the OB
was called

The following table shows which event resulted in OB70 being started.
OB70_EV_CLASS

OB70_FLT_ID

Start Event of OB70

B#16#73

B#16#A2

Failure of a DP master or a DP master system respectively

B#16#73/B#16#72

B#16#A3

Loss of redundancy / return of redundancy of a DP slave
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The variables that depend on the error code have the following significance:
Error code
•

•

Bit

Meaning

B#16#A2
-

OB70_INFO_1:

Logical base address of the affected DP master

-

OB70_INFO_2:

Reserved

-

OB70_INFO_3:

0 to 7:

Reserved

8 to 15:

DP master system ID of the affected DP master

B#16#A3
-

OB70_INFO_1:

-

OB70_INFO_2:

-

OB70_INFO_3

Logical base address of the DP master
Affected DP Slave:
0 to 14:

Logical base address, if an S7 slave is used, or diagnostic
address if a DP norm slave is used.

15:

I/O identification
Affected DP slave:

0 to 7:

Number of the DP station

8 to 15:

DP master system ID

Note
If you are using a DPV1 capable CPU you can obtain additional information on the
interrupt with the help of SFB54 "RALRM" which exceeds the start information of
the OB. This also applies when you operate the DP Master in S7 compatible mode.
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1.14

CPU Redundancy Error OB (OB72)
Note
The CPU redundancy error OB (OB72) exists only with H CPUs.

Description
The operating system of the H CPU calls OB72 when one of the following events
occurs:
• Loss of CPU redundancy
• Reserve-master switchover
• Synchronization error
• Error in a SYNC module
• Updating aborted
• Comparison error (for example, RAM, PIQ)
OB72 is executed by all CPUs that are in the RUN or STARTUP mode following a
suitable start event.

Local Data of the CPU Redundancy Error OB
The following table contains the temporary (TEMP) variables of the CPU
redundancy error OB. The default names of OB72 have been used as the variable
names.
Variable

Type

Description

OB72_EV_CLASS

BYTE

Event class and IDs:
B#16#78: outgoing event

OB72_FLT_ID

BYTE

Error code (possible values: B#16#01, B#16#02,
B#16#03, B#16#20, B#16#21, B#16#22,
B#16#23, B#16#31, B#16#33, B#16#34,
B#16#40, B#16#41, B#16#42, B#16#43,
B#16#44, B#16#50, B#16#51, B#16#52,
B#16#53, B#16#54, B#16#55, B#16#56,
B#16#C1, B#16#C2)

OB72_PRIORITY

BYTE

Priority class; can be assigned via STEP 7
(hardware configuration)

OB72_OB_NUMBR

BYTE

OB number (72)

B#16#73, B#16#75, B#16#79: incoming event
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Variable

Type

OB72_RESERVED_1

WORD

Description
Only for error code B#16#03:
•

•
OB72_INFO_1

WORD

•
WORD

OB72_INFO_3

WORD

1-26

-

B#16#C4: Transition to redundant mode
after troubleshooting mode was carried
out with standby-master switch-over (if
OB72_INFO_3=W#16#0001) or without
standby-master switch-over (if
OB72_INFO_3=W#16#0002).
OB72_INFO_2 is reserved.

-

B#16#CD: OB72_INFO_2 and
OB72_INFO_3 contain the actual lock
time for priority classes > 15

Low byte: reserved
High byte: ID for exceeded monitoring time:
-

1: Scan cycle time increase

-

2: I/O dead time

-

3: Communication time delay

Low byte: current update attempt

Only for error code B#16#03:

•

DATE_AND_TIME

0: OB72_INFO-2 and OB72_INFO_3 are
of no significance

Only for error code B#16#03 and
OB72_RESERVED_1=B#16#CD: high word of
the actual lock time for priority classes > 15 in ms
•

OB82_DATE_TIME

-

Only for error code B#16#C2:
•

OB72_INFO_2

high byte: ID for the content of
OB72_INFO_2 and OB72_INFO_3

OB72_RESERVED_1=B#16#C4:
-

W#16#0001: Transition to redundant
operation after troubleshooting mode
was carried out with standby-master
switch-over

-

W#16#0002: Transition to redundant
operation after troubleshooting mode
was carried out without standby-master
switch-over

OB72_RESERVED_1=B#16#CD: high word
of the actual lock time for priority classes >
15 in ms

DATE_AND_TIME at which the OB was called
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The following table shows which event caused OB72 to be started.
OB72_EV_CLASS OB72_FLT_ID

Start Event of OB72

B#16#73

B#16#01

Loss of redundancy (1 of 2) due to a CPU failure

B#16#73

B#16#02

Loss of redundancy (1 of 2) due to STOP on the reserve triggered
by user

B#16#73

B#16#03

H system (1 of 2) changed to redundant mode

B#16#73

B#16#20

Error in RAM comparison

B#16#73

B#16#21

Error comparing process image output value

B#16#73

B#16#22

Error comparing memory bits, timers, or counters

B#16#73

B#16#23

Different operating system data recognized

B#16#73

B#16#31

Standby-master switchover due to master failure

B#16#73

B#16#33

Standby-master switchover due to system modification during
runtime

B#16#73

B#16#34

Standby-master switchover due to sync module connection
problem

B#16#73

B#16#40

Synchronization error in user program due to elapsed wait time

B#16#73

B#16#41

Synchronization error in user program due to waiting at different
synchronization
points

B#16#73

B#16#42

Synchronization error in operating system due to waiting at
different
synchronization points

B#16#73

B#16#43

Synchronization error in operating system due to elapsed wait
time

B#16#73

B#16#44

Synchronization error in operating system due to wrong data

B#16#79

B#16#50

No SYNC module

B#16#79

B#16#51

Modification at SYNC module without Power On

B#16#79/B#16#78

B#16#52

SYNC module removed/inserted

B#16#79

B#16#53

Modification at SYNC module without reset

B#16#79

B#16#54

SYNC module: rack number assigned twice

B#16#79/B#16#78

B#16#55

SYNC module error/eliminated

B#16#79

B#16#56

Illegal rack number set on the SYNC module

B#16#73

B#16#C1

Updating aborted

B#16#73

B#16#C2

Abort of update attempt because a monitoring time was exceeded
during the n-th attempt (1 <= n <= maximum possible number of
update attempts after an abort due to the monitoring time being
exceeded.)
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1.15

Communication Redundancy Error OB (OB73)
Note
The communications redundancy error OB (OB73) is only available in firmware
version V2.0.x for the CPU 417-4H.

Description
The operating system of the H CPU calls OB73 when the first loss of redundancy
occurs in a fault-tolerant S7 connection (Fault-tolerant S7 connections only exist for
S7 communication. For more information, see "S7-400 H Programmable Controller,
Fault-Tolerant Systems."). If a loss of redundancy occurs for additional faulttolerant S7 connections, there are no more OB73 starts.
Another OB73 start will not occur until you have restored redundancy for all S7
connections that were fault tolerant.
The CPU does not change to the STOP mode if a start event occurs and the OB73
is not programmed.

Local Data of the CPU Redundancy Error OB
The following table contains the temporary (TEMP) variables of the communication
redundancy error OB. The default names of OB73 have been used as the variable
names.
Variable

Type

Description

OB73_EV_CLASS

BYTE

Event class and IDs:
B#16#73, B#16#72

OB73_FLT_ID

BYTE

Error code (possible values: B#16#E0)

OB73_PRIORITY

BYTE

Assigned priority class: default 25

OB73_OB_NUMBR

BYTE

OB number (73)

OB73_RESERVED_1

WORD

Reserved

OB73_INFO_1

WORD

•

OB73_INFO_2

WORD

(irrelevant to the user)

(irrelevant to the user)

OB73_INFO_3

WORD

(irrelevant to the user)

OB73_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME at which the OB was called

The following table shows which event caused OB73 to be started.
OB73_FLT_ID

Start Event of OB 73

B#16#E0

Loss of redundancy in communication/problem eliminated
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1.16

Time Error Organization Block (OB80)

Description
The operating system of the S7-300 CPU calls OB80 whenever an error occurs
while executing an OB. Such errors include: exceeding the cycle time, an
acknowledgement error when executing an OB, moving the time forward so that
the start time for the OB is skipped, resume RUN mode after CiR. If, for example, a
start event for a cyclic interrupt OB occurs while the same OB is still being
executed following a previous call, the operating system calls OB80.
If OB80 has not been programmed, the CPU changes to the STOP mode.
You can disable or delay and re-enable the time error OB using SFCs 39 to 42.
Note
If OB80 is called twice during the same scan cycle due to the scan time being
exceeded, the CPU changes to the STOP mode. You can prevent this by calling
SFC43 "RE_TRIGR" at a suitable point in the program.

Local Data for the Time Error OB
The following table describes the temporary (TEMP) variables for the time error
OB. The variable names are the default names of OB80.
Variable

Type

Description

OB80_EV_CLASS

BYTE

Event class and identifiers: B#16#35

OB80_FLT_ID

BYTE

Error code: (possible values:
B#16#01, B#16#02, B#16#05, B#16#06, B#16#07,
B#16#08, B#16#09, B#16#0A, B#16#0B)

OB80_PRIORITY

BYTE

Priority class: OB 80 runs with priority class 26 in RUN
mode, and in the event of an overflow of the OB request
buffer with priority class 28

OB80_OB_NUMBR

BYTE

OB number (80)

OB80_RESERVED_1

BYTE

Reserved

OB80_RESERVED_2

BYTE

Reserved

OB80_ERROR_INFO

WORD

Error information: depending on error code

OB80_ERR_EV_CLASS BYTE

Event class for the start event that caused the error

OB80_ERR_EV_NUM

Event number for the start event that caused the error

BYTE

OB80_OB_PRIORITY

BYTE

Error information: depending on error code

OB80_OB_NUM

BYTE

Error information: depending on error code

OB80_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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The variables dependent on the error code have the following meaning:
Error code
•

•

Bit

Meaning
Cycle time exceeded.

B#16#01
-

OB80_ERROR_INFO:

Run time of last scan cycle (ms).

-

OB80_ERR_EV_CLASS:

Class of the event that triggered the interrupt.

-

OB80_ERR_EV_NUM:

Number of the event that triggered the interrupt.

-

OB80_OB_PRIORITY:

Priority class of the OB which was being executed
when the error occurred.

-

OB80_OB_NUM

Number of the OB which was being executed when
the error occurred.
The called OB is still being executed.

B#16#02
-

The respective temporary variable of the called block
which is determined by

OB80_ERROR_INFO:

•

OB80_ERR_EV_CLASS and

•

OB80_ERR_EV_NUM.

-

OB80_ERR_EV_CLASS:

•

Class of the event that triggered the interrupt.

-

OB80_ERR_EV_NUM:

•

Number of the event that triggered the interrupt.

-

OB80_OB_PRIORITY

•

-

OB80_OB_NUM:

Priority class of the OB causing the error (for
example: "7" for OB30/Priority class 7 which
should have been started, but could not be
started).

•

Number of the OB causing the error (for example:
"30" for OB30 which should have been started,
but could not be started).

•

B#16#05 and

Elapsed time-of-day interrupt due to moving the clock
forward.

•

B#16#06

Elapsed time-of-day interrupt on return to RUN after
HOLD.

-

OB80_ERROR_INFO:

Bit 0 set:
Bit 7 set:

The start time for time-of-day interrupt 0 is in the past.

-

OB80_ERR_EV_CLASS:

Bit 8 to 15:

Not used

-

OB80_ERR_EV_NUM:

Not used

-

OB80_OB_PRIORITY:

Not used

-

OB80_OB_NUM:

Not used

The start time for time-of-day interrupt 7 is in the past.

Not used
•

B#16#07
Meaning of the parameters
see error code B#16#02.

Overflow of OB request buffer for the current priority
class
(Each OB start request for a priority class will be
entered in the corresponding OB request buffer; after
completion of the OB the entry will be deleted. If there
are more OB start requests for a priority class than the
maximum permitted number of entries in the
corresponding OB request buffer, OB80 will be called
with error code B#16#07).

•

B#16#08
Meaning of the parameters
see error code B#16#02.

Synchronous-cycle interrupt time error

•

B#16#09
For information on parameters
refer to error code B#16#02.

Interrupt loss due to high interrupt load

1-30

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

Organization Blocks

Error code
•

B#16#0A
-

•

OB80_ERROR_INFO:

B#16#0B

Bit

Meaning
Resume RUN after CiR
CiR synchronization time in ms
Technology synchronization interrupt

-

OB80_ERR_EV_NUM:

Number of the event that triggered the interrupt:
W#16#116A

-

OB80_OB_PRIORITY:

Priority class of the OB that was being processed
when the error occurred.

-

OB80_OB_NUM

Number of the OB that was being processed when the
error occurred: 65
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1.17

Power Supply Error Organization Block (OB81)

Description
The operating system of the S7-300 CPU calls OB81 whenever an event occurs
that is triggered by an error or fault related to the power supply (only on an S7-400)
or the back-up battery (when entering and when outgoing event).
In S7-400, OB81 is only called in the event of a battery fault if the battery test
function has been activated with the BATT.INDIC switch.
The CPU does not change to the STOP mode if OB81 is not programmed.
You can disable or delay and re-enable the power supply error OB using SFCs 39
to 42.

Local Data for the Power Supply Error OB
The following table describes the temporary (TEMP) variables for the power supply
error OB. The variable names are the default names of OB81.
Variable

Type

Description

OB81_EV_CLASS

BYTE

Event class and identifiers:
B#16#38: outgoing event
B#16#39: incoming event

OB81_FLT_ID

BYTE

Error code: (possible values)
B#16#21, B#16#22, B#16#23, B#16#25, B#16#26,
B#16#27, B#16#31, B#16#32, B#16#33)

OB81_PRIORITY

BYTE

Priority class; can be assigned via STEP 7 (hardware
configuration)

OB81_OB_NUMBR

BYTE

OB number (81)

OB81_RESERVED_1

BYTE

Reserved

OB81_RESERVED_2

BYTE

Reserved

OB81_RACK_CPU

WORD

•

For example, possible values for the RUN mode: 2-26

•

Bits 0 to 7: B#16#00
Bits 8 to 15:
-

For a standard CPU: B#16#00

-

For a H-CPU: Bits 8 to 10: Rack no., Bit 11:
0=Reserve CPU, 1=Master CPU,
Bits 12 bis 15: 1111

OB81_RESERVED_3

BYTE

Relevant only for error codes B#16#31, B#16#32 and
B#16#33

OB81_RESERVED_4

BYTE

Relevant only for error codes B#16#31, B#16#32 and
B#16#33

OB81_RESERVED_5

BYTE

Relevant only for error codes B#16#31, B#16#32 and
B#16#33

OB81_RESERVED_6

BYTE

Relevant only for error codes B#16#31, B#16#32 and
B#16#33

OB81_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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The variables OB81_RESERVED_i, 3 ≤ i ≤ 6 indicate the expansion racks on
which the battery backup (error code B#16#31), the back-up voltage (error code
B#16#32) or the 24-V power supply (error code B#16#33) has failed or returned.
The following table shows what bit is assigned to which expansion rack in the
variables OB81_RESERVED_i, 3 ≤ i ≤ 6.
OB81_RESERVED_6

OB81_RESERVED_5

OB81_RESERVED_4

OB81_RESERVED_3

Bit 0

Reserved

8th expansion rack

16th expansion rack

Reserved

Bit 1

1st expansion rack

9th expansion rack

17th expansion rack

Reserved

Bit 2

2nd expansion rack

10th expansion rack

18th expansion rack

Reserved

Bit 3

3rd expansion rack

11th expansion rack

19th expansion rack

Reserved

Bit 4

4th expansion rack

12th expansion rack

20th expansion rack

Reserved

Bit 5

5th expansion rack

13th expansion rack

21st expansion rack

Reserved

Bit 6

6th expansion rack

14th expansion rack

Reserved

Reserved

Bit 7

7th expansion rack

15th expansion rack

Reserved

Reserved

The bits in the variables OB81_RESERVED_i have the following meaning (for the
expansion rack concerned):
When the event occurs, the expansion racks are marked (the corresponding bits
are set) on which at least one battery or back-up voltage or the 24 V power supply
has failed. Expansion racks on which at least one battery or back-up voltage or the
24 V power supply failed earlier are no longer indicated.
When the event is eliminated and the backup is restored on at least one expansion
rack, this is signaled (the corresponding bits are set).
The following table shows the event that started OB81:
OB81_EV_CLASS

OB81_FLT_ID

Meaning

B#16#39/B#16#38

B#16#21:

At least one back-up battery of the central rack is
exhausted/problem eliminated (BATTF)
Note: This event occurs only if one of the two batteries fails (if
there are redundant back-up batteries). If the second battery
should also happen to fail, the event will not occur again.

B#16#39/B#16#38

B#16#22:

Back-up voltage in the central rack failed/problem eliminated
(BAF)

B#16#39/B#16#38

B#16#23:

Failure of the 24 V power supply in the central rack/problem
eliminated.

B#16#39/B#16#38

B#16#25:

At least one back-up battery in at least one redundant central
rack is exhausted/problem eliminated (BATTF)

B#16#39/B#16#38

B#16#26:

Back-up voltage in at least one redundant central rack
failed/problem eliminated (BAF)

B#16#39/B#16#38

B#16#27:

Failure of the 24 V supply in at least one redundant central rack

B#16#39/B#16#38

B#16#31:

At least one back-up battery of at least one expansion rack is
exhausted/problem eliminated (BATTF).

B#16#39/B#16#38

B#16#32:

Back-up voltage in at least one expansion rack failed/problem
eliminated (BAF)

B#16#39/B#16#38

B#16#33:

Failure of the 24 V power supply in at least one expansion
rack/problem eliminated.
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1.18

Diagnostic Interrupt Organization Block (OB82)

Description
If a module with diagnostic capability for which you have enabled the diagnostic
interrupt detects an error, it outputs a request for a diagnostic interrupt to the CPU
(when entering and outgoing event). The operating system then calls OB82.
The local variables of OB82 contain the logical base address as well as four bytes
of diagnostic data of the defective module (see the following table).
If OB82 has not been programmed, the CPU changes to the STOP mode.
You can disable or delay and re-enable the diagnostic interrupt OB using SFCs 39
to 42.

Local Data for Diagnostic Interrupt OB
The following table describes the temporary (TEMP) variables for the diagnostic
interrupt OB. The variable names are the default names of OB82.
Variable

Type

Description

OB82_EV_CLASS

BYTE

Event class and identifiers:
•

B#16#38: outgoing event

•

B#16#39: incoming event

OB82_FLT_ID

BYTE

Error code (B#16#42)

OB82_PRIORITY

BYTE

•

Priority class; can be assigned via STEP 7
(hardware configuration)

OB82_OB_NUMBR

BYTE

OB number (82)

OB82_RESERVED_1

BYTE

Reserved

OB82_IO_FLAG

BYTE

•

Input module:

B#16#54

•

Output module:

B#16#55

OB82_MDL_ADDR

WORD

Logical base address of the module where the fault
occurred

OB82_MDL_DEFECT

BOOL

Module is defective

OB82_INT_FAULT

BOOL

Internal fault

OB82_EXT_FAULT

BOOL

External fault

OB82_PNT_INFO

BOOL

Channel fault

OB82_EXT_VOLTAGE

BOOL

External voltage failed

OB82_FLD_CONNCTR

BOOL

Front panel connector not plugged in

OB82_NO_CONFIG

BOOL

Module is not configured

OB82_CONFIG_ERR

BOOL

Incorrect parameters on module

OB82_MDL_TYPE

BYTE

•

Bit 0 to 3: Module class

•

Bit 4: Channel information exists

•

Bit 5: User information exists

•

Bit 6: Diagnostic interrupt from substitute

•

Bit 7: Reserve

OB82_SUB_MDL_ERR

BOOL

Submodule is missing or has an error

OB82_COMM_FAULT

BOOL

Communication problem
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Variable

Type

Description

OB82_MDL_STOP

BOOL

Operating mode (0: RUN, 1: STOP)

OB82_WTCH_DOG_FLT

BOOL

Watchdog timer responded

OB82_INT_PS_FLT

BOOL

Internal power supply failed

OB82_PRIM_BATT_FLT

BOOL

Battery exhausted

OB82_BCKUP_BATT_FLT

BOOL

Entire backup failed

OB82_RESERVED_2

BOOL

Reserved

OB82_RACK_FLT

BOOL

Expansion rack failure

OB82_PROC_FLT

BOOL

Processor failure

OB82_EPROM_FLT

BOOL

EPROM fault

OB82_RAM_FLT

BOOL

RAM fault

OB82_ADU_FLT

BOOL

ADC/DAC error

OB82_FUSE_FLT

BOOL

Fuse tripped

OB82_HW_INTR_FLT

BOOL

Hardware interrupt lost

OB82_RESERVED_3

BOOL

Reserved

OB82_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called

Note
If you are using a DPV1 capable CPU you can obtain additional information on the
interrupt with the help of SFB54 "RALRM" which exceeds the start information of
the OB. This also applies when you operate the DP Master in S7 compatible mode.
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1.19

Insert / Remove Module Interrupt Organization Block
(OB83)

Description
The CPU operating system calls OB 83 in following situations:
• after insertion / removal of a configured module
• after modifications of module parameters under STEP 7 and download of
changes to the CPU during RUN
You can disable/delay/enable the insert/remove interrupt OB with the help of SFCs
39 to 42.

Module insertion and removal
Each time a configured module is removed or inserted during the RUN, STOP, and
STARTUP modes, an insert/remove interrupt is generated (power supply modules,
CPUs, adapter modules and IMs must not be removed in these modes). This
interrupt causes an entry in the diagnostic buffer and in the system status list for
the CPU involved. The insert/remove OB is also started if the CPU is in the RUN
mode. If this OB has not been programmed, the CPU changes to the STOP mode.
Then system polls S7-400 modules in seconds intervals to detect insertion or
removal. To enable the CPU to detect the removal and insertion of an S7-400
module, a minimum time interval of two seconds must expire between removal and
insertion. This minimum time is slightly higher for other modules.
If you remove a configured module in the RUN mode, OB83 is started. Since the
existence of modules is only monitored at intervals of one second, an access error
may be detected first if the module is accessed directly or when the process image
is updated.
If you insert a module in a configured slot in the RUN mode, the operating system
checks whether the type of the module inserted corresponds to the recorded
configuration. OB83 is then started and parameters are assigned if the module
types match.

Special considerations for S7-300
• Central IO devices cannot be inserted and removed with S7-300.
• With respect to distributed IO devices, CPU 318 behaves like an S7-400-CPU.
With all other S7-300 CPUs, there is an insert/remove interrupt only for 31x
PN/DP CPUs, but then only for PROFINET IO components.
• With IM151/CPU (CPU with ET 200S), there is an insert/remove interrupt only
for central IO devices.

1-36

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

Organization Blocks

Reconfiguring modules
You can reassign the parameters to existing modules when you modify your
system configuration during runtime (CiR). This reassignment of parameters is
performed by transferring the required parameter data records to the modules.
This is the procedure:
1. OB 83 will be started (Start event W#16#3367) after you have assigned new
parameters to a module under STEP 7 and downloaded this configuration to
the CPU in RUN mode. Relevant OB -start information is the logical basic
address (OB83_MDL_ADDR) and the module type (OB83_MDL_TYPE).
Module I/O data may be incorrect as of now, which means that no SFC may be
busy sending data records to this module.
2. The module parameters are reassigned after OB 83 was executed.
3. OB 83 will be restarted after the parameters have been assigned (Start event
W#16#3267, provided this parameter assignment was successful, or
W#16#3968 if failed). The module's I/O data response is identical to their
response after an insertion interrupt, that is, currently they may be incorrect.
You can now call SFCs again to send data records to the module.

Local Data for OB 83
The following table describes the temporary (TEMP) variables for the insert/remove
module interrupt OB. The variable names are the default names of OB 83.
Variable

Type

Description

OB83_EV_CLASS

BYTE

Event class and identifiers:
•

B#16#32: End of reassignment of module parameters

•

B#16#33: Start of reassignment of module parameters

•

B#16#38: module inserted

•

B#16#39: module removed or not responding, or end
of parameter assignment

OB83_FLT_ID

BYTE

Error code: (possible values B#16#51, B#16#54, B#16#55,
B#16#56, B#16#58, B#16#61, B#16#63, B#16#64,
B#16#65, B#16#66, B#16#67, B#16#68, B#16#84)

OB83_PRIORITY

BYTE

•

Priority class; can be assigned via STEP 7 (hardware
configuration)

OB83_OB_NUMBR

BYTE

OB number (83)

OB83_RESERVED_1

BYTE

Identification of module or submodule/interface module

OB83_MDL_TD

BYTE

Range:

OB83_MDL_ADDR

WORD

•

B#16#54: Peripheral input (PI)

•

B#16#55: Peripheral output (PQ)

•

Central or distributed PROFIBUS DP: Logical base
address of the module affected. If it is a mixed
module, it is the smallest logical address used in the
module. If the I and O addresses in the mixed block
are equal, the logical base address is the one that
receives the event identifier.

•

Distributed PROFINET IO: Logical base address of
the module/submodule
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Variable

Type

Description

OB83_RACK_NUM

WORD

•
•

OB83_MDL_TYPE

•

WORD

If OB83_RESERVED_1 =B#16#A0: number of
submodule/interface submodule (low byte)
If OB83_RESERVED_1 = B#16#C4:
-

central: rack number

-

distributed PROFIBUS DP: number of DP station
(low byte) and DP master system ID (high byte)

-

distributed PROFINET IO: physical address:
identifier bit (bit 15, 1 = PROFINET IO), IO
system ID (bits 11 to 14) and device number (bits
0 to 10)

Central or distributed PROFIBUS DP:
Module type of affected module
(X: irrelevant to the user):
-

•

OB83_DATE_TIME

DATE_AND_TIME

W#16#X5XX: analog module

-

W#16#X8XX: function module

-

W#16#XCXX: CP

-

W#16#XFXX: digital module

Distributed PROFINET IO
-

W#16#8101: module type of the inserted module
is the same as the module type of the removed
module

-

W#16#8102: module type of the inserted module
is not the same as the module type of the
removed module

DATE_AND_TIME of day when the OB was called

The following table shows the event that started OB83:
OB83_EV_CLASS

OB83_FLT_ID

Meaning

B#16#39

B#16#51

PROFINET IO module removed

B#16#39

B#16#54

PROFINET IO submodule removed

B#16#38

B#16#54

PROFINET IO submodule inserted and matches configured
submodule

B#16#38

B#16#55

PROFINET IO submodule inserted, but does not match
configured submodule

B#16#38

B#16#56

PROFINET IO submodule inserted, but error with module
parameters

B#16#38

B#16#58

PROFINET IO submodule, access error corrected

B#16#39

B#16#61

Module removed or not responding
OB83_MDL_TYPE: Actual module type

B#16#38

B#16#61

Module inserted. Module type OK
OB83_MDL_TYPE: Actual module type

B#16#38

B#16#63

Module inserted but incorrect module type
OB83_MDL_TYPE: Actual module type

B#16#38

B#16#64

Module inserted but problem (module ID cannot be read)
OB83_MDL_TYPE: Configured module type

B#16#38

B#16#65

Module inserted but error in module parameter assignment
OB83_MDL_TYPE: Actual module type
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OB83_EV_CLASS

OB83_FLT_ID

Meaning

B#16#39

B#16#66

Module not responding, load voltage error

B#16#38

B#16#66

Module responds again, load voltage error corrected

B#16#33

B#16#67

Start of module reconfiguration

B#16#32

B#16#67

End of module reconfiguration

B#16#39

B#16#68

Module reconfiguration terminated with error

B#16#38

B#16#84

Interface module inserted

B#16#39

B#16#84

Interface module removed

Note
If you are using a DPV1- or PROFINET-capable CPU you can obtain additional
information on the interrupt with the help of SFB54 "RALRM" which exceeds the
start information of the OB. This also applies when you operate the DP master in
S7 compatible mode.
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1.20

CPU Hardware Fault Organization Block (OB84)

Description
The OS in the CPU calls OB84 in the following cases:
• After memory errors have been detected and corrected
• For S7-400H: if there is reduced performance of the redundant link between the
two CPUs
• For WinAC RTX: Error in operating system (e.g. "blue screen")
You can use SFCs 39 to 42 to disable or delay the CPU hardware error OB and
then enable it again.

Local Data for the Hardware Fault OB
The following table includes the temporary (TEMP) variables of the CPU hardware
fault. The variable names are the default names of OB84.
Variable

Type

Description

OB84_EV_CLASS

BYTE

Event class and identifiers:
•

B#16#38: outgoing event

•

B#16#35, B#16#39: incoming event

OB84_FLT_ID

BYTE

Error code (B#16#81, B#16#82, B#16#83, B#16#85,
B#16#86, B#16#87)

OB84_PRIORITY

BYTE

Priority class; can be assigned via STEP 7 (hardware
configuration)

OB84_OB_NUMBR

BYTE

OB number (84)

OB84_RESERVED_1

BYTE

Reserved

OB84_RESERVED_2

BYTE

Reserved

OB84_RESERVED_3

WORD

Reserved

OB84_RESERVED_4

DWORD

Reserved

OB84_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called

The following table shows the event that started OB84:
OB84_EV_CLASS OB84_FLT_ID

Start Event of OB 84

B#16#39

B#16#81

Interface error, incoming

B#16#38

B#16#81

Interface error, outgoing

B#16#35

B#16#82

Memory error in operating system detected and corrected

B#16#35

B#16#83

Accumulation of detected and corrected memory errors

B#16#35

B#16#85

Error in PC operating system

B#16#39

B#16#86

Performance of an H-Sync link negatively affected

B#16#35

B#16#87

Multi-bit memory error detected and corrected
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1.21

Priority Class Error Organization Block (OB85)

Description
The operating system of the CPU calls OB85 whenever one of the following events
occurs:
• Start event for an OB that has not been loaded (except OB81).
• Error when the operating system accesses a module.
• I/O access error during update of the process image by the system (if the OB85
call was not suppressed due to the configuration).

Note
If OB85 has not been programmed, the CPU changes to STOP mode when one of
these events is detected.

You can disable or delay and re-enable the priority class error OB using SFCs 39
to 42.

Local Data for the Priority Class Error OB
The following table describes the temporary (TEMP) variables for the priority class
error OB. The variable names are the default names of OB85.
Variable

Type

Description

OB85_EV_CLASS

BYTE

Event class and identifiers: B#16#35
B#16#38 (only with error codes B#16#B3 and B#16#B4)
B#16#39 (only with error codes B#16#B1, B#16#B2,
B#16#B3 and B#16#B4)

OB85_FLT_ID

BYTE

Error code (possible values: B#16#A1, B#16#A2,
B#16#A3, B#16#A4, B#16#B1, B#16#B2, B#16#B3,
B#16#B4))

OB85_PRIORITY

BYTE

•

OB85_OB_NUMBR

BYTE

OB number (85)

OB85_RESERVED_1

BYTE

Reserved

OB85_RESERVED_2

BYTE

Reserved

OB85_RESERVED_3

INT

Reserved

Priority class; can be assigned via STEP 7
(hardware configuration)

OB85_ERR_EV_CLASS BYTE

Class of the event that caused the error

OB85_ERR_EV_NUM

BYTE

Number of the event that caused the error

OB85_OB_PRIOR

BYTE

Priority class of the OB that was active when the error
occurred

OB85_OB_NUM

BYTE

Number of the OB that was active when the error
occurred

OB85_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

1-41

Organization Blocks

If you want to program OB85 dependent on the possible error codes, we
recommend that you organize the local variables as follows:
Variable

Type

OB85_EV_CLASS

BYTE

OB85_FLT_ID

BYTE

OB85_PRIORITY

BYTE

OB85_OB_NUMBR

BYTE

OB85_DKZ23

BYTE

OB85_RESERVED_2

BYTE

OB85_Z1

WORD

OB85_Z23

DWORD

OB85_DATE_TIME

DATE_AND_TIME

The following table shows the event that started OB85:
OB85_EV_CLASS OB85_FLT_ID

Meaning

B#16#35

As a result of your configuration created with STEP 7, your
program or the operating system creates a start event for an OB
that is not loaded on the CPU.

B#16#35

B#16#A1

B#16#A2

•

OB85_Z1: The respective local variable of the called OB which
is determined by OB85_Z23.

•

OB85_Z23:
-

high word: Class and number of the event causing the OB
call

-

low word, high byte: Program level and OB active at the
time of error
low word, low byte: active OB

As a result of your configuration created with STEP 7, your
program or the operating system creates a start event for an OB
that is not loaded on the CPU.
OB85_Z1 and OB85_Z23 as for OB85_FLT_ID=B#16#A1

B#16#35

B#16#A3

Error when the operating system accesses a module
•

•

OB85_Z1: Error ID of the operating system
-

high byte: 1=integrated function, 2=IEC-Timer

-

low byte: 0=no error resolution, 1=block not loaded,
2=area length error, 3=write-protect error

OB85_Z23:
-

high word: Block number

-

low word: Relative address of the MC7 command causing
the error. The block type must be taken from OB
85_DKZ23 (B#16#88: OB, B#16#8C: FC, B#16#8E: FB,
B#16#8A: DB).

B#16#35

B#16#A4

PROFInet Interface DB cannot be addressed

B#16#34

B#16#A4

PROFInet Interface DB can be addressed again
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OB85_EV_CLASS OB85_FLT_ID
B#16#39

B#16#B1

Meaning
I/O access error when updating the process image of the inputs
•

•

•

B#16#39

B#16#B2

OB85_DKZ23: ID of the type of process image transfer during
which the I/O access error has occurred
-

B#16#10: Byte access

-

B#16#20: Word access

-

B#16#30: DWord access

-

B#16#57: Transmitting a configured consistency range

OB85_Z1: Reserved for internal use by the CPU: logical base
address of the module
If OB85_RESERVED_2 has the value B#16#76, OB85_Z1
receives the return value of the affected SFC (SFC 14, 15, 26
or 27).
OB85_Z23:
-

Byte 0: Part process image no.

-

Byte 1: Irrelevant, if OB85_DKZ23=B#16#10, 20 or 30;
Length of the consistency range in bytes, if
OB85_DKZ23=B#16#57

-

Bytes 2 and 3: The I/O address causing the PAE, if
OB85_DKZ23=B#16#10, 20 or 30;
Logical start address of the consistency range, if
OB85_DKZ23=B#16#57

I/O access error when transferring the output process image to the
output modules
OB85_DKZ23, OB85_Z1 and OB85_Z23 as for
OB85_FLT_ID=B#16#B1

You obtain the error codes B#16#B1 and B#16#B2 if you have configured the repeated OB85 call of I/O
access errors for the system process image table update.
B#16#39/B#16#38 B#16#B3

I/O access error when updating the process image of the inputs,
incoming/outgoing event
•

•

•

OB85_DKZ23: ID of the type of process image transfer during
which the I/O access error has occurred
-

B#16#10: Byte access

-

B#16#20: Word access

-

B#16#30: DWord access

-

B#16#57: Transmitting a configured consistency range

OB85_Z1: Reserved for internal use by the CPU: logical base
address of the module
If OB85_RESERVED_2 has the value B#16#76, OB85_Z1
receives the return value of the affected SFC (SFC 14, 15, 26
or 27).
OB85_Z23:
-

Byte 0: Part process image no.

-

Byte 1: Irrelevant, if OB85_DKZ23=B#16#10, 20 or 30;
Length of the consistency range in bytes, if
OB85_DKZ23=B#16#57

-

Bytes 2 and 3: The I/O address causing the PAE, if
OB85_DKZ23=B#16#10, 20 or 30;
Logical start address of the consistency range, if
OB85_DKZ23=B#16#57
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OB85_EV_CLASS OB85_FLT_ID

Meaning

B#16#39/B#16#38 B#16#B4

I/O access error when updating the process image of the outputs,
incoming/outgoing event
OB85_DKZ23, OB85_Z1, OB85_Z23 as for
OB85_FLT_ID=B#16#B3

You obtain the error codes B#16#B3 and B#16#B4 if you configured the OB85 call of I/O access errors
entering and outgoing event for process image table updating by the system. After a cold or warm restart,
all access to non-existing inputs and outputs will be reported as I/O access errors during the next process
image table updating.
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1.22

Rack Failure Organization Block (OB86)

Description
The operating system of the CPU calls OB86 whenever the failure of a central
expansion rack (not with S7-300), a DP master system, or a station is detected in
the distributed I/Os (PROFIBUS DP or PROFINET IO) (both when entering and
outgoing event).
If OB86 has not been programmed, the CPU changes to the STOP mode when this
type of error is detected.
You can disable or delay and re-enable OB86 using SFCs 39 to 42.

Local Data for the Rack Failure OB
The following table describes the temporary (TEMP) variables for the rack failure
OB. The variable names are the default names of OB86.
Variable

Type

Description

OB86_EV_CLASS

BYTE

Event class and identifiers:

OB86_FLT_ID

BYTE

•

B#16#38: outgoing event

•

B#16#39: incoming event

Error code:
(possible values: B#16#C1, B#16#C2, B#16#C3,
B#16#C4, B#16#C5, B#16#C6, B#16#C7, B#16#C8,
B#16#CA, B#16#CB, B#16#CC, B#16#CD, B#16#CE)

OB86_PRIORITY

BYTE

Priority class; can be assigned via STEP 7 (hardware
configuration)

OB86_OB_NUMBR

BYTE

OB number (86)

OB86_RESERVED_1

BYTE

Reserved

OB86_RESERVED_2

BYTE

Reserved

OB86_MDL_ADDR

WORD

Depends on the error code

Array [0 ..31]

Depends on the error code

OB86_RACKS_FLTD

of BOOL
OB86_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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If you want to program OB86 dependent on the possible error codes, we
recommend that you organize the local variables as follows:
Variable

Type

OB86_EV_CLASS

BYTE

OB86_FLT_ID

BYTE

OB86_PRIORITY

BYTE

OB86_OB_NUMBR

BYTE

OB86_RESERVED_1

BYTE

OB86_RESERVED_2

BYTE

OB86_MDL_ADDR

WORD

OB86_Z23

DWORD

OB86_DATE_TIME

DATE_AND_TIME

The following table show the event started OB86:
OB86_EV_CLASS OB86_FLT_ID

Meaning

B#16#39

Expansion rack failure

B#16#38

B#16#C1

B#16#C1

•

OB86_MDL_ADDR: Logical base address of the IM

•

OB86_Z23: Contains one bit for each possible expansion rack:
Each expansion rack that caused a call of OB86 is reported as
having failed (the respective bits are set). Expansion racks that
previously failed are no longer shown.
-

Bit 0: always 0

-

Bit 1: 1st expansion rack

-

:

-

Bit 21: 21st expansion rack

-

Bit 22 to 29: always 0

-

Bit 30: Failure of at least one expansion rack in the
SIMATIC S5 area

-

Bit 31: always 0

Expansion rack operational again
OB86_MDL_ADDR as for OB86_FLT_ID=B#16#C1. The
expansion racks that are operational again are reported in
OB86_Z23 (the respective bits are set).

B#16#38
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B#16#C2

Expansion rack operational again (expansion rack failure with
discrepancy between expected and actual configuration)
•

OB86_MDL_ADDR: Logical base address of the IM

•

OB86_Z23: Contains one bit for every possible expansion
rack, see OB86_FLT_ID B#16#C1.
Meaning of the set bit: in the affected expansion rack:
-

Modules with an incorrect type ID exist

-

Configured modules missing

-

At least one module is defective.
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OB86_EV_CLASS OB86_FLT_ID

Meaning

B#16#39

Distributed I/O devices: failure of a DP master system
Only incoming event causes the start of OB 86, with error code
B#16#C3. An outgoing event starts OB 86 with error code
B#16#C4 and event class B#16#38:
The return of every DP slave station starts OB86

B#16#C3

•
•

B#16#39/B#16#38 B#16#C4

OB86_MDL_ADDR: Logical base address of the DP master
OB86_Z23: DP master ID:
-

Bit 0 to 7: Reserved

-

Bit 8 to 15: DP master system ID

-

Bit 16 to 31: Reserved

Failure of a DP station
•
•

OB86_MDL_ADDR: Logical base address of the DP master
OB86_Z23: Address of the affected DP slave:
-

Bit 0 to 7: No. of the DP station

-

Bit 8 to 15: DP master system ID

-

Bit 16 to 30: logical base address of an S7 slave or
diagnostic address of a
standard DP slave

-

Bit 31: I/O identifier

B#16#39/B#16#38 B#16#C5

Fault in a DP station

B#16#38

Expansion rack operational again, but still and error with module
parameters.

OB86_MDL_ADDR and OB86_Z23 as for FLT_ID=B#16#C4
B#16#C6

•

OB86_MDL_ADDR: Logical base address of the IM

•

OB86_Z23: contains a bit for each possible expansion rack:

•

B#16#38

B#16#C7

-

Bit 0: always 0

-

Bit 1: 1st expansion rack

-

:

-

Bit 21: 21st expansion rack

-

Bit 22 to 30: Reserved

-

Bit 31: always 0

Meaning when bit set (in expansion rack concerned):
-

Modules with incorrect type identifiers exist

-

Modules with missing or incorrect parameters exist.

Return of a DP station, but error in module parameter assignment
•

OB86_MDL_ADDR: Logical base address of the DP master

•

Address of the DP slave affected:
-

Bit 0 to 7: No. of the DP station

-

Bit 8 to 15: DP master system ID

-

Bit 16 to 30: Logical base address of the DP slave

-

Bit 31: I/O identifier

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

1-47

Organization Blocks

OB86_EV_CLASS OB86_FLT_ID

Meaning

B#16#38

Return of a DP station, however discrepancy in configured and
actual configuration

B#16#39

B#16#39/38

B#16#C8

B#16#CA

B#16#CB

•

OB86_MDL_ADDR: Logical base address of the DP master

•

OB86_Z23: Address of the affected DP slave:

B#16#CC

Bit 16 to 30: Logical base address of the DP slave

-

Bit 31: I/O identifier

OB86_MDL_ADDR: logical base address of the IO controller
OB86_Z23:
-

Bit 0 to 10: 0 (station number)

-

Bit 11 to 14: IO system ID

-

Bit 15: 1

-

Bit 16 to 31: 0

PROFINET IO station failure/station return
OB86_RESERVED_1:
-

B#16#C4: no other station is faulty

-

B#16#CF: other stations have failed/are faulty

•

OB86_MDL_ADDR: logical base address of the IO controller

•

OB86_Z23:
-

Bit 0 to 10: Station number

-

Bit 11 to 14: IO system ID

-

Bit 15: 1

-

Bit 16 to 30: Logical base address of the station

-

Bit 31: I/O identifier

PROFINET IO station faulty/station fault corrected

•

OB86_RESERVED_1:
-

B#16#C4: no other station is faulty

-

B#16#CF: other stations have failed/are faulty

OB86_MDL_ADDR: logical base address of the IO controller
OB86_Z23:
-

Bit 0 to 10: Station number

-

Bit 11 to 14: IO system ID

-

Bit 15: 1

-

Bit 16 to 30: Logical base address of the station

-

Bit 31: I/O identifier

PROFINET IO station return, actual configuration does not march
expected configuration
•
•
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-

•

•

B#16#CD

Bit 8 to 15: DP master system ID

•

•

B#16#38

Bit 0 to 7: No. of the DP station

PROFINET IO system failure

•

B#16#39/38

-

OB86_MDL_ADDR: logical base address of the IO controller
OB86_Z23:
-

Bit 0 to 10: Station number

-

Bit 11 to 14: IO system ID

-

Bit 15: 1

-

Bit 16 to 30: Logical base address of the station

-

Bit 31: I/O identifier
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OB86_EV_CLASS OB86_FLT_ID

Meaning

B#16#38

PROFINET IO station return, error in module configuration
parameters

B#16#CE

•

OB86_MDL_ADDR: logical base address of the IO controller

•

OB86_Z23:
-

Bit 0 to 10: Device number

-

Bit 11 to 14: IO system ID

-

Bit 15: 1

-

Bit 16 to 30: Logical base address of the station

-

Bit 31: I/O identifier

Note
If you are using a DPV1 capable CPU you can obtain additional information on the
interrupt with the help of SFB54 "RALRM" which exceeds the start information of
the OB. This also applies when you operate the DP master in S7 compatible mode.
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1.23

Communication Error Organization Block (OB87)

Description
The operating system of the CPU calls OB87 whenever an event occurs that was
caused by a communication error.
The CPU does not change to the STOP mode if OB87 has not been programmed.
You can disable or delay and re-enable the communication error OB using SFCs
39 to 42.

Local Data for OB87
The following table describes the temporary (TEMP) variables for the
communication error OB. The variable names are the default names of OB87.
Variable

Type

Description

OB87_EV_CLASS

BYTE

Event class and identifiers: B#16#35

OB87_FLT_ID

BYTE

Error code:
(possible values: B#16#D2, B#16#D3, B#16#D4,
B#16#D5, B#16#E1, B#16#E2, B#16#E3, B#16#E4,
B#16#E5, B#16#E6)

OB87_PRIORITY

BYTE

Priority class; can be assigned via STEP 7 (hardware
configuration)

OB87_OB_NUMBR

BYTE

OB number (87)

OB87_RESERVED_1

BYTE

Reserved

OB87_RESERVED_2

BYTE

Reserved

OB87_RESERVED_3

WORD

Depends on the error code

OB87_RESERVED_4

DWORD

Depends on the error code

OB87_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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The variables dependent on the error code have the following meaning:
Error code

Byte/Word

•

B#16#D2:

•

B#16#D3

•

B#16#D4:

•

Transmission of diagnostic entries currently not
possible.
Synchronization messages cannot be transmitted
(master).

B#16#D5
-

OB87_RESERVED_3:

-

OB87_RESERVED_4:

Meaning

Illegal time-of-day jump due to clock synchronization.
Error when receiving synchronization time (slave).
Contains no further information.
Contains no further information.

•

B#16#E1:

Incorrect frame ID during global data communication.

•

B#16#E3:

Frame length error during global data communication.

B#16#E4:

Illegal GD packet number received.

•

•

•

-

OB87_RESERVED_3:

-

OB87_RESERVED_4:

interface ID (0: K bus, 1: MPI)
high byte:

GD circuit number

low byte:

Contains no further information.
GD packet status cannot be entered in the DB

B#16#E2:
-

OB87_RESERVED_3:

-

OB87_RESERVED_4:

DB number
high word:

Contains no further information.

low word:

•

GD circle number (high byte),

•

GD packet number (low byte)

B#16#E5:
-

OB87_RESERVED_3:

-

OB87_RESERVED_4:

Access error to DB during data exchange via
communication function blocks
Reserved for internal use by CPU.
high word:

Number of block containing the MC7 command that
caused the error.

low word:

Relative address of the MC7 command that has
caused the error.

The block type may be read from OB_87_RESERVED_1 (B#16#88: OB, B#16#8A:
DB, B#16#8C: FC, B#16#8E: FB).
Error code

Meaning

•

GD group status cannot be entered in DB.

B#16#E6:
-

OB87_RESERVED_3:

DB number.

-

OB87_RESERVED_4:

Contains no further information.
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1.24

Processing Interrupt OB (OB 88)

Description
The CPU operating system calls OB 88 after a program block execution is been
aborted. Examples of possible causes for this interruption may be:
• the nesting depth of synchronous errors is too high
• the nesting depth of block calls (U-Stack) is too high
• Error during allocation of local data
If you have not programmed OB 88 and a program block execution is aborted, the
CPU goes into STOP mode (Event ID W#16#4570).
If program block execution is aborted in priority class 28, the CPU goes into STOP
mode.
You can disable, delay and enable the processing interrupt OB with the help of
SFCs 39 to 42.

Local data of the Processing Interrupt OB
The table below contains the temporary (TEMP) variables of the processing
interrupt OB. The default names of OB 88 was selected as variable name.
Variable

Data type

Description

OB88_EV_CLASS

BYTE

Event class and Ids: B#16#35

OB88_SW_FLT

BYTE

Error code
possible values:
•

B#16#71: the nesting depth of the nesting stack is
too high

•

B#16#72: the nesting depth of the master control
relay is too high

•

B#16#73: the nesting depth of synchronous errors
is too high

•

B#16#74: the nesting depth of block calls (U
stack) is too high

•

B#16#75: the nesting depth of block calls (B
stack) is too high

•

B#16#76: Error during allocation of local data

•

B#16#78: Unknown instruction

•

B#16#7A: Jump instruction with destination
outside of the block

Please refer to the operation list for your CPU to
determine which error codes apply to your CPU.
OB88_PRIORITY

BYTE

•

OB88_OB_NUMBR

BYTE

OB number (88)
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Variable

Data type

OB88_BLK_TYPE

BYTE

Description
Type of block at which the error has occurred:
•

B#16#88: OB

•

B#16#8C: FC

•

B#16#8E: FB

•

B#16##00: Could not determine interrupt source

OB88_RESERVED_1

BYTE

Reserved

OB88_FLT_PRIORITY

BYTE

Priority class of the OB that has caused the error

OB88_FLT_OB_NUMBR

BYTE

Number of the OB that has caused the error

OB88_BLK_NUM

WORD

Number of the block with the MC7 instruction that has
caused the error

OB88_PRG_ADDR

WORD

Relative address of the MC7 instruction that has
caused the error

OB88_DATE_TIME

DATE_AND_TIME

Date and TOD of the OB call
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1.25

Background Organization Block (OB90)

Description
With STEP 7, you can monitor a maximum scan cycle time and can guarantee a
minimum scan cycle time. If the execution time of OB1 including all the nested
interrupts and system activities is less than the minimum scan cycle time that you
have specified, the operating system reacts as follows:
• It calls the background OB (providing it exists on the CPU).
• It delays the next OB1 start (if OB90 does not exist on the CPU).

Understanding the Operation of OB90
OB90 has the lowest priority of all OBs. It is interrupted by any system activity and
any interrupt (even by OB1 after the minimum cycle time has elapsed) and is only
resumed if the selected minimum scan cycle time has not yet been reached. The
one exception to this is the execution of SFCs and SFBs that are started in OB90.
These are executed with the priority of OB1 and are therefore not interrupted by
OB1. There is no time monitoring of OB90.
The user program in OB90 is processed starting with the first instruction in the
following situations:
• Following a warm, cold, or hot restart
• After loading or deleting a block (with STEP 7)
• After loading OB90 on the CPU in the RUN mode
• After terminating the background cycle

Note
With configurations in which there is no great difference between the minimum
scan cycle time and the cycle monitoring time, SFC and SFB calls in the
background OB can lead to the cycle time being exceeded unexpectedly.
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Local Data for OB90
The following table describes the temporary (TEMP) variables of OB90. The
variable names are the default names of OB90.
Variable

Data Type

Description

OB90_EV_CLASS

BYTE

Event class and identifiers: B#16#11: active

OB90_STRT_INF

BYTE

•

B#16#91: warm restart/cold restart/hot restart

•

B#16#92: block deleted

•

B#16#93: downloading OB90 to the CPU in the RUN
mode

•

B#16#95: termination of the background cycle

OB90_PRIORITY

BYTE

Priority class: 29 (corresponds to priority 0.29)

OB90_OB_NUMBR

BYTE

OB number (90)

OB90_RESERVED_1

BYTE

Reserved

OB90_RESERVED_2

BYTE

Reserved

OB90_RESERVED_3

INT

Reserved

OB90_RESERVED_4

INT

Reserved

OB90_RESERVED_5

INT

Reserved

OB90_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day at which the OB was called
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1.26

Startup Organization Blocks (OB100, OB101 and
OB102)

Types of Startup
A distinction is made between the following types of startup
• Hot restart (not with the S7-300 and the S7-400H)
• Warm restart
• Cold restart
In the following table, you can see which OB is called by the operating system
during startup.
Type of Startup

Corresponding OB

Hot restart

OB101

Warm restart

OB100

Cold restart

OB102

For more detailed information on the types of startup, refer to the manuals
"Programming with STEP 7" "Configuring hardware and connections with
STEP 7" and "S7-400H PLC."

Startup Events
The CPU executes a startup as follows:
• After POWER ON
• Whenever you switch the mode selector from STOP to RUN-P
• After a request using a communication function (menu command from the
programming device or by calling the communication function blocks 19
"START" or 21 "RESUME" on a different CPU).
• Synchronization in multicomputing
• In an H system after link-up (only on the standby CPU)
Depending on the start event, the particular CPU, and its parameters, the
appropriate startup OB (OB100, OB101, or OB102) is called. With suitable
programming, you can make certain settings for your cyclic program (exception: in
an H system, when the standby CPU is linked-up, there is a startup on the standby
CPU but no startup OB is called).
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Local Data for Startup OBs
The following table describes the temporary (TEMP) variables for a startup OB.
The variable names are the default names of OB100.
Variable

Type

Description

OB10x_EV_CLASS

BYTE

Event class and identifiers: B#16#13: active

OB10x_STRTUP

BYTE

Startup request:
•

B#16#81:

•

B#16#82:

Automatic warm restart

•

B#16#83:

Request for manual hot restart

•

B#16#84:

Request for automatic hot restart

•

B#16#85:

Request for manual cold restart

•

B#16#86:

Request for automatic cold restart

•

B#16#87:

Master: Request for manual
cold restart

•

B#16#88:

Master: Request for automatic
cold restart

•

B#16#8A:

Master: Request for manual warm
restart

•

B#16#8B:

Master: Request for automatic warm
restart

•

B#16#8C:

Standby: Request for manual restart

•

B#16#8D:

Standby: Request for automatic
restart

Manual warm restart

OB10x_PRIORITY

BYTE

Priority class: 27

OB10x_OB_NUMBR

BYTE

OB number (100, 101, or 102)

OB10x_RESERVED_1

BYTE

Reserved

OB10x_RESERVED_2

BYTE

Reserved

OB10x_STOP

WORD

Number of the event that caused the CPU to stop

OB10x_STRT_INFO

DWORD

Supplementary information about the current startup

OB10x_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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The following table shows the variables OB100_STR_INFO and OB101_STR_INFO.
Bit No.

Meaning

Possible Binary
Values

Explanation

31 - 24

Startup information

0000 xxxx

Rack number 0 (H CPUs only)

0100 xxxx

Rack number 1 (H CPUs only)

1000 xxxx

Rack number 2 (H CPUs only)

23 - 16

1-58

Startup just completed

0001 xxxx

Multicomputing (S7-400 only)

0010 xxxx

Operation of more than one CPU in the
segmented rack (S7-400 only)

xxxx xxx0

No difference between expected and
actual configuration (S7-300 only)

xxxx xxx1

Difference between expected and
actual configuration (S7-300 only)

xxxx xx0x

No difference between expected and
actual configuration

xxxx xx1x

Difference between expected and
actual configuration

xxxx x0xx

Not an H CPU

xxxx x1xx

H CPU

xxxx 0xxx

Clock for time stamp not batterybacked at last POWER ON

xxxx 1xxx

Clock for time stamp battery-backed at
last POWER ON

0000 0001

Warm restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 0011

Restart (warm) triggered with mode
selector

0000 0100

Restart (warm) triggered by command
via MPI

0000 0101

Cold restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 0011

Cold restart triggered with mode
selector

0000 1000

Cold restart triggered by command via
MPI

0000 1010

Hot restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 1011

Hot restart triggered with mode
selector (S7-400 only)

0000 1100

Hot restart triggered by command via
MPI (S7-400 only)

0001 0000

Automatic restart (warm) after batterybacked POWER ON

0001 0001

Cold restart after battery-backed
POWER ON according to parameter
assignment
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Bit No.

15 - 12

11 - 8

Meaning

Permissibility of
automatic startup

Possible Binary
Values

Explanation

0001 0011

Restart (warm) triggered with mode
selector; last POWER ON batterybacked

0001 0100

Restart (warm) triggered by command
via MPI; last POWER ON batterybacked

0010 0000

Automatic restart (warm) after not
battery-backed POWER ON (with
memory reset by system)

0010 0001

Cold restart after not battery-backed
POWER ON (with memory reset by
system)

0010 0011

Restart (warm) triggered with mode
selector; last POWER ON not batterybacked

0010 0100

Restart (warm) triggered by command
via MPI; last POWER ON not batterybacked

1010 0000

Automatic hot restart after batterybacked POWER ON according to
parameter assignment (S7-400 only)

0000

Automatic startup illegal, memory reset
requested

0001

Automatic startup illegal, parameter
modifications, etc. necessary

0111

Automatic restart (warm) permitted

1111

Automatic restart (warm/hot) permitted
(S7-400 only)

Permissibility of manual 0000
startup

Startup illegal, memory reset
requested

0001

Startup illegal, parameter
modifications, etc. necessary

0111

Restart (warm) permitted

1111

Restart (warm/hot) permitted (S7-400
only)
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Bit No.

Meaning

7-0

Last valid intervention or 0000 0000
setting of the automatic 0000 0001
startup at POWER ON

1-60

Possible Binary
Values

Explanation
No startup
Warm restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 0011

Restart (warm) triggered by mode
selector

0000 0100

Restart (warm) triggered by command
via MPI

0000 0101

Hot restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 0111

Cold restart triggered with mode
selector

0000 1000

Cold restart triggered by command via
MPI

0000 1010

Hot restart in multicomputing without
changing setting on the CPU according
to parameter assignment (S7-400 only)

0000 1011

Hot restart triggered with mode
selector (S7-400 only)

0000 1100

Hot restart triggered by command via
MPI (S7-400 only)

0001 0000

Automatic Restart (warm) after batterybacked POWER ON

0001 0001

Cold restart after battery-backed
POWER ON according to parameter
assignment

0001 0011

Restart (warm) triggered with mode
selector; last POWER ON batterybacked

0001 0100

Restart (warm) triggered by command
via MPI; last POWER ON batterybacked

0010 0000

Automatic Restart (warm) after batterybacked POWER ON (with memory
reset by system)

0010 0001

Cold restart after battery-backed
POWER ON according to parameter
assignment

0010 0011

Restart (warm) triggered with mode
selector; last POWER ON not batterybacked

0010 0100

Restart (warm) triggered by command
via MPI; last POWER ON not batterybacked

1010 0000

Automatic hot restart after batterybacked POWER ON according to
parameter assignment (S7-400 only)
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1.27

Programming Error Organization Block (OB121)

Description
The operating system of the CPU calls OB121 whenever an event occurs that is
caused by an error related to the processing of the program. For example, if your
program calls a block that has not been loaded on the CPU, OB121 is called.

Understanding the Operation of the Programming Error OB
OB121 is executed in the same priority class as the interrupted block.
If OB121 is not programmed, the CPU changes from the RUN mode to the STOP
mode.
S7 provides the following SFCs for masking and unmasking start events for OB121
during the execution of your program:
• SFC36 (MSK_FLT): masks specific error codes
• SFC37 (DMSK_FLT): unmasks the error codes that were masked by SFC36
• SFC38 (READ_ERR): reads the error register

Local Data for the Programming Error OB
The following table describes the temporary (TEMP) variables for programming
error OB. The variable names are the default names of OB121.
Variable

Type

Description

OB121_EV_CLASS

BYTE

Event class and identifiers: B#16#25

OB121_SW_FLT

BYTE

Error code :
(possible values: B#16#21, B#16#22, B#16#23,
B#16#24, B#16#25, B#16#26, B#16#27, B#16#28,
B#16#29, B#16#30, B#16#31, B#16#32, B#16#33,
B#16#34, B#16#35, B#16#3A, B#16#3C, B#16#3D,
B#16#3E, B#16#3F)

OB121_PRIORITY

BYTE

Priority class = priority class of the OB in which the error
occurred

OB121_OB_NUMBR

BYTE

OB number (121)

OB121_BLK_TYPE

BYTE

Type of block where the error occurred (no valid value is
entered here in case of S7-300): B#16#88: OB,
B#16#8A: DB, B#16#8C: FC, B#16#8E: FB

OB121_RESERVED_1

BYTE

Reserved

OB121_FLT_REG

WORD

Source of the error (depends on error code).
For example:
•

Register where the conversion error occurred

•

Incorrect address (read/write error)

•

Incorrect timer/counter/block number

•

Incorrect memory area
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Variable

Type

Description

OB121_BLK_NUM

WORD

Number of the block with the MC7 command that
caused the error (no valid number is entered here for an
S7-300)

OB121_PRG_ADDR

WORD

Relative address of the MC7 command that caused the
error
(no valid value is entered here for an S7-300)

OB121_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called

The variables dependent on the error code have the following meaning:
Error code

Meaning

B#16#21:

BCD conversion error

OB121_FLT_REG:

ID for the register concerned (W#16#0000: accumulator 1)

B#16#22:

Area length error when reading

B#16#23:

Area length error when writing

B#16#28:

Read access to a byte, word, or double word with a pointer whose bit
address is not 0.

B#16#29:

Write access to a byte, word, or double word with a pointer whose bit
address is not 0.
Incorrect byte address. The data area and access type can be read from
OB121_RESERVED_1.
•

OB121_RESERVED_1:

•

Bits 7 to 4 access type.
-

0: bit access,

-

1: byte access,

-

2: word access,

-

3: double word access

Bits 3 to 0 memory area:
-

0: I/O area

-

1: process-image input table

-

2: Process-image output table

-

3: bit memory

-

4: global DB

-

5: instance DB

-

6: own local data

-

7: local data of caller

B#16#24:

Range error when reading

B#16#25:

Range error when writing

OB121_FLT_REG:

Contains the ID of the illegal area in the low byte (B#16#86 of own local
data area)

B#16#26:

Error for timer number

B#16#27:

Error for counter number

OB121_FLT_REG:
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Error code

Meaning

B#16#30:

Write access to a write-protected global DB

B#16#31:

Write access to a write-protected instance DB

B#16#32:

DB number error accessing a global DB

B#16#33:

DB number error accessing an instance DB

OB121_FLT_REG:

Illegal DB number

B#16#34:

FC number error in FC call

B#16#35:

FB number error in FB call

B#16#3A:

Access to a DB that has not been loaded; the DB number is in the
permitted range

OB121_FLT_REG:
B#16#3C:
OB121_FLT_REG:
B#16#3D:
OB121_FLT_REG:
B#16#3E:
OB121_FLT_REG:
B#16#3F:
OB121_FLT_REG:

DB number
Access to an FC that has not been loaded; the FC number is in the
permitted range
FC number
Access to an SFC that is not available; the SFC number is in the
permitted range
SFC number
Access to an FB that has not been loaded; the FB number is in the
permitted range
FB number
Access to an SFB that is not available; the SFB number is in the permitted
range
SFB number
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1.28

I/O Access Error Organization Block (OB122)

Description
The operating system of the CPU calls OB122 whenever an error occurs while
accessing data on a module. For example, if the CPU detects a read error when
accessing data on an I/O module, the operating system calls OB122.

Understanding the Operation of the I/O Access Error OB
OB122 is executed in the same priority class as the interrupted OB. If OB122 is not
programmed, the CPU changes from the RUN mode to the STOP mode.
S7 provides the following SFCs for masking and unmasking start events for OB122
during the execution of your program:
• SFC36 (MSK_FLT): masks specific error codes
• SFC37 (DMSK_FLT): unmasks the error codes that were masked by SFC36
• SFC38 (READ_ERR): reads the error register
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Local Data for the I/O Access Error OB
The following table describes the temporary (TEMP) variables for the I/O access
error OB. The variable names are the default names of OB122.
Variable

Type

Description

OB122_EV_CLASS

BYTE

Event class and identifiers: B#16#29

OB122_SW_FLT

BYTE

OB122_PRIORITY

BYTE

Error code:
•

B#16#42: I/O access error, reading

•

B#16#43: I/O access error, writing

Priority class:
•

Priority class of the OB where the error occurred

OB122_OB_NUMBR

BYTE

OB number (122)

OB122_BLK_TYPE

BYTE

Type of block where the error occurred (B#16#88: OB,
B#16#8C: FC, B#16#8E: FB) (no valid number is entered
here for an S7-300)

OB122_MEM_AREA

BYTE

Memory area and access type:
•

•

Bit 7 to 4: Access type
-

0: Bit access

-

1: Byte access

-

2: Word access

-

3: DWord access

Bit 3 to 0: memory area
-

0: I/O area

-

1: Process image of the inputs

-

2: Process image of the outputs

OB122_MEM_ADDR

WORD

Memory address where the error occurred

OB122_BLK_NUM

WORD

Number of the block with the MC7 command that caused
the error (no valid number is entered here for an S7-300)

OB122_PRG_ADDR

WORD

Relative address of the MC7 command that caused the
error (no valid number is entered here for an S7-300)

OB122_DATE_TIME

DATE_AND_TIME

DATE_AND_TIME of day when the OB was called
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Common Parameters for SFCs

2.1

Evaluating Errors with Output Parameter RET_VAL

Types of Error Information
A system function (SFC) executed in your user program indicates whether or not
the CPU was able to execute the function of the SFC successfully.
You can obtain information about any errors that occurred in two ways:
• In the BR bit of the status word
• In the output parameter RET_VAL (return value)

Note
Before evaluating the output parameters specific to an SFC, you should always
follow the steps below:
•

First, evaluate the BR bit of the status word.

•

Then check the output parameter RET_VAL.

If the BR bit indicates that an error has occurred or if RET_VAL contains a general
error code, you must not evaluate the SFC output parameter!

Error Information in the Return Value
A system function (SFC) indicates that an error occurred during its execution by
entering the value "0" in the binary result bit (BR) of the status word. Some system
functions provide an additional error code at an output known as the return value
(RET_VAL) output. If a general error is entered in the output parameter RET_VAL
(see below for explanation), this is only indicated by the value "0" in the BR bit of
the status word.
The return value is of the data type integer (INT). The relationship of the return
value to the value "0" indicates whether or not an error occurred during execution
of the function.
CPU Execution of the SFC

BR

Return Value

Sign of the Integer

With error(s)

0

less than "0"

negative
(sign bit is "1")

Without error

1

greater than or
equal to "0"

positive
(sign bit is "0")
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Reactions to Error Information
There are two different types of error code in RET_VAL as follows:
• A general error code, that all system functions can output and
• A specific error code, that the system function can output and which relates to
its specific function.
You can write your program so that it reacts to the errors that occur during
execution of a system function. This way you prevent further errors occurring as a
result of the first error.

General and Specific Error Information
The return value (RET_VAL) of a system function provides one of the two following
types of error codes:
• A general error code, that relates to errors that can occur in any system
function.
• A specific error code, that relates only to the particular system function.
Although the data type of the output parameter RET_VAL is integer (INT), the error
codes for system functions are grouped according to hexadecimal values. If you
want to examine a return value and compare the value with the error codes listed in
this manual, then display the error code in hexadecimal format.
The figure below shows the structure of a system function error code in
hexadecimal format.
Error code, for example W#16#8081
15

8 7

0

1
X
Event number or error class and single error
x = ‘0’ indicates that this is a specific error code from an SFC. The error
codes are listed in the section entitled "Error Information" in the
descriptions of the individual system functions.
x > ‘0’ indicates that this is a general error code from an SFC. In this
case, x is the number of the SFC parameter that caused the error. The
possible error codes are shown in the following table.

Sign bit = 1 indicates that an error has occurred.
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General Error Information
The general error code indicates errors that can occur in any system function.
A general error code consists of the following two numbers:
• A parameter number from 1 to 111, where 1 indicates the first parameter, 2
indicates the second parameter of the SFC, etc.
• An event number from 0 to 127. The event number indicates that a synchronous
error occurred.
The following table lists the codes for general errors and an explanation of each
error.
Bits 15
1

8
Parameter number

7

Event number

0

Sign

Note
If a general error code was entered in RET_VAL, the following situations are
possible:
•

The action associated with the SFC may have been started or already
completed.

•

A specific SFC error may have occurred when the action was performed. As a
result of a general error that occurred later, the specific error could, however,
no longer be indicated.

Specific Error Information
Some system functions (SFCs) have a return value that provides a specific error
code. This error code indicates that an error pertaining to a particular system
function occurred during the execution of the function (see figure). A specific error
code consists of the following two numbers:
• An error class from 0 to 7.
• An error number from 0 to 15.
Bits 15
1

8
0

7
4 3
0
1 Error class Error no.

Sign
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General Error Codes
The following table explains the general error codes of a return value. The error
code is shown in hexadecimal format. The letter x in each code number is simply a
place holder and represents the number of the system function parameter that
caused the error.
Error Code (W#16#...) Explanation
8x7F

Internal error
This error code indicates an internal error at parameter x. This error was not
caused by the user and cannot be eliminated by the user.

8x01

Illegal syntax ID at an ANYparameter

8x22

Range length error when reading a parameter.
Range length error when writing a parameter.
This error code indicates that the parameter x is located either entirely or partly
outside the range of an address or that the length of a bit range is not a multiple
of 8 with an ANY parameter.

8x23

8x24

Range error when reading a parameter.

8x25

Range error when writing a parameter.
This error code indicates that the parameter x is located in a range that is illegal
for the system function. Refer to the descriptions of the individual functions for
information about the illegal ranges.

8x24
8x25

Range error when reading a parameter.
Range error when writing a parameter.
This error code indicates that the parameter x is located in a range that is illegal
for the system function. Refer to the descriptions of the individual functions for
information about the illegal ranges.

8x26

The parameter contains a timer number that is too high.
This error code indicates that the timer specified in parameter x does not exist.

8x27

The parameter contains a counter number that is too high (counter number
error).
This error code indicates that the counter specified in parameter x does not
exist.

8x28
8x29

Alignment error when reading a parameter.
Alignment error when writing a parameter.
This error code indicates that the reference to parameter x is a bit address that
is not equal to 0.

8x30
8x31

The parameter is located in a read-only global DB.
The parameter is located in a read-only instance DB.
This error code indicates that parameter x is located in a read-only data block. If
the data block was opened by the system function itself, the system function
always returns the value W#16#8x30.

8x32
8x34
8x35

The parameter contains a DB number that is too high (DB number error).
The parameter contains an FC number that is too high (FC number error).
The parameter contains an FB number that is too high (FB number error).
This error code indicates that parameter x contains a block number higher than
the highest permitted number.

8x3A
8x3C
8x3E

The parameter contains the number of a DB that is not loaded.
The parameter contains the number of an FC that is not loaded.
The parameter contains the number of an FB that is not loaded.

8x42

An access error occurred while the system was attempting to read a parameter
from the peripheral input area.
An access error occurred while the system was attempting to write a parameter
to the peripheral output area.

8x43
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Error Code (W#16#...) Explanation
8x44

Error in the nth (n > 1) read access after an error occurred.

8x45

Error in the nth (n > 1) write access after an error occurred.
This error code indicates that access to the required parameter is denied.
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2.2

Meaning of the Parameters REQ, RET_VAL and BUSY
with Asynchronous SFCs

Asynchronous SFCs
SFCs that operate asynchronously are SFCs that are called more than once before
they complete their functions. The following SFCs are either always executed
asynchronously or in certain situations:
• SFC 7 "DP_PRAL"
• SFC 11 "DPSYC_FR"
• SFC 12 "D_ACT_DP"
• SFC 13 "DPNRM_DG"
• SFC 51 "RDSYSST"
• SFC 55 "WR_PARM"
• SFC 56 "WR_DPARM"
• SFC 57 "PARM_MOD"
• SFC 58 "WR_REC"
• SFC 59 "RD_REC"
• SFC 65 "X_SEND"
• SFC 67 "X_GET"
• SFC 68 "X_PUT"
• SFC 69 "X_ABORT"
• SFC 72 "I_GET"
• SFC 73 "I_PUT"
• SFC 74 "I_ABORT"
• SFC 82 "CREA_DBL"
• SFC 83 "READ_DBL"
• SFC 84 "WRIT_DBL"
• SFC 90 "H_CTRL"
• SFC 102 "RD_DPARA"
• SFC 103 "DP_TOPOL"
• SFC 114 "PN_DP"
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Identifying the Job
If you trigger a hardware interrupt, output control commands to DP slaves, start a
data transfer, or abort a non-configured connection with one of the SFCs listed
above and then call the same SFC again before the current job is completed, the
reaction of the SFC will depend on whether or not the second call involves the
same job.
The following table explains which input parameters specify the job for each of
these SFCs. If these parameters match those of a job that is not yet completed, the
SFC call counts as a follow-on call.
SFC

Job is Identified by ...

7 "DP_PRAL"

IOID, LADDR

11 "DPSYC_FR"

LADDR, GROUP, MODE

12 "D_ACT_DP"

LADDR

13 "DPNRM_DG"

LADDR

51 "RDSYSST"

SSL_ID, INDEX

55 "WR_PARM"

IOID, LADDR, RECNUM

56 "WR_DPARM"

IOID, LADDR, RECNUM

57 "PARM_MOD"

IOID, LADDR

58 "WR_REC"

IOID, LADDR, RECNUM

59 "RD_REC"

IOID, LADDR, RECNUM

65 "X_SEND"

DEST_ID, REQ_ID

67 "X_GET"

DEST_ID, VAR_ADDR

68 "X_PUT"

DEST_ID, VAR_ADDR

69 "X_ABORT"

DEST_ID

72 "I_GET"

IOID, LADDR, VAR_ADDR

73 "I_PUT"

IOID, LADDR, VAR_ADDR

74 "I_ABORT"

IOID, LADDR

82 "CREA_DBL"

LOW_LIMIT, UP_LIMIT, COUNT, ATTRIB, SRCBLK

83 "READ_DBL"

SRCBLK, DSTBLK

84 "WRIT_DBL"

SRCBLK, DSTBLK

90 "H_CTRL"

MODE, SUBMODE

102 "RD_DPARA"

LADDR, RECNUM

103 "DP_TOPOL"

DP_ID

114 "PN_DP"

-

Input Parameter REQ
The REQ (request) input parameter is used solely to start the job:
• If you call the SFC for a job that is not currently active, the job is started by REQ
= 1 (situation 1).
• If a particular job has been started and not yet completed and you call the SFC
again to perform the same job (for example, in a cyclic interrupt OB), then REQ
is not evaluated by the SFC (situation 2).
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Output Parameters RET_VAL and BUSY
The status of the job execution is indicated by the output parameters RET_VAL
and BUSY.
Refer also to the note in Evaluating Errors with the Output Parameter RET_VAL.
• In Case 1 (first call with REQ=1), W#16#7001 is entered in RET_VAL if system
resources are free and the input parameters are correct. BUSY is then set.
If the required system resources are currently being used or the input
parameters have errors, the corresponding error code is entered in RET_VAL
and BUSY has the value 0.
• In Case 2 (call while the same job is active), W#16#7002 is entered in
RET_VAL (this is a warning that the job is still being processed), and BUSY is
set.
• The following applies to the last call for a job:
-

With SFC 13 "DPNRM_DG," SFC 67 "X_GET" and SFC 72 "I_GET" the
number of supplied data is entered in RET_VAL as a positive number of
bytes if no error occurred. BUSY then has the value 0.
If an error occurs, RET_VAL contains the error information. You must not
evaluate BUSY in this case.

-

With SFC 59 "RD_REC" the size of the data record in bytes is entered in
RET_VAL or the value 0 if no error occurred (refer to Reading a Data
Record with SFC 59 "RD_REC"). In this case, BUSY has the value 0. If an
error occurs, the error code is entered in RET_VAL and BUSY has the
value 0.)

-

With all other SFCs, if the job was executed error-free, 0 is entered in
RET_VAL, and BUSY has the value 0. If an error occurs, the error code is
entered in RET_VAL and BUSY has the value 0.

Note
If the first and last call come together, the reaction is the same for RET_VAL and
BUSY as described for the last call.
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Overview
The following table provides you with an overview of the relationships explained
above. In particular, it shows the possible values of the output parameters if the
execution of the job is not completed after an SFC has been called.

Note
Following every call, you must evaluate the relevant output parameters in your
program.

Relationship between Call, REQ, RET, RET_VAL, and BUSY during the execution
of a job.
Number of the Call Type of Call

REQ

RET_VAL

BUSY

1

1

W#16#7001

1

Error code

0
1

First call

2 to (n - 1)

Intermediate call Irrelevant

W#16#7002

N

Last call

0
W#16#0000 (exceptions: SFC 59
"RD_REC" if the destination area is larger
than the data record transferred and
SFC 13 "DPNRM_DG," SFC 67 "X_GET"
and SFC 72 "I_GET"), if no error has
occurred

Irrelevant

Error code if errors occurred
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Copy and Block Functions

3.1

Copying Memory Area with SFC 20 "BLKMOV"

Description
You use SFC 20 "BLKMOV" (block move) to copy the contents of a memory area
(= source area) to another memory area (= destination area).
Permissible source areas are the following:
• Parts of data blocks
• Memory bits
• Process-image partition (part process image) for inputs
• Process-image partition (part process image) for outputs
The source parameter can be a part of the data block in the load memory which is
not relevant to program execution (DB compiled with the keyword UNLINKED).
Note
If your CPU contains SFC 83, you must use SFC 83 for reading data blocks that
are not relevant to program execution. If you use SFC 20, error W#16#8092 is
output.

DB10. DBW4

A

B

DB10. DBW6

C

D

DB10. DBW8
DB10. DBW10

E

F

G

H

Copy

Data is copied
in the direction of
ascending
addresses
MW 10
MW 12

A
C

B
D

MW 14

E

F

MW 16

G

H

Memory area
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Interruptability
As long as the source area is not part of a data block that only exists in the load
memory, there is no limit to the nesting depth.
If, however, SFC 20 is interrupted while copying from a DB that is not relevant to
program execution, the execution of SFC 20 can no longer be nested.
Parameter Declaration

Data Type

Memory
Area

Description

SRCBLK

INPUT

ANY

I, Q, M, D, L Specifies the memory area to be copied (source
area). Arrays of the data type STRING are not
permitted.

RET_VAL

OUTPUT

INT

I, Q, M, D, L If an error occurs when the function is being
executed, the return value contains an error
code.

DSTBLK

OUTPUT

ANY

I, Q, M, D, L Specifies the memory area to which the data will
be copied (destination area). Arrays of the data
type STRING are not permitted.

Note
The source and destination areas must not overlap. If the specified destination
area is larger than the source area, the function only copies as much data to the
destination area as is contained in the source area.
If the specified destination area (DSTBLK parameter) is smaller than the source
area (SRCBLK parameter ), the function only copies as much data as can be
written to the destination area.
If the destination or source area actually present is smaller than the size of the
parameter set for the memory area of the source or destination area (SRCBLK,
DSTBLK parameters), no data will be transferred.
If the ANY pointer (source or destination) is of the type BOOL, the length specified
must be divisible by 8; otherwise the SFC will not be executed.
Source or destination parameters (or both) should also be STRING data types. If
the source is a string, only the current characters in the string will be copied. If the
source and destination is a string, the current length of the number of copied
characters will be written.
If you want to copy a string including maximum length and actual length, proceed
as follows: Create the ANY pointer that you use in the SRCBLK and DSTBLK
parameters yourself. Use the BYTE data type for this.

Special feature: If an unlinked data block is copied to the RAM with SFC 20
BLKMOV and loaded at the same time, for example, through the programming
device, the SFC can be delayed up to several milliseconds. This results in a longer
OB cycle and may alert the cycle monitoring. Avoid loading the block during the
time in which the CPU is copying this block with SFC 20.
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Error Information
Error Code
(W#16#...)

Explanation

0000

No error

8091

Nesting depth exceeded.

8092

The SFC 20 "BLKMOV" cannot be executed because a non-executable block was being
accessed. Use SFC 83 to do this.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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3.2

Uninterruptible Copying of Variables with SFC 81
"UBLKMOV"

Description
With SFC 81 "UBLKMOV" (uninterruptible block move), you can copy the contents
of a memory area (= source area) consistently to a different memory area (=
destination area). The copy operation cannot be interrupted by other operating
system activities.
Using SFC 81 "UBLKMOV," you can copy all memory areas except:
• The following block types: FB, SFB, FC, SFC, OB, SDB
• Counters
• Timers
• Memory areas of the peripheral I/O areas
• Runtime irrelevant blocks
You can copy a maximum of 512 bytes of data. Note the CPU-specific restrictions;
you can find them in the instruction list, for example.
The source parameters can also be included in a the load memory of an unlinked
data block (DB, compiled with the keyword UNLINKED)!

Interrupt ability, Interrupt Reaction Times
Copying cannot be interrupted. Remember that if you use SFC 81 "UBLKMOV,"
this can increase the interrupt reaction times of your CPU.
Parameter

Declaration Type

Memory Area Description

SRCBLK

INPUT

ANY

I, Q, M, D, L

Specifies the memory area to be copied
(source area). Arrays of the data type
STRING are not permitted.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs when the function is
being executed, the return value contains
an error code.

DSTBLK

OUTPUT

ANY

I, Q, M, D, L

Specifies the memory area to which the
data will be copied (destination area).
Arrays of the data type STRING are not
permitted.
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Note
The source and destination areas must not overlap. If the specified destination
area is larger than the source area, the function only copies as much data to the
destination area as is contained in the source area.
If the specified destination area is smaller than the source area, the function only
copies as much data as can be written to the destination area.
If the destination or source area actually present is smaller than the size of the
parameter set for the memory area of the source or destination area (SRCBLK,
DSTBLK parameters), no data will be transferred.
If the ANY pointer (source or destination) is of the type BOOL, the length specified
must be divisible by 8; otherwise the SFC will not be executed.
If the ANY pointer is of the type STRING, the length specified must be 1.

Error Information
Error Code (W#16#...)

Description

0000

No error

8091

The source area is in an unlinked data block.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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3.3

Initializing a Memory Area with SFC 21 "FILL"

Description
With SFC 21 "FILL," you can initialize a memory area (destination area) with the
contents of another memory area (source area). The SFC copies the contents of
the specified destination area until the memory area is completely full.

Note
The source and destination field must not overlap.
If the destination area to be initialized is not a whole multiple of the length of the
input parameter BVAL, the destination area is nevertheless written up to the last
byte.
If the destination area to be initialized is smaller than the source area, the function
only copies as much data as can be written to the destination area.
If the destination or source area actually present is smaller than the size of the
parameter set for the memory area of the source or destination area (BVAL, BLK
parameters), no data will be transferred.
If the ANY pointer (source or destination) is of the type BOOL, the length specified
must be divisible by 8; otherwise the SFC will not be executed.

FILL
A B

BVAL

A B

MW100

C D

MW102

MW18

E F

MW104

MW20

G H

MW106

C D

MW14
MW16

E F
G H

BLK

A B

MW108

C D

MW110

E F

MW112

G H
A B

MW114
MW116

C D

MW118

Example: The content of the area MW100 to MW118 will be
written with the contents of memory words MW14 to MW20.
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Exceptions
The following cannot be used as the source field:
• Counters
• Timers
You cannot write values to the following using SFC 21:
• The following block types: FB, SFB, FC, SFC, SDB,
• Counters,
• Timers,
• Memory areas of the peripheral I/O area.
Parameter

Declaration

Data Type

Memory Area

Description

BVAL

INPUT

ANY

I, Q, M, D, L

The parameter BVAL contains the value or
description of the area whose contents will
be
used to initialize the destination area (source
area). Arrays of the data type STRING are
not permitted.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
processed, the return value contains an error
code.

BLK

OUTPUT

ANY

I, Q, M, D, L

The parameter BLK contains the description
of the area to be initialized (destination area).
Arrays of the data type STRING are not
permitted.

The Input Parameter is a Structure
If you transfer a structure as the input parameter, remember the following point:
STEP 7 always defines the length of a structure as an even number of bytes. As a
result, the structure will need one byte of additional memory space if you declare a
structure with an odd number of bytes.
Example
The structure was declared as:
TYP_5_BYTE_STRUCTURE : STRUCT
BYTE_1_2 : WORD
BYTE_3_4 : WORD
BYTE_5 : BYTE
END_STRUCT
The declared structure "TYP_5_BYTE_STRUCTURE" requires 6 bytes of memory.

Error Information
SFC 21 "FILL" only provides general (not specific) error information. See
Evaluating Errors with Output Parameter RET_VAL.
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3.4

Creating a Data Block with SFC 22 "CREAT_DB"

Description
With SFC 22 "CREAT_DB" (create data block), you create a data block that does
not contain initialized values. Instead, it contains random data. The SFC creates a
data block of a selectable length with a block number taken from a specified range.
The SFC assigns the lowest possible number to the DB from the specified range. If
you want to create a DB with a particular number, simply select the range
specifying the same value as the upper and lower limit. You cannot assign a
number if a DB with the same number already exists in the user program. The
length of the DB must be an even number of bytes.

Interruptability
SFC 22 "CREAT_DB" can be interrupted by higher priority OBs. If SFC 22
"CREAT_DB" is called again in a higher priority OB, the call is rejected with error
code W#16#8091.
Parameter

Declarati
on

Data Type

Memory Area

Description

LOW_LIMIT

INPUT

WORD

I, Q, M, D, L,
constant

The lower limit value is the smallest
number in the range of numbers that
you can assign to your data block.

UP_LIMIT

INPUT

WORD

I, Q, M, D, L,
constant

The upper limit value is the highest
number in the range of numbers you
can assign to your data block.

COUNT

INPUT

WORD

I, Q, M, D, L,
constant

The count value specifies the number
of data bytes you want to reserve for
your data block. Here you must specify
an even number of bytes (maximum
65534).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value
contains an error code.

DB_NUMBER

OUTPUT

WORD

I, Q, M, D, L

The data block number is the number
of the created data block. If an error
occurs, (bit 15 of RET_VAL was set)
the value 0 is entered in DB_NUMBER.
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Error Information
Error Code

Explanation

(W#16#...)
0000

No error occurred.

8091

You have called SFC 22 nested.

8092

The "create DB" function cannot be executed currently because

80A1

80A2

•

The "compress user memory" function is currently active

•

The number of DBs in the CPU has already reached the maximum possible
number.

•

The H CPU is running coupling or update functions.

•

The WinAC Software CPU has detected an error in the operating
system of the computer where WinAC is installed.

Error in the number of the DB:

•

The number is 0.

•

The number exceeds the number of DBs for the specific CPU.

•

Parameter lower limit > upper limit.

Error in the length of the DB:

•

The length is 0.

•

The length was specified as an odd number.

•

The length is greater than permitted by the CPU.

80B1

There is no DB number free.

80B2

There is not enough free memory available.

80B3

There is not enough continuous memory space available (remedy: compress
memory!)

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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3.5

Deleting a Data Block with SFC 23 "DEL_DB"

Description
With SFC 23 "DEL_DB" (delete data block) you delete a data block located in the
work memory and, if present, in the load memory of the CPU. The DB to be deleted
must not be open in the current or in any lower priority class, in other words, it must
not be entered in either of the two DB registers or in the B stack. Otherwise the
CPU starts OB°121 when SFC 23 is called. If OB°121 is not present the CPU
switches to the STOP mode. For S7-300 (exception: CPU 318), the DB is deleted
without calling OB121.

Note
It is not advisable to delete instance DBs with SFC 23 "DEL_DB". This always
leads to program errors. Avoid deleting instance DBs with SFC 23!

The following table explains when a DB can be deleted with SFC 23 "DEL-DB."
If ...

Then ...

The DB was created by calling SFC 22 "CREAT_DB,"

SFC 23 can delete it.

The DB was transferred to the CPU by STEP 7 and was not created with the
keyword UNLINKED,

SFC 23 can delete it.

The DB is located on a flash card,

SFC 23 cannot delete it.

Interruptability
SFC 23 "DEL_DB" can be interrupted by priority classes of a higher priority. If the
SFC is again called there, then this second call is aborted and W#16#8091 is
entered in RET_VAL.
Parameter

Declaration Data Type

Memory Area

Description

DB_NUMBER

INPUT

WORD

I, Q, M, D, L, constant

Number of the DB to be
deleted

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information
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Error Information
Error Code
(W#16#...)

Explanation

0000

No error occurred.

8091

SFC 23 calls were nested and the maximum nesting level of the CPU used was exceeded.

8092

The "delete DB" function cannot be executed currently because

80A1

•

The "compress user memory" function is currently active.

•

You are copying the DB to be deleted from the CPU to an offline project.

•

The H CPU is running coupling or update functions.

•

WinAC Software CPU has detected an error in the operating
system of the computer where WinAC is installed

Error in the input parameter DB_NUMBER: the actual parameter selected

•

Is 0.

•

Is greater than the maximum permitted DB number for the CPU used.

80B1

The DB with the specified number does not exist on the CPU.

80B2

The DB with the specified number created using the keyword UNLINKED.

80B3

The DB is on a flash card.

80B4

The DB cannot be deleted. Possible causes:

•

It belongs to an F-program.

•

It is an instance DB of a block for S7 communication (only for S7-400).

•

It is a technology DB.

80C1

The "Delete DB" function cannot be executed at this time due to a temporary resource
bottleneck.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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3.6

Testing a Data Block with SFC 24 "TEST_DB"

Description
With SFC 24 "TEST_DB" (test data block), you obtain information about a data
block located in the work memory of the CPU. The SFC queries the number of data
bytes in the selected DB and checks whether or not the DB is read only.
Parameter

Declaration Data Type

Memory Area

Description

DB_NUMBER

INPUT

WORD

I, Q, M, D, L,
constant

Number of the DB to be tested

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

DB_LENGTH

OUTPUT

WORD

I, Q, M, D, L

Number of data bytes the selected DB
contains.

WRITE_PROT

OUTPUT

BOOL

I, Q, M, D, L

Information about the write-protect
identifier of the DB (1 means read only).

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

80A1

Error in the input parameter DB_NUMBER: the actual parameter selected

•

Is 0

•

Is greater than the max. permissible DB number for the CPU used.

80B1

The DB with the specified number does not exist on the CPU.

80B2

The DB was created using the keyword UNLINKED.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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3.7

Compressing the User Memory with SFC 25
"COMPRESS"

Gaps in Memory
Gaps can occur in the load memory and in the work memory if data blocks are
deleted and reloaded several times. These gaps reduce the effective memory area.

Description
With SFC 25 "COMPRESS," you start compression of the RAM section of both the
load memory and the work memory. The compression function is the same as
when started externally in the RUN-P mode (mode selector setting).
If compression was started externally and is still active, the SFC 25 call will result in
an error message.

Note
Data blocks with a length greater than 1000 bytes are not shifted with SFC 25
"COMPRESS." This means that gaps may still remain in the work memory after
compression.

Parameter Declaration Data Type

Memory Area Description

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

BUSY

OUTPUT

BOOL

I, Q, M, D, L

Indicates whether the compression
function started by an SFC 25 call is still
active. (1 means active.)

DONE

OUTPUT

BOOL

I, Q, M, D, L

Indicates whether the compression
function started by SFC 25 was completed
successfully. (1 means completed
successfully.)

Checking the Compression Function
If SFC 25 "COMPRESS" is called once, the compression function is started. You
cannot, however, check whether the memory was successfully compressed.
If you want to check the compression function, follow the steps outlined below:
Call SFC 25 cyclically. First evaluate the parameter RET_VAL after every call.
Provided that its value is 0, the parameters BUSY and DONE can be evaluated. If
BUSY = 1 and DONE = 0, this indicates that the compression function is still active.
When BUSY changes to value 0 and DONE to the value 1, this indicates that the
compression function was completed successfully. If SFC 25 is called again
afterwards, the compression function is started again.
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Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred. The compression function was started by SFC 25.
Evaluation of the output parameters BUSY and DONE by the user program
(see above) only provides useful information when this is the case.

8091

The compression function was started externally and is still active.

8092

The "compress user memory" function cannot currently be executed because

8xyy
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•

The "delete data block" function was started externally by STEP 7 and is
still active

•

A test and startup function currently requires a particular block (for
example, status)

•

The "copy blocks" function was triggered externally and is still active.

•

The H- CPU is running coupling or update functions.

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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3.8

Transferring a Substitute Value to Accumulator 1 with
SFC 44 "REPL_VAL"

Description
With SFC 44 "REPL_VAL" (replace value), you transfer a value to accumulator 1 of
the priority class that caused the error.

Restriction: Only in Synchronous Error OBs
You can only call SFC 44 "REPL_VAL" in a synchronous error OB (OB121,
OB122).

Example of an Application
If an input module is damaged to such an extent that no more values can be read
from it, then each time the module is accessed, OB 122 is started. Using SFC 44
"REPL_VAL," a suitable value in OB 122 can be transferred to accumulator 1 of the
interrupted priority class so that the program can continue with this substitute
value. The information for selecting the substitute value (for example, the block in
which the error occurred or the address affected) is located in the local variables of
OB 122.
Parameter Declaration Data Type

Memory Area

Description

VAL

INPUT

DWORD

I, Q, M, D, L, constant Substitute value

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the
function is being executed,
the return value contains an
error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred. A substitute value was entered.

8080

SFC 44 was not called by a synchronous error OB (OB 121, OB 122).

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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3.9

Generating Data Blocks in Load Memory with SFC 82
"CREA_DBL"

Description
With SFC 82 "CREA_DBL" (create data block in load memory) you can create a
new data block in the load memory (Micro Memory Card). The SFC 82 generates a
default size data block using a number from a specified range and. The SFC 82
assigns the smallest possible number to the DB. You can generate a DB with a
certain number by assigning the same number to the upper and to the lower limit of
the rage to be specified. You cannot assign numbers that are already assigned to
DBs that exist in the user program. If a DB already exists with the same number in
work memory and/or load memory or if the DB exists as copied version the SFC is
terminated and an error message is generated.

Note
With the SFC 24 "TEST_DB" you can determine whether a DB with the same
number already exists.

The content of the data area to which the parameter SRCBLK (source block) points
are written to the DB. This data area must be a DB or an area from a DB. To
maintain consistency, you must not change this data area while the SFC 82 is
being processed (i.e. as long as the BUSY parameter has the value TRUE).
A DB with READ_ONLY attribute can only be created and initialized by SFC 82.
The SFC 82 does not change the checksum of the user program.
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Operating principle
The SFC 82 "CREA_DBL" operates asynchronously, that is, processing covers
multiple SFC calls. Start the job by calling SFC 82 with REQ = 1.
Th job status is displayed via the output parameters RET_VAL and BUSY.
Refer also to Meaning of REQ, RET_VAL and BUSY for asynchronously operating
SFCs
Parameters Declaration Data type

Memory area Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: Request to generate the DB

LOW_LIMIT

INPUT

WORD

I, Q, M, D, L

Lower limit of the range used by the SFC to
assign a number to our DB

UP_LIMIT

INPUT

WORD

I, Q, M, D, L

Upper limit of the range used by the SFC to
assign a number to our DB

COUNT

INPUT

WORD

I, Q, M, D, L

The count value specifies the quantity of data
bytes you want to reserve for your DB. Here
you must specify an even number of bytes.

ATTRIB

INPUT

BYTE

I, Q, M, D, L

DB properties:

SRCBLK

INPUT

ANY

Bit 0 = 1:

UNLINKED:
The DB exists only in load
memory.

Bit 1 = 1:

READ_ONLY:
The DB is write protected.

Bit 2 = 1:

NON_RETAIN:
The DB is not retentive.

Bit 3 to 7:

Reserved

D

Pointer to the data area with whose values the
DB to be created is initialized

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The process is not terminated.

DB_NUM

OUTPUT

WORD

I, Q, M, D, L

Number of the generated DB
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Error Information
Error code
(W#16#...):

Description

0000

No error

0081

The target range is larger than the source range.
The source area is written completely to the target area. The remaining bytes of
the target area are filled with 0.

7000

First call with REQ=0: no data transfer active; BUSY has the value 0.

7001

First call with REQ=1: no data transfer active; BUSY has the value 1.

7002

Intermediate call (REQ irrelevant): data transfer already active; BUSY has the
value 1.

8081

The source range is larger than the target range.
The target range is fully written. The remaining bytes of the source area are
ignored.

8091

You have called the SFC 82 nested.

8092

The operation "Generate a DB" is currently not executable because

•

The "Compress Application Memory" operation is currently active

•

The maximum number of blocks on your CPU has already been reached.

8093

No data block or a data block that is not in the work memory is indicated for the
parameter SRCBLK.

8094

A not yet supported attribute was specified for the ATTRIB parameter

80A1

80A2

DB number error:

•

the number is 0

•

Lower limit > Upper Limit

DB length error:

•

the length is 0

•

the length is an odd number

•

the length is higher than permitted by the CPU

80B1

No free DB number

80B2

Insufficient memory

80BB

Insufficient load memory

80C0

The target is currently being processed by another SFC or communication
operation.

80C3

The maximum number of simultaneously active SFC 82 is currently reached.

8xyy

General error codes, for example:
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•

Source DB does not exist or it is only available as copied version

•

Source area in DB does not exist

•

See Evaluating Errors with Output Parameter RET_VAL
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3.10

Reading from a Data Block In Load Memory with
SFC 83 "READ_DBL"

Description
Use SFC 83 "READ_DBL" (read data block in load memory) to copy a DB or an
area from a DB in load memory (Micro Memory Card) to the data area of a target
DB. The target DB must be relevant for execution; that is, it must not be created
with the attribute UNLINKED. The content of the load memory is not changed
during the copy process.
To ensure consistency, you must not change the target area while the SFC83 is
being processed (i.e. as long as the BUSY parameter has the value TRUE).
The following restrictions apply to the parameters SRCBLK (source block) and
DSTBLK (destination block):
• For an ANY pointer of the type BOOLEAN the length must be divisible by 8.
• For an ANY pointer of the type BOOLEAN the length must be divisible by 1.
If required, you can determine the length of the source area with SFC 24
"TEST_DB".

Note
The SFC 83 is processed asynchronously. Therefore, it is not suitable for frequent
(or cyclical) reading of variables from load memory.

Note
Once started, a job is always completed. If the maximum number of simultaneously
active SFC 83 is reached and you call SFC 83 once again at this time in a priority
class having higher priority, error code W#16#80C3 will be returned. As such, it
does not make sense to restart the high-priority job right away.
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Working method
The SFC 83 "READ_DBL" is an asynchronous operating SFC, that is, processing
covers multiple SFC calls. Start the job by calling SFC 83 with REQ = 1.
The job status is displayed via the output parameters RET_VAL and BUSY.
See also Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs
Parameter

Declaration Data type

Memory
area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: Read request

SRCBLK

INPUT

ANY

D

Pointer to data block in the load memory that is
to be read from

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The read process is not yet
terminated.

DSTBLK

OUTPUT

ANY

D

Pointer to the data block in the work memory
that is to be written to

Error Information
Error code
(W#16#...):

Description

0000

No error

8081

The source range is larger than the target range.
The target range is fully written. The remaining bytes of the source area are
ignored.

7000

First call with REQ=0: no data transfer active; BUSY has the value 0.

7001

First call with REQ=1: no data transfer active; BUSY has the value 1.

7002

Intermediate call (REQ irrelevant): data transfer already active; BUSY has the
value 1.

0081

The target range is larger than the source range.
The source area is written completely to the target area. The remaining
bytes of the target area are not changed.

80C0

The target is currently being processed by another SFC or communication
operation.

8093

No data block or a data block that is not in the work memory is indicated for the
parameter DSTBLK.

80B1

No data block is indicated for the parameter SRCBLK, or the data block indicated
there is not an object in the load memory (e.g. a DB generated by SFC 22).

80B4

DB with an F-attribute must not be read.

80C0

The destination DB is currently being processed by another SFC or a
communication function.

80C3

The maximum number of simultaneously active SFC 83 is currently reached.

8xyy

•
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General error codes, see Evaluating Errors with Output Parameter RET_VAL
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3.11

Writing a Data Block in Load Memory with SFC 84
"WRIT_DBL"

Description
With the SFC 84 "WRIT_DBL" (write data block in load memory) you can transfer
the contents of a DB or a DB area from the work memory to a DB or a DB area in
the Micro Memory Card. The source DB must be process relevant; that is, it must
not have been created with the attribute UNLINKED. However, it may also be
generated with SFC 22 "CREAT_DB".
To ensure consistency, you must not change the source area while the SFC 84 is
being processed (i.e. as long as the BUSY parameter has the value TRUE).
The following restrictions apply to the parameters SRCBLK (source block) and
DSTBLK (destination block):
• For an ANY pointer of the type BOOLEAN the length must be divisible by 8.
• For an ANY pointer of the type STRING the length must be equal to 1.
If required, you can determine the length of the target DB with SFC 24 "TEST_DB".
SFC 84 does not change the checksum of the user program if you describe a DB
that was generated via SFC. However, when writing a loaded DB the first entry in
this DB changes the checksum of the user program.

Note
SFC 84 is not suitable for frequent (or cyclical) writing of variables to the load
memory writing. This is because the technology of Micro Memory Cards means
that only a certain number of write accesses can be made to a Micro Memory
Card. For more information, see the reference manual "SIMATIC S7-300
Programmable Controller CPU Data: CPU 31xC and CPU 31x".
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Operating principle
The SFC 84 "WRIT_DBL" operates asynchronously, that is, processing covers
multiple SFC calls. Start the job by calling SFC 84 with REQ = 1.
The job status is displayed via the output parameters RET_VAL and BUSY.
Refer also to Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs
Parameters Declaration Data type

Memory area Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: Write request

SRCBLK

INPUT

ANY

D

Pointer to DB in the work memory from which
is to be read

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The write process is not yet
terminated.

DSTBLK

OUTPUT

ANY

D

Pointer to the data block in the load memory
that is to be written to

Error Information
Error code
(W#16#...):

Description

0000

no error

0081

The target range is larger than the source range.
The source area is written completely to the target area. The remaining bytes of
the target area are not changed.

7000

First call with REQ=0: no data transfer active; BUSY has the value 0.

7001

First call with REQ=1: no data transfer active; BUSY has the value 1.

7002

Intermediate call (REQ irrelevant): data transfer already active; BUSY has the
value 1.

8081

The source range is larger than the target range.
The target range is fully written. The remaining bytes of the source area are
ignored.

8092

Incorrect operating mode: While the SFC 84 was active, the CPU went into STOP
mode. This error code is supplied at the next transition to RUN. Call SFC 84
again.

8093

No data block or a data block that is not in the work memory is indicated for the
parameter SRCBLK.

80B1

No data block is indicated for the parameter DSTBLK, or the data block indicated
there is not an object in the load memory (e.g. a DB generated by SFC 22).

80B4

A DB with F attribute must not be changed

80C0

The target is currently being processed by another SFC or communication
operation. Example: You upload a DB from the CPU to the programming device
(PG). You want to change the contents of this DB with SFC 84.

80C3

The maximum number of simultaneously active SFC 84 is currently reached.

8xyy

General error codes, see Evaluating Errors with Output Parameter RET_VAL
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3.12

Creating a Data Block with SFC 85 "CREA_DB"

Description
With SFC 85 "CREA_DB" (create data block) you create a data block with no
default values in the user program. Instead, the DB contains random data. The
SFC creates a data block with a number from a specified area and with a default
size. The SFC assigns the smallest possible number from this area to the DB. To
create a DB with a specific number, enter the same number for the upper and
lower limits of the default area. You cannot issue the numbers from the DBs
already continued in the user program. The length of the DB must be specified with
an even number.
Depending on the selection made for the ATTRIB parameter, the DB created has
the property RETAIN or NON_RETAIN:
• RETAIN means that the DB is created in the retentive part of the work memory.
This means the current values of the DB are retained after each power
OFF/power ON transition and every restart (warm restart).
• NON_RETAIN means that the DB is created in the non-retentive part of the
work memory. This means the current values of the DB are undefined after
each power OFF/power ON transition and every restart (warm restart).
If no distinction is made between retentive and non-retentive work memory, the
ATTRIB parameter is ignored. This means the values of the DB are retained after
each power OFF/power ON transition and every restart (warm restart).

Interruptability
SFC 85 "CREA_DB" can be interrupted by higher-priority OBs. If SFC 85
"CREA_DB" is again called in a higher-priority OB, this call is rejected with the
error code W#16#8091.
Parameter

Declaration

Data
Type

Memory
area

Description

LOW_LIMIT

INPUT

WORD

I, Q, M, D, L
constant

UP_LIMIT

INPUT

WORD

I, Q, M, D, L
constant

COUNT

INPUT

WORD

I, Q, M, D, L
constant

ATTRIB

INPUT

BYTE

I, Q, M, D, L
constant

The lower limit value is the lowest number
in the range of numbers that you can assign
to your data block.
The upper limit value is the highest number
in the range of numbers that you can assign
to your data block.
The count value indicates the number of
data bytes that you want to reserve for your
data block. You must specify an even
number of bytes (maximum 65534).
DB attributes:

RET_VAL

OUTPUT

INT

I, Q, M, D, L

DB_NUMBER

OUTPUT

WORD

I, Q, M, D, L

•

B#16#00: RETAIN

•
B#16#04: NON_RETAIN
If an error occurs during processing, the
function, the return value contains an error
code.
The data block number is the number of the
created data block. In case of an error, (bit
15 for RET_VAL was set) the value of 0 is
entered in DB_NUMBER.
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Error Information
Error Code
(W#16#...)

Description

0000

No error

8091

You have called SFC 85 nested.

8092

The "Create a DB" function is currently unavailable because

•

The "Compress User Memory" function is currently active

•

The WinAC software CPU has detected an error in the OS of the computer on which
WinAC is installed.

8094

Invalid value in ATTRIB

80A1

Error in number for DB:

80A2

•

The number is 0

•

The number exceeds the CPU-specific DB numbers

•

Lower limit > upper limit

Error in length of DB:

•

The length is 0

•

The length was specified with an uneven number

•

The length is greater than the CPU allows

80B1

There is no DB number free.

80B2

There is not enough free memory available.

80B3

There is not enough contiguously memory available (compress it!)

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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SFCs for Controlling Program Execution

4.1

Re-triggering Cycle Time Monitoring with SFC 43
"RE_TRIGR"

Description
With SFC 43 "RE_TRIGR" (re-trigger watchdog), you can re-trigger the cycle time
monitoring.

Parameters
SFC 43 "RE_TRIGR" has no parameters.

Error Information
SFC 43 "RE_TRIGR" does not provide any error information.

4.2

Changing the CPU to STOP with SFC 46 "STP"

Description
With SFC 46 "STP" (stop), you change the CPU to the STOP mode.

Parameters
SFC 46 "STP" does not have any parameters.

Error Information
SFC 46 "STP" does not provide any error information.
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4.3

Delaying Execution of the User Program with SFC 47
"WAIT"

Description
With SFC 47 "WAIT," you program delays or waiting times in your user program.
You can program waiting times up to 32767 µs. The smallest possible waiting time
depends on the particular CPU and is the same as the execution time of SFC 47.

Interrupt ability
SFC 47 "WAIT" can be interrupted by higher priority OBs.

Note
(for S7-300 only, but not for CPU 318)
The waiting time programmed with SFC 47 is a minimum time. It is extended by
the execution time of the nested priority classes and by load on the system.

Parameter Declaration Data Type

Memory Area

Description

WT

I, Q, M, D, L, constant

The parameter WT contains the
waiting time in µs.

INPUT

INT

Error information
SFC 47 "WAIT" does not provide any error information.
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4.4

Triggering a Multicomputing Interrupt with SFC 35
"MP_ALM"

Description
Calling SFC 35 "MP_ALM" during multicomputing triggers the multicomputing
interrupt. This leads to a synchronized start of OB 60 on all CPUs involved. In the
single processor mode and when operating with a segmented rack, OB 60 is only
started on the CPU that called SFC 35.
You can indicate the cause of the multicomputing interrupt using the JOB input
parameter. This job identifier is transferred to all the CPUs involved and you can
evaluate it in the multicomputing interrupt (OB 60) (refer to the online
documentation "Programming with STEP 7").
You can call SFC 35 "MP_ALM" at any point in your program. Since the call would
be pointless in any mode other than RUN, if it is called in the STARTUP mode, the
multicomputing interrupt is suppressed. The function value informs you of this.
Parameter Declaration Data Type

Memory Area

Description

JOB

INPUT

BYTE

I, Q, M, D, L, const. Job identifier: Possible values: 1 to
15

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs during execution
of the function, the return value
contains an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

The JOB input parameter contains an illegal value.

80A0

Execution of OB60 following the last multicomputing interrupt is not completed
either on the local or on another CPU.

80A1

Incorrect mode (STARTUP instead of RUN).

8xyy

General error codes, see Evaluating Errors with Output Parameter RET_VAL
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4.5

Controlling CiR with SFC 104 "CiR"

Description
You can use SFC 104 "CiR" to influence a reconfiguration in RUN mode as follows:
• You can disable CiR completely. In this case, the download of a modified
configuration from the PG to the CPU is always rejected. The lock is maintained
until you reset it with SFC 104 "CiR".
• You can specify a high limit for the CiR synchronization time to disable CiR
conditionally. In this case, the download of a modified configuration from the PG
to the CPU is only accepted if the CPU requires less than this specified time for
the evaluation of a modified configuration.
• You can determine whether or not to enable CiR. If enabled, or if conditionally
enabled, parameter A_FT also returns the actual high limit for the CiR
synchronization time.
Note
The outputs are frozen for the duration of the CiR synchronization period and the
inputs will not be evaluated.

Parameters
Parameter

Declaration

Data type

Memory area

Description

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Job ID
Possible values:

•

0: Information function

•

1: Enable CiR operation (The high limit of
the CiR synchronization time is set to the
default value here.)

•

2: Disable CiR completely

•

FRZ_TIME

INPUT

TIME

I, Q, M, D, L,
constant

RET_VAL

OUTPUT

INT

I, Q, M, D, L

A_FT

OUTPUT

TIME

I, Q, M, D, L

4-4

3: Disable CiR conditionally. Specify the
high limit of the CiR synchronization time
in FRZ_TIME.
"freeze time"
High limit of the CiR synchronization time in
ms
Permitted range of values: 200 ... 2500 ms
(default: 1000 ms)
Note: FRZ_TIME is only relevant when
MODE=3.
If an error occurs while the function is being
processed, the return value will contain an
error code.
When MODE=0, RET_VAL contains the
information whether or not CiR is enabled.
Currently valid high limit of the CiR
synchronization time
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Error information
Error code
(W#16#...)

Explanation

0000

The job was executed without error. (This error code is only available when MODE=1 or
MODE=2 or MODE=3.)

0001

CiR is enabled. (This error code is only available when MODE=0.)

0002

CiR is disabled completely. (This error code is only available when MODE=0.)

0003

CiR is disabled conditionally. (This error code is only available when MODE=0.)

8001

The CPU is not ready for a CiR operation. You are using an H CPU in an H system
(stand-alone), or you are working with a standard CPU in multicomputing mode.

8002

Illegal value in MODE

8003

Illegal value in FRZ_TIME

8xyy

General error codes, see Evaluating Errors with Output Parameter RET_VAL

Sample application for SFC 104
SFC 104 "CIR" can be used, for example to ensure that no CiR operation is
initiated during periods in which processing requires the maximum or adequate
CPU performance.
To achieve this, execute the following CPU program segment prior to the start of
periods of increased process activity:
• Call SFC 104 with MODE = 2 (Disable CiR operation entirely)
After this period of increased process activity, execute the following CPU program
segment:
• Call SFC 104 with MODE = 1 (re-enable CiR operation) or MODE = 3
(conditional disabling of CiR)
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SFCs for Handling the System Clock

5.1

Setting the TOD with SFC 0 "SET_CLK"

Description
With SFC 0 "SET_CLK" (set system clock), you set the time and the date of the
CPU clock. The SFC 0 call starts the clock. The clock then runs starting from the
set time and set date.
If the clock is a master clock, the CPU also starts to synchronize the time when
SFC 0 is called. You set the synchronization intervals using STEP 7.
Parameter Declaration Data Type

Memory Area Description

PDT

INPUT

DT

D,L

At the PDT input, you enter the date and time
you want to set.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs during the execution of the
function, the return value contains an error
code.

Date and Time
You enter the date and time as data type DT. As an example: for January 15th,
1995, 10:30 a.m. and 30 seconds you would enter: DT#1995-01-15-10:30:30. The
time can only be entered with a precision of seconds. The day of the week is
calculated by SFC 0 "SET_CLK" from the date.
You can create the data type DT with FC 3 "D_TOD_DT" (see time-of-day
functions: FC 1, FC 3, FC 6, FC 7, FC 8, FC 33, FC 34, FC 35, FC 40).

Error Information
Error Code (W#16#...)

Explanation

0000

No error

8080

Error in date

8081

Error in time

8xyy

General error codes, see Evaluating Errors with Output Parameter
RET_VAL
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5.2

Reading the Time with SFC 1 "READ_CLK"

Description
With SFC 1 "READ_CLK" (read system clock), you read the current date or current
time of the system clock of the CPU.
Parameter Declaration Data Type

Memory Area Description

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs during the execution of the
function, the return value contains an error
code.

CDT

OUTPUT

DT

D,L

The current date and current time are output at
the CDT output.

Error Information
See Chapter Evaluating Errors with Output Parameter RET_VAL
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5.3

Synchronizing Slave Clocks with SFC 48 "SNC_RTCB"

Definition: Synchronizing Slave Clocks
Synchronizing slave clocks refers to the transmission of the date and time from the
master clock of a bus segment (for example, the S7-400 K-bus, MPI, or S7
backplane bus) to all clock slaves of the bus segment.

Description
With SFC 48 "SNC_RTCB" (synchronize real time clocks) you synchronize all the
slave clocks on a bus segment, independent of the configured synchronization
interval. Successful synchronization is only possible when SFC 48 is called on a
CPU whose real-time clock was assigned the master clock function for at least one
bus segment. You assign the relevant parameters with STEP 7.
Parameter

Declaration

Data Type

Memory Area

Description

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs during the execution of the
function, the return value contains an error
code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred during synchronization.

0001

The existing clock was not assigned the master clock function for
any of the bus segments.

8xyy

General error codes, see Evaluating Errors with Output Parameter
RET_VAL
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5.4

Setting the Time-of-Day and the TOD Status with
SFC 100 "SET_CLKS"

Description
Set the TOD and the TOD status for your CPU with SFC 100 "SET_CLKS".

Caution
Only use SFC 100 if the TOD for your CPU is not going to synchronized.
Otherwise, with every synchronization the master’s TOD status would be applied.
This would overwrite the value specified per SFC.

Via the MODE parameter you can specify whether to change only the TOD, only
the TOD status or both. This is explained in the table below:
MODE
(B#16#...)
01

Meaning
Setting the TOD
The SFC call corresponds with the call of SFC 0 "SET_CLK".
The input parameters CORR, SUMMER and ANN_1 are not evaluated.

02

Setting the TOD status
The input parameter PDT is not evaluated. The remaining input parameters form the
following TOD status elements:

03

•

Correction value including the sign

•

Announcement hour

•

Summer/Winter Time indicator

•

The TOD resolution is matched to that of your CPU. The bit synchronization failure of
the TOD status is indicated with FALSE.

•

The TOD remains unchanged.

Setting the TOD and the TOD status

Note
You can determine the current TOD status of your CPU by reading SSL ID
W#16#0132 index W#16#0008 using SFC 51 "RDSYSST".

5-4

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

SFCs for Handling the System Clock

Parameters

Declaration

Data type

Memory Area Description

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Operating mode
Possible values:
B#16#01:

Setting the TOD

B#16#02:

Setting the TOD status

B#16#03:

Setting the TOD and the TOD
status

PDT

INPUT

DT

D, L

Default TOD

CORR

INPUT

INT

I, Q, M, D, L,
constant

Correction value (in 0.5 h pattern)
Possible values: -24 to +26

SUMMER

INPUT

BOOL

I, Q, M, D, L,
constant

•

0 = Winter Time

•

1 = Summer Time

ANN_1

RET_VAL

INPUT

OUTPUT

BOOL

INT

Summer/Winter Time ID:

I, Q, M, D, L,
constant

Announcement hour

I, Q, M, D, L

Error code

1: At the next hourly change summer time is
switched over to winter time or vice versa.

Error Information
Error code
(W#16#...):

Explanation

0000

no error

8080

MODE out of the permitted value range

8081

CORR out of the permitted value range
(only for MODE = B#16#02 or MODE = B#16#03)

8082

PDT out of the permitted value range: Illegal date and or TOD

8xyy

General error codes, see Evaluating Errors with Output Parameter RET_VAL
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SFCs for Handling Run-Time Meters

6.1

Runtime Meters

Introduction
The CPUs have a number of runtime meters (refer to the data sheets of your
CPUs).
• If your CPU is equipped with 16-bit runtime meters, you can set, start, stop or
read them with the SFCs 2, 3 and 4.
• If your CPU is equipped with 32-bit runtime meters, you can set, start, stop or
read them with SFC 101 "RTM".

Note
SFCs 2, 3 and 4 can also be used for 32-bit runtime meters. In this case however,
the runtime meters operate in a 16-bit mode (Range of values: 0 to 32767 hours).
See also: Data Record of the Partial List Extract with SSL-ID W#16#0132 Index
W#16#000B.

Application
You can use a runtime meter for a variety of applications:
• For measuring the runtime of the CPU
• For measuring the runtime of controlled equipment or connected devices.

Characteristics of the Runtime Meter
When it is started, the runtime meter begins to count starting at the last recorded
value. If you want it to start at a different initial value, you must explicitly specify this
value (SFC 2 or SFC 101 with MODE=4). If the CPU changes to the STOP mode,
or you stop the runtime meter, the CPU records the current value of the runtime
meter. When a warm restart or a cold restart of the CPU is executed, the runtime
meter must be restarted (SFC 3 or SFC 101 with MODE=1).

Range of Values
• CPU with 16-bit runtime meters: 0 to 32 767 hours
• CPU with 32-bit runtime meters: 0 to (2E31) -1 hours = 2.147.483.647 hours

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

6-1

SFCs for Handling Run-Time Meters

6.2

Handling Runtime meters with SFC 101 "RTM"

Description
Call SFC 101 "RTM" (runtime meter) to set, start, stop and read a 32-bit runtime
meter of your CPU.
To fetch the values of all 32-bit runtime meters of your CPU, call SFC 51
"RDSYSST" with SZL_ID=W#16#0132 and INDEX=W#16#000B (for runtime
meters 0 … 7) or INDEX=W#16#000C (for runtime meters 8 … 15). (See also Data
Record of the Partial List Extract with SSL-ID W#16#0132 Index W#16#000B.
Parameter

Declaration

Data type

Memory area

Description

NR

INPUT

BYTE

I, Q, M, D, L,
constant

Number of the runtime meter (possible
values: 0 … 15)

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Job ID:

•

0: fetch (the status is then written to
CQ and the current value to CV).
After the runtime meter has reached
(2E31) -1 hours, it stops at the
highest value that can be displayed
and outputs an "Overflow" error
message.

•

1: start (at the last counter value)

•

2: stop

•

4: set (to the value specified in PV)

•

5: set (to the value specified in PV)
and then start

•

6: set (to the value specified in PV)
and then stop

PV

INPUT

DINT

I, Q, M, D, L,
constant

New value for the runtime meter

RET_VAL

OUTPUT

INT

I, Q, M, D, L

The return value will contain an error
code if an error occurs while the function
is being processed.

CQ

OUTPUT

BOOL

I, Q, M, D, L

Status of the runtime meter (1: running)

CV

OUTPUT

DINT

I, Q, M, D, L

Current value of the runtime meter

Compatibility to programs developed for a CPU with 16-bit runtime meters
You can also operate your 32-bit runtime meters with the SFCs 2 "SET_RTM", 3
"CTRL_RTM" and 4 "READ_RTM". In this case however, the 32-bit runtime meters
operate in the same way as 16-bit meters (Range of values: 0 to 32767 hours).
The partial list extract with SSL ID W#16#0132 and index W#16#0008 displays the
32-bit runtime meters 0 to 7 in 16-bit mode. This means that you can continue to
use programs developed for a CPU with 16-bit runtime meters that use partial list
extract with SSL ID W#16#0132 and index W#16#0008.
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Error information
Error code
W#16#...)

Explanation

0000

No error

8080

Wrong runtime meter number

8081

A negative value was passed to parameter PV.

8082

Overflow of the runtime meter.

8091

Illegal value in input parameter MODE.

8xyy

General error codes, see Evaluating Errors with Output Parameter RET_VAL
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6.3

Setting the Runtime Meter with SFC 2 "SET_RTM"

Description
With SFC 2 "SET_RTM" (set runtime meter), you set a runtime meter of the CPU to
a selected value. The number of runtime meters you can set depends on the
particular CPU you are using.
Parameter Declaration Data Type

Memory Area Description

NR

INPUT

BYTE

I, Q, M, D, L,
constant

Input NR contains the number of the
runtime meter you want to set (possible
values: 0 to 7).

PV

INPUT

INT

I, Q, M, D, L,
constant

Input PV contains the setting for the
runtime meter (default).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error

8080

Wrong number for the runtime meter

8081

A negative value was transferred to the PV parameter.

8xyy

General error codes, see Evaluating Errors with Output Parameter
RET_VAL
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6.4

Starting and Stopping a Run-time Meter with SFC 3
"CTRL_RTM"

Description
With SFC 3 "CTRL_RTM" (control runtime meter), you can start or stop a runtime
meter of the CPU.
Parameter Declaration Data Type

Memory Area Description

NR

INPUT

BYTE

I, Q, M, D, L,
constant

Input NR contains the number of the
runtime meter you want to start or stop
(possible values: 0 to 7).

S

INPUT

BOOL

I, Q, M, D, L,
constant

Input S starts or stops the runtime meter.
Set the signal state to "0" when you want
to stop the counter. Set the signal state to
"1" when you want to start the counter.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error

8080

Wrong number for the runtime meter

8xyy

General error codes, see Evaluating Errors with Output Parameter
RET_VAL
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6.5

Reading a Runtime Meter with SFC 4 "READ_RTM"

Description
With SFC 4 "READ_RTM" (read runtime meter), you read a runtime meter. SFC 4
provides the current run time as output data and the status of the counter, for
example, "stopped" or "counting."
If the runtime meter runs for longer than 32767 hours, it stops at the count 32767
and outputs the error message "overflow."
Parameter Declaration Data Type

Memory Area Description

NR

INPUT

BYTE

I, Q, M, D, L,
constant

Input NR contains the number of the
runtime meter you want to read (possible
values: 0 to 7).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while processing the
function, the return value contains an
error code.

CQ

OUTPUT

BOOL

I, Q, M, D, L

Output CQ indicates whether the runtime
meter is running or stopped. The signal
state "0" shows that the runtime meter is
stopped. Signal state "1" shows that the
runtime meter is running.

CV

OUTPUT

INT

I, Q, M, D, L

Output CV indicates the current value of
the runtime meter.

Error Information
Error Code (W#16#...)

Explanation

0000

No error

8080

Wrong number for the runtime meter

8081

Overflow of the runtime meter

8xyy

General error codes, see Evaluating Errors with Output Parameter
RET_VAL

6-6

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

SFCs for Handling Run-Time Meters

6.6

Reading the System Time with SFC 64 "TIME_TCK"

Description
With SFC 64 "TIME_TCK" (time tick), you can read the system time of the CPU.
The system time is a "time counter" counting cyclically from 0 to a maximum of
2147483647 ms. In case of an overflow the system time is counted again starting
with 0. The resolution and the accuracy of the system time are 1 ms for the S7-400
and CPU 318 and 10 ms for all other S7-300 CPUs. The system time is influenced
only by the operating modes of the CPU.

Application
You can use the system time for example, to measure the duration of processes by
comparing the results of two SFC 64 calls.

System Time and Modes
Mode

System Time ...

Startup

... is constantly updated

RUN
STOP

... is stopped and retains the current value

Hot restart
(not with S7-300 and S7-400 H)

... continues with the value saved at the change to the STOP mode

Warm restart

... is deleted and restarts with "0"

Cold restart

Parameter

Declaration

Data Type

Memory Area

Description

RET_VAL

OUTPUT

TIME

I, Q, M, D, L

The RET_VAL parameter contains
the read system time in the range
31
from 0 to 2 -1 ms.

Error Information
SFC 64 "TIME_TCK" does not provide any error information.
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SFCs/SFBs for Transferring Data Records

7.1

Writing and Reading Data Records

Principle
Some modules have a write-only system data area to which your program can
transfer data records. This area contains data records with numbers from 0 to a
maximum of 240. Not every module contains all of the data records (see following
table).
Other modules have a read-only system data area in which your program can read
data records. This area contains data records with numbers from 0 to a maximum
of 240. Not every module contains all of the data records (see following table).

Note
There are modules that have both system data areas. These are physically
separate areas and all they have in common is their logical structure.
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Write-Only System Data Area
The following table shows the structure of the write-only system data area. This
table also shows how long the data records can be and with which SFCs the data
records can be written.
Data Record
Number

Contents

Size

0

Parameters With S7-300:
from 2 to 14 bytes

1

Parameters With S7-300:

2 to 127

User data

Restriction

Can be Written
with SFC

Can only be
written
by an S7-400

56 "WR_DPARM"

-

55 "WR_PARM"

57 "PARM_MOD"

from 2 to 14 bytes

56 "WR_DPARM"

Data records 0 and 1 together
have a total of exactly 16 bytes.

57 "PARM_MOD"

Each = 240 bytes

-

55 "WR_PARM"
56 "WR_DPARM"
57 "PARM_MOD"
58 "WR_REC"

128 to 240

Parameters Each = 240 bytes

-

55 "WR_PARM"
56 "WR_DPARM"
57 "PARM_MOD"
58 "WR_REC"

Read-only System Data Area
The following table shows the structure of the read-only system data area. This
table also shows how long the data records can be and with which SFCs the data
records can be read.
Data Record
Number
0

1

Contents

Size

Can be Read with
SFC

Module-specific diagnostic data 4 bytes

51 "RDSYSST"

(set as standard for the whole
system)

(SSL_ID 00B1H)

Channel-specific
diagnostic data
(including data record 0)

59 "RD_REC"

•

with S7-300: 16 bytes

51 "RDSYSST"

•

with S7-400: 4 to 220
Bytes

(SSL_ID 00B2H and
00B3H)
59 "RD_REC"

2 to 127

User data

Each < 240 bytes

59 "RD_REC"

128 to 240

Diagnostic data

Each < 240 bytes

59 "RD_REC"
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System Resources
If you start several asynchronous data record transfers one after the other with only
short intervals between them, the allocation of system resources by the operating
system ensures that all the jobs are executed and that they do not interfere with
each other.
If all the available system resources are being used, this is indicated in RET_VAL.
You can remedy this temporary error situation by simply repeating the job.
The maximum number of "simultaneously" active SFC jobs depends on the CPU.
Refer to /70/ and /101/ for more detailed information.
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7.2

Reading Defined Parameters with SFC 54
"RD_DPARM"

Description
With SFC 54 "RD_DPARM" (read defined parameter), you read the data record
with the number RECNUM of the addressed module from system data configured
with STEP 7. The data record that is read is entered in the destination area opened
by the parameter RECORD.
Parameter Declaration Data Type Memory Area

Description

IOID

I, Q, M, D, L,
constant

ID of the address area:

INPUT

BYTE

B#16#54 =Peripheral input (PI)
B#16#55 =Peripheral output (PQ)
If the module is a mixed module, specify the
area ID of the lowest address. If the
addresses
are the same, specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical base address of the module. With
mixed modules, specify the lower of the two
addresses.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number (permitted values: 0 to
240)

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Length of the data record read in bytes if
the read data record fits in the destination
area
and no error occurred in the transfer.
If an error occurs while the function is active,
the return value contains an error code.

RECORD

OUTPUT

ANY

I, Q, M, D, L

Destination area for the read data record.
Only
the data type BYTE is permitted.

Error Information
Assigning Parameters to a Module with SFC 57 "PARM_MOD"
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7.3

Reading Predefined Parameters with SFC 102
"RD_DPARA"

Description
With SFC 102 "RD_DPARA" you can read the data record with the number
RECNUM of a selected module from system data configured with STEP7. The read
data record is entered into the target area opened with the parameter RECORD.

Operating principle
The SFC 102 "RD_DPARA" operates asynchronously, that is, processing covers
multiple SFC calls. Start the job by calling SFC 102 with REQ = 1.
The job status is displayed via the output parameters RET_VAL and BUSY.
Refer also to Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs
Parameters Declaration Data type

Memory area Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: Read request

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Any address of the module. For an output
address, the highest-value bit must be set.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number (permitted values: 0 to
240

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the return value contains an error code.
If no error occurred during the transmission,
the following two cases are distinguished:

•

RET_VAL contains the length of the
actually read data record in bytes if the
destination area is larger than the read
data record.

•

RET_VAL contains 0 if the length of the
read data record is equal to the length of
the destination area.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The job is not yet closed.

RECORD

OUTPUT

ANY

I, Q, M, D, L

Target area for the fetched data record. Only
the data type BYTE is permitted.

Error Information
See Assigning Parameters to a Module with SFC 57 "PARM_MOD"
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7.4

Writing Dynamic Parameters with SFC 55 "WR_PARM"

Description
With SFC 55 "WR_PARM" (write parameter), you transfer the data record
RECORD to the addressed module. Parameters transferred to the module do not
overwrite parameters configured with STEP7.

Requirements
• The data record to be transferred must not be static.
(Refer to /71/ and /101/ for more information on static data records.)
Parameter Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ = 1: Write request

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:
B#16#54 =Peripheral input (PI)
B#16#55 =Peripheral output (PQ)
If the module is a mixed module, specify the
area ID of the lowest address. If the addresses
are the same, specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical base address of the module. With
mixed
modules, specify the lower of the two
addresses.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number

RECORD

INPUT

ANY

I, Q, M, D, L

Data record

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the return value contains an error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: Writing is not yet completed.

Input Parameter RECORD
The data to be transferred are read from the parameter RECORD during the first
SFC call. If the transfer of the data record takes longer than the duration of a call,
the contents of the parameter RECORD are no longer relevant for the subsequent
SFC calls (for the same job).

Error Information
Assigning Parameters to a Module with SFC 57 "PARM_MOD"
Note
(S7-400 only)
If the general error W#16#8544 occurs, this only indicates that access to at least
one byte of the I/O memory area containing the data record was denied. The data
transfer was continued.
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7.5

Writing Default Parameters with SFC 56 "WR_DPARM"

Description
With SFC 56 "WR_DPARM" (write default parameter), you transfer the data record
with the number RECNUM from STEP 7 configuration data to the addressed
module. With this function, it is irrelevant whether the data record is static or
dynamic.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ = 1: Write request

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:
B#16#54 =

Peripheral Input (PI)

B#16#55 =

Peripheral Output (PO)

If the module is a mixed module,
specify the area ID of the lowest
address. If the addresses are the same,
specify B#16#54.
LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical base address of the module.
With mixed modules, specify the lower
of the two addresses.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the return value contains an
error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: Writing is not yet completed.

Error Information
Assigning Parameters to a Module with SFC 57 "PARM_MOD"
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7.6

Assigning Parameters to a Module with SFC 57
"PARM_MOD"

Description
With SFC 57 "PARM_MOD" (assign parameters to a module) you transfer all the
data records of a module that you configured with STEP 7 to the module. With this
function, it is irrelevant whether the data records are static or dynamic.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ = 1: Write request

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:
B#16#54 = Peripheral input (PI)
B#16#55 = Peripheral output (PQ)
If the module is a mixed module,
specify the area ID of the lowest
address. If the addresses are the
same,
specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical base address of the module.
With mixed modules, specify the lower
of the two addresses.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the return value contains an
error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: Writing is not yet
completed.

Error Information
The "real" error information (error codes W#16#8xyz) can be divided into two
classes:
• Temporary errors (error codes W#16#80A2 to 80A4, 80Cx):
With this type of error, it is possible that the error will be eliminated without you
taking any action, in other words, it is advisable to call the SFC again (if
necessary more than once).
An example of a temporary error is when required resources are currently
being used (W#16#80C3).
• Permanent errors (error codes W#16#809x, 80A1, 80Bx, 80Dx):
This type of error will not be eliminated without you taking action. Retries to call
SFC will only be successful after the error has been eliminated.
An example of a permanent error is entering the wrong length in RECORD
(W#16#80B1).

7-8

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

SFCs/SFBs for Transferring Data Records

Note
If you transfer data records to a DPV1 Slave with SFCs 55, 56 or 57 and if this
slave operates in DPV1 mode the DP master evaluates the error information it has
received from this slave as follows:
If the error information lies within the range from W#16#8000 to W#16#80FF or
W#16#F000 to W#16#FFFF the DP master passes the error information to the
SFC. If it lies out of this range, the CPU passes the value W#16#80A2 to the SFC
and suspends the slave.

Error information for SFC 54 "RD_DPARM," SFC 55 "WR_PARM," SFC 56
"WR_DPARM," and SFC 57 "PARM_MOD."
Error Code
(W#16#...)

Explanation

0000

No error

-

7000

First call with REQ=0: No data transfer active; BUSY has the
value 0.

-

7001

First call with REQ=1: Data transfer started; BUSY has the
value 1.

Distributed I/Os

7002

Interim call (REQ irrelevant): Data transfer active; BUSY has
the value 1.

Distributed I/Os

8090

Specified logical base address invalid: There is no
assignment in SDB1/SDB2x or there is no base address.

-

8092

The type specified in the ANY reference is not BYTE.

Only with S7-400 for
SFC 54 "RD_PARM" and
SFC 55 "WR_PARM"

8093

This SFC is not permitted for the module specified by
LADDR
and IOID (the following modules are permitted: S7-300
modules for an S7-300, S7-400 modules for an S7-400,
S7-DP modules for an S7-300 and S7-400).

-

80A1

Negative acknowledgment when sending the data record to
the module (the module was removed or became defective
during transfer).

1)

80A2

DP protocol error at layer 2, possibly hardware/interface fault Distributed I/Os 1)
in DP slave

80A3

DP protocol error with user interface/user.

Distributed I/Os 1)

80A4

Communication problem on communication bus.

Error occurs between the
CPU and external DP
interface module 1)

80B0

SFC for module type not possible, module does not
recognize
the data record.

1)

80B1

The length of the transferred data record is incorrect. With
SFC 54 "RD_PARM": the length of the destination area
opened by RECORD is too short.

-

80B2

The configured slot is not occupied.

1)

80B3

Actual module type does not match the required module type 1)
in SDB1.
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Error Code
(W#16#...)

Explanation

Restriction

80C1

The data of the previous write job for the same data record
on
the module have not yet been processed by the module.

1)

80C2

The module is currently processing the maximum possible
number of jobs for a CPU.

1)

80C3

The required resources (memory, etc.) are currently
occupied.

1)

80C4

Internal temporary error. The job could not be processed.

1)

•

Repeat the job. If this error occurs frequently check your
system for electrical disturbance sources.

80C5

Distributed I/Os not available.

Distributed I/Os 1)

80C6

Data record transfer was stopped due to a priority class abort Distributed I/Os 1)
(hot restart or background)

80D0

There is no entry for the module in the corresponding SDB.

-

80D1

The data record number is not configured in the
corresponding SDB for the module (data record numbers =
241 are rejected by STEP 7).

-

80D2

The module cannot be assigned parameters according to its
type identifier.

-

80D3

The SDB cannot be accessed since it does not exist.

-

80D4

SDB structure error: The SDB internal pointer points to a
value outside the SDB.

only with S7-300

80D5

The data record is static.

only with SFC 55
"WR_PARM"

8xyy

General error codes, see Evaluating Errors with Output
Parameter RET_VAL
1) Does not occur in SFC 54 "RD_DPARM"
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7.7

Writing a Data Record with SFC 58 "WR_REC"

Description
With SFC 58 "WR_REC" (write record), you transfer the data record contained in
RECORD to the addressed module.
You start the write job by assigning the value 1 to the input parameter REQ when
SFC 58 is called. If the write job could be executed immediately, the SFC returns
the value 0 at the output parameter BUSY. If BUSY has the value 1, writing is not
yet completed.

Note
If a DPV1 slave is configured using a GSD file (GSD as of Rev. 3) and the DP
interface of the DP master is set to "S7 compatible", then data records must not be
written to the I/O modules in the user program with SFC 58. The reason is that in
this case the DP master addresses the incorrect slot (configured slot +3).
Remedy: Set the interface for the DP master to "DPV1".

Parameter

Declaration

Data
Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ = 1: Write request

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:
B#16#54 = Peripheral input (PI)
B#16#55 = Peripheral output (PQ)
With mixed modules, specify the area ID of
the lowest address. With the same
addresses, specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the module. With mixed
modules, specify the lower of the two
addresses.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number (permitted values: 2 to
240)

RECORD

INPUT

ANY

I, Q, M, D, L

Data record. Only the data type BYTE is
permitted.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active,
the return value contains an error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: Writing is not yet completed.

Input Parameter RECORD
The data to be transferred are read from the parameter RECORD during the first
SFC call. If the transfer of the data record takes longer than the duration of a call,
the contents of the parameter RECORD are no longer relevant for the subsequent
SFC calls (for the same job).
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Error Information
Reading a Data Record with SFC 59 "RD_REC"

Note
If the general error W#16#8544 occurs, this only indicates that access to at least
one byte of the I/O memory area containing the data record was denied. The data
transfer was continued.
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7.8

Reading a Data Record with SFC 59 "RD_REC"

Description
With SFC 59 "RD_REC" (read record), you read the data record with the number
RECNUM from the addressed module. You start the read job by calling SFC 59
and assigning the value 1 to the input parameter REQ. If the read job could be
executed immediately, the SFC returns the value 0 in the BUSY output parameter.
If BUSY has the value 1, the read job is not yet completed. The data record read is
entered in the destination area indicated by the RECORD parameter providing the
data transfer was free of errors.

Note
When you fetch a data record with a number > 1 from an FM or a CP you have
purchased prior to February 1997 (below referred to as "old modules"), SFC 59
responds differently than in new modules. This special situation is covered in the
section "Using old S7-300 FMs and CPs with DR Numbers >1”.

Note
If a DPV1 slave is configured using a GSD file (GSD as of Rev. 3) and the DP
interface of the DP master is set to "S7 compatible", then data records must not be
read from the I/O modules in the user program with SFC 59. The reason is that in
this case the DP master addresses the incorrect slot (configured slot +3).
Remedy: Set the interface for the DP master to "DPV1".

Parameter Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ = 1: Read request

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:
B#16#54 = Peripheral input (PI)
B#16#55 = Peripheral output (PQ)
If the module is a mixed module, specify the
area ID of the lowest address. If the
addresses are the same, specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the module. With mixed
modules, specify the lower of the two
addresses.

RECNUM

INPUT

BYTE

I, Q, M, D, L,
constant

Data record number (permitted values 0 to
240)

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the return value contains an error code. The
length of the data record actually transferred
in bytes (possible values: +1 to +240) is also
entered if the destination area is larger than
the transferred data record and if no error
occurred in the transfer.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: Reading is not yet completed.
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Parameter Declaration Data Type

Memory Area Description

RECORD

I, Q, M, D, L

OUTPUT

ANY

Destination area for the data record read.
With asynchronous execution of SFC 59,
make sure that the actual parameters of
RECORD have the same length information
for all calls. Only data type BYTE is
permitted.

Output Parameter RET_VAL
• If an error occurred while the function was being executed, the return value
contains an error code.
• If no error occurred, RET_VAL contains the following:
-

0: if the entire destination area was filled with data from the selected data
record (the data record can also be incomplete).

-

The length of the data record actually transferred in bytes (possible values:
+1 to + 240) if the destination area is larger than the transferred data
record.

Note
If the general error W#16#8545 occurs, this only indicates that access to at least
one byte of the I/O memory area containing the data record was blocked. The data
record was read by the module correctly and written to the I/O memory area.

Setting RECORD
Note
If you want to ensure that the entire data record is always read, select a destination
area with a length of 241 bytes. If the data transfer is error-free, RET_VAL contains
the actual data record length.
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Using Old S7-300 FMs and CPs with Data Record Numbers > 1
If you want to read out a data record with a number higher than 1 from an old
S7-300 FM or old S7-300 CP using SFC 59 "RD_REC," remember the following
points:
• If the destination area is larger than the actual length of the required data
record, no data are entered in RECORD.
RET_VAL has the value W#16#80B1.
• If the destination area is smaller than the actual length of the required data
record, the CPU reads as many bytes beginning at the start of the record as are
specified in the length information of RECORD and enters this number of bytes
in RECORD.
RET_VAL has the value 0.
• If the length specified in RECORD is the same as the actual length of the
required data record, the CPU reads the data record and enters it in RECORD.
RET_VAL has the value 0.

Error Information
The "real" error information (error codes W#16#8xyz) in the following table can be
divided into two classes:
• Temporary errors (error codes W#16#80A2 to 80A4, 80Cx):
With this type of error, it is possible that the error will be eliminated without you
taking any action, in other words, it is advisable to call the SFC again (if
necessary, more than once).
An example of a temporary error is when required resources are currently being
used (W#16#80C3).
• Permanent errors (error codes W#16#809x, 80A1, 80Bx, 80Dx):
This type of error will not be eliminated without you taking action. Calling the
SFC again will only be successful after the error has been eliminated. An
example of a permanent error is entering the wrong length in RECORD
(W#16#80B1).

Note
If you transfer data records to a DPV1 slave with SFC 58 "WR_REC" or if you fetch
data records from a DPV1 slave with SFC 59 "RD_REC" and if this DPV1 slave
operates in DPV1 mode, the DP Master evaluates the error information it received
from the Slave as follows:
If the error information lies within the range from W#16#8000 to W#16#80FF or
W#16#F000 to W#16#FFFF the DP master passes the error information to the
SFC. If it lies out of this range, the CPU passes the value W#16#80A2 to the SFC
and suspends the slave.
For a description of the error information received from DPV1-Slaves, see
Receiving an Interrupt with SFB 54 "RALRM" STATUS[3].

Error information for SFC 58 "WR_REC" and SFC 59 "RD_REC."
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Error Code
(W#16#...)

Explanation

Restriction

0000

No error

-

7000

First call with REQ=0: No data transfer active; BUSY has
the value 0.

-

7001

First call with REQ=1: No data transfer active; BUSY has
the value 1.

Distributed I/Os

7002

Interim call (REQ irrelevant): Data transfer already active;
BUSY has the value 1.

Distributed I/Os

8090

Specified logical base address invalid: There is no
assignment in SDB1/SDB2x or there is no base address.

-

8092

The type specified in the ANY reference is not BYTE.

S7-400 only

8093

This SFC is not permitted for the module specified by
LADDR and IOID (the following modules are permitted:
S7-300 modules for an S7-300, S7-400 modules for an
S7-400, S7-DP modules for an S7-300 and S7-400).

-

80A0

Negative acknowledgement when reading from the module

SFC 59 "RD_REC" only

80A1

80A2

•

the module was removed during the read job or is
defective

•

additionally with H-Systems: unilateral I/O of the
standby CPU not available (for example, standby CPU
in STOP)

Negative acknowledgement when sending the data record
to the module

•

the module was removed during transfer or is
defective

•

additionally with H-Systems: unilateral I/O of the
standby CPU not available (for example, standby CPU
in STOP)

•

DP protocol error at layer 2

•

For ET200S, data record cannot be read in DPV0
mode.

SFC 58 "WR_REC" only

Distributed I/Os

80A3

DP protocol error with user interface/user

Distributed I/Os

80A4

Communication problem on the communication bus

The error occurs between
the CPU and the external
DP
interface module.

80B0

SFC not possible for module type.

-

The module does not recognize the data record.
Data record number w 241 not permitted.
With SFC 58 (WR_REC), data records 0 and 1 are not
permitted.
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Error Code
(W#16#...)

Explanation

Restriction

80B1

The length specified in the RECORD parameter is
incorrect.

•

SFC 58 "WR_REC":
Length incorrect

•

SFC 59 "RD_REC"
(only when using old
S7-300 FMs and S7300
CPs): specified length >
record length

•

With SFC 13
"DPNRM_DG":
specified length >
record length

80B2

The configured slot is not occupied.

-

80B3

Actual module type does not match the required module
type in SDB1

-

80C0

For SFC 59 (RD_REC): The module has the data record,
but there are still no data to be read.

Only for SFC 59 "RD_REC"
or SFC 13 "DPNRM_DG"

For SFC 13 (DPNRM_DG): There are no diagnostic data
available.
80C1

The data of the previous write job for the same data record on the module have not yet been processed by the module.

80C2

The module is currently processing the maximum possible
number of jobs for a CPU.

-

80C3

The required resources (memory, etc.) are currently
occupied.

-

Internal temporary error. The job could not be processed.

-

80C4

•

Repeat the job. If this error occurs frequently check
your system for electrical disturbance sources.

80C5

Distributed I/Os not available.

Distributed I/Os

80C6

Data record transfer was stopped due to a priority class
abort (restart or background)

Distributed I/Os

8xyy

General error codes, see Evaluating Errors with Output
Parameter RET_VAL

7.9

Further Error Information for SFCs 55 to 59

S7-400 only
With the S7-400, the SFCs 55 to 59 can also return the error information
W#16#80Fx. In this case an error occurred that could not be localized. Please
contact the maintenance department in this case.
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7.10

Reading Predefined Parameters with SFB 81
"RD_DPAR"

Description
SFB 81 "RD_DPAR" (read device parameter) lets you read the data record with the
INDEX number of the component addressed from the system data configured with
STEP 7. This can be a centrally inserted module or a distributed component
(PROFIBUS DP or PROFINET IO).
The value TRUE for the VALID output parameter indicates that the data record was
successfully transferred to the RECORD destination area. In this case, the LEN
output parameter contains the length of the read data in bytes.
If an error occurred during transfer of the data record, this is indicated by the output
parameter ERROR. In this case, the output parameter STATUS contains the error
information.

Function
The SFB 81 "RD_DPAR" operates asynchronously; that is, the processing extends
over several SFB calls. To start the data transfer, call SFB 81 with REQ = 1.
The output parameter BUSY and bytes 2 and 3 of the output parameter STATUS
show the status of the job. Bytes 2 and 3 of STATUS correspond to the output
parameter RET_VAL of asynchronously operating SFCs (see also Meaning of the
Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs
The transfer of the data record is complete when the output parameter BUSY has
the value FALSE.

Parameters
Parameter

Declaration

Data Type

Memory Area

Description

REQ
LADDR

INPUT
INPUT

BOOL
WORD

E, A, M, D, L
I, Q, M, D, L,
constant

INDEX

INPUT

INT

VALID
BUSY
ERROR

OUTPUT
OUTPUT
OUTPUT

BOOL
BOOL
BOOL

I, Q, M, D, L,
constant
I, Q, M, D, L
I, Q, M, D, L
I, Q, M, D, L

REQ = 1: Read request
Any logical address of the module
In bit 15 you indicate whether an input
address (bit 15 = 0) or an output address
(bit 15 = 1) is present.
Data record number

STATUS
LEN
RECORD

OUTPUT
OUTPUT
IN_OUT

DWORD
INT
ANY

I, Q, M, D, L
I, Q, M, D, L
I, Q, M, D, L

New data record was received and valid
BUSY = 1: The job is not terminated.
ERROR = 1: An error occurred during the
read process.
Call ID (bytes 2 and 3) or error code
Length of the read data record information
Target area for the read data record

Error Information
See Assigning Parameters to a Module with SFC 57 "PARM_MOD"
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8.1

Reading a Data Record with SFB 52 "RDREC"
Note
The SFB 52 "RDREC" interface is identical to the FB "RDREC" defined in the
standard "PROFIBUS Guideline PROFIBUS Communication and Proxy Function
Blocks according to IEC 61131-3".

Description
With the SFB 52 "RDREC" (read record) you read a data record with the number
INDEX from a DP slave/PROFINET IO device component (module or submodule)
that has been addressed via ID.
Specify the maximum number of bytes you want to read in MLEN. The selected
length of the target area RECORD should have at least the length of MLEN bytes.
TRUE on output parameter VALID verifies that the data record has been
successfully transferred into the target area RECORD. In this case, the output
parameter LEN contains the length of the fetched data in bytes.
The output parameter ERROR indicates whether a data record transmission error
has occurred. In this case, the output parameter STATUS contains the error
information.

Note
If a DPV1 slave is configured using a GSD file (GSD as of Rev. 3) and the DP
interface of the DP master is set to "S7 compatible", then data records must not be
read from I/O modules in the user program with SFC 52. The reason is that in this
case the DP master addresses the incorrect slot (configured slot +3).
Remedy: Set the interface for the DP master to "DPV1".
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Operating principle
The SFC 52 "RDREC" operates asynchronously, that is, processing covers
multiple SFC calls. Start the job by calling SFC 52 with REQ = 1.
The job status is displayed via the output parameter BUSY and bytes 2 and 3 of
output parameter STATUS. Here, the STATUS bytes 2 and 3 correspond with the
output parameter RET_VAL of the asynchronously operating SFCs (see also
Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs).
Data record transmission is completed when the output parameter BUSY = FALSE.
Parameters Declaration Data type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L, constant REQ = 1: Transfer data record

ID

INPUT

DWORD

I, Q, M, D, L, constant Logical address of the DP
slave/PROFINET IO component
(module or submodule)
For an output module, bit 15 must be
set (e.g. for address 5:
ID:=DW#16#8005).
For a combination module, the smaller
of the two addresses should be
specified.

INDEX

INPUT

INT

I, Q, M, D, L, constant Data record number.

MLEN

INPUT

INT

I, Q, M, D, L, constant maximum length in bytes of the data
record information to be fetched

VALID

OUTPUT

BOOL

I, Q, M, D, L

New data record was received and valid

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The read process is not yet
terminated.

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR = 1: A read error has occurred.

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Call ID (bytes 2 and 3) or error code

LEN

OUTPUT

INT

I, Q, M, D, L

Length of the fetched data record
information

RECORD

IN_OUT

ANY

I, Q, M, D, L

Target area for the fetched data record.

Note
If you use SFB 52 to read a data record for PROFINET IO, negative values in the
INDEX, MLEN and LEN parameters are interpreted as 16-bit whole numbers with
no preceding sign.

Error Information
See Receiving an Interrupt with SFB 54 "RALRM"
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8.2

Writing a Data Record with SFB 53 "WRREC"
Note
The SFB 52 "WRREC" interface is identical to the FB "WRREC" defined in the
standard "PROFIBUS Guideline PROFIBUS Communication and Proxy Function
Blocks according to IEC 61131-3"

Description
With the SFB 52 "WRREC" (write record) you transfer a data record with the
number INDEX to a DP slave/PROFINET IO device component (module or
submodule) that has been addressed via ID.
Specify the byte length of the data record to be transmitted. The selected length of
the source area RECORD should, therefore, have at least the length of LEN bytes.
TRUE on output parameter DONE verifies that the data record has been
successfully transferred to the DP Slave.
The output parameter ERROR indicates whether a data record transmission error
has occurred. In this case, the output parameter STATUS contains the error
information.

Note
If a DPV1 slave is configured using a GSD file (GSD as of Rev. 3) and the DP
interface of the DP master is set to "S7 compatible", then data records must not be
written to I/O modules in the user program with SFC 53. The reason is that in this
case the DP master addresses the incorrect slot (configured slot +3).
Remedy: Set the interface for the DP master to "DPV1".
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Operating principle
The SFC 53 "WRREC" operates asynchronously, that is, processing covers
multiple SFC calls. Start the job by calling SFC53 with REQ = 1.
The job status is displayed via the output parameter BUSY and bytes 2 and 3 of
output parameter STATUS. Here, the STATUS bytes 2 and 3 correspond with the
output parameter RET_VAL of the asynchronously operating SFCs (see also
Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs).
Please note that you must assign the same value to the actual parameter of
RECORD for all SFB53 calls that belong to one and the same job. The same
applies to the LEN parameters.
Data record transmission is completed when the output parameter BUSY = FALSE.
Parameters

Declaration Data type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L, constant REQ = 1: Transfer data record

ID

INPUT

DWORD

I, Q, M, D, L, constant Logical address of the DP
slave/PROFINET IO component
(module or submodule)
For an output module, bit 15 must be
set (e.g. for address 5:
ID:=DW#16#8005).
For a combination module, the smaller
of the two addresses should be
specified.

INDEX

INPUT

INT

I, Q, M, D, L, constant Data record number.

LEN

INPUT

INT

I, Q, M, D, L, constant maximum byte length of the data record
to be transferred

DONE

OUTPUT

BOOL

I, Q, M, D, L

Data record was transferred

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: The write process is not yet
terminated.

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR = 1: A write error has occurred.

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Call ID (Bytes 2 and 3) or error code

RECORD

IN_OUT

ANY

I, Q, M, D, L

Data record

Note
If you use SFB 53 to write a data record for PROFINET IO, negative values in the
INDEX, MLEN and LEN parameters are interpreted as 16-bit whole numbers with
no preceding sign.

Error Information
See Receiving an Interrupt with SFB 54 "RALRM"
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8.3

Receiving an Interrupt with SFB 54 "RALRM"
Note
The SFB 52 "RALRM" interface is identical to the FB "RALRM" defined in the
standard "PROFIBUS Guideline PROFIBUS Communication and Proxy Function
Blocks according to IEC 61131-3"

Description
The SFB "RALRM" receives an interrupt with all corresponding information from a
peripheral module (centralized structure) or from a DP slave or PROFINET IO
device component. It supplies this information to its output parameters.
The information in the output parameters contains the start information of the called
OB as well as information of the interrupt source.
Call the SFB 54 only within the interrupt OB started by the CPU operating system
as a result of the peripheral interrupt that is to be examined.

Note
If you call SFB 54 "RALRM" in an OB for which the start event was not triggered by
peripherals, the SFB supplies correspondingly reduced information on its outputs.
Make sure to use different instance DBs when you call SFB 54 "RALRM" in
different OBs. If you want to evaluate data that are the result of an SFB54 call
outside of the associated interrupt OB you should moreover use a separate
instance DB per OB start event.

Call of the SFB 54
You can call the SFB54 "RALRM" in three operating modes (MODE). They are
explained in the table below.
MODE

The SFB 54 ...

0

... shows the component that triggered the interrupt in the output parameter ID and sets the
output parameter NEW to TRUE.

1

... describes all output parameters, independent on the interrupt triggering component.

2

... checks whether the component specified in input parameter F_ID has triggered the
interrupt.

•

If not, NEW = FALSE

•

If yes, NEW = TRUE, and all other outputs parameters are described
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Parameters

Declaration Data type

Memory Area

Description

MODE

INPUT

INT

I, Q, M, D, L, constant Operating mode

F_ID

INPUT

DWORD

I, Q, M, D, L, constant Logical start address of the component
(module) from which interrupts are to
be received

MLEN

INPUT

INT

I, Q, M, D, L, constant maximum length in bytes of the data
interrupt information to be received

NEW

OUTPUT

BOOL

I, Q, M, D, L

A new interrupt was received.

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Error code of the SFB or DP Master

ID

OUTPUT

DWORD

I, Q, M, D, L

Logical start address of the component
(module) from which an interrupt was
received.
Bit 15 contains the I/O ID: 0 for an input
address; 1 for and output address

LEN

OUTPUT

INT

I, Q, M, D, L

TINFO

IN_OUT

ANY

I, Q, M, D, L

Length of the received interrupt
information
(task information)
Target range for OB start and
management information

AINFO

IN_OUT

ANY

I, Q, M, D, L

(interrupt information)
Target area for header information and
additional interrupt information
For AINFO you should provide a length
of at least MLEN bytes.

Caution
If you select a target area TINFO or AINFO that is too short the SFB 54 cannot
enter the full information.

Data structure of the target area TINFO
Byte
0 to 19

Meaning
Start information of the OB in which SFB54 was currently called:
•

Byte 0 to 11: structured like the parameter TOP_SI in SFC 6 "RD_SINFO"

•

Byte 12 to 19: date and time the OB was requested

20 and 21

Address, for exact description, see below

22 to 31

Management information, for exact description, see below

8-6
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Structure of the address (bytes 20 and 21)
The address contains:
• In a central configuration, the rack number (0-31).

• In a distributed configuration with PROFIBUS DP
-

The DP master system ID (1-31)

-

The station number (0-127).

• In a distributed configuration with PROFINET IO:
-

The last two position in the PROFINET IO system ID (0-15). To obtain the
complete PROFINET IO system ID, you must add 100 (decimal) to it.

-

The station number (0-2047).
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Structure of the Management Information for Bytes 20 to 25
Byte no. Data
for
type
TINFO

Meaning

20

BYTE

central:
distributed:

0
PROFIBUS DP: DP master system ID (possible values 1 to 31)
PROFINET IO: see above

21

BYTE

central:
distributed:

Module rack number (possible values: 0 to 31
Number of the DP station (possible values: 0 to 127
PROFINET IO: see above

22

BYTE

central:

•

•

distribut •
ed:

•

0
Bit 0 to 3:

Bit 4 to 7:

Slave type

0000:
0001:
0010:
0011:
0100 –
0111
1000:
as of
1001:

Profile type

DP
DPS7
DPS7 V1
DPV1
Reserved
PROFINET IO
reserved
reserved

•
23

BYTE

central:

•

0

distributed:

•

Bit 0 to 3:

Interrupt info
type

0000:

0001:

0010:

•

Bit 4 to 7:

Structure
version

as of
0011:
0000:
as of
0001:

Transparent, which is
always the case for
PROFINET IO
(interrupt originates from a
configured distributed
module)
Representative
(interrupt originates from a
non-DPV1 slave/non IO
device or a slot that is not
configured)
Generated
(interrupt generated in the
CPU)
reserved
Initial
reserved

•

8-8
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Byte no. Data
for
type
TINFO
24
BYTE

Meaning

central:
distributed:

•
0
Flags of the PROFIBUS DP master interface module/PROFINET IO
controller master interface module
•
Bit 0 = 0: Interrupt originating from an integrated DP interface
PROFINET IO or PROFIBUS DP)
•
Bit 0 = 1: Interrupt originating from an external DP interface
module (PROFINET IO or PROFIBUS DP)
•
Bit 1 to 7: reserved
•

25

BYTE

central:
distributed:

•
0
Flags of the PROFIBUS DP slave interface module
EXT_DIAG_FLAG bit of the diagnostic message
•
Bit 0:
frame, or 0 if this bit does not exist in the interrupt
The bit is 1 if the DP slave is faulty.
•
Bit 1 to 7: reserved
•
•
•

•

Flags of the PROFINET IO controller interface module
APDU.datastatus.failure bit of the interrupt message
Bit 0:
frame or 0 if there is no information in the interrupt
The bit is 1 if the IO device is faulty.
Bit 1 to 7: reserved

Structure of the Management Information for Bytes 26 to 27 with PROFIBUS and
a Central Configuration
Byte no.
for
TINFO

Data type

26 and 27 WORD
WORD

Meaning

central:

0

distributed:

PROFIBUS ID number as unique identifier of the PROFIBUS
DP slave

This is the end of the management information for the TINFO target area with
PROFIBUS and a central configuration.

Structure of the Management Information for Bytes 26 to 31 with PROFINET IO
Byte no.
for
TINFO

Data type

Meaning

26 and 27 WORD

distributed:

PROFINET IO device ID number as unique identifier of the
PROFINET IO device

28 and 29 WORD

distributed:

Manufacturer ID

30 and 31 WORD

distributed:

ID number of the instance
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Data Structure of the Target Area AINFO with Interrupts from PROFINET DP or
Central IO Devices
The information for PROFINET IO are found further below.
Byte

Meaning

0 to 3

•

Header information, for an exact description, see below

4 to 199

•

Additional interrupt information: data for the respective interrupt:

Central:

ARRAY[0] to ARRAY[195]

Distributed:

ARRAY[0] to ARRAY[59]

Structure of the Header Information with Interrupts from PROFINET DP or Central
IO Devices
Byte

Data type

0

BYTE

Meaning
Length of the received interrupt information in bytes
central:

•

4 to 224

distributed:

•

4 to 63

local:

reserved

distributed:

ID for the interrupt type

•
1

BYTE

2

BYTE

3

BYTE

1:
2:
3:
4:
5:
6:
31

Diagnostic interrupt
Hardware interrupt
Removal interrupt
Insertion interrupt
Status interrupt
Update Interrupt
Failure of an expansion device, DP master system
or DP station

32 to 126

Manufacturer-specific interrupt

Slot number of the interrupt-triggering component
central:

reserved

distributed:

Identifier
Bits 0 and 1

0: no further information
1: upcoming event, disrupted slot
2: outgoing event, slot not disrupted anymore
3: outgoing event, slot still disrupted

8-10

Bit 2:

Add_Ack

Bits 3 to 7:

Sequence number
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Data Structure of the Target Area AINFO with Interrupts from PROFINET IO
Byte

Meaning

0 to 25

Header information, for an exact description, see below

26 to 1431

Additional interrupt information: standardized diagnostic data for each interrupt:
ARRAY[0] to ARRAY[1405]
Note: The additional interrupt information may also be omitted.

Structure of the Header Information with Interrupts from PROFINET IO
Byte

Data type

Meaning

0 and 1

WORD

•

Bits 0 to 7: block type

•

Bits 8 to 15: reserved

2 and 3

WORD

Block length

4 and 5

WORD

Version:

6 and 7

WORD

•

Bits 0 to 7: low byte

•

Bits 8 to 15: high byte

Identifier for the interrupt type:

•

1: Diagnostic interrupt (incoming)

•

2: Hardware interrupt

•

3: Removal interrupt

•

4: Insertion interrupt

•

5: Status interrupt

•

6: Update interrupt

•

7: Redundancy interrupt

•

8: Controlled by supervisor

•

9: Released by supervisor

•

10: Configured module not inserted

•

11: Return of interface module

•

12 to 31: Reserved

•

32 to 126: Manufacturer-specific interrupt

•

127 to 65535: Reserved

8 to 11

DWORD

API (Application Process Identifier)

12 to 13

WORD

Slot number of the component triggering the interrupt (range of values 0 to
65535)

14 to 15

WORD

Interface module slot number of the component triggering the interrupt (range
of values 0 to 65535)

16 to 19

DWORD

Submodule identification; specific information on the source of the interrupt

20 to 23

DWORD

Interface module identification; specific information on the source of the
interrupt
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Byte

Data type

24 to 25

WORD

Meaning
Interrupt specifier:

•

Bits 0 to 10: Sequence number (range of values: 0 to 2047)

•

Bit 11: Channel diagnostics:
0: No channel diagnostics available
1: Channel diagnostics available

•

Bit 12: Status of manufacturer-specific diagnostics :
0: No manufacturer-specific status information available
1: Manufacturer-specific status information available

•

Bit 13: Status of diagnostics for interface module:
0: No status information available; all errors corrected
1: Diagnostics for at least one channel and/or status information available

•

Bit 14: Reserved

•

Bit 15: Application Relationship Diagnosis State
-

0: None of the configured modules within this AR is reporting a
diagnosis

-

1: At least one of the configured modules within this AR is reporting a
diagnosis

Structure of Additional Interrupt Information with Interrupts from PROFINET IO,
Case 1
The additional interrupt information for PROFINET IO depends on the format
identifier. If manufacturer-specific information is to be transmitted, the IO device
uses the format identifier W#16#0000 to W#16#7FFF.
Byte

Data type

Meaning

0 to 1

WORD

Format identifier for the structure of the following data serving as additional
interrupt information
W#16#0000 to W#16#7FFF: manufacturer-specific diagnostics

2 to n

8-12

BYTE

See manufacturer's manual
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Structure of Additional Interrupt Information with Interrupts from PROFINET IO,
Case 2
The additional interrupt information for PROFINET IO depends on the format
identifier. If information on channel diagnostics is to be transmitted, the IO device
uses the format identifier W#16#8000.
The channel diagnosis is output in blocks of 6 bytes each. The additional interrupt
information (with out format identifier) is only output for faulty channels.
Byte

Data type

Meaning

0 to 1

WORD

Format identifier for the structure of the following data serving as additional
interrupt information

2 to 3

WORD

W#16#8000: Channel diagnostics

4

BYTE

Channel number of the component triggering the interrupt (range of values: 0
to 65535):

•

W#16#0000 to W#16#7FFF: Channel number of the interface
module/submodule

•

W#16#8000: The generic substitute for the whole interface module

•

W#16#8001 to W#16#FFFF: Reserved

Bits 0 to 2
Bits 3 to 4

Bits 5 to 7:

5

BYTE

Reserved
Type of error:

•

0: reserved

•

1: incoming error

•

2: outgoing error

•

3: outgoing error, other errors present

Type of channel:

•

0: reserved

•

1: input channel

•

2: output channel

•

3: input/output channel

Data format:

•

B#16#00: free data format

•

B#16#01: bit

•

B#16#02: 2 bits

•

B#16#03: 4 bits

•

B#16#04: byte

•

B#16#05: word

•

B#16#06: double word

•

B#16#07: 2 double words

B#16#08 to B#16#FF: reserved
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Byte

Data type

6 to 7

WORD

Meaning
Type of error:

•

W#16#0000: reserved

•

W#16#0001: short circuit

•

W#16#0002: undervoltage

•

W#16#0003: overload

•

W#16#0004: overload

•

W#16#0005: excessive temperature

•

W#16#0006: line break

•

W#16#0007: upper limit value overshot

•

W#16#0008: lower limit value undershot

•

W#16#0009: error

•

W#16#000A to W#16#000F: reserved

•

W#16#0010 to W#16#001F: manufacturer-specific

•

W#16#0020 to W#16#00FF: reserved

•

W#16#0100 to W#16#7FFF: manufacturer-specific

•

W#16#8000: device diagnosis available

•

W#16#8001 to W#16#FFFF: reserved

Not all channels support every error type. For detailed information, refer to the
description of the diagnostic data for the specific device.

Note
The section from "channel number" to "type of error" can occur from 0 to n times.
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Structure of Additional Interrupt Information with Interrupts from PROFINET IO,
Case 3
The additional interrupt information for PROFINET IO depends on the format
identifier. If different types of diagnostic information is to be transmitted, the IO
device uses the format identifier W#16#8001 (MULTIPLE).
In this case, the additional interrupt information is transmitted as blocks of variable
length.
Byte

Data type

Meaning

0 to 1

WORD

Format identifier for the structure of the following data serving as additional
interrupt information

2 to 3

WORD

Block type

4 to 5

WORD

Block length

W#16#8001: Manufacturer-specific diagnostics and/or channel diagnostics

6

BYTE

Version: high byte

7

BYTE

Version: low byte

8 to 9

WORD

Slot number

10 to 11

WORD

Subslot number

12 to 13

WORD

Channel number

14 to 15

WORD

Channel properties

16 to 17

WORD

Format identifier:

18 to n

BYTE

•

W#16#0000 to W#16#7FFF: manufacturer-specific diagnostics

•

W#16#8000: channel diagnostics

•

W#16#8001 to W#16#FFFF: reserved

Data depend on the format identifier

Note
The section starting from "block type" can occur from 0 to n times.
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Target Area TINFO and AINFO
Dependent on the respective OB in which SFB54 is called, the target areas TINFO
and AINFO are only partially written. Refer to the table below for information on
which info is entered respectively.
Interrupt type

OB

AINFO
TINFO
TINFO
management header
OB status
information
information information

AINFO
additional interrupt
information

Hardware
interrupt

4x

Yes

central:

Status interrupt

Yes

Yes

No

distributed: as delivered by the
PROFIBUS DP
slave/PROFINET IO
device
55

Yes

Yes

Yes

Yes

Yes

Update Interrupt 56

Yes

Yes

Yes

Yes

Yes

57

Yes

Yes

Yes

Yes

Yes

Peripheral
70
redundancy error

Yes

Yes

No

No

No

Diagnostic
interrupt

82

Yes

Yes

Yes

central:

Data record 1

Removal/
Insertion
interrupt

83

Special form of
the removal
interrupt:

83

Yes

Yes

Yes

Only PROFINET IO

83

Yes

Yes

Yes

Only PROFINET IO

Unconfigured
83
module inserted

Yes

Yes

Yes

Only PROFINET IO

Module rack/
Station failure

Yes

Yes

No

No

Yes

No

No

No

manufacturer
specific
interrupt

distributed: As delivered by the
PROFIBUS DP
slave/PROFINET IO
device
Yes

Yes

Yes

central:

No

distributed: as supplied by
PROFIBUS DP
slave/PROFINET IO
device

Controlled by
supervisor
Special form of
the insertion
interrupt:
Controlled by
supervisor

...

86

all other OBs
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Error Information
The output parameter STATUS contains information. It is interpreted as
ARRAY[1...4] OF BYTE the error information has the following structure:
Field element

Name:

Meaning

STATUS[1]

Function_Num

•

B#16#00, if no error

•

Function ID from DPV1-PDU: In error case B#16#80
is OR linked. If no DPV1 protocol element is used:
B#16#C0.

STATUS[2]

Error_Decode

Location of the error ID

STATUS[3]

Error_Code_1

Error ID

STATUS[4]

Error_Code_2

Manufacturer specific error ID expansion

STATUS[2] can have the following values:
Error_Decode
(B#16#...)

Source

Meaning

00 to 7F

CPU

No error or no warning

80

DPV1

Error according to IEC 61158-6

81 to 8F

CPU

B#16#8x shows an error in the nth call parameter of the
SFB.

FE, FF

DP Profile

Profile-specific error
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STATUS[3] can have the following values:
Error_Decode Error_Code_1 Explanation
(B#16#...)
(B#16#...)
according to
DVP1

Meaning

00

00

no error, no warning

70

00

reserved, reject

initial call; no active data record transfer

01

reserved, reject

initial call; data record transfer has started

02

reserved, reject

intermediate call; data record transfer already active

90

reserved, pass

invalid logical start address

92

reserved, pass

illegal type for ANY pointer

93

reserved, pass

The DP component addressed via ID or F_ID is not
configured.

80

8-18

95

Error in the H system when fetching additional
interrupt information (when fetching additional
interrupt information at the local or distributed I/O via
an external DP interface, this error is output as "group
error".)
Note: When connecting or updating the additional
interrupt information may not be available temporarily.

96

A master-reserve switchover has occurred in an H
system, and the previous master CPU has gone into
STOP mode. At that time, an OB was being
processed. SFB 54 cannot supply the OB start
information, management information, header
information or additional interrupt information.
You can read out the OB start information with SFC 6
"RD_SINFO". In addition, you can use SFC 13
"DPNRM_DG" to synchronously read the current
diagnostic frame of the affected DP slave for OBs 4x,
55, 56, 57, 82 and 83 (Address information from the
OB start information).

A0

read error

Negative acknowledgement while reading the module.

A1

write error

negative acknowledgement while writing the module

A2

module failure

DP protocol error at layer 2

A3

reserved, pass

•

PROFIBUS DP: DP protocol error with DirectData-Link-Mapper or User-Interface/User

•

PROFINET IO: General CM error

A4

reserved, pass

Bus communication disrupted

A5

reserved, pass

–

A7

reserved, pass

DP slave or modules is occupied (temporary error

A8

version conflict

DP slave or modules reports non-compatible versions

A9

feature not
supported

Feature not supported by DP slave or module
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Error_Decode Error_Code_1 Explanation
(B#16#...)
(B#16#...)
according to
DVP1

Meaning

AA to AF

user specific

DP slave or module reports a manufacturer-specific
error in its application. Please check the
documentation from the manufacturer of the DP slave
or module.

B0

invalid index

Data record not known in module
Illegal data record number ≥256

B1

write length error

Wrong length specified in parameter RECORD; with
SFB54: length error in AINFO

B2

invalid slot

Configured slot not occupied.

B3

type conflict

Actual module type not equal to specified module type

B4

invalid area

DP slave or module reports access to an invalid area

B5

status conflict

DP slave or module not ready

B6

access denied

DP slave or module denies access

B7

invalid range

DP slave or module reports an invalid range for a
parameter or value

B8

invalid parameter DP slave or module reports an invalid parameter

B9

invalid type

DP slave or module reports an invalid type

BA to BF

user specific

DP slave or module reports a manufacturer-specific
error when accessing. Please check the
documentation from the manufacturer of the DP slave
or module.

C0

read constrain
conflict

The module has the data record, however, there are
no read data yet.

C1

write constrain
conflict

The data of the previous write request to the module
for the same data record have not yet been processed
by the module.

C2

resource busy

The module currently processes the maximum
possible jobs for a CPU.

C3

resource
unavailable

The required operating resources are currently
occupied.

C4

Internal temporary error. Job could not be carried out.
Repeat the job. If this error occurs often, check your
plant for sources of electrical interference.

C5

DP slave or module not available.

C6

Data record transfer was canceled due to priority
class cancellation

C7

Job canceled due to restart (warm restart) or cold
restart of DP master

C8 to CF

DP slave or module reports a manufacturer-specific
resource error. Please check the documentation from
the manufacturer of the DP slave or module.

Dx

user specific

DP Slave specific. Refer to the description of the DP
Slave.
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Error_Decode Error_Code_1 Explanation
(B#16#...)
(B#16#...)
according to
DVP1

Meaning

81

00 to FF

Error in the initial call parameter (with SFB54: MODE)

00

Illegal operating mode

00 to FF

Error in the second call parameter

:

:

:

88

00 to FF

Error in the eighth call parameter (with SFB54:
TINFO)

82

89

01

Wrong syntax ID

23

Quantity frame exceeded or target area too small

24

Wrong range ID

32

DB/DI no. out of user range

3A

DB/DI no. is NULL for area ID DB/DI or specified
DB/DI does not exist

00 to FF

Error in the ninth call parameter (with SFB54: AINFO)

01

Wrong syntax ID

23

Quantity frame exceeded or target area too small

24

Wrong range ID

32

DB/DI no. out of user range

3A

DB/DI no. is NULL for area ID DB/DI or specified
DB/DI does not exist

8A

00 to FF

Error in the 10th call parameter

:

:

:

8F

00 to FF

Error in the 15th call parameter

FE, FF

00 to FF

Profile-specific error

With DPV1 errors, the DP Master passes on STATUS[4] to the CPU and to the
SFB. Without DPV1 error, this value is set to 0, with the following exceptions for the
SFB 52:
• STATUS[4] contains the target area length from RECORD, if MLEN > the target
area length from RECORD
• STATUS[4]=MLEN, if the actual data record length < MLEN < the target area
length from RECORD
• STATUS[4]=0, if STATUS[4] > 255 would have to be set
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8.4

Sending an Interrupt to the DP Master with SFB 75
"SALRM"

Note
The SFB 75 "SALRM" interface is identical to the FB "SALRM" defined in the
standard "PROFIBUS Guideline PROFIBUS Communication and Proxy Function
Blocks according to IEC 61131-3"

Description
SFB 75 "SALRM" sends an interrupt for a slot from the user program of an
intelligent slave to the associated DP master, which accesses it in the transitional
area (virtual slot). This starts the associated OB at the DP master.
You can send additional interrupt-specific information along with the interrupt. At
the DP master, you can use SFB 54 "RALRM" to read all the additional information.
SFB 75 can only be used in S7-compatible mode.
• DP: The master uses a GSD file to integrate the I-slave.
• S7-compatible: The I-slave is linked to a master in STEP 7 via HW Config.

Operating principle
SFB 75 "SALRM" is an is an asynchronous SFB, which means that its processing
extends over several SFB calls. Call SFB 75 with REQ = 1 to start the transfer of
the interrupt.
The send procedure remains active until interrupt processing is either
acknowledged or canceled by the DP master.
Output parameter BUSY and bytes 2 and 3 of the output parameter STATUS
indicate the job status, whereby STATUS bytes 2 and 3 correspond to the
RET_VAL output parameter of the asynchronously operating SFCs (see also
Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs
The transfer of the interrupt is concluded when the output parameter BUSY =
FALSE.
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Identifying the job
When you initiate the transfer of an interrupt to the DP masters with SFB 75 and
then call this SFB once again before the current job has been completed, the
further response of this SFB will depend on whether or not the new call is identical
to the previous one.
If the parameters ID and TYPE match a still unfinished job, the new call of the SFB
call will be treated in sequential order.
Parameters

Declaration Data type

Memory Area

REQ

INPUT

BOOL

I, Q, M, D, L, constant REQ = 1: Transfer the interrupt

ID

INPUT

DWORD

I, Q, M, D, L, constant Any logical address of the transition
area to the DP master (virtual slots), as
viewed from the DP slave, except the
diagnostic address of the station and
the logical address of slot 2.
The relevant information is found in the
low word. Enter zero in the high word.
Bit 15 contains the I/O ID: 0 = input
address, 1 = output address.

ATYPE

INPUT

INT

I, Q, M, D, L, constant Interrupt type
ID for the interrupt type. Possible
values:

ASPEC

INPUT

INT

Description

•

1: Diagnostic interrupt

•

2: Hardware interrupt

I, Q, M, D, L, constant Interrupt identifier:

•

0: No further information

•

1: Incoming event, faulty slot

•

2: Outgoing event, slot no longer
faulty

•

3: Outgoing event, slot still faulty

LEN

INPUT

INT

I, Q, M, D, L, constant Length (in bytes) of additional interrupt
information to be sent
Highest value: 16

DONE

OUTPUT

BOOL

I, Q, M, D, L,

DONE=1: Interrupt was transmitted

BUSY

OUTPUT

BOOL

I, Q, M, D, L,

BUSY = 1: Interrupt transmission is still
busy

ERROR

OUTPUT

BOOL

I, Q, M, D, L,

ERROR = 1: An error has occurred.

STATUS

OUTPUT

DWORD

I, Q, M, D, L,

Error information

AINFO

IN_OUT

ANY

I, Q, M, D, L,

Interrupt info
Source area for additional interrupt
information
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ATYPE parameter
The following table shows all permissible values for ATYPE, which OB is started in
the associated master, and in which DP mode the given interrupt type is permitted.
ATYPE Meaning in DPV1 Associated OB in the S7 DP master
standard

DP mode
DP

S7-compatible

1

Diagnostic interrupt Diagnostic interrupt OB (OB82)

–

Yes

2

Hardware interrupt Hardware interrupt OBs (OBs 40 to 47)

–

Yes

Note
In addition to the information given in the table above, the extent to which interrupt
types can be used can also be restricted by the DP master.

Dependency of the interrupt type on the operating mode of the S7 master
For a slave in S7-compatible mode (operated on an S7 master), hardware and
diagnostic interrupts can only be sent when the associated DP master is in RUN
mode (DP: Operate). If the DP master is in STOP mode (DP: Clear), the interrupt
will be withheld, and SFB 75 will return the error information W#16#80C8. In this
case, the user is responsible for sending the interrupt at a later time.

ASPEC parameters
According to the applicable standard, this parameter shows the diagnostic status of
the virtual slot. For this reason, you may assign a value other than zero to ASPEC
only when sending a diagnostic interrupt.
Since the S7 additional interrupt information for a diagnostic interrupt (data record
0) contains incoming/outgoing information (see Diagnostic Data Byte 0 Bit 0), you
must describe bit 0 (module fault) in byte 0 of the additional interrupt information as
follows:
ASPEC

"Module fault" bit in AINFO

0

0

1

1

2

0

3

1
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LEN parameters
The LEN parameter specifies the length in bytes of the additional interrupt
information to be sent. The maximum permitted range of values is 0 to 16.
For all possible interrupt types, the following table shows the values LEN can have
for the individual modes of an intelligent slave.
Interrupt type

DP

S7-compatible

Diagnostic interrupt

–

4 to 16

Hardware interrupt

–

4

The following table shows the response of SFB 75 when you assign LEN a value
other than the length of AINFO in BYTE.
Value of LEN

SFB 75 response

<= length specified for AINFO

SFB 75 sends an interrupt to the DP master. The amount
of bytes of additional interrupt information transmitted is
as specified in LEN.

Outside the permitted range of
values (< 0 or > 16)

SFB 75 does not send an interrupt.
Error information: W#16#80B1, STATUS[4]=B#16#FF

> length specified for AINFO

SFB 75 sends an interrupt to the DP master. The amount
of bytes of additional interrupt information transmitted is
as specified in the length information from AINFO.
Error information: W#16#00B1, STATUS[4]=Length
information from AINFO

AINFO parameters
AINFO is the source area for additional interrupt information. As far as the
intelligent slave is concerned, you can fill this area with any values that you wish.
However, if you are using a DP master of the S7 family, the additional information
sent along with the interrupt must conform to S7 conventions.
If you send a diagnostic interrupt (ATYPE=1), then you are responsible for
entering appropriate, relevant values in data record 0, and if necessary, also in
data record 1.
The following table shows you a proposed set of S7-compatible entries. In this
case, the "module fault" bit (see above) was already set. Up to actually naming the
bit, this suggestion corresponds to the default assignment (the one existing after a
POWER UP, after a STOP-RUN transition at the intelligent slave or a station
return).
Data record no..

Assignment

0

B#16#01, 0B, 00, 00

1

For S7-compatible mode: data record 0 + 12 bytes with zero

(See also Overview of the Structure of Diagnostic Data)
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Effect of the SFB75 call on the module status information and the group error
LED (SF)
As for any CPU, the slot properties for an intelligent slave are stored in the module
status information (see SSL-ID W#16#xy91 - Module Status Information)
When you use SFB 75 to send a diagnostic interrupt, the operating system at the
intelligent slave influences the slave-local module status information and the SF
LED based on bit 0 in byte 0 in AINFO (this bit is added to the status information as
"module fault"). However, there is no diagnostic buffer entry made at the I slave,
and no diagnostic interrupt OB is started.

Consistency of module status information between DP master and I slave
The following section presents different scenarios and discusses their effects on
module status information:
• Station return (results in start of OB 86 at DP master and at I slave)
This has an effect on the module status information at the I slave and at the S7
master ("Module fault" is reset.). If, after a station return, there are faults at the I
slave from the point of view of the user, these must be reported to the DP
master by means of an SFB 75 call.
• STOP-RUN operating mode transition at the DP master (results in start of OB
82 at I slave)
The module status information at the I slave remains unchanged. The DP
master resets the "module fault" bit in the relevant module status information.
To ensure consistency of the module status information between the DP master
and the I slave in S7- compatible mode, you must react at the I slave as follows:
-

For each error-free virtual slot, use SFB 75 to send an outgoing diagnostic
interrupt to the DP master.

-

For each faulty virtual slot, use SFB 75 to send an incoming diagnostic
interrupt to the DP master.

• STOP-RUN operating mode transition at the I slave (results in start of OB 82 at
DP master)
The module status information at the DP master remains unchanged; the
information at the I slave is reset ("Module fault" is reset.).
To ensure consistency of the module status information between the DP master
and the I slave in S7-compatible mode, you must react at the I slave as follows:
-

For each error-free virtual slot, use SFB 75 to send an outgoing diagnostic
interrupt to the DP master.

-

For each faulty virtual slot, use SFB 75 to send an incoming diagnostic
interrupt to the DP master.

Note
Since SFB 75 functions asynchronously, the SFB 75 calls cannot be ended in the
startup OBs. In other words, they must be run in the cyclical program until they are
finished.
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Note
All the above-mentioned differences between the module status information at the
master and the I slave can only occur at those slots that receive diagnostic
interrupts by means of SFB 75. This means that the remedies discussed above
only apply to such slots.

Error information
The STATUS output parameter contains error information. If it is interpreted as
ARRAY[1 ... 4] OF BYTE, this error information will be structured as follows:

Field element

Meaning

STATUS[1]

•

B#16#00: No error

•

B#16#C0: Error detected by I slave

STATUS[2],
STATUS[3]

Corresponds to the RET_VAL output parameter for SFCs

STATUS[4]

B#16#00, with the exception of some length conflicts between LEN and AINFO.
These exceptions are shown in the next table.

The following table indicates all specific error information for SFB 75.
ERROR STATUS[2,3]
(W#16# ...)

Explanation

0

0000

The job was completed with no errors. If LEN < length AINFO, only the LEN
bytes in the additional interrupt information were transmitted.

0

00B1

LEN > length of AINFO. The job was completed. The additional interrupt
information in AINFO was transmitted. STATUS[4] receives the length of AINFO.

0

7000

Initial call with REQ=0 (empty cycle). No interrupt was sent. BUSY has the value
0.

0

7001

Initial call with REQ=1. The job was started. BUSY has the value 1.

0

7002

Intermediate call (REQ irrelevant). The interrupt sent was not yet acknowledged
by the DP master. BUSY has the value 1.

1

8090

The address specified in the ID is outside the permitted address range or was
not configured.

1

8091

•

You have disabled the interrupt in the configuration.

•

The interrupt is not permitted for this type of slave.

1

8092

Invalid data type in AINFO (BYTE and BLOCK-DB are the valid types)

1

8093

ID belongs to a virtual slot. No interrupt can be requested from it.

1

80B0

1
1
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80B1

ASPEC

•

Does not match bit 0 in byte 0 of AINFO

•

Must have a value of 0 for the interrupt type used

•

Is outside the permissible range of values

LEN is outside the permissible range of values. STATUS[4] receives B#16#FF.

80B5

Call of SFB 75 at DP master is not permitted.

80C3

The required resources (memory, etc.) are occupied at this time.
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ERROR STATUS[2,3]
(W#16# ...)

Explanation

1

80C5

Distributed I/O device is not available at this time (i.e. station failure)

1

80C8

The function is not permitted in the current DP master operating mode (the DP
master is an S7 master and is in STOP mode).
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9

SFCs for Handling Time-of-Day Interrupts

9.1

Handling Time-of-Day Interrupts

Definition
A time-of-day interrupt results in one of the time-of-day interrupt OBs (OB10 to
OB 17) being called.

Conditions for the Call
Before a time-of-day interrupt OB can be called by the operating system, the
following conditions must be met:
• The time-of-day interrupt OB must have parameters assigned to it (start date
and time, execution) using either
-

STEP 7 or

-

SFC 28 "SET_TINT" in the user program.

• The time-of-day interrupt OB must be activated using
-

STEP 7 or

-

SFC 30 "ACT_TINT" in the user program.

• The time-of-day interrupt OB must not be deselected with STEP 7.
• The time-of-day interrupt OB must exist in the CPU.
• If you set the interrupt with SFC 30 "ACT_TINT" and if you have specified the
execution of the OB as once only, the start date and time must not yet have
passed. If you have selected periodic execution, the time-of-day interrupt OB
will be called when the next period is completed (start time + multiple of the
specified period).

Hint
You can assign parameters to the time-of-day interrupt using STEP 7 and then
activate the interrupt in your user program (SFC 30 "ACT_TINT").

Purpose of SFC 28 to SFC 31
The system functions SFC 28 to SFC 31 described in the following sections are
used as follows:
• To set time-of-day interrupts (SFC 28 "SET_TINT")
• To cancel time-of-day interrupts (SFC 29 "CAN_TINT")
• To activate time-of-day interrupts (SFC 30 "ACT_TINT")
• To query time-of-day interrupts (SFC 31 "QRY_TINT")
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9.2

Characteristics of SFCs 28 to 31

What Happens If...
The following table lists a number of different situations and explains the effect they
have on a time-of-day interrupt.
If ...

Then ...

A time-of-day interrupt is set (by calling SFC 28; The current time-of-day interrupt is canceled.
SET_TINT)
The time-of-day interrupt is canceled (by calling The start date and time are cleared. The time-of-day
SFC 29; CAN_TINT)
interrupt must then be set again before it can be
activated.
The time-of-day interrupt OB does not exist
when it is called.

The priority class error is generated automatically,
which means that the operating system calls OB85.
If OB85 does not exist, the CPU changes to STOP.

The real-time clock is synchronized or the clock If the start date/time is skipped because the clock is
moved forward:
adjusted forward
1

•

The operating system calls OB 80 .

•

Following OB 80, every skipped time-of-day
interrupt
OB is called (once, regardless of the number of
periods that were skipped) provided that it was not
2
manipulated in OB80 .

If OB 80 does not exist, the CPU changes to STOP.
The real-time clock is synchronized or the clock S7-400-CPUs and CPU 318:
If the time-of-day interrupt OBs had already been called
adjusted back
during the time by which the clock has been moved
back, they are not called again the second time around.
S7-300-CPUs: The affected the time-of-day interrupt
OBs are all executed.
1) OB 80 contains encoded start event information, indicating which time-of-day interrupt OBs could
not be called due to moving the clock forward. The time in the start event information corresponds to
the time adjusted forward.
2) The time in the start event information of the time-of-day interrupt activated later after being skipped
corresponds to the start time of the first skipped time-of-day interrupt.

Warm Restart or Cold Restart
During a warm restart or a cold restart, all the time-of-day interrupt settings made in
the user program by SFCs are cleared.
The parameters set using STEP 7 are then effective.
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Executing the Time-of-Day Interrupt OBs
The following table shows the different effects of the "execution" parameter. You
set this parameter with STEP 7 or with SFC 28 "SET_TINT" (input parameter
PERIOD).
Execution of the Time-of-Day Reaction
Interrupt OBs
None
(can only be set with STEP 7)

The time-of-day interrupt OB is not executed even when it exists in the
CPU.
Parameters can be re-assigned in the user program using SFC 28
"SET_TINT" (set time-of-day interrupt).

Once

The time-of-day interrupt is canceled after the time-of-day interrupt OB
has been called. It can then be set and activated again.

Periodic

If the start date and time have already passed when the interrupt is
(every minute, hour, day, week, activated, the time-of-day interrupt OB interrupts the cyclic program at
the next possible point "start date/time + multiple of the selected period."
month, year)
In extremely rare situations, processing of the time-of-day interrupt OB
may not yet be completed when it is called again.
Result:

•

Time error, (the operating system calls OB80; if OB80 does not
exist, the CPU changes to STOP).

•

The time-of-day interrupt OB is executed later.
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9.3

Setting a Time-of-Day Interrupt with SFC 28
"SET_TINT"

Description
With SFC 28 "SET_TINT" (set time-of-day interrupt), you set the start date and
time of time-of-day interrupt organization blocks. The seconds and milliseconds of
the specified start time are ignored and set to 0.
Parameter Declaration Data Type

Memory Area Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB started at the time SDT +
multiple of PERIOD (OB 10 to OB 17).

SDT

INPUT

DT

D, L, constant

Start date and time: The seconds and
milliseconds of the specified start time are
ignored and set to 0.
If you want to set a monthly start of a time-ofday interrupt OB, you can only use the days
1, 2, ... 28 as a start date.

PERIOD

INPUT

WORD

I, Q, M, D, L,
constant

Periods from start point SDT onwards:
W#16#0000 = once
W#16#0201 = every minute
W#16#0401 = hourly
W#16#1001 = daily
W#16#1202 = weekly
W#16#1401 = monthly
W#16#1801 = yearly
W#16#2001 = at month's end

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the actual parameter of RET_VAL contains
an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred

8090

Incorrect parameter OB_NR

8091

Incorrect parameter SDT

8092

Incorrect parameter PERIOD

80A1

The set start time is in the past.

8xyy

General error information, see Evaluating Errors
with Output Parameter RET_VAL
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9.4

Canceling a Time-of-Day Interrupt with SFC 29
"CAN_TINT"

Description
With SFC 29 "CAN_TINT" (cancel time-of-day interrupt), you cancel an activated
time-of-day organization block
Parameter Declaration Data Type

Memory Area

Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB, in which the start date
and time will be canceled (OB 10 to OB 17).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the actual parameter of RET_VAL
contains an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Incorrect parameter OB_NR

80A0

No start date/time specified for the time-of-day interrupt OB

8xyy

General error information, see Evaluating Errors with Output
Parameter RET_VAL
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9.5

Activating a Time-of-Day Interrupt with SFC 30
"ACT_TINT"

Description
With SFC 30 "ACT_TINT" (activate time-of-day interrupt), you can activate a timeof-day interrupt organization block.
Parameter

Declaration Data Type

Memory Area Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB to be activated (OB10 to
OB17).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the actual parameter of RET_VAL
contains an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Incorrect parameter OB_NR.

80A0

Start date/time-of day not set for the respective time-of-day interrupt OB.

80A1

The activated time is in the past. This error only occurs if execution = once
is selected.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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9.6

Querying a Time-of-Day Interrupt with SFC 31
"QRY_TINT"

Description
Using the system function SFC 31 "QRY_TINT" (query time-of-day interrupt), you
can display the status of a time-of-day interrupt organization block at the output
parameter STATUS.
Parameter Declaration Data Type

Memory Area Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB, whose status will be
queried (OB10 to OB17).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the actual parameter of RET_VAL contains
an error code.

STATUS

OUTPUT

WORD

I, Q, M, D, L

Status of the time-of-day interrupt;
see following table.

Output Parameter STATUS
Bit

Value

Meaning

0

0

Time-of-day interrupt is enabled by operating system.

1

0

New time-of-day interrupts are accepted.

2

0

Time-of-day interrupt is not activated or has elapsed.

3

-

-

4

0

Time-of-day interrupt OB is not loaded.

5

0

The execution of the time-of-day interrupt OB is not disabled by an active test
function.

6

0

Base for the time-of-day interrupt is the basic time

1

Base for the time-of-day interrupt is the local time

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Incorrect parameter OB_NR

8xyy

General error information, see Evaluating Errors with Output
Parameter RET_VAL
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SFCs for Handling Time-Delay Interrupts

10.1

Handling Time-Delay Interrupts

Definition
After you have called SFC 32 "SRT_DINT," the operating system generates an
interrupt after the specified delay time has elapsed, in other words, the selected
time-delay interrupt OB is called. This interrupt is known as a time-delay interrupt.

Conditions for the Call
Before a time-delay interrupt OB can be called by the operating system, the
following conditions must be met:
• The time-delay interrupt OB must be started by SFC 32 "SRT_DINT."
• The time-delay interrupt OB must not be deselected with STEP 7.
• The time-delay interrupt OB must exist in the CPU.

Purpose of SFC 32 to SFC 34
The system functions SFC 32 to SFC 34 described in the following sections are
used as follows:
• To start time-delay interrupts (SFC 32 "SRT_DINT")
• To cancel time-delay interrupts (SFC 33 "CAN_DINT")
• To query time-delay interrupts (SFC 34 "QRY_DINT").
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What Happens if...
The following table lists a number of different situations and explains the effect they
have on a time-delay interrupt.
If ...

and ...

Then ...

A time-delay interrupt is started
(by calling SFC 32 "SRT_DINT").

The time-delay interrupt has
already started.

The delay time is overwritten; the
time-delay interrupt is started
again.

The time-delay interrupt OB does
not exist at the time of the call.

The operating system generates
a priority class error (calls OB85).
If OB85 does not exist, the CPU
changes to STOP.

The interrupt is started in a startup The call of the time-delay interrupt
OB is delayed until the CPU is in
OB and the delay time elapses
before the CPU changes to RUN. the RUN mode.
The delay time has elapsed.

A previously started time-delay
interrupt OB is still being
executed.

The operating system generates a
time error (calls OB80). If OB80
does not exist, the CPU changes
to STOP.

Warm Restart and Cold Restart
During a warm or cold restart, all the time-delay interrupt settings made in the user
program by SFCs are cleared.

Starting in a Startup OB
A time-delay interrupt can be started in a startup OB. To call the time-delay
interrupt OB, the following two conditions must be met:
• The delay time must have elapsed.
• The CPU must be in the RUN mode.
If the delay time has elapsed and the CPU is not yet in the RUN mode, the timedelay interrupt OB call is delayed until the CPU is in the RUN mode. The timedelay interrupt OB is then called before the first instruction in OB1 is executed.
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10.2

Starting a Time-Delay Interrupt with SFC 32
"SRT_DINT"

Description
With SFC 32 "SRT_DINT" (start time-delay interrupt), you start a time-delay
interrupt that calls a time-delay interrupt organization block once the delay time has
elapsed (parameter DTIME).
With the SIGN parameter, you can enter an identifier that identifies the start of the
time-delay interrupt. The values of DTIME and SIGN appear again in the start
event information of the specified OB when it is executed.
Parameter Declaration Data Type

Memory Area

Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB, to be started after a
time delay (OB20 to OB23).

DTIME

INPUT

TIME

I, Q, M, D, L,
constant

Time delay value (1 to 60000 ms)
You can realize longer times, for example,
by using a counter in a time-delay interrupt
OB.

SIGN

INPUT

WORD

I, Q, M, D, L,
constant

Identifier which appears in the start event
information of the OB when the time-delay
interrupt OB is called.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the system function
is active, the actual parameter of RET_VAL
contains an error code.

Accuracy
The time between calling SFC 32 "SRT_DINT" and the start of the time-delay
interrupt OB is a maximum of one millisecond less than the selected time
providing that no interrupt event delays the call.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Incorrect parameter OB_NR

8091

Incorrect parameter DTIME

8xyy

General error information, see Evaluating Errors
with Output Parameter RET_VAL
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10.3

Querying a Time-Delay Interrupt with SFC 34
"QRY_DINT"

Description
With SFC 34 "QRY_DINT" (query time-delay interrupt), you can query the status of
a time-delay interrupt OB. Time-delay interrupts are managed by organization
blocks OB20 to OB23.
Parameter Declaration Data Type

Memory Area

Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB, whose STATUS will be
queried (OB20 to OB23).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
processed, the actual parameter of
RET_VAL contains an error code.

STATUS

OUTPUT

WORD

I, Q, M, D, L

Status of the time-delay interrupt, see
following table.

Output Parameter STATUS
Bit

Value

Meaning

0

0

Time-delay interrupt is enabled by the operating system.

1

0

New time-delay interrupts are not rejected.

2

0

Time-delay interrupt is not activated or has elapsed.

3

-

-

4

0

Time-delay interrupt-OB is not loaded.

5

0

The execution of the time-delay interrupt OB is not disabled by an active
test function.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred

8090

Incorrect parameter OB_NR

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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10.4

Canceling a Time-Delay Interrupt with SFC 33
"CAN_DINT"

Description
With SFC 33 "CAN_DINT" (cancel time-delay interrupt), you cancel a time-delay
interrupt that has already started (see Section Starting a Time-Delay Interrupt with
SFC 32 "SRT_DINT"). The time-delay interrupt OB is then not called.
Parameter Declaration Data Type

Memory Area

Description

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

Number of the OB to be canceled (OB20 to
OB23).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the actual parameter of RET_VAL
contains an error code.

Error Information
Error Code (W#16#...)

Explanation

0000

No error has occurred.

8090

Incorrect parameter OB_NR

80A0

Time-delay interrupt has not started.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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SFCs for Handling Synchronous Errors

11.1

Masking Synchronous Errors

Introduction
Synchronous errors are programming and access errors. Such errors occur as a
result of programming with incorrect address areas, numbers, or incorrect
addresses. Masking these synchronous errors means the following:
• Masked synchronous errors do not trigger an error OB call and do not lead to a
programmed alternative reaction.
• The CPU "records" the masked errors that have occurred in an error register.
Masking is carried out by calling the SFC 36 "MSK_FLT".
Unmasking errors means canceling a previously set mask and clearing the
corresponding bit in the event status register of the current priority class. Masking
is canceled as follows:
• By calling SFC 37 "DMSK_FLT"
• When the current priority class has been completed (only for S7-400).
If an error occurs after it has been unmasked, the operating system starts the
corresponding error OB. You can program OB121 for a reaction to programming
errors and OB122 for a reaction to access errors.
You can use SFC 38 "READ_ERR" to read out the masked errors that have
occurred.
Note: With the S7-300 (except CPU 318), regardless of whether an error is masked
or unmasked, the error is entered in the diagnostic buffer and the group error LED
of the CPU is lit.
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Handling Errors in General
If programming and access errors occur in a user program, you can react to them
in different ways:
• You can program an error OB that is called by the operating system when the
corresponding error occurs.
• You can disable the error OB call individually for each priority class. In this
case, the CPU does not change to STOP when an error of this type occurs in
the particular priority class. The CPU enters the error in an error register. From
this entry, however, you cannot recognize when or how often the error occurred.

Synchronous error

Error masked?
NO

YES

Error OB call (the
CPU changes to
STOP if the error
OB is not
programmed).

Error OB call
disabled
(the CPU does
not change to STOP
if an error occurs).

The reaction to an
error is programmed
in the OB.

An error is entered
in the error register.

Filters
Synchronous errors are assigned to a particular bit pattern known as the error
filter (mask). This error filter is also in the input and output parameters of SFCs 36,
37 and 38.
The synchronous errors are divided into programming and access errors that you
can mask using two error filters. The error filters are illustrated in the following
Figures.
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Programming Error Filter
The following figure shows the bit pattern of the error filter for programming errors.
The error filter for programming errors is located in the parameters PRGFLT_...
Refer to the Possible Error Causes for Programming Errors, Low Word or the
Possible Error Causes for Programming Errors High Word

Note
Bits 29 ("SFC not loaded") and 31 ("SFB not loaded") in the high word of the
programming error filter are only relevant for S7-400 and CPU 318.

Non-Relevant Bits
In the figure above, x means ...
•

... input parameters

for SFC 36, 37, 38

= "0"

•

... output parameters

for SFC 36, 37

= "1" for S7-300
= "0" for S7-400

for SFC 38

= "0"
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Access Error Filter for all CPUs
The following figure shows you the bit pattern of the error filter for access errors for
all CPUs except CPU 417 and CPU 417H. The error filter for access errors is in the
parameters ACCFLT_... For an explanation of the access errors, refer to the table
"Possible Causes of Errors for all CPUs 31x except the CPU 318" or "Possible
Causes of Errors for all CPUs CPUs 41x and CPU 318."

Example
The following figure shows the low word of the error filter for access errors with all
masked errors for all CPUs.
• As an input parameter for SFC 36
• As an output parameter for SFC 36
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Programming Error Low Word
The following table lists the errors assigned to the low word of the error filter for
programming errors. The table also shows the possible causes of the errors.
Possible Causes of Programming Errors, Low Word
Error

Event ID Error Occurs ...
(W#16#...)

BCD conversion error

2521

Area length error when
reading

2522

Area length error when writing

2523

Area error when reading

2524

Area error when writing

2525

Timer number error

2526

Counter number error

2527

Alignment error when reading

2528

Alignment error when writing

2529

... when the value to be converted is not a BCD number (for
example, 5E8)
... when an address is being used that is not completely
within the possible address area.
Example: MW 320 must be read although the memory area
is only 256 bytes long.
... when an address is being used that is not completely
within the possible address area.
Example: A value must be written to MW 320 although the
memory area is only 256 bytes long.
... when an incorrect area identifier is specified for the
address when using indirect, area-crossing addressing.
Example: correct:
LAR1 P#E 12.0
L W[AR1, P#0.0]
incorrect: LAR1 P#12.0
L W[AR1, P#0.0]
For this operation, the area length error is signaled.
... when an incorrect area identifier is specified for the
address when using indirect, area-crossing addressing.
Example: correct:
LAR1 P#E 12.0
T W[AR1, P#0.0]
incorrect: LAR1 P#12.0
T W[AR1, P#0.0]
For this operation, the area length error is signaled.
... when a non-existent timer is accessed.
Example: SP T [MW 0] where MW 0 = 129; timer 129 must
be started although there are only 128 timers available.
... when a non-existent counter is accessed.
Example: CU C [MW 0] where MW 0 = 600; counter 600
must be accessed although there are only 512 counters
available (CPU 416-D).
... when a byte, word or double word address is
addressed with a bit address ≠ 0.
Example: correct:
LAR1 P#M12.0
L B[AR1, P#0.0]
incorrect: LAR1 P#M12.4
L B[AR1, P#0.0]
... when a byte, word or double word address is addressed
with a bit address ≠ 0.
Example: correct:
LAR1 P#M12.0
T B[AR1, P#0.0]
incorrect: LAR1 P#M12.4
T B[AR1, P#0.0]
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Programming Error High Word
The following table lists the errors assigned to the high word of the error filter for
programming errors. The possible causes of errors are also listed.
Possible Causes of Programming Errors, High Word
Error

Event ID Error Occurs ...
(W#16#...)

Write error data block

2530

... when the data block to be written to is read only.

Write error instance data
block

2531

... when the instance data block to be written to is read only.

Block number error DB

2532

... when a data block must be opened whose number is
higher than the highest permitted number.

Block number error DI

2533

... when an instance data block must be opened whose
number is higher than the highest permitted number.

Block number error FC

2534

... when a function is called whose number is higher than
the highest permitted number.

Block number error FB

2535

... when a function block is called whose number is higher
than the highest permitted number.

DB not loaded

253A

... when the data block to be opened is not loaded.

FC not loaded

253C

... when the called function is not loaded.

SFC does not exist

253D

... when the called system function does not exist.

FB not loaded

253E

... when the function block to be called is not loaded.

SFB not existing

253F

... when the called system/standard function block does not
exist.

Access Errors
The following table lists the errors assigned to the error filter for access errors for
all CPUs. The possible causes of the errors are also listed.
Error

Event ID (W#16#...)

Error Occurs ...

I/O access error
when reading

2942

... when no signal module is assigned to the address in the
I/O area.
Or
... when access to this I/O area is not acknowledged within
the selected module watchdog time (timeout).

I/O access error
when writing

2943

... when no signal module is assigned to the address in the
I/O area.
Or
... when access to this I/O area is not acknowledged within
the selected module watchdog time (timeout).
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11.2

Masking Synchronous Errors with SFC 36 "MSK_FLT"

Description
With SFC 36 "MSK_FLT" (mask synchronous errors), you can control the reaction
of the CPU to synchronous errors. With this SFC, you can mask the synchronous
errors using the error filter (see Masking Synchronous Errors). When you call SFC
36, you mask the synchronous errors in the current priority class.
If you set individual bits of the synchronous error filter to "1" in the input
parameters, other bits that were set previously retain their value "1." You therefore
obtain new error filters that you can read out using the output parameters. The
synchronous errors you have masked do not call an OB but are simply entered in
an error register. You can read out the error register with SFC 38 "READ_ERR".
Parameter

Declaration Data Type

Memory Area

Description

PRGFLT_SET_MASK INPUT

DWORD

I, Q, M, D, L,
constant

Programming error to be
masked

ACCFLT_SET_MASK INPUT

DWORD

I, Q, M, D, L,
constant

Access error to be masked

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

PRGFLT_MASKED

OUTPUT

DWORD

I, Q, M, D, L

Masked program errors

ACCFLT_MASKED

OUTPUT

DWORD

I, Q, M, D, L

Masked access errors

Error Information
Error Code (W#16#...)

Explanation

0000

None of the errors was already masked.

0001

At least one of the errors was already masked.
Nevertheless the other errors will be masked.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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11.3

Unmasking Synchronous Errors with SFC 37
"DMSK_FLT"

Description
With SFC 37 "DMSK_FLT" (unmask synchronous errors), you unmask the errors
masked with SFC 36 "MSK_FLT." To do this, you must set the corresponding bits
of the error filter to "1" in the input parameters. With the SFC 37 call, you unmask
the corresponding synchronous errors of the current priority class. At the same
time, the entries are cleared in the error register. You can read out the new error
filters using the output parameters.
Parameter

Declaration

Data Type

Memory Area Description

PRGFLT_RESET_MASK INPUT

DWORD

I, Q, M, D, L,
constant

Programming errors to be
unmasked

ACCFLT_RESET_MASK INPUT

DWORD

I, Q, M, D, L,
constant

Access errors to be
unmasked

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

PRGFLT_MASKED

OUTPUT

DWORD

I, Q, M, D, L

Still masked programming
errors

ACCFLT_MASKED

OUTPUT

DWORD

I, Q, M, D, L

Still masked access errors

Error Information
Error Code (W#16#...)

Explanation

0000

All specified errors were unmasked.

0001

At least one of the errors was not masked.
Nevertheless the other errors will be unmasked.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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11.4

Reading the Error Register with SFC 38 "READ_ERR"

Description
Using SFC 38 "READ_ERR" (read error register), you can read the error register.
The structure of the error register corresponds to that of the programming and
access error filters which you can program as input parameters with SFC 36 and
SFC 37.
In the input parameters, you enter the synchronous errors you want to read from
the error register. When you call SFC 38, you read the required entries from the
error register and at the same time clear the entries.
The error register contains information that tells you which of the masked
synchronous errors in the current priority class occurred at least once. If a bit is set,
this means that the corresponding masked synchronous error occurred at least
once.
Parameter

Declaration

Data type Memory area

Description

PRGFLT_QUERY

INPUT

DWORD

I, Q, M, D, L,
constant

Query program error

ACCFLT_QUERY

INPUT

DWORD

I, Q, M, D, L,
constant

Query access error

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error Information

PRGFLT_CLR

OUTPUT

DWORD

I, Q, M, D, L

Occurred programming errors

ACCFLT_CLR

OUTPUT

DWORD

I, Q, M, D, L

Occurred access errors

Error Information
Error Code (W#16#...)

Explanation

0000

All queried errors are masked.

0001

At least one of the queried errors is not masked.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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SFCs for Handling Interrupts and
Asynchronous Errors

12.1

Delaying and Disabling Interrupt and Asynchronous
Errors

Purpose of SFC 39 to SFC 42
With these SFCs, you can achieve the following:
• Disable interrupts and asynchronous errors with SFC 39 "DIS_IRT" for all
subsequent CPU cycles.
• Delay higher priority classes with SFC 41 "DIS_AIRT" until the end of the OB.
• Enable interrupts and asynchronous errors with SFC 40 "EN_IRT" or SFC 42
"EN_AIRT."
You program the handling of interrupts and asynchronous errors in the user
program. You must also program the corresponding OBs.

Advantage of SFC 41 and SFC 42
Delaying higher priority interrupts and asynchronous errors by disabling them with
SFC 41 "DIS_AIRT" and then enabling them again with SFC 42 "EN_AIRT" has the
following advantages:
The number of interrupts delayed is counted by the CPU. If you have delayed
interrupts and asynchronous errors, the delay cannot be canceled by standard FC
calls if the interrupts and asynchronous errors are also disabled and then enabled
again in the standard FCs themselves.
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Interrupt Classes
The interrupts are divided into various classes. The following table lists all the
interrupt classes and the corresponding OBs.
Interrupt Class

OB

Time-of-day interrupts

OB10 to OB17

Time-delay interrupts

OB20 to OB23

Cyclic interrupts

OB30 to OB38

Hardware interrupts

OB40 to OB47

Interrupts for DPV1

OB55 to OB57

Multicomputing interrupt

OB60

Redundancy error interrupts

OB70, OB72

Asynchronous error interrupts

OB80 to OB87 (se below)

Synchronous error interrupts

OB121, OB122
(You can mask or unmask the processing of synchronous
error interrupts with SFC 36 to SFC 38)

Asynchronous Errors
The following table lists all the asynchronous errors to which you can react with an
OB call in the user program.
Asynchronous Errors

OB

Time error (for example, cycle time exceeded)

OB80

Power supply error (for example, battery fault)

OB81

Diagnostic interrupt (for example, defective fuse on a signal module)

OB82

Remove/insert module interrupt

OB83

CPU hardware fault (for example, memory card removed)

OB84

Program error

OB85

Rack failure

OB86

Communication error

OB87
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12.2

Disabling the Processing of New Interrupts and
Asynchronous Errors with SFC 39 "DIS_IRT"

Description
With SFC 39 "DIS_IRT" (disable interrupt), you disable the processing of new
interrupts and asynchronous errors. This means that if an interrupt occurs, the
operating system of the CPU reacts as follows:
• It neither calls an interrupt OB or asynchronous error OB,
• Nor triggers the normal reaction if an interrupt OB or asynchronous error OB is
not programmed.
If you disable interrupts and asynchronous errors, this remains in effect for all
priority classes. The effects of "DIS_IRT" can only be canceled again by calling
SFC 40 "EN_IRT" or by a warm or a cold restart.
Whether the operating system writes interrupts and asynchronous errors to the
diagnostic buffer when they occur depends on the input parameter setting you
select for MODE.

Note
Remember that when you program the use of SFC 39 "DIS_IRT," all interrupts that
occur are lost!

Parameter Declaration Data Type

Memory Area Description

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Specifies which interrupts and asynchronous
errors are disabled.

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

OB number

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is active,
the return value contains an error code.

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

12-3

SFCs for Handling Interrupts and Asynchronous Errors

MODE
MODE

Meaning

00

All newly occurring interrupts and asynchronous errors are disabled. (Synchronous errors
are not disabled.) Assign the OB_NR parameter the value 0. Entries continue to be made in
the
diagnostic buffer.

01

All newly occurring events belonging to a specified interrupt class are disabled. Identify the
interrupt class by specifying it as follows:

•

Time- of-day interrupts: 10

•

Time-delay interrupts: 20

•

Cyclic interrupts: 30

•

Hardware interrupts: 40

•

Interrupts for DPV1: 50

•

Multicomputing interrupts: 60

•

Redundancy error interrupts: 70

•

Asynchronous error interrupts: 80

Entries into the diagnostic buffer are continued.
02

All new occurrences of a specified interrupt are disabled. You specify the interrupt using the
OB
number. Entries continue to be made in the diagnostic buffer.

80

All newly occurring interrupts and asynchronous errors are disabled and are no longer entered
in the diagnostic buffer. The operating system enters event W#16#5380 in the diagnostic
buffer.

81

All newly occurring belonging to a specified interrupt class are disabled and are no longer
entered in the diagnostic buffer. The operating system enters event W#16#5380 in the
diagnostic buffer.

82

All newly occurring belonging to a specified interrupt are disabled and are no longer entered in
the diagnostic buffer. The operating system enters event W#16#5380 in the diagnostic buffer.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

The input parameter OB_NR contains an illegal value.

8091

The input parameter MODE contains an illegal value.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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12.3

Enabling the Processing of New Interrupts and
Asynchronous Errors with SFC 40 "EN_IRT"

Description
With SFC 40 "EN_IRT" (enable interrupt), you enable the processing of new
interrupts and asynchronous errors that you previously disabled with SFC 39
"DIS_IRT." This means that if an interrupt event occurs, the operating system of
the CPU reacts in one of the following ways:
• It calls an interrupt OB or asynchronous error OB.
• It triggers the standard reaction if the interrupt OB or asynchronous error OB is
not programmed.
Parameter Declaration

Data Type

Memory Area

Description

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Specifies which interrupts and
asynchronous errors will be enabled.

OB_NR

INPUT

INT

I, Q, M, D, L,
constant

OB number

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active the return value contains an error
code.

MODE
MODE
(B#16#...)

Meaning

0

All newly occurring interrupts and asynchronous errors are enabled.

1

All newly occurring events belonging to a specified interrupt class are enabled. Identify the
interrupt class by specifying it as follows:

2

•

Time- of-day interrupts: 10

•

Time-delay interrupts: 20

•

Cyclic interrupts: 30

•

Hardware interrupts: 40

•

Interrupts for DPV1: 50

•

Multicomputing interrupts: 60

•

Redundancy error interrupts: 70

•

Asynchronous error interrupts: 80

All newly occurring events of a specified interrupt are enabled. You specify the interrupt
using the OB number.
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Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

The input parameter OB_NR contains an illegal value.

8091

The input parameter MODE contains an illegal value.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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12.4

Delaying the Processing of Higher Priority Interrupts
and Asynchronous Errors with SFC 41 "DIS_AIRT"

Description
With SFC 41 "DIS_AIRT" (disable alarm interrupts), you delay the processing of
interrupt OBs and asynchronous error OBs which have a higher priority than that of
the current OB. You can call SFC 41 more than once in an OB. The SFC 41 calls
are counted by the operating system. Each of these calls remains in effect until it is
canceled again specifically by an SFC 42 "EN_AIRT" call or until the current OB
has been completely processed.
Once they are enabled again, the interrupts and asynchronous errors that occurred
while SFC 41 was in effect are processed as soon as they are enabled again with
SFC 42 "EN_AIRT" or as soon as the current OB has been executed.
Parameter

Declaration

Data Type

Memory Area

Description

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Number of delays (= number of
SFC 41 calls)

Return Value
The following table shows the return value for SFC 41 that is output with the
RET_VAL parameter.
Return Value

Description

n

"n" shows the number of times that processing was disabled, in other words the
number of SFC 41 calls (interrupt processing is only enabled again when n = 0; see
Enabling the Processing of Higher Priority Interrupts and Asynchronous Errors with
SFC 42 "EN_AIRT").
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12.5

Enabling the Processing of Higher Priority Interrupts
and Asynchronous Errors with SFC 42 "EN_AIRT"

Description
With SFC 42 "EN_AIRT" (enable alarm interrupts), you enable the processing of
higher priority interrupts and asynchronous errors that you previously disabled with
SFC 41 "DIS_AIRT." Each SFC 41 call must be canceled by an SFC 42 call.

Example
If, for example, you have disabled interrupts five times with five SFC 41 calls, you
must cancel these calls with five SFC 42 calls.
Parameter

Declaration Data Type

Memory Area

Description

RET_VAL

OUTPUT

I, Q, M, D, L

Number of delays still programmed on
completion of SFC 42 or error message.

INT

Return Value and Error Information
Refer to Evaluating Errors with Output Parameter RET_VAL
How you evaluate the error information of the RET_VAL parameter is explained in
Chapter "Evaluating Errors with Output Parameter RET_VAL". This chapter also
contains the general error information for the SFCs. The following table contains all
the error information specific to SFC 42 that can be output with the RET_VAL
parameter.
Return Value and Error
Information

Description

N

"n" shows the number of SFC 41 calls not yet canceled by SFC 42 calls
(interrupt processing is only enabled again when "n" = 0).

W#16#8080

The function has been called again although interrupt processing was
already enabled.
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13.1

System Diagnostics
The CPUs maintain internal data about the status of the programmable logic
controller. With the system diagnostics functions, you can read out the most
important data. Some of the data can be displayed on the programming device
using STEP 7.
You can also access the data required for system diagnostics in your program, by
using the SFCs "RD_SINFO" and "RDSYSST."

13.2

Reading OB Start Information with SFC 6 "RD_SINFO"

Description
With SFC 6 "RD_SINFO" (read start information), you can read the start
information about the following:
• The last OB to be called that has not yet been completely executed
and
• The last startup OB to be started.
There is no time stamp in either case. If the call is in OB 100 or OB 101 or OB 102,
two identical start information messages are returned.
Parameter

Declaration Data Type

Memory Area Description

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

TOP_SI

OUTPUT

STRUCT

D, L

Start information of the current OB

START_UP_SI

OUTPUT

STRUCT

D, L

Start information of the startup OB
last started
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TOP_SI and START_UP_SI
The output parameters TOP_SI and START_UP_SI are two structures with
identical elements (see following table).
Structure Element

Data Type

Description

EV_CLASS

BYTE

•

Bits 0 to 3: Event ID

•

Bits 4 to 7: Event class

EV_NUM

BYTE

Event number

PRIORITY

BYTE

Number of the priority class (meaning of B#16#FE: OB
not available or locked or cannot be started in current
operating mode)

NUM

BYTE

OB number

TYP2_3

BYTE

Data ID 2_3: identifies the information entered in ZI2_3

TYP1

BYTE

Data ID 1: identifies the information entered in ZI1

ZI1

WORD

Additional information 1

ZI2_3

DWORD

Additional information 2_3

Note
The structure elements listed in the table and temporary variables of an OB have
an identical content.
Please note that temporary variables of the individual OBs could however have
different names and different data types. Also note that the call interface of each
OB includes additional information which is the date and the time of the OB
request.

Bits 4 to 7 of the EV_CLASS structure element contain the event class. The
following values are possible here:
• 1: Start events from standard OBs
• 2: Start events from synchronous error OBs
• 3: Start events from asynchronous error OBs
The PRIORITY structure element supplies the priority class belonging to the
current OB.
Apart from these two elements, NUM is also relevant. NUM contains the number of
the current OB or the startup OB that was started last.
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Example
The OB that was called last and that has not yet been completely processed
serves as OB 80. The start-up OB that was started last serves as OB 100.
The following table shows the assignment of the structure elements of parameter
TOP_SI of SFC 6 "RD_SINFO" and the respective local variables of OB 80.
TOP_SI

OB80

Structure Element

Data Type

Local Variable

Data Type

EV_CLASS

BYTE

OB80_EV_CLASS

BYTE

EV_NUM

BYTE

OB80_FLT_ID

BYTE

PRIORITY

BYTE

OB80_PRIORITY

BYTE

NUM

BYTE

OB80_OB_NUMBR

BYTE

TYP2_3

BYTE

OB80_RESERVED_1

BYTE

TYP1

BYTE

OB80_RESERVED_2

BYTE

ZI1

WORD

OB80_ERROR_INFO

WORD

ZI2_3

DWORD

OB80_ERR_EV_CLASS

BYTE

OB80_ERR_EV_NUM

BYTE

OB80_OB_PRIORITY

BYTE

OB80_OB_NUM

BYTE

The following table shows the assignment of the structure elements of parameter
START_UP_SI of SFC 6 "RD_SINFO" and the respective local variables of
OB 100.
START_UP_SI

OB 100

Structure Element

Data Type

Local Variable

Data Type

EV_CLASS

BYTE

OB100_EV_CLASS

BYTE

EV_NUM

BYTE

OB100_STRTUP

BYTE

PRIORITY

BYTE

OB100_PRIORITY

BYTE

NUM

BYTE

OB100_OB_NUMBR

BYTE

TYP2_3

BYTE

OB100_RESERVED_1

BYTE

TYP1

BYTE

OB100_RESERVED_2

BYTE

ZI1

WORD

OB100_STOP

WORD

ZI2_3

DWORD

OB100_STRT_INFO

DWORD

Error Information
SFC 6 "RD_SINFO" does not provide any specific error information but only
general error information. The general error codes and how to evaluate them are
described in detail in Evaluating Errors with Output Parameter RET_VAL in the
section entitled "General Parameters for SFCs".
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13.3

Reading a System Status List or Partial List with
SFC 51 "RDSYSST"

Description
With system function SFC 51 "RDSYSST" (read system status), you read a system
status list or a partial system status list.
You start the reading by assigning the value 1 to the input parameter REQ when
SFC 51 is called. If the system status could be read immediately, the SFC returns
the value 0 at the BUSY output parameter. If BUSY has the value 1, the read
function is not yet completed.
Note
If you call SFC 51 "RDSYSST" in the diagnostic interrupt OB with the SSL-ID
W#16#00B1 or W#16#00B2 or W#16#00B3 and access the module that initiated
the diagnostic interrupt, the system status is read immediately.
With SFC 51 "RDSYSST" only complete data records are transferred.

System Resources
If you start several asynchronous read functions (the jobs with SSL_ID
W#16#00B4 and W#16#4C91 and W#16#4092 and W#16#4292 and W#16#4692
and possibly W#16#00B1 and W#16#00B3) one after the other at brief intervals,
the operating system ensures that all the read jobs are executed and that they do
not interfere with each other. If the limits of the system resources are reached, this
is indicated in RET_VAL. You can remedy this temporary error situation by
repeating the job.
The maximum number of "simultaneously" active SFC 51 jobs depends on the
CPU. You will find this information in /70/ and /101/.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

SSL_ID

INPUT

WORD

INDEX

INPUT

WORD

RET_VAL

OUTPUT

INT

I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, L

BOOL
STRUCT
ANY

I, Q, M, D, L
D, L
I, Q, M, L, D

BUSY
OUTPUT
SSL_HEADER OUTPUT
DR
OUTPUT

13-4

REQ=1: Starts processing
SSL-ID of the system status list or
partial list to be read.
Type or number of an object in a
partial list.
If an error occurs while executing the
SFC, the RET_VAL parameter
contains an error code.
TRUE: Reading not yet completed.
See below.
Destination area of the SSL list read
or the SSL partial list read:

•

If you have only read out the header
information of an SSL list,
you must not evaluate DR but
only SSL_HEADER.

•

Otherwise, the product of
LENTHDR and N_DR indicates
how many bytes were entered in DR.
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SSL_HEADER
The SSL_HEADER parameter is a structure defined as follows:
SSL_HEADER: STRUCT
LENTHDR:
WORD
N_DR:
WORD
END_STRUCT
LENTHDR is the length of a data record of the SSL list or the SSL partial list.
• If you have only read out the header information of an SSL list, N_DR contains
the number of data records belonging to it.
• Otherwise, N_DR contains the number of data records transferred to the
destination area.

Error Information
Error Code
(W#16#...)

Description

0000

No error.

0081

Result field too short. (Nevertheless as many data records as possible are supplied. The
SSL header indicates this number.)

7000

First call with REQ=0: No data transfer active; BUSY has the value 0.

7001

First call with REQ=1: Data transfer started; BUSY has the value 1.

7002

Interim call (REQ irrelevant): Data transfer already active; BUSY has the value 1.

8081

Result field too short (not enough space for one data record).

8082

SSL_ID is wrong or is unknown in the CPU or SFC.

8083

INDEX wrong or not permitted.

8085

Due to a problem in the system, information is not currently available (for example, due
to a lack of resources).

8086

The data record cannot be read due to a system error (bus, modules, operating system).

8087

Data record cannot be read because the module does not exist or does not acknowledge.

8088

Data record cannot be read because the actual module identifier is different from the
expected module identifier.

8089

Data record cannot be read because the module is not capable of diagnostics or the data
record is not supported.

80A2

DP protocol error (layer 2 error) (temporary error)

80A3

DP protocol error with user interface/user (temporary error)

80A4

Communication problem on communication bus (error occurs between the CPU and the
external DP interface module)

80C5

Distributed I/Os not available (temporary error).

80C6

Data record transfer stopped due to priority class abort (restart or background)

80D2

Data record cannot be read because the module is not capable of diagnostics.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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SSL_IDs
Note
For the partial lists that can be read out with SFC 51 "RDSYSST" refer to
•

/72/ for the S7-300

•

The following table for the S7-400.

SSL_ID (W#16#...) Partial List

INDEX (W#16#...)

Module ID
0111

One identification data record
Identification of the module

0001

Identification of the basic hardware

0006

Identification of the basic hardware

0007

CPU characteristics
0012
0112

0F12

All characteristics

Irrelevant

Characteristics of one group
MC7 processing unit

0000

Time system

0100

System behavior

0200

MC7 language description

0300

Availability of SFC 87 and SFC 88

0400

Only SSL partial list header information

Irrelevant

User memory areas
0113

One data record for the memory area specified
Work memory

0001

System areas
0F14

Data records of all system areas

Irrelevant

0F14

Only SSL partial list header information

Irrelevant

Module types
0015

Data records of all module types

Irrelevant

Status of the module LEDs (cannot be read out from all
CPUs, see /102/).
0019

Status of all LEDs

Irrelevant

0F19

Only SSL partial list header information

Irrelevant
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SSL_ID (W#16#...) Partial List

INDEX (W#16#...)

Identification of one component
001C

Identification of all components

011C

Identification of one component

Irrelevant

Name of the automation system

0001

Name of the module

0002

System ID of the module

0003

Copyright entry

0004

Serial number of the module

0005

Module type name

0007

Manufacturer and profile of a CPU module

0009

Location designation of a module

000B

021C

Identification of all components in a CPU of an H system

Rack no.

031C

Identification of one component in all redundant CPUs of an H Index
system

0F1C

Only SSL partial list header information

Irrelevant

Interrupt status
0222

Data record for indicated interrupt

OB number

Assignment of process image partitions and CPUs
0025

Assigning all process image partitions to OBs

Irrelevant

0125

Assignment of a process image partition to the corresponding Process image
OB
partition number.

0225

Assignment of an OB to the corresponding process image
partitions

OB number.

0F25

Only info on SSL partial list headers

Irrelevant

Communication status data
0132

0232

Status data for one communication unit
Diagnostics

0005

Time system

0008

Status data for one communication unit
CPU protection level and operator control settings

0004

H CPU group information
0071

Information about the current state of the H system

Irrelevant

0F71

Only SSL partial list header information

Irrelevant

Status of the module LEDs (cannot be read out from all
CPUs, see /102/).
0174

Status of an LED

LED ID

Switched DP slaves in the H system
0C75

Communication status between the H system and a switched
DP slave
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SSL_ID (W#16#...) Partial List

INDEX (W#16#...)

DP Master system information
0090

Information DP Master systems known to the CPU

0000

0190

Information about a DP Master system

DP master system ID

0F90

Only SSL partial list header information

0000

Module status information (a maximum of 27 data records is
supplied)
0091

Status information of all modules / submodules inserted

Irrelevant

0191

Module status information of all non-deactivated modules /
racks with
incorrect type ID

Irrelevant

0291

Module status information of all faulty and non-deactivated
modules

Irrelevant

0391

Module status information of all unobtainable modules

Irrelevant

0591

Module status information of all submodules of the host
module

Irrelevant

0991

Module status information of all submodules of the host
module in the rack specified

Rack or DP master
system ID

0C91

Module status information of a module in a central
configuration or connected to an integrated DP
communications processor

Logical base address

4C91

Module status information of a module connected to an
external DP communications processor

Logical base address

0D91

Module status information of all modules in the rack / DP
station specified

Rack or DP master
system ID or DP
master system ID
and station number

0E91

Module status information of all assigned modules

Irrelevant

Rack/station status information
0092

Expected status of the rack in the central configuration /
of the stations of a DP master system

0 / DP master system
ID

4092

Expected status of the stations of a DP master system
connected to an external DP interface

DP master system ID

0192

Activation status of the stations in a DP master system that is
connected via an integrated DP interface

DP master system ID

0292

Current status of the rack in the central configuration / of the
stations of a DP master system

0 / DP master system
ID

4292

Current status of the stations in a DP master system that is
connected via an external DP interface module.

DP master system
ID

0392

Status of the backup batteries in a rack/module rack of a CPU 0
after at least one battery has failed

0492

Status of the overall battery backup status of all racks/module 0
racks of a CPU

0592

Status of the 24-V power supply to all racks/module racks of a 0
CPU

4292

Current status of the stations of a DP master system
connected via an external DP interface module

13-8
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SSL_ID (W#16#...) Partial List

INDEX (W#16#...)

0692

Diagnostic status of the expansion racks in a central
configuration /
of the stations of a DP master system connected via an
integrated DP interface module

0 / DP master system
ID

4692

Diagnostic status of the stations of a DP master system
connected
via an external DP interface module

DP master system ID

Extended DP master system information
0195

Extended information about a DP master system

DP master system ID

0F95

Only info in SSL partial list headers

0000

Diagnostic buffer (a maximum of 21 data records is
supplied)
00A0

All entries that can be supplied in the currently active
operating mode

Irrelevant

01A0

The most recent entries, the number is specified in the
index

Quantity

Only SSL partial list header information

Irrelevant

0FA0

Diagnostic data on modules
00B1

The first four diagnostic bytes of one module (data record 0)

00B2

All diagnostic data of one module (< 220 bytes, data record 1) Rack, slot
(no DP module)

00B3

All diagnostic data of one module (< 220 bytes, data record 1) Logical base address

00B4

Diagnostic data of a DP slave
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13.4

Writing a User-Defined Diagnostic Event to the
Diagnostic Buffer with SFC 52 "WR_USMSG"

Description
With SFC 52 "WR_USMSG" (write user element in diagnostic buffer), you write a
user-defined diagnostic event to the diagnostic buffer. You can also send the
corresponding diagnostic message to all stations logged on for this purpose (by
setting the input parameter SEND = TRUE). If an error occurs, the output
parameter RET_VAL provides the error information.

Sending a User-Defined Diagnostic Message
SFC 52 writes a user-defined diagnostic event to the diagnostic buffer. You can
then also send the corresponding diagnostic message to any station logged on for
this purpose (by setting the input parameter SEND = TRUE). The user-defined
diagnostic message is then written to the send buffer and automatically sent to the
logged on stations.
You can check whether the sending of user-defined diagnostic messages is
currently possible. To do this, call SFC 51 "RDSYSST" with the parameters
SSL_ID = W#16#0132 and INDEX = W#16#0005. The fourth word of the data
record obtained indicates whether sending a user element is currently possible (1)
or not (0).
CPU

S ta tio n
e .g . P G , O P

S e n d b u ffe r
SEND=
TRUE
SFC52

1

2
. .

S e n d in g is
a s y n c h ro n o u s
to u s e r p ro g ra m

D ia g n . b u ffe r

. .

Send Buffer Full
The diagnostic message can only be entered in the send buffer if the send buffer is
not full. The number of entries that can be made in the send buffer depends on the
type of CPU you are using.
If the send buffer is full, then:
• The diagnostic event is nevertheless entered in the diagnostic buffer,
• The parameter RET_VAL indicates that the send buffer is full
(RET_VAL = W#16#8092).
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Station Not Logged On
If a user-defined diagnostic message is to be sent (SEND = TRUE) and no station
is logged on,
• The user-defined diagnostic event is entered in the diagnostic buffer,
• The parameter RET_VAL indicates that no station is logged on
(RET_VAL = W#16#8091 or W#16#8091. The value W#16#8091 appears with
older versions of the CPU).

General Structure
The internal structure of an element in the diagnostic buffer is as follows:
Byte

Contents

1 and 2

Event ID

3

Priority class

4

OB number

5 and 6

Reserved

7 and 8

Additional information 1

9, 10, 11, and 12

Additional information 2

13 to 20

Time stamp

Event ID
An event ID is assigned to every event.

Additional Information
This is additional information about the event. The additional information can be
different for each event. When you create a diagnostic event, you can decide on
the content of these entries yourself.
When you send a user-defined diagnostic message, you can integrate the
additional information as associated values in the (event ID-specific) message text.

Time Stamp
The time stamp is of the type Date_and_Time.
Parameter

Declaration Data Type

Memory Area

Description

SEND

INPUT

BOOL

I, Q, M, D, L,
constant

Enable the sending of the user-defined
diagnostic message to all logged-on
stations

EVENTN

INPUT

WORD

I, Q, M, D, L,
constant

Event ID - You assign the event ID. This is
not assigned by the message server.

INFO1

INPUT

ANY

I, Q, M, D, L

Additional information 1 word long

INFO2

INPUT

ANY

I, Q, M, D, L

Additional information 2 words long

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

System Software for S7-300/400 System and Standard Functions - Volume 1/2
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SEND
If SEND = TRUE, the user-defined diagnostic message is sent to all logged-on
stations. The message is only sent if the station is logged on and if the send buffer
is not full. The sending of the element is asynchronous to the user program.

EVENTN
The EVENTN parameter contains the event ID of the user event. You can enter
event IDs of the types W#16#8xyz, W#16#9xyz, W#16#Axyz, W#16#Bxyz.
IDs in the format W#16#8xyz and W#16#9xyz belong to predefined events, IDs in
the format W#16Axyz and W#16#Bxyz belong to freely defined events.
An event entering the state is indicated by x = 1, an event leaving the state by
x = 0. With events in class A and B, "yz" is the message number assigned to the
message in the message configuration in hexadecimal format.
The structure of the event ID is explained in Section 26.1.

INFO1
The INFO1 parameter contains information that is one word long. The following
data types are permitted for INFO1:
• WORD
• INT
• ARRAY [0 to 1] OF CHAR
You can integrate the parameter INFO1 as an associated value in the message
text and therefore add up-to-date information to the message.

INFO2
The INFO2 parameter contains information that is two words long. The following
data types are permitted for INFO2:
• DWORD
• DINT
• REAL
• TIME
• ARRAY [0 to 3] OF CHAR
You can integrate the parameter INFO2 as an associated value in the message
text and therefore add up-to-date information to the message.
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Error Information
Error Code (W#16#...)

Explanation

0000

No error

0091

No station logged on (diagnostic event entered in the diagnostic buffer)

8083

Data type of INFO1 not permitted

8084

Data type of INFO2 not permitted

8085

EVENTN not permitted

8086

Length of INFO1 not permitted

8087

Length of INFO2 not permitted

8091

(This error code appears only with older versions of the CPU.)
No station logged on (diagnostic event entered in the diagnostic buffer).

8092

Sending not possible at present, send buffer full (diagnostic event entered in
the diagnostic buffer).

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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13.5

Determining the OB Program Runtime with SFC 78
"OB_RT"

Description
With SFC 78 ”OB_RT” you can determine the run times for individual OBs over
different time periods.

Note
SFC 78 returns the last recorded time values for the required OB, regardless of
whether or not this OB is currently being loaded. SFC 78 data are not deleted or
overwritten but are rather reset only after a restart (warm start).

Parameters
Parameter

Declaration

Data type

Memory area

Meaning

OB_NR

INPUT

INT

I, Q, M, D, L

OB whose last evaluated times are to
be queried. Valid numbers are all those
in the OB configuration of your CPU,
except for OB 121 and OB 122.
Synchronous error processing time is
included in the time required for
processing the OB that has caused the
error. The declaration of OBs 121 and
122, or of OBs not configured in the
CPU, will result in an error message.
When OB_NR=0, data of the OB that
has called the SFC will be transferred.
When SFC 78 is called in OB 121 or OB
122 and OB_NR=0, all time data of the
interrupt triggering OB are output,
including the time data in OB 12x.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while processing this
function, the return value contains an
error code. Otherwise, RET_VAL
contains the OB number for which these
data were requested.

PRIO

OUTPUT

INT

I, Q, M, D, L

The priority class of the queried OB is
output in PRIO
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Parameter

Declaration

Data type

Memory area

Meaning

LAST_RT

OUTPUT

DINT

I, Q, M, D, L

Runtime (in microseconds) of the most
recent execution of the specified OB.
If the OB for which you request the
runtimes is currently being processed:
After the first call of SFC 78 during the
current execution of the required OB,
LAST_RT outputs the last total
execution runtime of the OB.
With each subsequent call of SFC 78
during the current execution of the
required OB, Last_RT

•

indicates DW#16#FFFF FFFF, if
the required OB has already called
SFC 78-when OB_NR=0.

•

indicates the last execution runtime
of the required OB, if this OB has
not called SFC 78 with OB_NR=0.

Note: Interrupt times caused by OBs
with higher priority are not included in
LAST_RT.
LAST_ET

OUTPUT

DINT

I, Q, M, D, L

Time interval (in microseconds)
between the call and the end of
execution of the specified OB, namely
for the last completed processing of the
specified OB.
When the OB for which you request the
runtimes is currently being processed:
After the first call of SFC 78 while the
required OB is being processed,
LAST_ET indicates the time interval
between the last completed call of the
OB and the end of execution of the
specified OB.
With each subsequent call of SFC 78
during current execution of the required
OB, Last_ET

•

indicates DW#16#FFFF FFFF, if
the required OB has already called
SFC 78-when OB_NR=0.

•

indicates the time interval between
the last completed call of the OB
and the end of execution of the
required OB, if this OB has not
called an SFC 78 with OB_NR=0..

Note: Interrupt times caused by OBs
with higher priority are included in
LAST_ET.
CUR_T

OUTPUT

DINT

I, Q, M, D, L

Time of the OB request (relative time
value in microseconds) of the specified,
currently processed OB. CUR_T = 0 if
the specified OB is not being
processed.
Note: The system time is a counter that
counts from 0 to 2.147.483.647
(microseconds). The counter restarts at
0 after overflow.
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Parameter

Declaration

Data type

Memory area

Meaning

CUR_RT

OUTPUT

DINT

I, Q, M, D, L

Expired execution runtime
(microseconds) of the specified OB.
CUR_RT = 0 if the OB is not or not yet
being processed. After processing, the
runtime data are applied in LAST_RT
and CUR_RT is set to zero.
Note: Interrupt times caused by OBs
with higher priority are not included in
CUR_RT.

CUR_ET

OUTPUT

DINT

I, Q, M, D, L

Time expired since the specified and
currently processed OB was
called(runtime in microseconds).
CUR_ET = 0 if the specified OB is not
being processed. After processing, the
runtime data are applied in LAST_ET
and CUR_ET is set to 0.
Note: Interrupt times caused by OBs
with higher priority are included in
CUR_ET.

NEXT_ET

OUTPUT

DINT

I, Q, M, D, L

If further calls of the specified OB are
queued before the current request has
been completed, NEXT_ET indicates
the time-to-go between the actual time
and the time of execution of the next
request (in microseconds. NEXT_ET =
0 if no other start event exists besides
the currently queued or processed start
events for this OB .
WinLC RTX does not use this
parameter.
Note: Interrupt times caused by OBs
with higher priority are included in
NEXT_ET.

The times also include the run times for any nested processing of synchronous
error interrupts (OB 121, OB 122).

Note
When you declare an OB number in OB_NR that exists in the dynamic project data
on your CPU without the OS having called the corresponding OB, or you have not
downloaded it to the CPU, RET_VAL contains the specified OB number, PRIO
contains the configured (default, if required) priority of the specified OB and
LAST_RT contains the value DW#16#FFFF FFFF.
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Error information
Event class
Error code

Explanation

1 to 102

Number of the OB to which information is being transferred.

W#16#8080

OB_NR parameter contains an illegal value.

W#16#8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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13.6

Diagnosis of the Current Connection Status with
SFC 87 "C_DIAG"

Description
You can use SFC 87 "C_DIAG" to determine the current status of all S7
connections and of all fault-tolerant S7 connections (or their partial connection).
Suitable evaluation of these connection data lets you recognize failures of S7
connections as well as of current S7 connections and report these, should the
occasion arise, to an operating and visualization system. Monitored connections
can be a connection between automation systems as well as the connection of an
automation system to an operating and visualization system.

Note
A change in the operating state of the CPU: RUN -> STOP ->RUN, does not affect
the state of the configured connections. Exception: When an H station changes
from the Redundant system state to the Stop system state, the partial connections
of all fault-tolerant connections to the standby CPU will be disconnected.
After a power failure, on the other hand, all configured connections will be
reestablished and this changes the connection status.
The first time SFC 87 is called during or after startup, the connection information
will differ, depending on whether the last operating mode of the CPU was STOP or
POWER OFF.

Operating Mode
The SFC 87 "C_DIAG" is an asynchronous SFC operation, that is to say,
processing can be extended over multiple SFC calls.
You start the job by calling the SFC 87 with REQ=1.
If it was possible to execute the job immediately, the SFC returns the value 0 in the
output parameter BUSY. If BUSY is 1 the job is still active.

When Do You Call the SFC 87?
To recognize the failure of S7 connections and current S7 connections, call the
SFC87 in a cyclic interrupt OB that is started, for example, every 10 seconds by the
operating system.
Since the status of a connection normally does not change, it is appropriate to copy
the connection data to the user program with these cyclic calls only if they have
changed since their last call (call with MODE=B#16#02, see below).
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How Do You Call the SFC 87?
The SFC 87 "C_DIAG" offers four possible operating modes which are explained in
the table below.
MODE
(B#16#...)

SFC Copies Connection Data to the User
Program

SFC Transfers Acknowledgement
Information to the Operating System

00

No

Yes

01

Yes

Yes

02

•

Yes, if connection data have changed

•

No, if connection data has not changed

03

Yes

Yes
No

The status changes of the connection data since the last call of SFC 87 (with
MODE=B#16#00, 01 or 02) are confirmed by transferring the acknowledgement
information to the operating system.

Note
If you operate SFC 87 in a cyclic interrupt OB in "Conditional Copying" mode
(MODE=B#16#02), you must ensure that no initializing values are contained in the
target area after a cold start of the CPU. You can achieve this in OB 102 with a
single call of SFC 87 in "Unconditional Copying with Acknowledgement" mode
(MODE=B#16#01).
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Parameters Declaration Data
Type

Memory Area

Description

REQ

I, Q, M, D, L,
constant.

Control parameter request to activate

I, Q, M, D, L,
constant.

Job designation

MODE

INPUT

INPUT

BOOL

BYTE

REQ=1: Initialize the job, if not already
started
Possible values:

•

B#16#00: The SFC does not copy
connection data, but merely transfers
an acknowledgement information to
the operating system .

•

B#16#01: Regardless of the status
change, the SFC copies all
connection data to the user program
and transfers an acknowledgement
information to the operating system.

•

B#16#02: If connection data have
changed, the SFC copies them to
the user program. If not changed,
they are not copied. In both cases
the SFC transfers an
acknowledgement information to the
operating system.

•

B#16#03: The SFC copies the
connection data to the user program,
independent of the changed status. It
does not transfer an
acknowledgement information to the
operating system.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Return value (Error code or job status)

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY =1: The job is not completed.

N_CON

OUTPUT

INT

I, Q, M, D, L

Index of the last structure in CON_ARR
with .DIS_PCON or .DIS_CON value
TRUE. Thus, in the user program only
the first N_CON elements of CON_ARR
need to be checked.
Note: The first structure in the field
CON_ARR has the index 1.

CON_ARR

OUTPUT

ANY

I, Q, M, D, L

Target area for the received connection
data.
Only the data type BYTE is permissible.
A structure is assigned to each
connection.
Choose a target area size which can
receive all structures even at the
maximum number of possible
connections for your CPU.
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Organizing the Target Area CON_ARR
The read target area is a structure field. A structure is assigned to each connection.
Initially, the field does not need to be occupied with valid entries and it may contain
invalid entries between two valid entries.
The connections are not sorted by connection reference.

Note
Date consistency of a connection is ensured if you copy connection data from the
operating system to the selected target area

Structure Organization
Parameters

Data
Type

Description

CON_ID

WORD

Connection reference which you have assigned in NETPRO for
this connection
W#16#FFFF: Invalid designation, that is to say, the connection
is not configured. If CON_ARR[i].DIS_PCON or
CON_ARR[i].DIS_CON (see below) is set, this connection has
been reconfigured or deleted since the last call of the SFC 87.

STAT_CON

BYTE

The current status of the S7 connection or of the redundant S7
connection
Possible values:

PROD_CON

BYTE

•

B#16#00: S7 connection not established

•

B#16#10: Redundant S7 connection not established

•

B#16#01: S7 connection is currently being established

•

B#16#11: Redundant S7 connection is currently being
established

•

B#16#02: S7 connection is established

•

B#16#12: Redundant S7 connection is established, but is
not redundant

•

B#16#13: Redundant S7 connection is established

Partial connection number of the runtime connection.
Possible Values: 0, 1, 2, 3

STBY_CON

BYTE

Partial connection number of the standby connection
(B#16#FF: no standby connection)
Possible values: 0, 1, 2, 3
Note: Only a redundant S7 connection can have a standby
connection.
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Parameters

Data
Type

Description

DIS_PCON

BOOL

Transitions of W#16#12 -> W#16#13 and W#16#13 ->
W#16#12 of CON_ARR[i].STAT_CON since the last SFC call
set CON_ARR[i].DIS_PCON to 1. All other connection status
changes do not affect CON_ARR[i].DIS_PCON.
Node:

•

When MODE=B#16#01 and 02, the operating system bit
that corresponds with DIS_PCON is reset when
connection data are copied to the target area.

•

When MODE=B#16#03, the operating system bit that
corresponds with DIS_PCON remains unchanged.

RES0

BYTE

Reserved (B#16#00)

RES1

BYTE

Reserved (B#16#00)

Error Information
Error Code
(W#16#...)

Description

0000

•

MODE=B#16#00, 01 or 02: No connection status change (structure element
STAT_CON) since the last call. The call was executed without error.

•

MODE=B#16#03: The copy procedure was carried out without error.

•

MODE=B#16#00, 01 or 02: Connection status change (structure element
STAT_CON) with at least one connection since the last call. The job was carried
out without error.

•

MODE=B#16#03: RET_VAL W#16#0001 is not possible:

0001

7000

First call with REQ=0. The job specified in MODE cannot be processed. BUSY value is
0.

7001

First call with REQ=1. The job specified in MODE has been initialized. BUSY value is 1

7002

Intermediate call (REQ irrelevant). Job still running. BUSY value is 1.

8080

Illegal value in the MODE parameter .

8081

Illegal data type in the CON_ARR parameter .

8082

Length description in the CON_ARR parameter too small. SFC copies no data to the
target area.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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13.7

Identifying the Bus Topology of a DP Master System
with SFC 103 "DP_TOPOL"

Description
Call SFC 103 "DP_TOPOL" with its diagnostics repeaters to initiate the
identification of the bus topology of a selected a DP master system. All diagnostics
repeaters connected to a DP master system are addressed when SFC 103 is
called.

Note
The topology of only one DP master system can be identified at a given time.

The identification of the topology is a prerequisite for a detailed display of the error
location in the event of a line error. After the installation or any changes to the
physical structure of a DP master system, once again identify the topology with
SFC 103.
Changes to the physical structure includes:
• Change in cable lengths
• Addition or removal of nodes or of components with repeater function
• Change in node addresses
Each diagnostic repeater enters the result (PROFIBUS address of all nodes and
their absolute distance to the diagnostic repeater) in a topology table. You can read
these values under STEP 7.
We recommend to call SFC 103 in OB1 or in a watchdog interrupt OB. An S7-300
does not allow this call in one of the startup OBs.
The SFC writes error messages returned by the diagnostic repeater to the outputs
DPR and DPRI for as long as the SFC is being executed. If more than one
diagnostic repeater in the selected DP master system reports an error, the SFC
enters in DPR and DPRI only information relevant to the diagnostic repeater that
has first generated an error message. Call SFC 13 "DPNRM_DG" or STEP 7 to
read the complete diagnostic information. The value of outputs DPR and DPRI is
NULL if no error is reported by a diagnostic repeater.
If you want to trigger another topology determination after an error has occurred,
you must first reset SFC103. To do this, call the SFC with REQ=0 and R=1.
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Operating method
SFC 103 "DP_TOPOL" operates asynchronously, that is, its execution requires
several SFC calls. Call SFC 103 with REQ = 1 to initiate identification of the DP
bus topology and call SFC 103 with R=1 to abort the process.
The job status is indicated at the output parameters RET_VAL and BUSY, see also
Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs.
Note
It may take several minutes to identify the topology.

Job Identification
Input parameter DP_ID determines a request.
When you call SFC 103 "DP_TOPOL" once again before the identification of the
topology has been completed, the further response of the SFC depends on
whether or not the new request is identical to the previous: If parameter DP_ID
corresponds with a job that has not yet been completed, the SFC call is interpreted
as part of a call sequence and the value W#16#7002 will be entered in RET_VAL.
If this is a new job, however, the CPU will reject it.
Parameter

Declaration

Data type

Memory area

Description

REQ

INPUT

BOOL

R

INPUT

BOOL

REQ=1: Initiate identification of the bus
topology
R=1: Abort topology identification

DP_ID

INPUT

INT

RET_VAL

OUTPUT

INT

I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

DPR

OUTPUT

BYTE

I, Q, M, D, L

DPRI

OUTPUT

BYTE

I, Q, M, D, L

DP master system ID of the DP master
system whose topology is to be identified
The return value will contain an error code if
an error occurs while the function is being
processed.
BUSY=1: Bus topology identification is still
busy.
PROFIBUS address of the diagnostic repeater
that has generated the error message
Measurement segment of the diagnostic
repeater that has generated the error
message:

•

Bit 0 = 1: Error on segment DP2

•

Bit 1 = 1: Error on segment DP3

•

Bit 4 = 1: Temporary disruptions at
segment DP3

•

Bit 5 = 1: Permanent disruptions at
segment DP3
Permanent errors: The system has detected permanent network errors which prevent successful
identification of the topology. You can fetch the diagnostic information via SFC 13 "DPNRM_DG" or
STEP 7 in order to view the details.
Temporary errors: The system has detected temporary network errors which prevent successful
identification of the topology. This may be due to a bad contact or a recurring error. The nature of these
disruptions does not allow a precise location of the error source.
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Error information
When looking at the "real" error information (error codes W#16#8xyz) in the
following table, we distinguish between two types of event:
• Temporary errors (error codes W#16#80A2 to 80A4, 80C3, 80C5):
This type of error is possibly eliminated without user action, meaning it is
helpful to call the SFC again (multiple calls, if necessary).
Example of a temporary error: Resources required are currently in use
(W#16#80C3).
• Permanent errors (error codes W#16#8082, 80B0, 80B2):
This type of error does not correct itself. A new call of the SFC only makes
sense after you have eliminated the error. Example of a permanent error: The
DP master / CPU does not support this service. (W#16#80B0).
Error code
(W#16#...)

Explanation

0000

The job was completed without error.

7000

Initial call with REQ=0. Bus topology identification is not initiated. BUSY = 0.

7001

Initial call with REQ=1. Bus topology identification was requested. BUSY = 1.

7002

Intermediate call (REQ irrelevant): Topology identification is still busy. BUSY = 1.

7010

You have requested to cancel the topology identification. However, there is no busy job
which matches the specified DP_ID. BUSY = 0.

7011

Initial call with R=1. The request to cancel topology identification was initiated.
BUSY = 1.

7012

Intermediate call: Topology identification has not yet been completed. BUSY = 1.

7013

Final call: Topology identification was cancelled. BUSY = 0.

8082

No DP master system configured with the specified DP_ID.

80A2

Error during topology identification; for more detailed information please refer to output
parameters DPR and DPRI.

80A3

Error during topology identification: Watchdog timeout.

80A4

Communication error at the am K bus

80B0

The DP master / CPU does not support this service.

80B2

Error during topology identification: No diagnostics repeater was found at the selected
DP master system.

80C3

Resources required are currently in use. Possible causes: You have initiated a second
topology identification cycle (only one topology identification cycle is permitted at a given
time) or the H CPU is performing a connecting or update action.

80C5

The DP master system is currently not available.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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SFCs and SFBs for Updating the Process
Image and Processing Bit Fields

14.1

Updating the Process Image Input Table with SFC 26
"UPDAT_PI"

Description
With SFC 26 "UPDAT_PI" (update process image), you update the OB1 process
image input table ( = process image section 0) or a process image input section
defined with STEP 7.
If you configured the repeated signaling of I/O access errors for the system process
image table update, the selected process image table will be updated constantly by
SFC 26.
Otherwise, SFC 26 will only update the process image table when the selected
process image section is not updated by the system, in other words:
• When you have not assigned this process image section to an interrupt OB,
or
• When you selected process image section 0 and have disabled updating of the
OB1 process image section in the configuration.

Note
Each logical address you assign to an input process image partition with STEP 7
no longer belongs to the process image input table of OB 1.
When you update an input process image partition with SFC 26, you may not
update it with SFC 126 "SYNC_PI" as well.
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The updating of the OB1 process image input table and the process image input
sections that you assigned to an interrupt OB is not influenced by SFC 26 calls.
Parameter Declaration Data Type

Memory Area Description

PART

INPUT

BYTE

I, Q, M, D, L,
constant

Number of the process image input section to
be updated. Maximum value range (depends
on the CPU): 0 to 15 (0 means OB1 process
image, n where 1 <n < 15 means process
image section n)

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

FLADDR

OUTPUT

WORD

I, Q, M, D, L

Address of the first byte to cause an error
if an access error occurred.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Illegal value for the input parameter PART.

8091

The specified process image section was not defined or is not in the
permitted process image table area on the CPU.

8092

The process image section is updated by the system with an OB and
you have not configured repeated signaling of all I/O access errors.
The process image was not updated by SFC 26 "UPDAT_PI"

80A0

An access error was detected during the updating.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

Note
If you use SFC 26 "UPDAT_PI" for process image partitions of DP standard slaves
for which you have defined a consistency area larger than 32 bytes, the error
codes from SFC 14 "DPRD_DAT" are also possible.
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14.2

Updating the Process Image Output Table with SFC 27
"UPDAT_PO"

Description
With SFC 27 "UPDAT_PO" (update process outputs), you transfer the signal states
of the OB1 process image output table (=process image section 0) or a process
image section defined with STEP 7 to the output modules.
If you have specified a consistency range for the part process image corresponding
data is transferred consistent to the respective peripheral module.
Note
Each logical address you assign to an output process image partition with STEP 7
no longer belongs to the process image output table of OB 1.
When you update an output process image partition with SFC 27, you may not
update it with SFC 127 "SYNC_PO" as well.
The transfer of the OB1 process image output table and the process image output
sections that you assigned to an interrupt OB is not influenced by SFC 27 calls.
Parameter Declaration

Data Type

Memory Area Description

PART

BYTE

I, Q, M, D, L,
constant

Number of the process image output
section to be updated. Maximum value
range (depending on the CPU): 0 to 15.
(0 means OB1 process image, n where
1 < n < 15 means process image section n)

INPUT

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

FLADDR

OUTPUT

WORD

I, Q, M, D, L

Address of the first byte to cause an error
if an access error occurred.

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Illegal value for the input parameter PART.

8091

The specified process image section was not defined or is not in the
permitted process image area on the CPU.

80A0

An access error was detected during the updating.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

Note
If you use SFC 27 "UPDAT_PO" for process image partitions of DP standard
slaves for which you have defined a consistency area larger than 32 bytes, the
error codes from SFC 15 "DPWR_DAT" are also possible.
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14.3

Updating the Process Image Partition Input Table in a
Synchronous Cycle with SFC 126 "SYNC_PI"

Description
With SFC 126 "SYNC_PI” you can update a process image partition input table in a
synchronous cycle. A user program linked to a DP cycle can use this SFC to
consistently and synchronously update input data located in a process image
partition.
SFC 126 can be interrupted and can only be called in OBs 61, 62, 63 and 64.

Note
A call of SFC 126 "SYNC_PI" in OBs 61 to 64 is only permitted if you have
assigned the affected process image partition to the associated OB in HW Config.
When you update an process image partition input table with SFC 126, you may
not update it with SFC 26 "UPDAT_PI" as well.

Parameters
Parameter

Declaration

Data
type

Value range

PART

INPUT

BYTE

1 to 30

RET_VAL

OUTPUT

INT

Error information

FLADDR

OUTPUT

WORD

Address of the first byte
to cause an error, in case
of an access error.

14-4

Default

Meaning
Number of the process
image partition input
table to be updated in a
synchronous cycle.
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Error information
Event class
Error code

Explanation

W#16#8090

Illegal value at parameter PART or and update of the specified process image partition
input table is not a not permitted in this OB. The process image partition input table was
not updated.

W#16#8091

The specified process image partition was still not defined or is not located in a
accessible process image area on the CPU. The process image partition input table
was not updated.

W#16#80A0

During updating an access error was detected. The affected inputs were set to "0".

W#16#80A1

The update time lies after the permitted access window . The process image partition
input table was not updated.
The DP cycle is too short to ensure enough time for SFC processing. You will have to
increase the TDP, Ti and To times in STEP 7.

W#16#80C1

The update time lies before the permitted access window. The process image partition
input table was not updated.

W#16#8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL

Note
When using SFC 126 "SYNC_PI" for the process image partitions of DP standard
slaves for which you have defined a consistency range greater than 32 bytes, the
error codes of SFC 14 "DPRD_DAT" are also available.
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14.4

Updating the Process Image Partition in a
Synchronous Cycle with SFC 127 "SYNC_PO"

Description
With SFC 127 "SYNC_PO” you can update a process image partition output table
in a synchronous cycle. A user program linked to a DP cycle can use this SFC to
synchronously update output data located in a process image partition and
consistently transmit them to I/O devices.
SFC 127 can be interrupted and can only be called in OBs 61, 62, 63 and 64.
In order to ensure reliable execution of SFC 127, the following conditions should be
met (only for S7-400):
• DP clock cycle > approx. 5.0 ms
• Slave update time < DP clock cycle - 4.0 ms

Note
A call of SFC 127 "SYNC_PO" in OBs 61 to 64 is only permitted if you have
assigned the affected process image partition to the associated OB in HW Config.
A process image partition you update with SFC 127, When you update an output
process image partition with SFC 27, you may not update it with SFC 27
"UPDAT_PO" as well.

!

Caution (only for S7-400)
Avoid direct access (e.g. L PEB commands) to areas of process image partitions
you are processing with SFC 127.
If you ignore this rule, your write attempt may fail

Parameters
Parameter

Declaration

Data
type

Value range

PART

INPUT

BYTE

1 to 30

RET_VAL

OUTPUT

INT

If an error occurs while
processing this function,
the return value contains
an error code.

FLADDR

OUTPUT

WORD

Address of the first byte
to cause an error.
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Default

Meaning
Number of the process
image partition output
table to be updated in a
synchronous cycle.
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Error information
Event class
Error code

Explanation

W#16#0001

Consistency warning. The update of the process image partition table was distributed
over two DP cycles. However, the data in one slave were consistently transferred.

W#16#8090

Illegal value at parameter PART or and update of the specified process image partition
output table is not a not permitted in this OB. Outputs were not transferred to the I/O
devices. The process image partition output table was not changed.

W#16#8091

The specified process image partition was still not defined or is not located in a
accessible process image area on the CPU. Outputs were not transferred to the I/O
devices. The process image partition output table was not changed.

W#16#80A0

During updating an access error was detected. Outputs were not transferred to the I/O
devices. The process image partition output table was not changed.

W#16#80A1

The update time lies after the permitted access window or the output data were not
updated by the DP master. Outputs were not transferred to the I/O devices. The process
image partition output table was not changed.
The DP cycle is too short to ensure enough time for SFC processing. You will have to
increase the TDP, Ti and To times in STEP 7.

W#16#80C1

The update time lies before the permitted access window. Outputs were not transferred
to the I/O devices. The process image partition output table remains unchanged.

W#16#8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL

Note
When using SFC 127 "SYNC_PO" for the process image partitions of DP
standard slaves for which you have defined a consistency range greater than
32 bytes, the error codes of SFC 15 "DPWR_DAT" are also available.
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14.5

Setting a Bit Field in the I/O Area with SFC 79 "SET"

Description
Calling SFC 79 "SET" (set range of outputs) has the following effect:
• The bit field in the peripheral I/O area selected with the parameters N and SA is
set.
• The corresponding bits in the process image output table are also set
regardless of whether or not they are in a process image section.
The bit field must be the part of the peripheral I/O area assigned to a process
image.
If no module is plugged in for part of the selected bit field, SFC 79 still attempts to
set the entire bit field. It then returns the appropriate error information in RET_VAL.

Note
When SFC 79 is executed whole bytes are always written to the I/O area.

If the bit field selected with the parameters N and SA does not begin or end at a
byte boundary, calling SFC 79 has the following effect:
• The bits in the first and last bytes to be transferred to the peripheral I/O area
and that do not belong to the selected bit field contain the value of the
corresponding bits in the process image output table. This can lead to
unintended reactions such as starting a motor or turning off a cooling system.
• The bits belonging to the selected bit field are set as explained above.
If you assign the value 0 to the N parameter, calling SFC 79 has no effect. If the
master control relay is not set, calling SFC 79 has no effect.
Parameter

Declaration

Data Type

Memory Area

Description

N

INPUT

INT

I, Q, M, D, L, constant

Number of bits to be set

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

SA

OUTPUT

POINTER

P

Pointer to the first bit to
be set

Error Information
How you evaluate the error information of the parameter RET_VAL is explained in
Evaluating Errors with the Output Parameter RET_VAL. This chapter also contains
the general error information of the SFCs. SFC 79 does not provide any specific
error information with the RET_VAL parameter.
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14.6

Resetting a Bit Field in the I/O Area with SFC 80
"RSET"

Description
Calling SFC 80 "RSET" (reset range of outputs) has the following effect:
• The bit field in the peripheral I/O area selected with the parameters N and SA is
reset.
• The corresponding bits in the process image output table are also reset
regardless of whether or not they are in a process image section.
The bit field must be located in the part of the peripheral I/O area to which a
process image is assigned.
If no module is plugged in for part of the selected bit field, SFC 80 still attempts to
reset the entire bit field. It then returns the appropriate error information in
RET_VAL.

Note
When SFC 80 is executed, whole bytes are written to the peripheral I/O area.

If the bit field selected with the parameters N and SA does not begin or end at a
byte boundary, calling SFC 80 has the following effect:
• The bits in the first and last bytes to be transferred to the peripheral I/O area
and that do not belong to the selected bit field contain the value of the
corresponding bits in the process image output table. This can lead to
unintended reactions such as starting a motor or turning off a cooling system.
• The bits belonging to the selected bit field are set as explained above.
If you assign the value 0 to the N parameter, calling SFC 80 has no effect. If the
master control relay is not set, calling SFC 80 has no effect.
Parameter

Declaration Data Type

Memory Area

Description

N

INPUT

INT

I, Q, M, D, L, constant

Number of bits to be reset

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

SA

OUTPUT

POINTER

P

Pointer to the first bit to be reset

Error Information
How you evaluate the error information of the parameter RET_VAL is explained in
Evaluating Errors with the Output Parameter RET_VAL. This chapter also contains
the general error information of the SFCs. SFC 80 does not provide any specific
error information with the RET_VAL parameter.
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14.7

Implementing a Sequencer with SFB 32 "DRUM"

Description
SFB 32 "DRUM" implements a sequencer with a maximum of 16 steps. You
specify the number of the first step with the DSP parameter and the number of the
last step with the LST_STEP parameter.
During each step, all 16 output bits OUT0 to OUT15 and the output parameter
OUT_WORD (in which the output bits are collected together) are written. An output
bit is assigned either the corresponding bit of the OUT_VAL array that you specify
or the output bit is assigned the value of the corresponding output bit of the
previous step. Which value is assigned depends on how you set the mask bits in
the S_MASK parameter (see following table).
Note
The default setting for the mask bit is 0. If you want to change the current setting of
one or more mask bits, make this change in the instance DB.
SFB 32 "DRUM" switches to the next step when there is a rising edge at the JOG
input compared with the previous SFB call. If the SFB has already reached the last
step, a rising edge at JOG sets the variables Q and EOD; DCC has the value 0;
and the SFB remains in the last step until 1 is set at the RESET input.
You can also assign parameters so that switching to the next step is time
dependent. To do this, you must set the DRUM_EN parameter to 1. The sequencer
then switches to the next step when:
• The event bit EVENT is set for the current step and
• The time programmed for the current step has expired.
This time is the product of the DTBP time base and the time factor valid for the
current step (from the S_PRESET array)
Note
The execution time remaining in the current step (DCC) is only reduced when the
corresponding event bit EVENT is set.
If a 1 is set at the RESET input when the SFB is called, the sequencer goes to the
step you assigned to the DSP input.
Note
If you set a 1 for DRUM_EN, you can achieve the following special situation:
•

Purely time-dependent enabling of the steps by selecting
where DSP < i < LST_STEP.

•

Purely event-dependent enabling of the steps using the event bits EVENT by
setting 0 at DTBP.

EVENT = 1

You can also move on to the next step in the sequencer at any time (even if
DRUM_EN=1) via the JOG input.
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When the block is called for the first time, you must set 1 at the RESET input.
When the sequencer is in the last step (DSC has the value LST_STEP) and when
the execution time for this step has expired, outputs Q and EOD are set and the
SFB remains in the last step until you set 1 at the RESET input.
A DRUM timer runs only in the STARTUP and RUN modes.
The operating system resets SFB 32 "DRUM" during a cold restart but not during a
warm restart. If you want to initialize SFB 32 "DRUM" after a warm restart, call it
with RESET = 1 in OB100.
Parameter

Declaration Data Type

Memory Area

Description

RESET

INPUT

BOOL

I, Q, M, D, L, constant Signal level 1 resets the sequencer.
When calling the block for the first
time, you must set RESET to 1.

JOG

INPUT

BOOL

I, Q, M, D, L, constant A rising edge (compared to the last
SFB call) switches the sequencer to
the next step if it is not yet in the last
step. The next step is enabled
depending on the value you assign to
DRUM_EN.

DRUM_EN

INPUT

BOOL

I, Q, M, D, L, constant Control parameter that specifies
whether time-dependent switching to
the next step is possible (1: timedependent switching possible)

LST_STEP

INPUT

BYTE

I, Q, M, D, L, constant Number of the last step;
possible values: 1 to 16

EVENT,
1 < i < 16

INPUT

BOOL

I, Q, M, D, L, constant Event bit number i (belongs to step i)

OUTj,0
< j < 15

OUTPUT

BOOL

I, Q, M, D, L

Output bit number j (identical to the bit
number j of OUT_WORD)

Q

OUTPUT

BOOL

I, Q, M, D, L

Status parameter that specifies
whether the execution time you
selected for the last step has expired.

OUT_WORD OUTPUT

WORD

I, Q, M, D, L, P

Output bits collected together in a
variable

ERR_CODE

OUTPUT

WORD

I, Q, M, D, L, P

If an error occurs during execution of
the SFB, ERR_CODE contains the
error information.

JOG_HIS

VAR

BOOL

I, Q, M, D, L, constant (No relevance for the user: JOG input
parameter of the previous SFB call)

EOD

VAR

BOOL

I, Q, M, D, L, constant Identical to the output parameter Q

DSP

VAR

BYTE

I, Q, M, D, L, P,
constant

Number of the first step;
possible values: 1 to 16

DSC

VAR

BYTE

I, Q, M, D, L, P,
constant

Number of the current step

DCC

VAR

DWORD

I, Q, M, D, L, P,
constant

The execution time still remaining in
the current step in ms (only relevant if
DRUM_EN = 1 and the corresponding
event bit is set to = 1)

DTBP

VAR

WORD

I, Q, M, D, L, P,
constant

The time base valid for all steps in ms
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Parameter

Declaration Data Type

Memory Area

Description

PREV_TIME VAR

DWORD

I, Q, M, D, L, constant (Not relevant for the user: system
time of the previous SFB call)

S_PRESET

VAR

ARRAY of
WORD

I, Q, M, D, L, constant One-dimensional array with the time
factor for each step. A sensible
selection of the indices would be: [1 to
16].In this case, S_PRESET [x] has
the time factor of step x.

OUT_VAL

VAR

ARRAY of
BOOL

I, Q, M, D, L, constant Two-dimensional array with the
values output in each step if they
have not been masked out using
S_MASK. A sensible selection for the
indices would be: [1 to 16, 0 to 15]. In
this case, OUT_VAL [x, y] has the
value assigned to the output bit OUTy
in step x.

S_MASK

VAR

ARRAY of
BOOL

I, Q, M, D, L, constant Two-dimensional array with the mask
bits for each step. A sensible
selection of the indices would be: [1 to
16, 0 to 15]. In this case, S_MASK [x,
y] contains the mask bit for the y-th
value to be output in step x.
Meaning of the mask bits:

•

0: The value of the previous step
is assigned to the corresponding
output bit.

•

1: The corresponding value from
OUT_VAL is assigned to the
corresponding output bit.

Error Information
If one of the conditions listed in the following table occurs, SFB 32 "DRUM"
remains in its current status and the ERR_CODE output is set.
ERR_CODE (W#16#...)

Explanation

0000

No error

8081

Illegal value for LST_STEP

8082

Illegal value for DSC

8083

Illegal value for DSP

8084

The product DCC = DTBP * S_PRESET[DSC] exceeds the value 2**32-1
(approximately 24.86 days)

14-12

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

15

System Functions for Addressing Modules

15.1

Querying the Logical Base Address of a Module with
SFC 5 "GADR_LGC"

Description
Based on the channel of a signal module, the corresponding module slot and the
offset user data address area of the module are known. With SFC 5 "GARD_LGC"
(convert geographical address to logical address), you can obtain the
corresponding logical address of the module, i.e. the least input or output address.
Parameter

Declaration Data Type

Memory Area

Description

SUBNETID

INPUT

I, Q, M, D, L,
constant

Area identifier:

RACK

INPUT

BYTE

WORD

I, Q, M, D, L,
constant

•

0, if the slot is in one of the racks 0
(central rack) or 1 to 21 (expansion
rack).

•

DP master ID of the corresponding
distributed I/O system if the slot is in a
distributed I/O device.

•

Number of the rack if the area identifier
is 0.

•

Station number of the distributed I/O
device if the area identifier > 0.

SLOT

INPUT

WORD

I, Q, M, D, L,
constant

Slot number

SUBSLOT

INPUT

BYTE

I, Q, M, D, L,
constant

Submodule slot (if no submodule can be
plugged in, 0 must be specified here)

SUBADDR

INPUT

WORD

I, Q, M, D, L,
constant

Offset in the user data address area of the
module

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

IOID

OUTPUT

BYTE

I, Q, M, D, L

Area identifier:
B#16#54: Peripheral input (PI)
B#16#55: Peripheral output (PQ)
In case of a mixed module, the SFC
supplies the area identifier of the lower
address. If the addresses are equal the
SFC supplies the identifier B#16#54.

LADDR

OUTPUT

WORD

I, Q, M, D, L

Logical base address of the module
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Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8094

No subnet was configured with the specified SUBNETID.

8095

Illegal value for the RACK parameter.

8096

Illegal value for the SLOT parameter.

8097

Illegal value for the SUBSLOT parameter.

8098

Illegal value for the SUBADDR parameter.

8099

The slot is not configured or occupied by a submodule with packed
addresses (ET 200S).

809A

The sub address of the selected slot is not configured (only
possible with central IO devices for CPU and IM).

8xyy

General error information, see Evaluating Errors with Output
Parameter RET_VAL
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15.2

Querying the Module Slot Belonging to a Logical
Address with SFC 49 "LGC_GADR"

Description
With SFC 49 "LGC_GADR" (convert logical address to geographical address), you
obtain the module slot belonging to a logical address and the offset in the user data
address area of the module.

Note
SFC 49 "LGC_GADR" can not be used on submodule with packed addresses
(ET 200S).

Parameter

Declaration

Data Type

Memory Area

Description

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

ID of the address area:

•

B#16#00: Bit 15 of LADDR
specifies whether an input (Bit15=0)
or output address (Bit 15=1) exists.

•

B#16#54 = Peripheral input (PI)

•

B#16#55 = Peripheral output (PO)

If the module is a mixed module,
specify the area ID of the lowest
address. If the addresses are the same,
specify B#16#54.
LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address. With mixed modules,
specify the lower of the two addresses.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

AREA

OUTPUT

BYTE

I, Q, M, D, L

Area ID: this specifies how the
remaining output parameters must be
interpreted.

RACK

OUTPUT

WORD

I, Q, M, D, L

Rack number

SLOT

OUTPUT

WORD

I, Q, M, D, L

Slot number

SUBADDR

OUTPUT

WORD

I, Q, M, D, L

Offset in the user data address area of
the corresponding module.

Note
If you are using an S7-400H PLC in fail-safe mode and specify the logical address
of a module in a connected DP slave when calling SFC 49 in the parameter
LADDR, the DP master system ID of the active channel will be supplied in the high
byte of the RACK parameter. If no active channel exists, the DP master system ID
for the associated DP master system is output to the master CPU.
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Output Parameter AREA
The output parameter AREA specifies how the output parameters RACK, SLOT
and SUBADDR must be interpreted (see following table).
Value of AREA

System

Meaning of RACK, SLOT and SUBADDR

0

S7-400

RACK : Module rack no.
SLOT : Slot no.
SUBADDR : Difference between logical address and logical
base address

1

S7-300

RACK: Module rack no.
SLOT : Slot no.
SUBADDR : Difference between logical address and logical
base address

2

DP

RACK: (low byte) Station number
RACK : (high byte) DP Master system ID
SLOT : Slot no. in the station
SUBADDR : Offset in the user data address area of the
corresponding module.

3

S5 P area

RACK: Module rack no.
SLOT : Slot no. of the adaptation capsule
SUBADDR : Address in the S5 x range

4

S5 O area

RACK: Module rack no.
SLOT : Slot no. of the adaptation capsule
SUBADDR : Address in the S5 x range

5

S5 IM3 area

RACK: Module rack no.
SLOT : Slot no. of the adaptation capsule
SUBADDR : Address in the S5 x range

6

S5 IM4 area

RACK: Module rack no.
SLOT : Slot no. of the adaptation capsule
SUBADDR : Address in the S5 x range

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

Specified logical address invalid or illegal value for the IOID parameter

8093

This SFC is invalid for the module selected by means of IOID and LADDR.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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15.3

Querying all Logical Addresses of a Module with
SFC 50 "RD_LGADR"

Description
You start with one logical address of a module. With SFC 50 "RD_LGADR" (read
module logical addresses), you obtain all the declared logical addresses of this
module. You have already assigned addresses to modules previously with STEP 7.
SFC 50 enters the logical addresses obtained in the field PEADDR or in the field
PAADDR in ascending order.
Parameter

Declaration Data Type

Memory Area

Description

IOID

INPUT

I, Q, M, D, L,
constant

Area identifier:

BYTE

•

B#16#00: Bit15 of LADDR specifies
whether an input (Bit15=0) or output
address (Bit15=1) exists.

•

B#16#54: peripheral input (PI)

•

B#16#55: peripheral output (PQ)

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

One logical address

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

PEADDR

OUTPUT

ANY

I, Q, M, D, L

Field for the PI addresses, field elements
must be of the data type WORD.

PECOUNT

OUTPUT

INT

I, Q, M, D, L

Number of returned PI addresses

PAADDR

OUTPUT

ANY

I, Q, M, D, L

Field for the PQ addresses, field must be
of the data type WORD.

PACOUNT

OUTPUT

INT

I, Q, M, D, L

Number of returned PQ addresses

Error Information
Error Code (W#16#...) Explanation
0000

No error occurred.

8090

Specified logical address invalid or illegal value for the IOID parameter.

80A0

Error in the output parameter PEADDR: The data type of the field elements is
not WORD. (This error code only exists for S7-400 and CPU 318.)

80A1

Error in the output parameter PAADDR: The data type of the field elements is
not WORD. (This error code only exists for S7-400 and CPU 318.)

80A2

Error in the output parameter PEADDR: The specified field could not
accommodate all the logical addresses.

80A3

Error in the output parameter PAADDR: The specified field could not
accommodate all the logical addresses.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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15.4

Determining the Start Address of a Module with SFC 70
"GEO_LOG"

Description
Assumption: the associated module slot of the module is known from the channel
of a signal module. With SFC 70 "GEO_LOG" (convert geographical address to
logical address) you can determine the associated start address of the module, that
is, the smallest I address or Q address.

Parameters
Parameter

Declaration

Data Type

Memory Area

Description

MASTER

INPUT

INT

I, Q, M, D, L,
constant

•

0, if the slot is located in one of
the racks 0-3 (central unit)

•

1 to 31: DP master system ID of
the associated field device if the
slot is located in a field device on
PROFIBUS

•

100 to 115: PROFINET IO
system ID of the associated field
device if the slot is located in
afield device on PROFINET

STATION

INPUT

INT

I, Q, M, D, L,
constant.

Area ID:

No. of rack, if
area ID= 0
Station number of field device if area
ID> 0

SLOT

INPUT

INT

I, Q, M, D, L,
constant

Slot no.

SUBSLOT

INPUT

INT

I, Q, M, D, L,
constant

Interface module slot (if no interface
module can be inserted, enter 0 here)

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

LADDR

OUTPUT

WORD

I, Q, M, D, L

Start address of the module
Bit 15 of LADDR indicates whether an
input address (bit 15 = 0) or an output
address (bit 15 = 1) is present
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Error Information
Error Code
(W#16#...)

Explanation

0000

No error occurred.

8094

No subnet was configured with the specified SUBNETID.

8095

Invalid value for STATION parameter

8096

Invalid value for SLOT parameter

8097

Invalid value for SUBSLOT parameter

8099

The slot is not configured.

809A

The interface module address is not configured for the selected slot.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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15.5

Determining the Slot Belonging to a Logical Address
with SFC 71 "LOG_GEO"

Description
SFC 71 "LOG_GEO" (convert logical address to geographical address) lets you
determine the module slot belonging to a logical address as well as the offset in the
user data area of the module.

Parameters
Parameter

Declaration

Data Type

Memory Area

Description

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Any logical address of the module
In bit 15 you indicate whether an input
address (bit 15 = 0) or an output
address (bit 15 = 1) is present.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

AREA

OUTPUT

INT

I, Q, M, D, L

Area ID: indicates how the remaining
parameters are to be interpreted.

MASTER

OUTPUT

INT

I, Q, M, D, L,
constant

Area ID:

STATION

OUTPUT

INT

I, Q, M, D, L

•

0, if the slot is located in one of
the racks 0-3 (central unit)

•

1 to 31: DP master system ID of
the associated field device if the
slot is located in afield device on
PROFIBUS

•

100 to 115: PROFINET IO
system ID of the associated field
device if the slot is located in
afield device on PROFINET

No. of rack, if
area ID= 0
Station number of field device if area
ID> 0

SLOT

OUTPUT

INT

I, Q, M, D, L

Slot no.

SUBSLOT

OUTPUT

INT

I, Q, M, D, L

Interface module number

OFFSET

OUTPUT

INT

I, Q, M, D, L

Offset in user data area of the
associated module
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AREA Output Parameter
Value of
AREA

System

Meaning of RACK, SLOT and SUBADDR

0

S7-400

MASTER: 0
STATION: Rack no.
SLOT: Slot no.
SUBSLOT: 0
OFFSET: Difference between the logical address and the logical
base address.

1

S7-300

MASTER: 0
STATION: Rack no.
SLOT: Slot no.
SUBSLOT: 0
OFFSET: Difference between the logical address and the logical
base address.

2

PROFIBUS DP

MASTER: DP master system ID
STATION: Station number
SLOT: Slot no. in the station
SUBSLOT: 0
OFFSET: Offset in user data address area of the associated
module

PROFINET IO

MASTER: PROFINET IO system ID
STATION: Station number
SLOT: Slot no. in the station
SUBSLOT: Interface module number
OFFSET: Offset in user data address area of the associated
module

3

S5-P area

MASTER: 0
STATION: Rack no.
SLOT: Slot no. of the adapter module
SUBSLOT: 0
OFFSET: Address in the S5 x area

4

S5-Q area

MASTER: 0
STATION: Rack no.
SLOT: Slot no. of the adapter module
SUBSLOT: 0
OFFSET: Address in the S5 x area

5

S5-IM3 area

MASTER: 0
STATION: Rack no.
SLOT: Slot no. of the adapter module
SUBSLOT: 0
OFFSET: Address in the S5 x area

6

S5-IM4 area

MASTER: 0
STATION: Rack no.
SLOT: Slot no. of the adapter module
SUBSLOT: 0
OFFSET: Address in the S5 x area
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Error Information
Error Code
(W#16#...)

Explanation

0000

No error occurred.

8090

Specified logical address invalid

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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16.1

Triggering a Hardware Interrupt on the DP Master with
SFC 7 "DP_PRAL"

Description
With SFC 7 "DP_PRAL," you trigger a hardware interrupt on the DP master from
the user program of an intelligent slave. This interrupt starts OB40 on the DP
master.
Using the input parameter AL_INFO, you can identify the cause of the hardware
interrupt. This interrupt identifier is transferred to the DP master and you can
evaluate the identifier in OB40 (variable OB40_POINT_ADDR).
The requested hardware interrupt is uniquely specified by the input parameters
IOID and LADDR. For each configured address area in the transfer memory, you
can trigger exactly one hardware interrupt at any time.

How the SFC Operates
SFC 7 "DP_PRAL" operates asynchronously, in other words, it is executed over
several SFC calls. You start the hardware interrupt request by calling SFC 7 with
REQ=1.
The status of the job is indicated by the output parameters RET_VAL and BUSY,
see Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous
SFCs. The job is completed when execution of OB40 is completed on the DP
master.

Note
If you operate the DP slave as a standard slave, the job is completed as soon as
the diagnostic frame is obtained by the DP master.
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Identifying a Job
The input parameters IOID and LADDR uniquely specify the job.
If you have called SFC 7 "DP_PRAL" on a DP slave and you call this SFC again
before the master has acknowledged the requested hardware interrupt, the way in
which the SFC reacts depends largely on whether the new call involves the same
job: if the parameters IOID and LADDR match a job that is not yet completed, the
SFC call is interpreted as a follow-on call regardless of the value of the parameter
AL_INFO, and the value W#16#7002 is entered in RET_VAL.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ=1: Hardware interrupt on the
DP master belonging to the slave

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

Identifier of the address range in the
transfer memory (from the point of view of
the DP slave):
B#16#54= Peripheral input (PI)
B#16#55= Peripheral output (PQ)
The identifier of a range belonging to a
mixed module is the lower of the two
addresses. If the addresses are the same,
specify B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Start address of the address range in the
transfer memory (from the point of view
of the DP slave).
If this is a range belonging to a mixed
module, specify the lower of the two
addresses.

AL_INFO

INPUT

DWORD

I, Q, M, D, L,
constant

Interrupt ID
This is transferred to the OB40 that will be
started on the DP master
(variable OB40_POINT_ADDR).
If you operate the intelligent slave with a
remote master, you must evaluate the
diagnostic frame on the master.
(see /70/)

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
an error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1:
The triggered hardware interrupt has not
yet been acknowledged by the DP
master.
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Error Information
Error Code (W#16#...)

Explanation

0000

The job was executed without errors.

7000

First call with REQ=0. No hardware interrupt request is active; BUSY has
the value 0.

7001

First call with REQ=1. A hardware interrupt request has already been sent to
the DP master; BUSY has the value 1.

7002

Interim call (REQ irrelevant): the triggered hardware interrupt has not yet
been acknowledged by the DP master; BUSY has the value 1.

8090

Start address of the address range in the transfer memory is incorrect.

8091

Interrupt is blocked (block configured by user)

8093

The parameters IOID and LADDR address a module that is not capable of a
hardware interrupt request.

80B5

Call in the DP master not permitted.

80C3

The required resources (memory, etc.) are occupied at this time.

80C5

Distributed I/O device is not available at this time (i.e. station failure).

80C8

The function is not permitted in the current DP master operating mode.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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16.2

Synchronizing Groups of DP Slaves with SFC 11
"DPSYC_FR"

Description
With SFC 11 "DPSYC_FR," you can synchronize one or more groups of DP slaves.
The function involves sending one of the control commands below or a
combination of them to the relevant groups:
• SYNC (simultaneous output and freezing of output states on the DP slaves)
• UNSYNC (cancels the SYNC control command)
• FREEZE (freeze the input states on the DP slaves read in the frozen inputs)
• UNFREEZE (cancels the FREEZE control command)

Note
Note that the control commands SYNC and FREEZE also remain valid when you
perform a restart/warm restart.
Please note also that you may initiate only one SYNC-/UNSYNC request or only
one FREEZE/UNFREEZE request at a given time.

Requirements
Before you send the control commands listed above, you must assign the DP
slaves to groups using STEP 7 (see /231/). You must know which DP slave is
assigned to which group with which number and know the reactions of the various
groups to SYNC/FREEZE.

How the SFC Operates
SFC 11 "DPSYC_FR" is an asynchronous SFC; in other words, its execution takes
several SFC calls. You start the job by calling SFC 11 with REQ=1.
The status of the job is indicated by the output parameters RET_VAL and BUSY,
also refer to Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs.

Identifying a Job
If you have triggered a SYNC/FREEZE job and called SFC 11 again before the first
job was completed, the response of the SFC depends on whether the new call is
for the same job. If the input parameters LADDR, GROUP and MODE match, the
SFC call is interpreted as a follow-on call.
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Writing Outputs of DP Modules
The writing of outputs of DP modules is triggered as follows:
• By transfer commands to the DP I/Os,
• By writing the process image output table to the modules (by the operating
system at the end of OB1 or by calling SFC 27 "UPDAT_PO"),
• By calling SFC 15 "DPWR_DAT."
In normal operation, the DP master transfers the output bytes cyclically (within the
cycle of the PROFIBUS DP bus) to the outputs of the DP slaves.
If you want to have certain output data (possibly distributed on several slaves)
applied to the outputs to the process at exactly the same time, you can send the
SYNC command to the relevant DP master using SFC 11 "DPSYC_FR."

What are the Effects of SYNC?
With the SYNC control command, the DP slaves of the selected groups are
switched to the Sync mode. In other words, the DP master transfers the current
output data and instructs the DP slaves involved to freeze their outputs. With the
following output frames, the DP slaves enter the output data in an internal buffer
and the state of the outputs remains unchanged.
Following each SYNC control command, the DP slaves of the selected groups
apply the output data of their internal buffer to the outputs to the process.
The outputs are only updated cyclically again when you send the UNSYNC control
command using SFC 11 "DPSYC_FR."

Note
If the DP slaves of the selected group(s) are not currently connected to the network
or have failed when the control command has been sent, they will not be switched
to SYNC mode. This information will not be communicated in the return value of
the SFC.

Reading Input Data of DP Modules
The input data of the DP modules are read as follows:
• Using load commands to the DP I/Os,
• When the process image input table is updated (by the operating system at the
start of OB1 or by calling SFC 26 "UPDAT_PI"),
• By calling SFC 14 "DPRD_DAT."
In normal operation, the DP master receives this input data cyclically (within the
cycle of the PROFIBUS DP bus) from its DP slaves and makes them available to
the CPU.
If you want to have certain input data (possibly distributed on several slaves) to be
read from the process at exactly the same time, send the FREEZE control
command to the relevant DP master using SFC 11 "DPSYC_FR."
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What are the Effects of FREEZE?
With the FREEZE control command, the DP slaves involved are switched to the
Freeze mode, in other words the DP master instructs the DP slaves to freeze the
current state of the inputs. It then transfers the frozen data to the input area of the
CPU.
Following each FREEZE control command, the DP slaves freeze the state of their
inputs again.
The DP master only receives the current state of the inputs cyclically again after
you have sent the UNFREEZE control command with SFC 11 "DPSYC_FR."

Note
If the DP slaves of the selected group(s) are not currently connected to the network
or have failed when the control command has been sent, they will not be switched
to FREEZE mode. This information will not be communicated in the return value of
the SFC.

Data Consistency
Because SFC 11 "DPSYC_FR" functions are acyclic and can be interrupted by
higher priority classes, you should make sure that the process images are
consistent with the actual inputs and outputs when using SFC 11 "DPSYC_FR".
This is guaranteed if you keep to the following consistency rules:
• Define suitable process image sections for the "SYNC outputs" and the
"FREEZE inputs" (only possible on the S7-400). Call SFC 27 "UPDAT_PO"
immediately before the first call for a SYNC job. Call SFC 26 "UPDAT_PI"
immediately after the last call for a FREEZE job.
• As an alternative: Use only direct I/O access for outputs involved in a SYNC job
and for inputs involved in a FREEZE job. You must not write to these outputs
when a SYNC job is active and not read these inputs when a FREEZE job is
active.

Using SFC 15 and SFC 14
If you use SFC 15 "DPWR_DAT," this SFC must be completed before you send a
SYNC job to the outputs involved.
If you use SFC 14 "DPRD_DAT," this SFC must be completed before you send a
FREEZE job to the inputs involved.
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SFC 11 "DPSYC_FR" and Startup
The user alone must take responsibility for sending the SYNC and FREEZE control
commands in the startup OBs.
If you want the outputs of one or more groups to be in the Sync mode when the
user program starts, you must initialize these outputs during startup and execute
SFC 11 "DPSYC_FR" with the SYNC control command completely.
If you want the inputs of one or more groups to be in the FREEZE mode when the
user program starts, you must execute SFC 11 "DPSYC_FR" with the FREEZE
control command completely for these inputs during startup.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Level-triggered control parameter
REQ=1: trigger SYNC/FREEZE job

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the DP master

GROUP

INPUT

BYTE

I, Q, M, D, L,
constant

Group selection
Bit 0 = 1: group 1 selected
Bit 1 = 1: group 2 selected
:
Bit 7 = 1: group 8 selected
You can select several groups per job.
The value B#16#0 is invalid.
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Parameter

Declaration Data Type

Memory Area Description

MODE

INPUT

I, Q, M, D, L,
constant

BYTE

Job ID (coding complying with EN 50 170
Volume 2, PROFIBUS)
Bit 0:

reserved (value 0)

Bit 1:

reserved (value 0)

Bit 2

= 1:

UNFREEZE is executed

= 0:

no meaning

Bit 3
Bit 4
Bit 5

= 1:

FREEZE is executed

= 0:

no meaning

= 1:

UNSYNC is executed

= 0:

no meaning

= 1:

SYNC is executed

= 0:

no meaning

Bit 6:

reserved (value 0)

Bit 7:

reserved (value 0)

Possible values:

•

•

RET_VAL

OUTPUT

INT

I, Q, M, D, L

with exactly one ID per job:

-

B#16#04 (UNFREEZE)

-

B#16#08 (FREEZE)

-

B#16#10 (UNSYNC)

-

B#16#20 (SYNC)

with more than one ID per job:

-

B#16#14 (UNSYNC, UNFREEZE)

-

B#16#18 (UNSYNC, FREEZE)

-

B#16#24 (SYNC, UNFREEZE)

-

B#16#28 (SYNC, FREEZE)

If an error occurs while the function is active,
the return value contains an error code.
You must evaluate RET_VAL each time
after the block has been executed.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1:
The SYNC/FREEZE job is not yet completed.
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Error Information
Note
If you access DPV1 slaves, error information from these slaves can be forwarded
from the DP master to the SFC. For details on this error information, see Receiving
an Interrupt with SFB 54 "RALRM" STATUS[3].

Error Code (W#16#...)

Explanation

0000

The job was completed without errors.

7000

First call with REQ=0. The job specified with LADDR, GROUP and MODE is
not active; BUSY has value 0.

7001

First call with REQ=1. The job specified with LADDR, GROUP and MODE was
triggered; BUSY has value 1.

7002

Interim call (REQ irrelevant). The activated SYNC /FREEZE job is still active;
BUSY has value 1.

8090

The module selected with LADDR is not a DP master.

8093

This SFC is not permitted for the module selected with LADDR (configuration or
version of the DP master).

8094

Bad GROUP parameter

8095

Bad MODE parameter

80B0

The group selected with GROUP is not configured.

80B1

The group selected with GROUP is not assigned to this CPU.

80B2

The SYNC job specified with MODE is not permitted on the group selected with
GROUP.

80B3

The FREEZE job specified with MODE is not permitted on the group selected
with GROUP.

80C2

Temporary shortage of resources on the DP master: The DP master is
currently processing the maximum number of jobs for a CPU.

80C3

This SYNC /UNSYNC job cannot be activated at present since only one
SYNC/UNSYNC job can be triggered at any one time. Check your user
program.

80C4

This FREEZE/UNFREEZE job cannot be activated at present since only one
FREEZE-/UNFREEZE job can be triggered at any one time. Check your user
program.

80C5

Short circuit directly at DP interface

80C6

Job aborted due to I/O disconnection by CPU

80C7

Job aborted due to warm or cold restart on the DP master

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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16.3

Deactivating and Activating DP Slaves/PROFINET IO
Devices with SFC 12 "D_ACT_DP"

Description
With SFC 12 "D_ACT_DP, you can specifically deactivate and reactivate
configured DP slaves/PROFINET IO devices. In addition, you can determine
whether each assigned DP slave or PROFINET IO device is currently activated or
deactivated.
If you use SFC 12 to deactivate an IE/PB Link PN IO, then all subordinate
PROFINET IO devices will also cease to function. These failures will be reported.
SFC 12 cannot be used on PROFIBUS PA field devices which are connected by a
DP/PA link to a DP master system.

Note
As long as any SFC 12 job is busy you cannot download a modified configuration
from your PG to the CPU (during a CiR process).
The CPU rejects initiation of an SFC 12 request when it receives the download of a
modified configuration during a CiR process.

Purpose
If you configure DP slaves/PROFINET IO devices in a CPU which are not actually
present or not currently required, the CPU will nevertheless continue to access
these DP slaves/PROFINET IO devices at regular intervals. After the slaves are
deactivated, further CPU accessing will stop. With PROFIBUS DP, the fastest
possible DP bus cycle can be achieved in this manner and the corresponding error
events no longer occur.

Application Examples
From a machine builder’s point of view, there are numerous device options
possible in series production of machines. However, each delivered machine
includes only one combination of selected options.
Every one of these possible machine options is configured as a DP
slave/PROFINET IO devices by the manufacturer in order to create and maintain a
common user program having all possible options. With SFC 12, you can
deactivate all DP slaves/PROFINET IO devices which are not present at machine
startup.
A similar situation exists for machine tools having numerous tooling options
available but actually using only a few of them at any given time. These tools are
implemented as DP slaves/PROFINET IO devices. With SFC 12, the user program
activates the tools currently needed and deactivates those required later.
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How the SFC Operates
SFC 12 ”D_ACT_DP” operates asynchronously, in other words, it is executed over
several SFC calls. You start the request by calling SFC 12 with REQ=1.
The status of the job is indicated by the output parameters RET_VAL and BUSY;
see also Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs.

Identifying a Job
If you have started a deactivation or activation job and you call SFC 12 again
before the job is completed, the way in which the SFC reacts depends largely on
whether the new call involves the same job: If the parameter LADDR matches, the
SFC call is interpreted as a follow-on call.

Deactivating DP Slaves/PROFINET IO devices
When you deactivate a DP slave/PROFINET IO device with SFC 12, its process
outputs are set to the configured substitute values or to 0 (secure state). The
assigned DP master/PROFINET IO controller does not continue to address this
component. Deactivated DP slaves/PROFINET IO devices are not identified as
faulty or missing by the error LEDs on the DP master/PROFINET IO controller or
CPU.
The process image of the inputs of deactivated DP slaves/PROFINET IO devices is
updated with 0, that is, it is handled just as for failed DP slaves/PROFINET IO
devices.
If you are using your program to directly access the user data of a previously
deactivated DP slave/PROFINET IO device, the I/O access error OB (OB 122) is
called, and the corresponding start event is entered in the diagnostic buffer. If you
attempt to access a deactivated DP slave/PROFINET IO device with SFC (i.e. SFC
59 ”RD_REC”), you receive the error information in RET_VAL as for an unavailable
DP slave/PROFINET IO device.
Deactivating a DP slave/PROFINET IO device does not start the program error OB
(OB 85), even if its inputs or outputs belong to the system-side process image to
be updated. No entry is made in the diagnostic buffer.
Deactivating a DP slave/PROFINET IO device does not start the rack failure OB
(OB 86), and the operating system also does not make an entry in the diagnostic
buffer.
If a DP station/PNIO station fails after you have deactivated it with SFC 12, the
operating system does not detect the failure. As a result, there is no subsequent
start of OB86 or diagnostic buffer entry. The station failure is detected only after the
station has been reactivated and indicated in RET_VAL.
Applies to PROFIBUS DP: If you wish to deactivate DP slaves functioning as
transmitters in cross communication, we recommend that you first deactivate the
receivers (listeners) that detect which input data the transmitter is transferring to its
DP master. Deactivate the transmitter only after you have performed this step.
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Activating DP Slaves/PROFINET IO devices
When you reactivate a DP slave/PROFINET IO device with SFC 12, this compoent
is configured and assigned parameters by the designated DP master/PROFINET
IO controller (as with the return of a failed DP station/PROFINET IO station). This
activation is completed when the component is able to transfer user data.
Activating a DP slave/PROFINET IO device does not start the program error OB
(OB85), even if its inputs or outputs belong to the system-side process image to be
updated. An entry in the diagnostic buffer is also not made.
Activating a DP slave/PROFINET IO device does not start the rack failure OB
(OB86), and the operating system also does not make an entry in the diagnostic
buffer.
If you attempt to use SFC 12 to activate a slave which has been deactivated and is
physically separated from the DP bus, after approx. 1 minute the SFC will return
the error code W#16#80A2. The slave remains deactivated. If the slave is
reconnected to the DP bus at a later time, it must be reactivated with SFC12.

Note
Activating a DP slave/PROFINET IO device may be time-consuming. Therefore, if
you wish to cancel a current activation job, start SFC 12 again with the same value
for LADDR and MODE = 2. Repeat the call of SFC 12 until successful cancellation
of the activation is indicated by RET_VAL = 0.

If you wish to activate DP slaves which take part in the cross communication, we
recommend that you first activate the transmitters and then the receivers
(listeners).

CPU Startup
Depending on the startup mode, the CPU operating system behaves as follows
regarding DP slaves/PROFINET IO devices:
• In the startup modes cold and warm restart, slaves/devices are activated
automatically.
• In the hot restart mode, the slaves/devices activation status remains
unchanged, that is, activated slaves/devices remain activated and deactivated
slaves/devices remain deactivated.
After the CPU start-up, the CPU cyclically attempts to contact all configured and
not deactivated slaves/devices that are either not present or not responding.

Note
The startup OBs do not support the call of SFC 12.
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Parameters
Parameter
REQ
MODE

Declaration Data Type Memory Area
INPUT
BOOL
I, Q, M, D, L,
constant.
INPUT
BYTE
I, Q, M, D, L,
constant

Description
Level-triggered control parameter REQ=1:
execute activation or deactivation
Job ID. Possible values:

•

0: Request information on whether the
addressed component is activated or
deactivated

•

1: Activate the DP slave/PROFINET IO
device

•
LADDR

INPUT

WORD

RET_VAL

OUTPUT

INT

I, Q, M, D, L,
constant
I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

2: Deactivate the DP slave/PROFINET IO
device
Any logical address of the DP slave/PROFINET
IO device
If an error occurs while the function is
processed, the return value contains an error
code.
Active code:

•

BUSY=1: The job is still active.

•

BUSY=0: The job was terminated.

Error Information
Error code (W#16#...)

Explanation

0000

The job was completed without errors.

0001

The DP slave/PROFINET IO device is active. (this error code is possible only
with MODE = 0.)

0002

The DP slave/PROFINET IO device is deactivated (this error code is possible
only with MODE = 0.)

7000

First call with REQ=0. The job specified with LADDR is not active; BUSY has
value 0.

7001

First call with REQ=1. The job specified with LADDR was triggered; BUSY has
value 1.

7002

Interim call (REQ irrelevant). The activated job is still active; BUSY has value 1.

8090

•

You have not configured a module with the address specified in LADDR .

•

You operate your CPU as I-Slave and you have specified in LADDR an
address of this I-Slave.

8092

The deactivation of the currently addressed DP slave/PROFINET IO device
(MODE=2) cannot be canceled by being activated (MODE=1). Activate the
component at a later time.

8093

No DP slave/PROFINET IO device is assigned to the address stated in LADDR
(no configuration available), or the MODE parameter is not known.
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Error code (W#16#...)
80A1

Explanation
The addressed component could not be assigned parameters (this error code is
possible only with MODE = 1.)
Note:
The CPU supplies this information only if the activated slave fails again during
parameter assignment. If parameter assignment of a single module was
unsuccessful, the SFC returns the error information W#16#0000.

80A2

The addressed DP slave does not return an acknowledgement.

80A3

The DP Master/PROFINET IO controller concerned does not support this
function.

80A4

The CPU does not support this function for external DP masters/PROFINET IO
controller.

80A6

Slot error in the DP slave/PROFINET IO device; not all user data can be
accessed (this error code is only available for MODE=1).
Note:
The SFC returns this error information only if the active component fails after
parameter assignment and before the SFC ends. If only a single module is
unavailable the SFC returns the error information W#16#0000.

80C1

SFC12 was started and continued with another logical address (this
error code is only available for MODE=1).

80C3

•

Temporary resource error: The CPU is currently processing the maximum
possible activation and deactivation jobs. (this error code is possible only
with MODE = 1 and MODE = 2.)

•

The CPU is busy receiving a modified configuration. Currently you can not
enable/disable DP slaves/PROFINET IO devices.

8xyy

16-14

error information, see Evaluating Errors with Output Parameter RET_VAL

System Software for S7-300/400 System and Standard Functions - Volume 1/2
A5E00709327-01

SFCs for Distributed I/Os or PROFINET IO

16.4

Reading Diagnostic Data of a DP Slave with SFC 13
"DPNRM_DG" (Slave Diagnostics)

Slave Diagnostics
Each DP slave provides slave diagnostic data structured in accordance with EN 50
170 Volume 2, PROFIBUS. To read out this diagnostic data, you require SFC 13
"DPNRM_DG."
Refer to the following table for the basic structure of the slave diagnostic data and
to the manuals of the DP slaves for further information.
Byte

Meaning

0

Station status 1

1

Station status 2

2

Station status 3

3

Master station number

4

Vendor ID (high byte)

5

Vendor ID (low byte)

6 ...

Further slave-specific diagnostic information

Description
With SFC 13 "DPNRM_DG" (read diagnostic data of a DP slave), you read the
current diagnostic data of a DP slave in the format specified by EN 50 170
Volume 2, PROFIBUS. The data that has been read is entered in the destination
area indicated by RECORD following error-free data transfer.
You start the read job by assigning 1 to the input parameter REQ in the SFC 13
call.
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Function
The read job is executed asynchronously, in other words it requires several SFC 13
calls. The status of the job is indicated by the output parameters RET_VAL and
BUSY, also refer to Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

REQ=1: Read request

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Configured diagnostic address of the DP
slave.

Note:
Addresses have to be entered in
hexadecimal format. For example,
diagnostic address 1022 means:
LADDR:=W#16#3FE.
RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the return value contains an error
code. If no error occurred, the length of
the data actually transferred is entered in
RET_VAL.

RECORD

OUTPUT

ANY

I, Q, M, D, L

Destination area for the diagnostic data
that were read. Only the BYTE data type
is permitted. The minimum length of the
data record to be read or the destination
area is 6. The maximum length of the data
record to be sent is 240. Standard slaves
can provide more than 240 bytes of
diagnostic data up to a maximum of 244
bytes. In this case, the first 240 bytes are
transferred to the destination area and the
overflow bit is set in the data.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1:
The read job is not yet completed.
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Input Parameter RECORD
The CPU evaluates the actual length of the diagnostic data that were read as
following:
• If the length specified for RECORD is less than the number of data bytes
supplied, the data are discarded and a corresponding error code is entered in
RET_VAL.
• If the length specified for RECORD is greater than or equal to the number of
supplied data bytes, the data are accepted in the destination area and the
actual length is entered in RET_VAL as a positive value.

Note
You must make sure that the actual parameters of RECORD match in all calls belonging to
a job.

A job is uniquely identified by the LADDR input parameter.

Standard Slaves with more than 240 Bytes of Diagnostic Data
With standard slaves on which the number of standard diagnostic data is between
241 and 244 bytes, note the following points:
• If the length specified for RECORD is less than 240 bytes, the data are
discarded and the corresponding error information is entered in RET_VAL.
• If the length specified for RECORD is greater than or equal to 240 bytes, the
first 240 bytes of the standard diagnostic data are transferred to the destination
area and the overflow bit is set in the data.

Output Parameter RET_VAL
• If an error occurs while the function is being executed, the return value contains
an error code.
• If no error occurs during the data transfer, RET_VAL contains the length of the
data read in bytes as a positive number.

Note
The amount of data read in a DP slave depends on its diagnostic status.

Error Information
How to evaluate the error information of the RET_VAL parameter is explained in
Evaluating Errors with the Output Parameter RET_VAL. This chapter also contains
the general error information for the SFCs. The error information specific to SFC 13
is a subset of the error information for SFC 59 "RD_REC," see Reading a Data
Record with SFC 59 "RD_REC"
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System Resources for S7-400
When SFC 13 "DPNRM_DG" is called for a job that is not currently being
processed, resources of the CPU (memory space) are occupied on the S7-400.
You can call SFC 13 in quick succession for several DP slaves providing that you
do not exceed the maximum number of "simultaneously" active SFC 13 jobs for
your CPU. You will find the maximum number of such jobs in /101/.
If you activate several jobs "simultaneously," all the jobs will be executed without
interfering with each other.
If you reach the limits of the system resources, this is indicated in RET_VAL. In this
case, repeat the job.
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16.5

Reading Consistent Data of a DP Standard
Slave//PROFINET IO Device with SFC 14 "DPRD_DAT"

Data Consistency
Refer to the section Overview of S7 Communication and S7 Basic Communication
- Data Consistency.

Purpose of SFC 14
You require SFC 14 "DPRD_DAT" because you can only read out a maximum of
four continuous bytes using load instructions that access the I/Os or the process
image input table.

Note
If required, you can also read consistent data via the process image of the inputs.
To determine whether the CPU supports this functionality, refer to the "S7-300
Programmable Controller, Hardware and Installation" manual.
All S7-400 CPUs support this functionality.

!

Caution
When using SFC 14 "DPRD_DAT", avoid accessing I/O areas that have process
image partitions with OB6x connections (clocked interrupts) assigned to them.

Description
With SFC 14 "DPRD_DAT" (read consistent data of a DP standard slave), you read
the consistent data of a DP standard slave/PROFINET IO device.
To find the maximum length that applies here, refer to the following manuals:
• S7-300 Programmable Controller, Hardware and Installation
• ET 200S Interface Submodule, IM151-7 CPU
• Base Submodule BM147CPU
For S7-400 CPUs the maximum length is 32 bytes.
If no error occurred during the data transfer, the data that have been read are
entered in the destination area identified by RECORD.
The destination area must have the same length as configured for the selected
module with STEP 7.
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If you read from a DP standard slave with a modular design or with several DP
identifiers, you can only access the data of one module/DP identifier per SFC 14
call specifying the configured start address.
Parameter

Declaration Data Type

Memory Area

Description

LADDR

INPUT

I, Q, M, D, L,
constant

Configured start address from the I area
of the module from which the data will be
read.

WORD

Note:
Addresses have to be entered in
hexadecimal format. For example,
diagnostic address 100 means:
LADDR:=W#16#64.
RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the return value contains an error
code.

RECORD

OUTPUT

ANY

I, Q, M, D, L

Destination area for the user data that
were read. This must be exactly as long
as you configured for the selected module
with STEP 7. Only the data type BYTE is
permitted.

Error Information
Note
If you access DPV1 slaves, error information from these slaves can be forwarded
from the DP master to the SFC. For details on this error information, see Receiving
an Interrupt with SFB 54 "RALRM" STATUS[3].

Error Code (W#16#...)

Explanation

0000

No error occurred.

8090

•

You have not configured a module for the specified logical base address
or

•

you have ignored the restriction concerning the length of consistent data
or

•

you have not entered the start address in the LADDR parameter in
hexadecimal format.

8092

A type other than BYTE is specified in the ANY reference.

8093

No DP module/PROFINET IO device from which you can read consistent data
exists at the logical address specified in LADDR.

80A0

Access error detected while the I/O devices were being accessed.

80B0

Slave failure on external DP interface module.

80B1

The length of the specified destination area is not identical to the user data
length configured with STEP 7.

80B2

System error with external DP interface module.

80B3

System error with external DP interface module.

80C0

The data haven't yet been read by the module.
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Error Code (W#16#...)

Explanation

80C2

System error with external DP interface module.

80Fx

System error with external DP interface module.

87xy

System error with external DP interface module.

808x

System error with external DP interface module.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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16.6

Writing Consistent Data to a DP Standard
Slave/PROFINET IO Device with SFC 15 "DPWR_DAT"

Data Consistency
Refer to the section: Overview of S7 Communication and S7 Basic Communication
– Data Consistency .

Purpose of SFC 15
You require SFC 15 "DPWR_DAT" because you can only write a maximum of four
continuous bytes using the transfer instructions that access the I/Os or the process
image input table.

Note
If required, you can also read consistent data via the process image of the inputs.
To determine whether the CPU supports this functionality, refer to the "S7-300
Programmable Controller, Hardware and Installation" manual.
All S7-400 CPUs support this functionality.

!

Caution
When using SFC 15 "DPWR_DAT", avoid accessing I/O areas that have process
image partitions with OB6x connections (clocked interrupts) assigned to them.

Description
With SFC 15 "DPWR_DAT" (write consistent data to a DP standard slave), you
transfer the data in RECORD consistently to the addressed DP standard
slave/PROFINET IO device and, if required, to the process image (namely if you
have configured the respective address area of the DP standard slave as
consistency range in a process image):
• S7-300 Programmable Controller, Hardware and Installation
• ET 200S Interface Submodule, IM151-7 CPU
• Base Submodule BM147CPU
For S7-400 CPUs the maximum length is 32 bytes.
The data is transferred synchronously, in other words, on completion of the SFC,
the write job is also completed.
The source area must have the same length as you configured for the selected
module with STEP 7.
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If the DP standard slave has a modular design, you can only access one module of
the DP slave.
Parameter Declaration

Data Type

Memory Area

Description

LADDR

WORD

I, Q, M, D, L,
constant

Configured start address from the process
image output area of the module to which
the data will be written.

INPUT

Note:
Addresses have to be entered in
hexadecimal format. For example,
diagnostic address 100 means:
LADDR:=W#16#64.
RECORD

INPUT

ANY

I, Q, M, D, L

Source area for the user data to be
written. This must be exactly as long as
you configured for the selected module
with STEP 7. Only the BYTE
data type is permitted.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
active, the return value contains an error
code.

Error Information
Note
If you access DPV1 slaves, error information from these slaves can be forwarded
from the DP master to the SFC. For details on this error information, see Receiving
an Interrupt with SFB 54 "RALRM" STATUS[3].

Error Code (W#16#...)

Explanation

0000

No error occurred.

808x

System error with external DP interface module.

8090

•

You have not configured a module for the specified logical base address
or

•

you have ignored the restriction concerning the length of consistent data
or

•

you have not entered the start address in the LADDR parameter in
hexadecimal format.

8092

A type other than BYTE is specified in the ANY reference.

8093

No DP module/PROFINET IO device to which you can write consistent data
exists at the logical address specified in LADDR.

80A1

Access error detected while I/O devices were being accessed.

80B0

Slave failure on external DP interface module.

80B1

The length of the specified source area is not identical to the user data length
configured with STEP 7.

80B2

System error with external DP interface module.

80B3

System error with external DP interface module.
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Error Code (W#16#...)

Explanation

80C1

The data of the previous write job on the module have not yet been processed
by the module.

80C2

System error with external DP interface module.

80Fx

System error with external DP interface module.

85xy

System error with external DP interface module.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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17.1

Background Information on SFCs 112, 113 and 114
Note
By default, the operating system updates the PROFInet interface as well as the DP
interconnections at the scan cycle check point. However, if you have disabled the
automatic updates in your configuration (e.g. to have better influence on the timing
in the CPU), you have to perform the updates yourself. To do this, call SFCs 112 to
114 at suitable times.
The updates mentioned here can only be disabled as a group in the configuration.

Shadow Memory
The interface DB is the user program interface for the PROFInet components. To
ensure that the inputs and output are consistent when the associated program
sections are running, each interface DB has an identically structured memory area
that is managed by the operating system. This area is called "shadow memory." In
your program, you can only access the interface DB, and other (external)
PROFInet components can only access the shadow memory. This arrangement
prevents conflicts in accessing the inputs and outputs of the interface DB.
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Updating the PROFInet Interface
The data consistency provided by the use of the shadow memory means that
updating the PROFInet interface takes place in the following two steps:
• The inputs in the shadow memory interface DB are copied to the inputs before
your program for the PROFInet component starts
• The outputs of the interface DB are copied to the outputs of the shadow
memory after your program for the PROFInet component has run
The PROFInet interface is updated by either the operating system or by means of
SFCs 112 and 113, depending on how you configured the PROFInet component in
the SIMATIC Manager. The following illustration shows a diagram of the update
done by means of SFCs 112 and 113.
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The system-side update always occurs at the scan cycle check point.
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If you perform the update by means of SFCs 112 and 113, then call SFC 112 at the
start of the OB containing the program associated with the PROFInet component
and call SFC 113 at the end of this OB. This procedure is shown using OB 30 as
an example the following illustration.
&DOORI6)&

&DOORI6)&

2%

2%

2%

W

Note
Note on multifunction components (several PROFInet interface DBs on one
device):
With multifunction components you can update all interface DBs with an SFC job
(DBNO=0). This is similar to the update at the cycle control point, only triggered by
SFC. If an error occurs during the update of an interface DB, the other interface DB
updates will be continued. A negative RET_VAL refers to one of the updated
interface DBs.

Updating the DP Interconnections
The DP interconnections are updated by either the operating system or by means
of SFC 114, depending on how you configured the PROFInet components in the
SIMATIC Manager.
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17.2

Updating the Inputs of the User Program Interface for
the PROFInet Component with SFC 112 "PN_IN"

Description
Using SFC 112 "PN_IN", you copy the input data in PROFInet from the shadow
memory of the PROFInet components to the associated interface DB. After the
SFC is completed, your application has the current input data available to it.
Parameter

Declaration Data Type

Memory Area

Description

DBNO

INPUT

WORD

I, Q, M, D, L,
constant

DB no. of interface DB

RET_VAL

OUTPUT

INT

I, Q, M, D, L,

Error information

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8001

CBA configuration is not available or invalid.

8002

The DB number does not match the one in the component configuration.

8004

The DB number matches the one in the component configuration, but the DB
is not yet loaded.

8006

The interface DB is write-protected in the CPU.

80B1

Length error when reading or writing. The component configuration does not fit
the loaded DB.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

See also:
Background Information on SFCs 112, 113 and 114
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17.3

Updating the Outputs of the PROFInet Interface for the
PROFInet Component with SFC 113 "PN_OUT"

Description
Using SFC 113 "PN_OUT", you copy the output data generated in your application
from the interface DB of the PROFInet component to the associated shadow
memory. After the SFC is completed, the other PROFInet components have the
current input data available to them.
Parameter

Declaration Data Type

Memory Area

Description

DBNO

INPUT

WORD

I, Q, M, D, L,
constant

DB no. of interface DB

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8001

CBA configuration is not available or invalid.

8002

The DB number does not match the one in the component configuration.

8004

The DB number matches the one in the component configuration, but the DB
is not yet loaded.

8006

The interface DB was complied with the keyword UNLINKED.

80B1

Length error when reading or writing. The component configuration does not fit
the loaded DB.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

See also:
Background Information on SFCs 112, 113 and 114
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17.4

Updating DP Interconnections with SFC 114 "PN_DP"

Description
With SFC 114 "PN_DP" you update all of the following:
• Interconnections between PROFInet components on the local PROFIBUS
• Interconnections with cyclical transmission between PROFInet components on
the local PROFIBUS and external PROFInet components. The interconnections
apply between networks (between Industrial Ethernet and PROFIBUS DP).

Function
SFC 114 "PN_DP" functions asynchronously. This means that its processing
extends over several SFC calls. To start updating the DP interconnections, call
SFC 114 with REQ=1.
The job status is indicated at the output parameters RET_VAL and BUSY, see also
Meaning of the Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

RET_VAL

OUTPUT

INT

I, Q, M, D, L,
constant
I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

REQ=1: Initiate update of the DP
interconnections
If an error occurs while the function is
being executed, the return value contains
the corresponding error code.
BUSY=1:
The update of the DP interconnections is not
yet completed.

Error Information
Error Code (W#16#...)

Explanation

0000

Job executed without error

7000

REQ = 0 at first call: Update of DP interconnections not initiated. BUSY has
the value 0.

7001

REQ = 1 at first call: BUSY has the value 1.

7002

Follow-on call (REQ irrelevant). Update of DP interconnections not yet
completed. BUSY has the value 1.

8001

CBA configuration is not available or invalid.

8095

You have initiated another update of the DP interconnections in a higher
priority class. However, the update in the priority class with lower (by the
operating system or SFC 114) is still running.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

See also:
Background Information on SFCs 112, 113 and 114
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FBs for Cyclical Access to User Data
according to the PNO

18.1

Introduction to the FBs for Cyclical Access to User
Data according to the PNO

Overview
The FBs for cyclical access to user data according to the PNO (PROFIBUS
Nutzerorganisation e.V./German PROFIBUS User Organization) are the following
blocks (meaning given in parentheses):
• FB 20 "GETIO" (read all inputs of a DP standard slave/PROFINET IO device)
• FB 21 "SETIO" (write all outputs of a DP standard slave/PROFINET IO device)
• FB 22 "GETIO_PART" (read a part of the inputs of a DP standard
slave/PROFINET IO device)
• FB 23 "SETIO_PART" (write a part of the outputs of a DP standard
slave/PROFINET IO device)

Interfaces to the FBs for cyclical access to user data as per the PNO
The interfaces to the FBs named above are identical to those FBs defined with the
same names in the standard "PROFIBUS and PROFINET Communication
Function Blocks on PROFIBUS DP and PROFINET IO".
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18.2

Read All Inputs of a DP Standard Slave/PROFINET IO
Device with FB 20 "GETIO"

Description
With the FB 20 "GETIO" you consistently read out all inputs of a DP standard
slave/PROFINET IO device. In doing so, FB 20 calls the SFC 14 "DPRD_DAT". If
there was no error during the data transmission, the data that have been read are
entered in the target area indicated by INPUTS.
The target area must have the same length that you configured with STEP 7 for the
selected component.
In the case of a DP standard slave with a modular structure or with several DP IDs,
you can only access the data for one component/DP ID with an FB 20 call each
time at the configured start address.

Parameter

Declaration

Data Type

Memory Area

Description

ID

INPUT

DWORD

I, Q, M, D, L
constant

•

Low word: logical address of the DP
slave/PROFINET IO component
(module or submodule)

•

High word: irrelevant

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Contains error information for SFC 14
"DPRD_DAT" in the form
DW#16#40xxxx00

LEN

OUTPUT

INT

I, Q, M, D, L

Amount of data read in bytes

INPUTS

IN_OUT

ANY

I, Q, M, D

Target area for the read data. It must
have the same length as the area that
you configured with STEP 7 for the
selected DP slave/ PROFINET IO
component. Only the data type BYTE is
permitted.

Error Information
See Reading Consistent Data of a DP Standard Slave//PROFINET IO Device with
SFC 14 "DPRD_DAT".
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18.3

Write All Outputs of a DP Standard Slave/PROFINET IO
Device with FB 21 "SETIO"

Description
With the FB 21 "SETIO" you consistently transfer the data from the source area
indicated by OUTPUTS to the addressed DP standard slave/PROFINET IO device,
and, if necessary, to the process image (in the case where you have configured the
affected address area for the DP standard slave as a consistency area in a process
image). In doing so, FB 21 calls the SFC 15 "DPWR_DAT".
The source area must have the same length that you configured with STEP 7 for
the selected component.
In the case of a DP standard slave with a modular structure or with several DP IDs,
you can only access the data for one component/DP ID with an FB 20 call each
time at the configured start address.

Parameter

Declaration

Data Type

Memory Area

Description

ID

INPUT

DWORD

I, Q, M, D, L,
constant

•

Low word: logical address of the DP
slave/ PROFINET IO component
(module or submodule)

•

High word: irrelevant

LEN

INPUT

INT

I, Q, M, D, L

Irrelevant

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Contains error information for SFC 15
"DPWR_DAT" in the form
DW#16#40xxxx00

OUTPUTS

IN_OUT

ANY

I, Q, M, D

Source area for the data to be read. It
must have the same length as the area
that you configured with STEP 7 for the
selected DP slave/ PROFINET IO
component. Only the data type BYTE is
permitted.

Error Information
See Writing Consistent Data to a DP Standard Slave/PROFINET IO Device with
SFC 15 "DPWR_DAT".
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18.4

Read a Part of the Inputs of a DP Standard
Slave/PROFINET IO Device with FB 22 "GETIO_PART"

Description
With the FB 22 "GETIO_PART" you consistently read a part of the process image
area belonging to a DP standard slave/PROFINET IO device. In doing so, FB 22
calls the SFC 81 "UBLKMOV".

Note
You must assign a process image partition for inputs to the OB in which FB 22
"GETIO_PART" is called. Furthermore, before calling FB 22 you must add the
associated DP standard slave or the associated PROFINET IO device to this
process image partition for inputs. If your CPU does not recognize any process
image partitions or you want to call FB 22 in OB 1, you must add the associated
DP standard slave or the associated PROFINET IO device to this process image
partition for inputs before calling FB 22.

You use the OFFSET and LEN parameters to specify the portion of the process
image area to be read for the components addressed by means of their ID.
If there was no error during the data transmission, ERROR receives the value
FALSE, and the data that have been read are entered in the target area indicated
by INPUTS.
If there was an error during the data transmission, ERROR receives the value
TRUE, and STATUS receives the SFC 81 error information "UBLKMOV".
If the target area (INPUTS parameter) is smaller than LEN, then as many bytes as
INPUTS can accept are transferred. ERROR receives the value FALSE. If the
target area is greater than LEN, then the first LEN bytes in the target area are
written. ERROR receives the value FALSE.

Note
The FB 22 "GETIO_PART" does not check the process image for inputs for
delimiters between data belonging to different PROFIBUS DP or PROFINET IO
components. Because of this, you yourself must make sure that the process image
area specified by means of OFFSET and LEN belongs to one component. Reading
of data for more than one component cannot be guaranteed for future systems and
compromises the transferability to systems from other manufacturers.
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Parameter

Declaration

Data Type

Memory Area

Description

ID

INPUT

DWORD

I, Q, M, D, L
constant

•

Low word: logical address of the
DP slave/ PROFINET IO
component (module or
submodule)

•

High word: irrelevant

OFFSET

INPUT

INT

I, Q, M, D, L
constant

Number of the first byte to be read in
the process image for the component
(smallest possible value: 0)

LEN

INPUT

INT

I, Q, M, D, L
constant

Amount of bytes to be read

STATUS

OUTPUT

DWORD

I, Q, M, D, L

Contains error information for SFC 81
"UBLKMOV" in the form
DW#16#40xxxx00 if ERROR = TRUE

ERROR

OUTPUT

BOOL

I, Q, M, D, L

Error display:
ERROR = TRUE if an error occurs
when calling SFC 81 "UBLKMOV".

INPUTS

IN_OUT

ANY

I, Q, M, D

Target area for read data:

•

If the target area is smaller than
LEN, then as many bytes as
INPUTS can accept are
transferred. ERROR receives the
value FALSE.

•

If the target area is greater than
LEN, then the first LEN bytes of
the target area are written.
ERROR receives the value
FALSE.

Error Information
See Uninterruptible Copying of Variables with SFC 81 "UBLKMOV".
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18.5

Write a Part of the Outputs of a DP Standard
Slave/PROFINET IO Device with FB 23 "SETIO_PART"

Description
With the FB 23 "SETIO_PART" you transfer data from the source area indicated by
OUTPUTS into a part of the process image area belonging to a DP standard
slave/PROFINET IO device. In doing so, FB 23 calls the SFC 81 "UBLKMOV".

Note
You must assign a process image partition for outputs to the OB in which FB 23
"SETIO_PART" is called. Furthermore, before calling FB 23 you must add the
associated DP standard slave or the associated PROFINET IO device to this
process image partition for outputs. If your CPU does not recognize any process
image partitions or you want to call FB 23 in OB 1, you must add the associated
DP standard slave or the associated PROFINET IO device to this process image
partition for outputs before calling FB 23.

You use the OFFSET and LEN parameters to specify the portion of the process
image area to be written for the components addressed by means of their ID.
If there was no error during the data transmission, ERROR receives the value
FALSE.
If there was an error during the data transmission, ERROR receives the value
TRUE, and STATUS receives the SFC 81 error information "UBLKMOV".
If the source area (OUTPUTS parameter ) is smaller than LEN, then as many bytes
as OUTPUTS contains are transferred. ERROR receives the value FALSE. If the
source area is greater than LEN, then the first LEN bytes are transferred from
OUTPUTS. ERROR receives the value FALSE.

Note
The FB 23 "SETIO_PART" does not check the process image for inputs for
delimiters between data that belong to different PROFIBUS DP or PROFINET IO
components. Because of this, you yourself must make sure that the process image
area specified by means of OFFSET and LEN belongs to one component. Writing
of data for more than one component cannot be guaranteed for future systems and
compromises the transferability to systems from other manufacturers.
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Parameter

Declaration

Data Type

Memory Area

Description

ID

INPUT

DWORD

I, Q, M, D, L,
constant

•

Low word: logical address of the
DP slave/PROFINET IO
component (module or
submodule)

•

High word: irrelevant

OFFSET

INPUT

INT

I, Q, M, D, L,
constant

Number of the first byte to be written in
the process image for the component
(smallest possible value: 0)

LEN

INPUT

INT

I, Q, M, D, L,
constant

Amount of bytes to be written

STATUS

OUTPUT

DWORD

I, Q, M, D,L

Contains error information for SFC 81
"UBLKMOV" in the form
DW#16#40xxxx00 if ERROR = TRUE

ERROR

OUTPUT

BOOL

E, A, M, D, L

Error display:
ERROR = TRUE if an error occurs
when calling SFC 81 "UBLKMOV".

OUTPUTS

IN_OUT

ANY

I, Q, M, D

Source area for the data to be written:

•

If the source area is smaller than
LEN, then as many bytes as
OUTPUTS contains are
transferred. ERROR receives the
value FALSE.

•

If the source area is greater than
LEN, then the first LEN bytes are
transferred from OUTPUTS.
ERROR receives the value
FALSE.

Error Information
See Uninterruptible Copying of Variables with SFC 81 "UBLKMOV".
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Safety Guidelines
This manual contains notices you have to observe in order to ensure your personal safety, as well as to
prevent damage to property. The notices referring to your personal safety are highlighted in the manual
by a safety alert symbol, notices referring to property damage only have no safety alert symbol. The
notices shown below are graded according to the degree of danger.

Danger

!

indicates that death or severe personal injury will result if proper precautions are not taken.

!

indicates that death or severe personal injury may result if proper precautions are not taken.

!

Warning

Caution
with a safety alert symbol indicates that minor personal injury can result if proper precautions are not
taken.

Caution
without a safety alert symbol indicates that property damage can result if proper precautions are not
taken.

Notice
indicates that an unintended result or situation can occur if the corresponding notice is not taken into
account.
If more than one degree of danger is present, the warning notice representing the highest degree of
danger will be used. A notice warning of injury to persons with a safety alert symbol may also include a
warning relating to property damage.

Qualified Personnel
The device/system may only be set up and used in conjunction with this documentation. Commissioning
and operation of a device/system may only be performed by qualified personnel. Within the context of
the safety notices in this documentation qualified persons are defined as persons who are authorized to
commission, ground and label devices, systems and circuits in accordance with established safety
practices and standards.

Prescribed Usage
Note the following:

!

Warning
This device and its components may only be used for the applications described in the catalog or the
technical description, and only in connection with devices or components from other manufacturers
which have been approved or recommended by Siemens.
Correct, reliable operation of the product requires proper transport, storage, positioning and assembly
as well as careful operation and maintenance.

Trademarks
All names identified by ® are registered trademarks of the Siemens AG.
The remaining trademarks in this publication may be trademarks whose use by third parties for their
own purposes could violate the rights of the owner.

Disclaimer of Liability
We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However,
the information in this publication is reviewed regularly and any necessary corrections are included in
subsequent editions.

Siemens AG
Automation and Drives
Postfach 4848
90437 NÜRNBERG
GERMANY

A5E00739858-01
03/2006

Copyright © Siemens AG 2006
Technical data subject to change
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SFCs for Global Data Communication

19.1

Sending a GD Packet with SFC 60 "GD_SND"

Description
With SFC 60 "GD_SND" (global data send), the data of a GD packet are collected
and then sent on the path specified in the GD packet. The GD packet must already
have been configured with STEP 7.
SFC 60 "GD_SND" can be called at any point in the user program.
The scan rate and the collection and sending of the data by the system at the cycle
checkpoint are not influenced by SFC 60 calls.

Interrupt ability
SFC 60 "GD_SND" can be interrupted by higher priority classes. It is also possible
that SFC 60 is called again for the same GD packet in the higher priority class.
The data are then collected and sent in the higher priority class. When the program
returns to the interrupted SFC, this is terminated immediately and the data that
have already been collected are discarded.
This procedure means that during the processing of the highest priority class,
consistent data are transferred (consistency in the sense defined for global data).

Data Consistency with GD
The following rules apply to the consistency of the data collected from the various
memory areas and sent.
The following are consistent:
• The simple data types (bit, byte, word, and double word)
• An array of the data types byte, word, and double word up to a maximum length
depending on the specific CPU.
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Ensuring Consistency for an Entire GD Packet
A GD packet on the CPU sending the data has a structure that does not
automatically guarantee that the collected data are consistent. This is, for example,
the case when the packet consists of an array of bytes and the number of bytes
exceeds the maximum length for the specific CPU.
If, however, you require consistency for the entire GD packet, follow the procedure
below in your program:
• Disable or delay the occurrence of higher priority interrupts and asynchronous
errors by calling SFC 39 "DIS_IRT" or SFC 41 "DIS_AIRT."
• Call SFC 60 "GD_SND."
• Enable the higher priority interrupts and asynchronous errors again by calling
SFC 40 "EN_IRT" or SFC 42 "EN_AIRT."
Parameter

Declaration Data Type

Memory Area

Description

CIRCLE_ID

INPUT

I, Q, M, D, L,
constant

Number of the GD circle in which the GD
packet to be sent is located. You specify
this
number when configuring the global data
with STEP 7.

BYTE

Permitted values: 1 to 16. The maximum
number of possible GD circles can be found
in the technical data of your CPU.
BLOCK_ID

INPUT

BYTE

I, Q, M, D, L,
constant

Number of the GD packet to be sent in the
selected GD circle. This number is set
during configuration of the global data by
STEP 7.
Permitted values: 1 to 3. The maximum
number of possible GD circles can be found
in the technical data of your CPU.

RET_VAL

19-2

OUTPUT

INT

I, Q, M, D, L

Error information
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Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8081

The GD packet selected with the parameters CIRCLE_ID and BLOCK_ID is not
configured.

8082

Illegal value for the parameters CIRCLE_ID or BLOCK_ID or for both
parameters.

8083

An error occurred during the execution of the SFC. The type of error is entered
in the variable configured for the status information. This can be evaluated by
your program.

8084

The execution of the SFC was terminated prematurely because SFC 60 was
called again for the same GD packet in a higher priority class (see
”Interrupt ability”).

8085

An error occurred entering the status information in the configured variable.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL

Note
Following each SFC 60 call, you should evaluate the corresponding GD packet
status and, if necessary, reset it.
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19.2

Programmed Acceptance of a Received GD Packet
with SFC 61 "GD_RCV"

Description
With SFC 61 "GD_RCV" (global data receive), the data from an incoming GD
frame for exactly one GD packet are retrieved and entered in the received GD
packet. This must already have been configured with STEP 7.
SFC 61 "GD_SND" can be called at any point in the user program.
The scan rate and the retrieving of the data by the system at the cycle checkpoint
are not influenced by SFC 61 calls.

Interrupt ability
SFC 61 can be interrupted by higher priority classes, however, only so that the
data consistency defined for global data remains guaranteed. If the processing of
the function is interrupted, it is possible that SFC 61 is called again for the same
GD packet in the higher priority class.
The data are then entered in the receive GD packet in the higher priority class.
When the program returns to the interrupted SFC, this is terminated immediately.

Data Consistency with GD
The following rules apply to the consistency of the data entered in the various
memory areas.
The following are consistent:
• The simple data types (bit, byte, word, and double word)
• An array of the data types byte, word, and double word up to a maximum length
specific to the receiving CPU.
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Ensuring Consistency for an Entire GD Packet
A GD packet on a receiving CPU has a structure that does not automatically
guarantee that its data originate from one and the same frame. This is, for
example, the case when the packet consists of three GD elements.
If, however, you require consistency for the entire GD packet, follow the procedure
below in your program:
• Disable or delay the occurrence of higher priority interrupts and asynchronous
errors by calling SFC 39 "DIS_IRT" or SFC 41 "DIS_AIRT."
• Call SFC 60 "GD_SND."
• Enable the higher priority interrupts and asynchronous errors again by calling
SFC 40 "EN_IRT" or SFC 42 "EN_AIRT."
Parameter Declaration Data Type Memory Area Description
CIRCLE_ID INPUT

BYTE

I, Q, M, D, L,
constant

BLOCK_ID

INPUT

BYTE

I, Q, M, D, L,
constant

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Number of the GD circle into which the
incoming GD packet will be entered. This
number is specified during configuration of the
global data with STEP 7.
Permitted values: 1 to 16. The maximum
number of possible GD circles can be found in
the technical data for your CPU.
Number of the GD packet in the selected GD
circle in which the incoming data will be
entered. This number is specified during
configuration of the global data by STEP 7.
Permitted values: 1 to 3. The maximum number
of possible GD circles can be found in the
technical data for your CPU.
Error information
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Error Information
Error Code (W#16#...) Explanation
0000
8081
8082
8083

8084

8085
8xyy

No error occurred.
The GD packet selected with the parameters CIRCLE_ID and BLOCK_ID is not
configured.
Illegal value for the parameters CIRCLE_ID or BLOCK_ID or for both
parameters.
An error occurred during the execution of the SFC. The type of error is entered
in
the variable configured for the status information. This can be evaluated by your
program.
The execution of the SFC was terminated prematurely because SFC 61 was
called again for the same GD packet in a higher priority class (see
”Interrupt ability”).
An error occurred entering the status information in the configured variable.
General error information, see Evaluating Errors with Output Parameter
RET_VAL

Note
Following each SFC 61 call, you should evaluate the corresponding GD packet
status and, if necessary, reset it.
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Overview over the S7 Communication and
the S7 Basic Communication

20.1

Differences between the Blocks of the S7
Communication and the S7 Basic Communication

Selection Criteria
Apart from global data communication, there are two other methods of exchanging
data between CPUs/FMs of SIMATIC S7 programmable controllers:
• Data exchange using communication SFCs for non-configured S7 connections
• Data exchange using communication SFBs for configured S7 connections
Which method you choose, depends on the SIMATIC S7 programmable controller
you are using (S7-300, S7-400) and on other parameters for data exchange. The
following table contains a list of criteria on which you can base your selection.
Criteria

Communication SFCs for NonConfigured S7 Connections

Availability of the blocks S7-300 and S7-400 as SFCs

Communication SFBs for
Configured S7 Connections
S7-300 as FBs and FC
S7-400 as SFBs and SFC

Communication
connections

The connection is not configured. It is
Connections are configured
established when the SFC is active.
permanently in the system
The connection either remains established configuration.
after the data have been transferred or it is
terminated parameter-controlled.
If a connection cannot be established
temporarily, the corresponding job cannot be
sent.

Change to the STOP
mode

If the CPU that initiated the data transfer
The connection is maintained in
changes to STOP mode, all the connections the STOP mode.
it established are terminated.

Several connections to a At any one time, a maximum of one
partner
connection is possible to a communication
partner.

You can establish several
connections to the same partner.

Address range

Modules can be addressed on the
MPI network, on PROFIBUS or on
Industrial Ethernet

Modules can be addressed in the local
station or in the MPI subnet
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Criteria

Communication SFCs for NonConfigured S7 Connections

Communication SFBs for
Configured S7 Connections

The number of communication partners that
Number of
communication partners can be reached one after the other is not
restricted by the connection resources
available (see /70/,
/101/). (The connections can be
established and terminated again while the
program is running.)

The number of simultaneously
obtainable communication
partners is restricted to the
number of connection resources
available. It also depends on the
CPU being used (see
/70/, /101/).

Maximum user data
length

The maximum transferable user
data length depends on the block
type (USEND / URCV, GET, etc.)
and on the communication partner
(S7-300, S7-400 or M7).

A user data length of 76 bytes is
guaranteed.

Number of variables
You can only transfer one variable.
transferred per block call

•

S7-300: one variable

•

S7-400: max. four variables

Classification of the
blocks

The SFCs for the S7 Basic Communication
are system functions. Therefore, they do
not require user memory.

The SFBs/FBs for the S7 Basic
Communication are system
function blocks. Therefore, they
require an instance DB for the
actual parameters and the static
data.

Dynamic modification
of the address
parameters

Dynamic modification of the address
parameters is possible: on completion of
the active job, you can address other
communication partners.

S7-300: You can reconfigure the
addressing parameters while the
block is active. The new
parameter are validated when
the previous job is closed.
S7-400: Dynamic modification
of address parameters is not
possible: the connection is
specified and fixed by the first
block call and remains
unchanged until the next
warm or cold restart.
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Realization of the IEC 61131-5 with S7-400
The IEC standard 61131-5 is realized with the following blocks:
• USEND(SFB 8)/URCV(SFB 9)
• BSEND(SFB 12)/BRCV(SFB 13)
• PUT(SFB 15)/GET(SFB 14) corresponds to READ/WRITE
• STATUS(SFB 22)/USTATUS(SFB 23)
• ALARM(SFB 33)
• NOTIFY(SFB 36)
• START (SFB 19), STOP (SFB 20) and RESUME (SFB 21) realizes a call
interface for the program control functions.

Realization of the IEC 61131-5 with S7-300
The IEC standard 61131-5 is realized with the following blocks:
• USEND(SFB 8)/URCV(SFB 9)
• BSEND(SFB 12)/BRCV(SFB 13)
• PUT(SFB 15)/GET(SFB 14) corresponds to READ/WRITE
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20.2

Data Consistency

Definition
The size of the data area which can be modified simultaneously by concurrent
processes is called the consistent data area. Data areas which are larger than the
consistent data area can thus be falsified as a whole.
This means that a data area which belongs together and which is larger than
consistent data area can consist in part of new and of old consistent data blocks at
the same time.

Example
AN inconsistency can arise if a communication block is interrupted, for example, by
a hardware interrupt OB with a higher priority. If the user program in this OB now
changes the data which have already been processed in part by the
communication block, the transferred data originate:
• IN part from the time before the hardware interrupt was processed
• And in part from the time after the hardware interrupt was processed
• This means that these data are inconsistent (not coherent).

Effect
If larger packages of data are to be transferred in a consistent form, the transfer
may not be interrupted. This can, for example, increase the interrupt reaction time
in the CPU.
This means: The higher the quantity of data which have to be transferred
absolutely consistently, the longer the interrupt reaction time of a system.

Data Consistency at SIMATIC
If the user program includes a communication function, for example BSEND/BRCV,
which accesses common data, access to this data area can, for example, be
coordinated by using the parameter "DONE”. The data consistency of the
communication areas which are transferred locally with a communication block can
therefore be ensured in the user program.
However, in the case of S7 communication functions, for example PUT/GET or
write/read via OP communication the size of the consistent data area must already
be taken into consideration during the programming or configuration stage, since
no communication block is available in the user program of the target device
(server) to send synchronized communication data to the user program.
At the S7-300 and C7-300 (exception: CPU 318-2 DP) the communication data are
copied consistently into the user memory in blocks of 32 bytes in the cycle
checkpoint of the operating system. Data consistency is not guaranteed for larger
data areas. If a defined data consistency is required, the communication data in the
user program may not exceed 32 bytes (maximum of 8 bytes, depending on the
version).

20-4
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In the S7-400 by contrast the communication data are not processed in the cycle
checkpoint, but in fixed time slices during the program cycle. The consistency of a
variable is ensured by the system.
These communication areas can then be accessed consistently using the
PUT/GET functions or reading/writing of variables, for example by an OP on an
OS.

Recommendation
For further information on data consistency, please refer to the information
describing individual blocks as well as the manual Communication with SIMATIC.
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20.3

Overview of the S7 Communication Blocks

Classification
For S7 communication, connection configuration is needed. The integrated
communication functions are called up with the SFBs/FBs or an SFC/FC from
within the application.
These blocks can be classified in the following categories:
• SFBs/FBs for data exchange
• SFBs for changing the operating status
• SFBs for querying the operating status.
• SFC/FC for querying the connection.

Availability of the S7-300/400 Communication Blocks
• The blocks for the S7-400 are in "Standard Library".
• The loadable blocks for the S7-300 are in the "SIMATIC_NET_CP" library.
To run the S7-300 blocks, you need a SIMATIC NET CP in the S7-300 series. For
further information, please see the related documentation.

SFBs/FBs for Data Exchange
Communication SFBs/FBs for data exchange are used to exchange data between
two communication partners. If an SFB exists only on the local module, this is
referred to as unilateral data exchange. If an SFB/FB exists on the local as well as
on the remote module, this is referred to as a bilateral data exchange.
Blocks

Blocks

S7-400

S7-300

Description

Brief Description

SFB 8
SFB 9

FB-8

USEND

FB 9

URCV

Rapid unacknowledged exchange of data irrespective of
the sequential execution of the communication function
(URCV) at the communication partner (for example,
operational and maintenance messages). This means
that the data can be overwritten by more recent data at
the communication partner.

SFB 12

FB 12

BSEND/

SFB 13

FB 13

BRCV

SFB 14

FB-14

GET

Program-controlled reading of variables without additional
communication function in the user program of the
communication partner.

SFB 15

FB 15

PUT

Program-controlled writing of variables without additional
communication function in the user program of the
communication partner.

SFB 16

FB 16

PRINT

Sending data to a printer (S7-400 only)

20-6

Secure transfer of a data block to the communication
partner. This means that data transmission is not
completed until the receive function (BRCV) in the
communication partner has accepted the data.
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SFBs for Changing the Operating Status
With SFBs for changing the operating status, you can control the operating status
of a remote device.
Data exchange with the SFBs for changing the operating status is unilateral.
Block S7-400

Brief Description

SFB 19

START

Trigger the RESTART of an S7/M7-300/400 or C7-300 CPU, if it is in the
STOP operating mode.

SFB 20

STOP

STOP of an S7/M7-300/400 or C7-300 CPU, if it is in the RUN, HALT
operating mode or in a startup.

SFB 21

RESUME

Trigger resume operation of an S7-400-CPU if it is in STOP mode.

SFBs for Querying the Operating Status
With SFBs for querying the operating status, you can obtain information about the
operating status of a remote device.
With SFB "STATUS," data exchange is unilateral while with SFB "USTATUS," it is
bilateral.
Block S7-400

Brief Description

SFB 22

STATUS

Supplies the operating state of a communication partner (S7-400-CPU,
M7-300/400) on user request.

SFB 23

USTATUS

Receives the operating state of an S7-400-CPU when it changes its
operate state, if the corresponding connection attribute (send operating
state messages) has been set.

SFC/FCs for Querying Connections
Block S7-400

Block S7-300

SFC 62 CONTROL

Brief Description
Querying the state of a connection which belongs to an
instance of an SFB/FB.

FC 62 C CNTRL

Querying a connection state through the connection ID

Tip:
You can also use SFC 87 C_DIAG to perform a diagnosis of the actual connection
state (only for S7-400).

Sample Program
A sample program for S7-400 which shows the use of the SFBs for the S7
communication is supplied with STEP 7. This sample program is called
step7\examples\com_sfb. It is included under the sample programs in the path
folder "..\STEP7\Examples\ZDT01_10".
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20.4

Overview of the Blocks for the S7 Basic
Communication

Classification of the SFCs for the S7 Basic Communication
Connection configuration is not required for the S7 basic communication. The
integrated communication functions are called via SFCs in the user program.
The SFCs are divided into two classes:
• SFCs for exchanging data between an S7 CPU and other modules with
communication functionality, if the communication partners belong to the same
S7 station (identified by the preceding "I” for internal).
• SFCs for exchanging data between an S7 CPU and other modules with
communication functionality, if the communication partners are connected to a
common MPI subnet (identified by the preceding "X” for external).
Communication with stations in other subnets is not possible with the SFCs for
S7 basic communication.
The SFCs for basic communication can be run on all CPUs of the S7-300 and
S7-400. With these CPUs, you can also write variables to the CPUs of the S7-200
and read variables from them.

SFCs for External Communication
Block

Brief Description

SFC 65/

X_SEND/

SFC 66

X_RCV

SFC 67

X_GET

Reading a variable of a communication partner without your having to
place a corresponding SFC on the communication partner. This
functionality is implemented in the communication partner of the
operating system.

SFC 68

X_PUT

Writing a variable into a communication partner without your having to
place a corresponding SFC on the communication partner. This
functionality is implemented in the communication partner of the
operating system.

SFC 69

X_ABORT

Aborting of an existing connection without data being transferred. The
corresponding connection resources are thus released again on both
ends.

20-8

Secure transfer of a data block to a communication partner. This means
that data transmission is not completed until the receive function
(X_RCV) in the communication partner has accepted the data.
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SFCs for Internal Communication
Block

Brief Description

SFC 72

I_GET

Reading a variable of a communication partner without your having to
place a corresponding SFC on the communication partner. This
functionality is implemented in the communication partner of the
operating system.

SFC 73

I_PUT

Writing a variable into a communication partner without your having to
place a corresponding SFC on the communication partner. This
functionality is implemented in the communication partner of the
operating system.

SFC 74

I_ABORT

Aborting of an existing connection without data being transferred. The
corresponding connection resources are thus released again on both
ends.

Example Programs
Two example programs for the SFCs for S7 basic communication are supplied with
STEP 7. They are contained in the directories step7\examples\com_SFC1 and
step7\examples\com_SFC2.

Maximum User Data Length
The communication SFCs for non-configured S7 connections are integrated on all
CPUs of the S7-300 and S7-400.
It is guaranteed that 76 bytes of user data can be transferred with all SFCs
(parameter SD or RD). The exact number if found at each block.

Connection to the Communication Partner
With the communication SFCs for non-configured S7 connections, the connection
is established while the SFC is being executed. Depending on the value you assign
to the CONT input parameter, the connection either remains established or is
terminated on completion of the data exchange. This means that the
communication has the following characteristics:
• The number of communication partners that can be reached one after the other
is higher than the number of communication partners that can be reached
simultaneously (the number depends on the specific CPU, see /70/, /101/).
• If no connection can currently be established to a communication partner
because the connection resources (on the local CPU or on the communication
partner) are all being used, this is indicated in RET_VAL. You must then trigger
the job again later at a suitable point in time. There is, however, no guarantee
that later connection establishment will be successful. If necessary, check the
use of connection resources in your program and use a CPU with more
resources.
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Existing connections of communication SFBs for configured S7 connections cannot
be used by the communication SFCs for non-configured S7 connections.
Once you have triggered a job, the connection established for the job can only be
used for this particular job. Other jobs involving the same communication partner
can then only be executed after the current job is completed.

Note
If your program includes several jobs involving the same communication partner,
make sure that you call the SFCs for which W#16#80C0 is entered in RET_VAL
again later at a suitable point in time.

Identifying a Job
If you have triggered a data transfer or a connection abort with one of the
communication SFCs for non-configured S7 connections and you call this SFC
again before the current transfer is completed, the reaction of the SFC depends on
whether the new call involves the same job. The following table explains which
input parameters specify a job for every SFC, If the parameters match those of a
job that is not yet completed, the SFC call counts as a follow-on call.
Block

Job is identified by

SFC 65

X_SEND

DEST_ID, REQ_ID

SFC 67

X_GET

DEST_ID, VAR_ADDR

SFC 68

X_PUT

DEST_ID, VAR_ADDR

SFC 69

X_ABORT

DEST_ID

SFC 72

I_GET

IOID, LADDR, VAR_ADDR

SFC 73

I_PUT

IOID, LADDR, VAR_ADDR

SFC 74

I_ABORT

IOID, LADDR

Reaction to Interrupts
The communication SFCs for non-configured S7 connections can be interrupted by
higher priority OBs. If the same SFC with the identical job is called again by the
interrupting OB, this second call is aborted and a corresponding entry made in
RET_VAL. The execution of the interrupted SFC is then continued.

Access to the Work Memory of the CPU
Regardless of the number of user data to be transferred, the communication
functions of the operating system access the work memory of the CPU in fields of
the maximum length, so that the interrupt reaction time is not extended by the use
of communication functions.
Depending on how you set the maximum cycle load resulting from communication
with STEP 7, the work memory can be accessed several times during the
execution of a job by the communication functions of the operating system.

20-10

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Overview over the S7 Communication and the S7 Basic Communication

Client Changes to STOP
If the CPU that initiated a job (and therefore established the connection) changes
to STOP during a data transfer, all the connections it established are terminated.

Making Program Changes
All parts of your program that immediately affect the calls for communication SFCs
for non-configured S7 connections must only be modified in the STOP mode. This
includes, in particular, deleting FCs, FBs, or OBs containing calls for
communication SFCs for non-configured S7 connections.
After modifying the program, you must perform a warm or cold restart.
Not following these rules can lead to resources remaining assigned and the
programmable controller being subsequently in an undefined state.

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

20-11

Overview over the S7 Communication and the S7 Basic Communication

20-12

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

21

S7 Communication

21.1

Common Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

Classification
The parameters of communication SFBs/FBs for configured S7 connections can be
divided into the following five categories according to their functions:
1. Control parameters are used to activate a block.
4. Addressing parameters are used to address the remote communication partner.
5. Send parameters point to the data areas that are to be sent to the remote
partner.
6. Receive parameters point to the data areas where the data received from
remote partners will be entered.
7. Status parameters are used to monitor whether the block has completed its task
without error or for the analysis of any errors that have occurred.

Control Parameters
Data exchange will only be activated if the appropriate control parameters have a
defined signal state (for example are set) when the SFB/FB is called or when the
signal state has undergone a specific change since the previous SFB/FB call (for
example, positive edge).

Note on S7-300
For the first call, set the parameter REQ to FALSE.
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Addressing Parameters
Parameter

Description

ID

Reference to the local connection description (specified by the STEP 7 configuration of the
connection).

R_ID

Use the R_ID parameter to specify that a send and a receive SFB belong together: The
R_ID parameter must be identical at the SFB/FB on the send end and at the SFB on the
receive end.
This allows the communication of several SFB/FB pairs via the same logic connection.

•

R_ID must be specified in the form DW#16#wxyzWXYZ.

•

The block pairs of a logic connection which are specified in R_ID must be unique for
this connection.

The parameter PI_NAME is only described at the relevant SFBs (S7-400 only).

Note
S7-300: You can change the parameters in the addressing parameters ID and R ID
while they are active. The new parameters are validated with each new job after
the previous job has been closed. Here, you can link multiple FB pairs in one
instance.
Tip: You have the following possibilities to save instance DBs and therefore
working memory:
1. With variable IDs you can use several connections via one data instance block.
2. With variable R_IDs you can define several identities of pairs of send and
receive FBs for one job.
3. You can combine case 1 and case 2.
4. Please observe that the new parameters are valid after the last job is
executed. If you activate the send job, the R_ID parameter of the sending and
the receiving FB must match.
S7-400: The addressing parameters ID and R ID are evaluated only at the first call
of the block (the actual parameters or the predefined values from the instance).
The first call therefore specifies the communication relation (connection) with the
remote partner until the next warm or cold restart.

Status Parameters
With the status parameters, you monitor whether the block has completed its task
correctly or whether it is still active. The status parameters also indicate errors.

Note
The status parameters are valid for one cycle only, namely from the first instruction
which follows the SFB/FB call until the next SFB/FB call. As a result, you must
evaluate these parameters after each block cycle.

21-2
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Send and Receive Parameters
If you do not use all send or receive parameters of an SFB/FB, the first unused
parameter must be a NIL pointer (see /232/) and the parameters used must be
located one after the other and without any gaps.

Note for S7-400
During the first call, the ANY pointer specifies the maximum amount of user data
that can be transferred for the job. That is to say, a communication buffer is
created in the work memory of the CPU to ensure data consistency. This buffer
occupies up to 480 bytes of work memory. We recommend you run the first call in
the warm or cold restart OB if the block is not reloaded with the SFB call when the
CPU is in RUN mode.
At subsequent calls you can send/receive any amount of data, however, no more
than with the first call.
The SFBs BSEND and BRCV are an exception to this rule. With them you can
transmit up to 64 Kbytes per job (see Sending Segmented Data with SFB/FB 12
"BSEND" and Receiving Segmented Data with SFB/FB 13 "BRCV"

With SFBs/FBs for bilateral communication:
• The number of the SD_i and RD_i parameters used must match on the send
and receive side.
• The data types of the SD_i and DR_i parameters that belong together must
match on the send and receive side.
• The amount of data to be sent according to the SD_i parameter must not
exceed the area made available by the corresponding RD_i parameter (not
valid for BSEND/BRCV).
ERROR = 1 and STATUS = 4 indicate that you have violated the above rules.
This maximum user data length depends on whether the remote partner is an
S7-300 or an S7-400.

User Data Size
With the SFBs/FBs, USEND, URCV, GET and PUT, the amount of data to be
transmitted must not exceed a maximum user data length. The maximum user data
size depends on:
• The block type used and
• The communication partner.
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The guaranteed minimum size of the user data for an SFB/FB with 1–4 variables is
listed in the following table:
Block

Partner: S7-300

Partner: S7-400

PUT / GET

160 bytes

400 bytes

USEND / URCV

160 bytes

440 bytes

BSEND / BRCV

32768/65534 bytes

65534 bytes

Further information on the user data size can be found in the technical data of the
respective CPU.

Exact User Data Size
If the user data size specified above is insufficient you can determine the maximum
byte length of the user data as follows:
1. First read the data block size valid for communication from the following table:
Own CPU

Remote CPU

Data block size in bytes

S7-300

Any

240 (S7-300)

S7-400

S7-300 / C7-300

240 (S7-400)

S7-400

S7-400 or CPU 318

480

8. Use this value in the following table to read the maximum possible user data
length in bytes. It applies for an even lengths of the areas SD_i, RD_i, ADDR_i.
Number of used parameters SD_i, RD_i, ADDR_i
Data block
size

SFB/FB

1

2

3

4

240 (S7-300)

PUT/GET/
USEND

160

-

-

-

240 (S7-300
via integrated
interface)

PUT

212

-

-

-

GET

222

-

-

-

USEND

212

-

-

-

PUT

212

196

180

164

GET

222

218

214

210

USEND

212

-

-

-

240 (S7-400)

480

960

21-4

PUT

452

436

420

404

GET

462

458

454

450

USEND

452

448

444

440

PUT

932

916

900

884

GET

942

938

934

930

USEND

932

928

924

920

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

S7 Communication

21.2

Startup Routine of SFBs for Configured S7
Connections

Requirements
In the following description for S7-400, it is assumed that:
• The connection descriptions (SDBs) exist on the modules.
• The configured connections have been established.
• The actual parameter for the ID matches the configured connection ID for each
SFB.

Warm Restart and Cold Restart
During a warm and a cold restart all SFBs are set to the NO_INIT status. The
actual parameters stored in the instance DBs are not changed.

Warm Restart and Cold Restart with SFBs for Bilateral Data Exchange
In general, the two modules with SFBs for bilateral data exchange do not both go
through a warm or cold restart simultaneously. The reaction of the SFB is governed
by the rules below:
The receive blocks (SFBs URCV, BRCV) react as follows:
• If the SFB has received a job but has not acknowledged this job at the time of
the warm or cold restart, it generates a sequence abort frame (CFB, BRCV) and
then immediately branches to the NO_INIT status.
• With SFB BRCV, it is possible that another data segment will be received
despite having sent the sequence abort. This will be discarded locally.
• SFB URCV changes to the NO_INIT status immediately.
The send blocks (SFBs USEND, BSEND) react as follows:
• If SFB BSEND has started a job sequence that has not yet been completed, it
sends a sequence abort when the warm or cold restart is initiated. It then
branches to the NO_INIT status immediately afterwards. An acknowledgement
that arrives at a later time is discarded locally.
• If SFB BSEND has already sent or received a sequence abort when the warm
or cold restart is requested, it changes immediately to the NO_INIT status.
• In all other cases and whenever the SFB sends only messages (for example,
SFB USEND), local processing is aborted and the SFB immediately branches to
the NO_INIT status.
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Warm Restart and Cold Restart with SFBs for Unilateral Data Exchange
It is assumed that the server on the communication partner is operational after the
connections have been established, in other words that it can process jobs or
output messages at any time.
SFBs that send out jobs and expect acknowledgements react to a complete restart
as follows:
The current processing is aborted and the CFB branches to the NO_INIT status
immediately afterwards. If an acknowledgement for the job sent prior to the warm
or cold restart arrives later, it is discarded locally.
A new job may have been sent before the acknowledgement of the earlier job is
received.
SFBs that output or receive messages react as follows:
• The current processing is aborted and the CFB branches to the NO_INIT status
immediately afterwards.
• With SFB USTATUS, messages that arrive during the NO_INIT and DISABLED
statuses are discarded locally.

Reaction to a Hot Restart
The SFBs for S7 communication are set to the NO_INIT status only during a warm
or cold restart. This means that they react like user function blocks that can be
resumed following a hot restart.

Reaction to a Memory Reset
A memory reset always causes all connections to be terminated. Since a warm or
cold restart is the only possible startup type for the user program after a memory
reset, all SFBs for S7 communications (if they still exist) are set to the NO_INIT
status and initialized. Partner blocks in a module whose memory was not reset
change to the IDLE, ENABLED or DISABLED statuses as a reaction to the
connection being terminated.

21-6
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21.3

How SFBs React to Problems
The following section describes how SFBs for S7 communication in S7-400 react to
problems.

Connection Terminated
The connections allocated to the SFB instances are monitored.
If a connection is terminated, the reaction of the SFB depends on its internal status.
If the break down of the connection is detected while the block is in the IDLE or
ENABLED status, the SFB reacts as follows:
• It branches to the ERROR status and outputs the error ID "Communication
problems" at the ERROR and STATUS output parameters.
• When it is next called, the block returns to its original status and checks the
connection again.
A communication SFB that is not in the IDLE or DISABLED statuses reacts as
follows:
• It aborts processing, changes to the ERROR status immediately or at the next
block call and outputs the error ID "Communication problems" at the ERROR
and STATUS output parameters.
• When it is next called, the block changes to the IDLE, DISABLED or ENABLED
status. In the IDLE and ENABLED status the connection is checked again.
This procedure will also be executed if the connection has again been set up in the
meantime.

Power Down
A power down with battery backup followed by a restart causes all established
connections to be terminated. The points made above therefore apply to all blocks
involved.
If there is a power down with battery backup followed by an automatic warm or cold
restart, the points made about terminated connections and warm or cold restarts
apply.
In the special case of an automatic warm or cold restart without battery backup,
where a memory reset is executed automatically after power returns, the SFBs for
S7 communications react as described in the section "Startup Routine of the SFBs
For S7 Communications."

Reaction to Operating Mode Changes
If the operating mode changes between the STOP, START, RUN, and HOLD
statuses, the communication SFB remains in its current status (exception: during a
warm or cold restart, it changes to the NO_INIT status). This applies both to SFBs
for unilateral as well as SFBs for bilateral communication.
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Error Interface to the User Program
If an error occurs during the processing of a communication SFB, it always
changes to the ERROR status. At the same time the ERROR output parameter is
set to 1 and the corresponding error ID is entered in the STATUS output
parameter. You can evaluate this error information in your program.
Examples of possible errors:
• Error when collecting send data.
• Error when copying receive data into the receive areas (for example, attempting
to access a DB that does not exist).
• The length of the data area sent does not match the length of the receive area
specified in the partner SFB.

21-8
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21.4

Uncoordinated Sending of Data with SFB 8/FB 8
"USEND"

Description
SFB/FB 8 "USEND" sends data to a remote partner SFB/FB of the type "URCV".
The send process is carried out without coordination with the SFB/FB partner. This
means that the data transfer is carried out without acknowledgement by the partner
SFB/FB.
S7-300: The data is sent on a rising edge at REQ. The parameters R_ID, ID and
SD_1 are transferred on each rising edge at REQ. After a job has been completed,
you can assign new values to the R_ID, ID and SD_1 parameters.
S7-400: The data is sent on a rising edge at control input REQ. The data to be sent
is referenced by the parameters SD_1 to SD_4 but not all four send parameters
need to be used.

You must, however, make sure that the areas defined by the parameters SD_1 to
SD_4/SD_1 and RD_1 to RD_4/RD_1 (at the corresponding partner SFB/FB
"URCV") agree in:
• Number
• Length and
• Data type.
The parameter R_ID must be identical at both SFBs.
Successful completion of the transmission is indicated by the status parameter
DONE having the logical value 1.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,

Control parameter request, activates the
data exchange at a rising edge

ID

INPUT

WORD

M, D, constant

Addressing parameter ID, refer to
Common Parameters of the
Communication SFCs

R_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Addressing parameter R_ID, refer to
Common Parameters of the
Communication SFCs

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter:
0: Job not started or still running
1: Job has been executed error-free
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Parameter

Declaration Data Type

Memory Area

Description

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

S7-300:

IN_OUT

ANY

M, D, T, Z

SD_1
S7-400:

I, Q, M, D, T, C

SD_i
(1≤ i ≤4)

Pointer to the i-th send data area.
Only the following data types are
permissibleBOOL (not allowed: Bit field),
BYTE, CHAR, WORD, INT, DWORD,
DINT, REAL, DATE, TOD, TIME,
S5TIME, DATE_AND_TIME,
COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the
DB must always be specified (for
example: P# DB10.DBX5.0 Byte 10).

Error Information
ERROR

STATUS
(Decimal)

Explanation

0

11

Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

0

25

Communication has started. The job is being processed.

1

1

Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

-

Maximum number to parallel jobs/instances exceeded

1

4

Error in the send data area pointers SD_i involving data length or data type.

1

10

Access to the local user memory is not possible (for example, access to a
deleted DB)

1

12

21-10

When the SFB was called

•

An instance DB was specified that does not belong to SFB "USEND"

•

No instance DB was specified, but rather a global DB.

•

No instance DB found (loading new instance DB from PG).
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ERROR

STATUS
(Decimal)

Explanation

1

18

•
•

R_ID exists already in the connection ID.
Additional for S7-300:

1

1

20

27

The instances were overloaded at CPU RUN (STOP-RUN transition of
the CPU or CP required.)

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

•

S7-300:

-

Maximum number of parallel jobs/instances exceeded

-

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

-

Possible when first called

There is no function code in the CPU for this block.

Data Consistency
S7-300: To ensure data consistency, you can only write to the send area SD_1
again after the current send operation is complete. This is the case when the value
of the status parameter DONE changes to 1.
S7-400 and S7-300 via an integrated interface: When a send operation is activated
(rising edge at REQ) the data to be sent from the send area SD_i are copied from
the user program. After the block call, you can write to these areas without
corrupting the current send data.

Note
The send operation is only complete when the DONE status parameter has the
value 1.
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21.5

Uncoordinated Receiving of Data with SFB/FB 9
"URCV"

Description
SFB/FB 9 "URCV" receives data asynchronously from a remote partner SFB/FB of
the type "USEND" and copies them into the configured receive ranges.
The block is ready to receive then there is a logical 1 at the EN_R input. An active
job can be cancelled with EN_R=0.
S7-300: The parameters R_ID, ID and RD_1 are applied with every positive edge
on EN_R. After a job has been completed, you can assign new values to the R_ID,
ID and RD_1 parameters.
S7-400: The receive data areas are referenced by the parameters RD_1 to RD_4.
You must, however, make sure that the areas defined by the parameters
RD_i/RD_1 and SD_i/SD_1 (at the corresponding partner SFB/FB "USEND") agree
in:
• Number
• Length and
• Data type.
Successful completion of the copying process indicated at the NDR state
parameter by a logical 1.
The parameter R_ID must be identical at both SFBs/FBs.
Parameter

Declaration Data Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L,
constant

The enabled to receive control
parameter signalizes that the unit is
ready to receive when the input is set

ID

INPUT

WORD

M, D, constant

Addressing parameter ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication

R_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Addressing parameter R_ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication

NDR

OUTPUT

BOOL

I, Q, M, D, L

NDR status parameter:

21-12

0:

Job not started or still running

1:

Job has been executed error-free
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Parameter

Declaration Data Type

Memory Area

Description

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

S7-300:

IN_OUT

ANY

M, D, T, Z

RD_1
S7-400:

I, Q, M, D, T, Z

RD_i
(1≤ i ≤4)

Pointer to the i-th receive data area:
Only the following data types are
permissible: BOOL (not allowed: Bit
field), BYTE, CHAR, WORD, INT,
DWORD, DINT, REAL, DATE, TOD,
TIME, S5TIME, DATE_AND_TIME,
COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the
DB must always be specified (for
example: p# DB10.DBX5.0 Byte 10)

Error Information
ERROR

STATUS
(Decimal)

Explanation

0

9

Overrun warning: older received data are overwritten by newer received data.

0

11

Warning: The receive data are now being processed in a priority class having
lower priority.

0

25

Communication has started. The job is being processed.

1

1

Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

•

Additional for S7-300:

-

Maximum number of parallel jobs/instances exceeded

1

4

Errors in the receive area pointers RD_i involving the data length or the data
type.

1

10

Access to the local user memory not possible (for example, access to a deleted
DB)

1

12

When the CFB was called

•

An instance DB was specified that does not belong to SFB "URCV"

•

No instance DB was specified, but rather a global DB

•

No instance DB was found (loading a new instance DB from the PG).
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ERROR

STATUS
(Decimal)

Explanation

1

18

•
•

R_ID already exists in the connection ID.
Additional for S7-300:

-

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

1

19

The corresponding SFB/FB "USEND" is sending data faster than the SFB/FB
"URCV" can copy them to the receive areas ."

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

•

S7-300:

1

27

-

Maximum number of parallel jobs/instances
exceeded

-

The instances were overloaded at CPU-RUN
(STOP-RUN transition of the CPU or CP required.)

-

Possible when first called

There is no function code in the CPU for this block.

Data Consistency
The data are received consistently if you remember the following points:
• S7-300: After the status parameter NDR has changed to the value 1, you must
immediately call FB 9 "URCV" again with the value 0 at EN_R. This ensures
that the receive area is not overwritten before you have evaluated it.
• Evaluate the receive area (RD_1) completely before you call the block with the
value 1 at control input EN_R).
S7-400: After the status parameter NDR has changed to the value 1, there are new
receive data in your receive areas (RD_i). A new block call may cause these data
to be overwritten with new receive data. If you want to prevent this, you must call
SFB 9 "URCV" (such as with cyclic block processing) with the value 0 at EN_R
until you have finished processing the receive data.

21-14

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

S7 Communication

21.6

Sending Segmented Data with SFB/FB 12 "BSEND"

Description
SFB/FB 12 "BSEND" sends data to a remote partner SFB/FB of the type "BRCV".
With this type of data transfer, more data can be transported between the
communications partners than is possible with all other communication SFBs/FBs
for configured S7 connections:
• 32768 bytes for S7-300 via SIMATIC-Net CPs
• 65534 bytes for S7-400 and S7-300 via an integrated interface
The data area to be transmitted is segmented. Each segment is sent individually to
the partner. The last segment is acknowledged by the partner as it is received,
independently of the calling up of the corresponding SFB/FB "BRCV".
S7-300: The send job is activated on a rising edge at REQ. The parameters R_ID,
ID, SD_1 and LEN are transferred on each positive edge at REQ. After a job has
been completed, you can assign new values to the R_ID, ID, SD_1 and LEN
parameters. For the transmission of segmented data the block must be called
periodically in the user program.
The start address and the maximum length of the data to be sent are specified by
SD_1. You can determine the job-specific length of the data field with LEN.
S7-400 and S7-300 via an integrated interface: The send job is activated after
calling the block and when there is a rising edge at the control input REQ. Sending
the data from the user memory is carried out asynchronously to the processing of
the user program.
The start address and the maximum length of the data to be sent are specified by
SD_1. You can determine the job-specific length of the data field with LEN. In this
case, LEN replaces the length section of SD_1.
The parameter R_ID must be identical at the two corresponding SFBs/FBs.
If there is a rising edge at control input R, the current data transfer is canceled.
Successful completion of the transfer is indicated by the status parameter DONE
having the value 1.
A new send job cannot be processed until the previous send process has been
completed if the status parameter DONE or ERROR have the value 1.
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Due to the asynchronous data transmission, a new transmission can only be
initiated if the previous data have been retrieved by the call of the partner SFB/FB.
Until the data are retrieved, the status value 7 (see below) will be given when the
SFB/FB "BSEND" is called.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
data exchange at a rising edge.

R

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter reset, activates an
abort at a rising edge while data are still
being exchanged.

ID

INPUT

WORD

M, D, constant

Addressing parameter ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication

R_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Addressing parameter R_ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication
With a connection via the CP 441 to S5
or auxiliary devices, R_ID contains the
address information of the remote
device. For further information, refer to
the description of the CP 441.

DONE

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

DONE status parameter:
0:

Job not started or still running

1:

Job has been executed error-free

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

SD_1

IN_OUT

ANY

S7-300: M, D

Pointer to the send area.

S7-400: I, Q, M, Only the following data types are
D, T, Z
permissible: BOOL (not allowed: Bit
field), BYTE, CHAR, WORD, INT,
DWORD, DINT, REAL, DATE, TOD,
TIME, S5TIME, DATE_AND_TIME,
COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the
DB must always be specified (for
example: p# DB10.DBX5.0 Byte 10).
LEN

21-16

IN_OUT

WORD

I, Q, M, D, L

Length of the data field to be sent in
bytes.
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Error Information
The following table contains all the error information specific to SFB/FB 12 that can
be output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

0

25

1

1

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

Communication has started. The job is being processed.
Communication problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

•

Additional for S7-300:

-

Maximum number of parallel jobs/instances exceeded

1

2

Negative acknowledgement from the partner SFB/FB. The function cannot
be executed.

1

3

R_ID is unknown on the connection specified by the ID or the receive block
has not yet been called.

1

4

Error in the send area pointer SD_1 involving the data length or the data
type or the value 0 was transferred with LEN.

1

5

Reset request was executed.

1

6

Partner SFB/FB is in the DISABLED state (EN_R has the value 0). Also
check the input parameters of the BRCV block for consistency with the
BSEND block.

1

7

Partner SFB/FB is in the wrong state.
The receive block was not called again after the last data transmission.

1

8

Access to remote object in the user memory was rejected: The target area
for the corresponding SFB/FB 13 "BRCV" is too small.
The corresponding SFB/FB 13 "BRCV" reports ERROR = 1, STATUS = 4 or
ERROR = 1, STATUS = 10.

1

10

1

12

1

18

Access to the local user memory not possible (for example, access to a
deleted DB).
When the SFB was called

•

An instance DB was specified that does not belong to SFB 12

•

No instance DB was specified, but rather a global DB.

•

No instance DB found (loading a new instance DB from the PG).

•

R_ID already exists in the connection ID.

•

Additional for S7-300:

-

The instances were overloaded at CPU-RUN (STOP-RUN transition
of the CPU or CP required.)
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ERROR

STATUS
(Decimal)

Explanation

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work
memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures
that change the work memory are not possible during an update.

•

S7-300:

1

27

-

Maximum number of parallel jobs/instances exceeded

-

The instances were overloaded at CPU-RUN (STOP-RUN transition
of the CPU or CP required.)

-

Possible when first called

-

Memory bottleneck in CP

There is no function code in the CPU for this block.

Data Consistency
To ensure data consistency, you can only write to the currently used send area
SD_i again after the current send operation is complete. This is the case when the
value of the status parameter DONE changes to 1.
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21.7

Receiving Segmented Data with SFB/FB 13 "BRCV"

Description
SFB/FB 13 "BRCV" receives data from a remote partner SFB/FB of the type
"BSEND". After each received data segment an acknowledgement is sent to the
partner SFB/FB and the LEN parameter is updated.
After it has been called and the value 1 is applied at the control input EN_R, the
block is ready to receive data. An active job can be cancelled with EN_R=0.
The start address and the maximum length of the receive area is specified by
RD_1. The length of the received data field is indicated in LEN.
S7-300: The parameters R_ID, ID and RD_1 are applied with every positive edge
on EN_R. After a job has been completed, you can assign new values to the R_ID,
ID and RD_1 parameters. For the transmission of segmented data the block must
be called periodically in the user program.
S7-400 and S7-300 via an integrated interface: Receipt of the data from the user
memory is carried out asynchronously to the processing of the user program.
The parameter R_ID must be identical at the two corresponding SFBs/FBs.
Error free reception of all the data segments is indicated by the status parameter
NDR having the value 1. The received data remain unchanged until SFB/FB 13 is
called again with EN_R=1.
If the block is called during asynchronous reception of data, this leads to a warning
being output in the STATUS parameter; if the call is made when the value 0 is
applied to control input EN_R, reception is terminated and the SFB/FB returns to its
initial state.
Parameter

Declaration Data Type

Memory Area Description

EN_R

INPUT

BOOL

I, Q, M, D, L,
constant

ID

INPUT

WORD

M, D, constant Addressing parameter ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication

R_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Control parameter enabled to receive,
signalizes that the unit is ready to receive
when the input is set.

Addressing parameter R_ID, refer to
Common Parameters of the SFBs/FBs
and SFCs/FCs for S7 Communication
With a connection via the CP 441 to S5 or
auxiliary devices, R_ID contains the
address information of the remote device.
For further information, refer to the
description of the CP 441.

NDR

OUTPUT

BOOL

I, Q, M, D, L

NDR status parameter:
0:
1:

Job has not been started or still active
Job was completed successfully.
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Parameter

Declaration Data Type

Memory Area Description

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

RD_1

IN_OUT

ANY

S7-300: M, D
S7-400: I, Q,
M, D, T, C

Pointer to the receive area. The length
information specifies the maximum length
of the block to be received.
Only the following data types are
permissible:BOOL (not allowed: Bit field),
BYTE, CHAR, WORD, INT, DWORD,
DINT, REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME, COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the DB
must always be specified (for example: P#
DB10.DBX5.0 Byte 10).
LEN

21-20

IN_OUT

WORD

I, Q, M, D, L

Length of the data already received in
bytes.
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Error Information
The following table contains all the error information specific to SFB/FB 13 that can
be output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

Explanation

0

11

Warning: The receive data are now being processed in a priority class having
lower priority.

0

17

Warning: block receiving data asynchronously. The LEN parameter shows the
amount of data already received in bytes.

1

1

Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

•

Additional for S7-300:

-

Maximum number of parallel jobs/instances exceeded

1

2

Function cannot be executed (protocol error).

1

4

Error in the receive area pointer RD_1 regarding the data length or data type.
The sent data field is longer than the receive area.

1

5

Reset request received, incomplete transfer.

1

8

Access error in the corresponding SFB/FB 12 "BSEND". After the last valid data
segment has been sent, ERROR = 1 and STATUS = 4 or ERROR = 1 and
STATUS = 10 is reported.

1

10

Access to the local user memory not possible (for example, access to a deleted
DB).

1

12

When the SFB was called

1

18

•

An instance DB was specified that does not belong to SFB 13

•

No instance DB was specified, but rather a global DB.

•

No instance DB found (loading a new instance DB from the PG).

•

R_ID already exists in the connection ID.

•

Additional for S7-300:

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

•

1

27

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

S7-300:

-

Maximum number of parallel jobs/instances exceeded

-

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

-

Possible when first called

-

Memory bottleneck in CP

There is no function code in the CPU for this block.
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Data Consistency
The data are received consistently if you remember the following point:
• Evaluate the last used receive areas (RD_1) completely before you call the
block again with the value 1 at control input EN_R).

Special Case for Receiving Data (S7-400 only)
If a receiving CPU with a BRCV block ready to accept data (that is, a call with
EN_R = 1 has already been made) goes into STOP mode before the
corresponding send block has sent the first data segment for the job, the following
will occur:
• The data in the first job after the receiving CPU has gone into STOP mode are
fully entered in the receive area.
• The partner SFB "BSEND" receives a positive acknowledgement.
• Any additional BSEND jobs can no longer be accepted by a receiving CPU in
STOP mode.
• As long as the CPU remains in STOP mode, both NDR and LEN have the value
0.
To prevent information about the received data from being lost, you must perform a
hot restart of the receiving CPU and call SFB 13 "BRCV" with EN_R = 1.

21-22
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21.8

Writing Data to a Remote CPU with SFB/FB 15 "PUT"

Description
With SFB/FB 15 "PUT," you can write data to a remote CPU.
S7-300: The data is sent on a rising edge at REQ. The parameters ID, ADDR_1
and SD_1 are transferred on each rising edge at REQ. After a job has been
completed, you can assign new values to the ID, ADDR_1 and SD_1 parameters.
S7-400: The SFB is started on a rising edge at control input REQ. In the process
the pointers to the areas to be written (ADDR_i) and the data (SD_i) are sent to the
partner CPU.
The remote partner saves the required data under the addresses supplied with the
data and returns an execution acknowledgement.
Ensure that the areas defined with the parameters ADDR_i and SD_i match in
terms of number, length, and data type.
If no errors occur, this is indicated at the next SFB/FB call with the status
parameter DONE having the value 1.
The write job can only be activated again after the last job is completed.
The remote CPU can be in the RUN or STOP mode.
Errors and warnings are output via ERROR and STATUS if access problems
occurred while the data were being written or if the execution check results in an
error.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
data exchange at a rising edge.

ID

INPUT

WORD

M, D, constant

Addressing parameter ID,
refer to Common Parameters of the
SFBs/FBs and SFCs/FCs for S7
Communication

DONE

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

DONE status parameter:
0:

Job not started or still running

1:

Job has been executed error-free

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.
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Parameter Declaration Data Type

Memory Area

Description

S7-300:

M, D

Pointers to the areas on the partner CPU in
which the data is to be written.

IN_OUT

ANY

ADDR_1
S7-400:

I, Q, M, D, T, C

ADDR_i
(1≤ i ≤4)
S7-300:

IN_OUT

ANY

S7-300: M, D

SD_1

S7-400 I, Q, M,
D, T, C

S7-400:

Pointers to the areas on the local CPU
which contain the data to be sent.
Only the following data types are
permissible:
BOOL (not allowed: Bit field), BYTE, CHAR,
WORD, INT, DWORD, DINT, REAL,
COUNTER, TIMER..

SD_i
(1≤ i ≤4)

Note:
If the ANY pointer accesses a DB, the DB
must always be specified (for example: P#
DB10.DBX5.0 Byte 10).

Error Information
The following table contains all the error information specific to SFB/FB 15 that can
be output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

0

25

1

1

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

Communication has started. The job is being processed.
Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

•

Additional for S7-300:

-

Maximum number of parallel jobs/instances exceeded

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

4

Errors in the send area pointers SD_i involving the data length or the data type.

1

8

Access error on the partner CPU.

1

10

Access to the local user memory not possible (for example, access to a deleted
DB)

1

12

21-24

When the SFB was called,

•

An instance DB was specified that does not belong to SFB 15.

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).
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ERROR

STATUS
(Decimal)

Explanation

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

•

1

27

S7-300:

-

Maximum number of parallel jobs/instances exceeded

-

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

-

Possible when first called

There is no function code in the CPU for this block.

Data Consistency for S7-300
In order to ensure data consistency, send area SD_I may not be used again for
writing until the current send process has been completed. This is the case when
the state parameter DONE has the value 1.

Data Consistency for S7-400 and S7-300 via an integrated interface:
When a send operation is activated (rising edge at REQ) the data to be sent from
the send area SD_i are copied from the user program. After the block call, you can
write to these areas without corrupting the current send data.

Note
The send operation is only complete when the DONE status parameter has the
value 1.
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21.9

Read Data from a Remote CPU with SFB/FB 14 "GET"

Description
You can read data from a remote CPU with SFB/FB 14 "GET".
S7-300: The data is read on a rising edge at REQ. The parameters ID, ADDR_1
and RD_1 are transferred on each rising edge at REQ. After a job has been
completed, you can assign new values to the ID, ADDR_1 and RD_1 parameters.
S7-400: The SFB is started with a rising edge at control input REQ. In the process
the relevant pointers to the areas to be read out (ADDR_i) are sent to the partner
CPU.
The remote partner returns the data.
The received data are copied to the configured receive areas (RD_i) at the next
SFB/FB call.
Ensure that the areas defined with the parameters ADDR_i and RD_i match in
terms of length and data type.
The completion of the job is indicated by a 1 at the status parameter NDR.
The read job can only be activated again after the previous job has been
completed.
The remote CPU can be in the operating state RUN or STOP.
Errors and warnings are output via ERROR and STATUS if access problems
occurred while the data were being read or if the data type check results in an
error.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
data exchange at a rising edge.

ID

INPUT

WORD

IM, D, constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

NDR

OUTPUT

BOOL

I, Q, M, D, L

NDR status parameter:

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

0:

Job not started or still active.

1:

Job successfully completed.

ERROR and STATUS state parameters,
error display:
ERROR=0
STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information.
ERROR=1
An error occurred. STATUS gives you
detailed information on the type of
error.
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Parameter

Declaration Data Type

S7-300:

IN_OUT

ANY

Memory Area

Description

S7-300:

Pointers to the areas on the partner CPU
that are to be read.

ADDR_1

M, D

S7-400:

S7-400:

ADDR_i

I, Q, M, D, T, C

(1≤ i ≤4)
S7-300:

IN_OUT

ANY

RD_1

S7-300:
M, D

S7-400:

S7-400:

RD_i

I, Q, M, D, T, C

(1≤ i ≤4)

Pointers to the areas on the local CPU in
which the read data are entered.
Only the following data types are
permissible:
BOOL (not allowed: Bit field), BYTE, CHAR,
WORD, INT, DWORD, DINT, REAL,
COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the DB
must always be specified (for example:
P# DB10.DBX5.0 Byte 10).

Error Information
The following table contains all the error information specific to SFB/FB 14 that can
be output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

0

25

1

1

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

Communication has started. The job is being processed.
Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example: cable, CPU off, CP in STOP mode)

•

Connection to partner not yet established

•

Additional for S7-300:

-

Maximum number of parallel jobs/instances exceeded

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

4

Errors in the receive area pointers RD_i involving the data length or the data
type.

1

8

Access error on the partner CPU.

1

10

Access to the local user memory not possible (for example, access to a
deleted DB)

1

12

When the SFB was called,

•

An instance DB was specified that does not belong to SFB 14.

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).
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ERROR

STATUS
(Decimal)

Explanation

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

•

1

27

S7-300:

-

Maximum number of parallel jobs/instances exceeded

-

The instances were overloaded at CPU-RUN (STOP-RUN transition of
the CPU or CP required.)

-

Possible when first called

There is no function code in the CPU for this block.

Data Consistency
The data are received in a consistent state if the following point is observed:
Evaluate the part of the receive area RD_i currently being used completely before
initiating another job.
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21.10

Sending Data to a Printer with SFB 16 "PRINT"

Description
SFB 16 "PRINT" sends data and a formatting instruction to a remote printer, for
example, via the CP 441.
When there is a rising edge at control input REQ, the format description (FORMAT)
and the data (SD_i) are sent to the printer selected with ID and PRN_NR.
If you do not use all four send areas, you must make sure that the first area is
described by the SD_1 parameter, the second area (if it exists) by the SD_2
parameter, the third area (if it exists) by SD_3.
Successful execution of the job is indicated by the DONE status parameter, errors
are indicated by the ERROR and STATUS parameters.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
data exchange at a rising edge.

ID

INPUT

WORD

M, D,
constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication.

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter:
0: Job not started or still running
1: Job has been executed error-free

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATE

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

PRN_NR

IN_OUT

BYTE

I, Q, M, D, L

FORMAT

IN_OUT

STRING

I, Q, M, D, L

Format description

SD_i

IN_OUT

ANY

M, D, T, C

Pointer to the "i-th" send data area.

(1<i<4)

Printer number

Only the following data types are
permissible: BOOL (not allowed: bit field),
BYTE, CHAR, WORD, INT, DWORD, DINT,
REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME, COUNTER, TIMER.

Note:
If the ANY pointer accesses a DB, the DB
must always be specified (for example: p#
DB10.DBX5.0 Byte 10).
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In_out Parameter FORMAT
The FORMAT character string contains printable characters and format elements.
It has the following structure:

Characters

Conversion instruction

Control instruction

For each send area to be printed (SD_1 to SD_4) there must be one conversion
instruction in FORMAT. The conversion instructions are applied to the send areas
(SD_i) in the order in which they are formulated. Characters and instructions can
follow each other in any order.
• Characters
The following characters are permitted:
-

All printable characters

-

$$ (Dollar character), $' (single inverted comma),$L and $l (line feed), $P
and $p (page), $R and $r (carriage return), $T and $t (tabulator)

%

Flags

Width

.

Precision

Representation

Syntax Diagram of a Conversion Instruction
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Element of a
Conversion Instruction

Meaning

Flags

•

None:

right-justified output

•

-:

left-justified output

•

None:

output in standard representation

•

n:

exactly n characters are output. If the output is rightjustified, this may be preceded by blanks, with leftjustified output the blanks come after the characters.

Width

Precision

The precision is only relevant for representations A, D, F and R (see
following table).

Representation

•

None:

output in standard representation

•

0:

no output of the decimal point or decimal places in
the F and R representations

•

n:

-

with F and R: output of the decimal point and
n decimal places

-

with A and D (date): number of digits for the year:
possible values 2 and 4.

The following table contains:

•

The possible representations

•

The data types possible for each representation

•

The standard format for each representation(the printout is in the
standard representation if no width and no precision are specified in the
FORMAT parameter) and their maximum length

The following table shows possible modes of representation in the conversion
instruction of the FORMAT parameter.
Representation Possible Data
Types

Example

Length

Comments

A, a

25.07.1996

10

-

CHAR

K

1

-

BYTE

M

1

WORD

KL

2

DWORD

KLMN

4

ARRAY of CHAR

KLMNOP

Number of characters

1996-07-25

10

-

0.345678

8

-

DATE
DWORD

C, c

ARRAY of BYTE
D, d

DATE
DWORD

F, f

REAL
DWORD

H, h

All data types incl.
ARRAY of BYTE

Depending on data
type

Depending on data
type

Hexadecimal
representation

I, i

INT

- 32 768

max. 6

-
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Representation Possible Data
Types

Example

Length

Comments

WORD

- 2 147 483 648

max. 11

N, n

WORD

Text output

-

The corresponding
send area SD_i
contains a
reference (number)
to a text to be
printed. The text is
on the module (for
example, CP 441)
that creates a
printable string. If
no text is found
under the specified
number, ****** is
output.

R, r

REAL

0.12E-04

8

-

DWORD
S, s

STRING

Text output

-

T, t

TIME

2d_3h_10m_5s_
250ms

max. 21

BYTE

255

max. 3

WORD

65 535

max. 5

DWORD

4 294 967 295

max. 10

BOOL

1

1

BYTE

101 ..

8

WORD

101 ..

16

DWORD

101 ..

32

TIME_OF_DAY
(TOD)

15:38:59.874

12

If an error occurs,

****** is output.

DWORD
U, u

X, x

Z, z

-

-

-

At the points in this table at which a maximum length is specified for the
representation, the actual length can of course be shorter.

Note
With the data types C and S, the following points depend on the printer being used:
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•

which characters can be printed

•

what the printer prints for non-printable characters, unless the printer driver
has a conversion table for these characters.
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• Control Instruction
Using the control instruction you can do the following:

\

-

Print the characters % and \

-

Change the printer settings.

Print the % character
Print the \ character
Turn on
Turn off

%
\

Bold
face
-

b
B

Narrow
print

c
C

Wide
print

e
E

Italics

i
I

Small capitals

k
K

Under
score

u
U

Syntax Diagram of the Control Instruction
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If you attempt to disable, for example, a font that is not enabled or execute a
function that the printer does not recognize, the control instruction is ignored. The
following table contains the errors that may occur with the FORMAT in/out
parameter.
Error

Printer Output

Conversion instruction cannot be executed

* characters are output according to the (maximum)
length of the default representation or the specified
width.
Specified width too small
In the representations A, C, D, N, S, T, and Z, as
many characters are printed as specified by the
selected width. With all other representations, *
characters are printed across the specified width.
Too many conversion instructions
The conversion instructions for which there is no
send area pointer SD_i are ignored.
Too few conversion instructions
Send areas for which there is no conversion
instruction are not printed out.
Undefined or unsupported conversion instructions ****** is printed out.
Incomplete conversion instruction
****** is printed out.
Undefined or unsupported control instructions
Control instructions that do not comply with the
Syntax shown in the figure above are ignored.

Error Information
The following table contains all the error information specific to SFB 16 "PRINT"
that can be printed out using the ERROR and STATUS parameters.
ERROR

STATUS
(Decimal)

Explanation

0

11

0
1

25
1

1
1
1

2
3
4

1
1
1

6
7
10

1
1

13
20

Warning:
•
New job cannot take effect since previous job is not yet completed.
•
The job is now being processed in a priority class having lower priority.
Communication has started. The job is being processed.
Communication problems, for example
•
Connection description not loaded (local or remote)
•
Connection interrupted (for example, cable, CPU off, CP in STOP mode)
Negative acknowledgment from printer. The function cannot be executed.
PRN_NR is unknown on the communication link specified by the ID.
Error in the FORMAT in/out parameter or in the send area pointers SD_i in
terms of the data length or data type.
The remote printer is OFFLINE.
The remote printer is not in the correct status (for example, paper out).
Access to the local user memory not possible (for example, access to a deleted
DB).
Error in the FORMAT in/out parameter
•
S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.
•
H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.
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Number of Transferable Data
The amount of data that can be transferred to a remote printer must not exceed a
maximum length.
This maximum data length is calculated as follows:
maxleng = 420 - format
Format is the current length of the FORMAT parameter in bytes. The data to be
printed can be distributed on one or more send areas.

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

21-35

S7 Communication

21.11

Initiating a Warm or Cold Restart on a Remote Device
with SFB 19 "START"

Description
If there is a rising edge at control input REQ, SFB 19 "START," this activates a
warm or cold restart on the remote device addressed by the ID. If the remote
system is a fault-tolerant system, the effect of the restart request depends on the
parameter PI_NAME: the start request is valid either for exactly one CPU or for all
CPUs of this system. The following conditions must be met if the remote device is a
CPU:
• The CPU must be in the STOP mode.
• The key switch of the CPU must be set to "RUN" or "RUN-P."
Once the warm or cold restart is completed, the device changes to the RUN mode
and sends a positive execution acknowledgement. When the positive
acknowledgement is evaluated, the status parameter DONE is set to 1. If any
errors occur, they are indicated by the status parameters ERROR and STATUS.
A further warm or cold restart can only be activated in the same remote device
after the last complete restart is completed.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
SFB at a rising edge

ID

INPUT

WORD

I, Q, M, D,
constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

DONE

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

DONE status parameter:
0:

Job not started or still running

1:

Job has been executed error-free

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.
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Parameter Declaration Data Type

Memory Area

Description

PI_NAME

I, Q, M, D, T, C

Pointer to the memory area in which the
name of the program (ASCII code) to be
started is located. This name must not
contain more than 32 characters.

IN_OUT

ANY

With an S7 PLC, it must be P_PROGRAM.
With an H system, the following names are
possible:

ARG

IN_OUT

ANY

IO_STATE IN_OUT

BYTE

I, Q, M, D, T, C

I, Q, M, D, L

•

P_PROGRAM (the start job is valid for
all CPUs in the H system.)

•

P_PROG_0 (the start job is valid for the
CPU in Rack 0 in the H system.)

•

P_PROG_1 (the start job is valid for the
CPU in Rack 1 in the H system.)

Execution argument.

•

If you do not assign a value to ARG, a
warm restart is run on the remote
device.

•

If you assign the value "C," a cold
restart is run on the remote device (if
the remote device is capable of this
type of startup).

Not currently relevant. Do not assign a
value to this parameter if your
communication partner is an S7
programmable controller.

Error Information
The following table contains all the error information specific to SFB 19 that can be
output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

0

25

1

1

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

Communication has started. The job is being processed.
Communications problems, for example:

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example, cable, CPU off, CP in STOP mode)

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

3

The program name entered for PI_NAME is unknown.

1

4

Error in the pointers PI_NAME or ARG involving the data length or the data
type.

1

7

No complete restart possible on the partner device.

1

10

Access to the local user memory not possible (for example, access to a deleted
DB)
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ERROR

STATUS
(Decimal)

Explanation

1

12

When the SFB was called,

1

21-38

20

•

An instance DB was specified that does not belong to SFB 19

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.
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21.12

Changing a Remote Device to the STOP State with
SFB 20 "STOP"

Description
If there is a rising edge at control input REQ, SFB 20 "STOP," this activates a
change to the STOP mode on the remote device addressed by the ID. The mode
change is possible when the device is in the RUN, HOLD or STARTUP modes.
If the remote system is a fault-tolerant system, the effect of the restart request
depends on the parameter PI_NAME: the start request is valid either for exactly
one CPU or for all CPUs of this system.
Successful execution of the job is indicated by the status parameter DONE having
the value 1. If any errors occur, they are indicated in the status parameters ERROR
and STATUS.
The mode change can only be started again in the same remote device when the
previous SFB 20 call has been completed.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
SFB at a rising edge

ID

INPUT

WORD

I, Q, M, D,
constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter:
0: Job not started or still running
1: Job has been executed error-free

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

PI_NAME

IN_OUT

ANY

I, Q, M, D

Pointer to the memory area in which the
name of the program (ASCII code) to be
started is located. This name must not
contain more than 32 characters.
With an S7 PLC, it must be P_PROGRAM.
With an H system, the following names are
possible:

•

P_PROGRAM (the start job is valid for
all CPUs in the H system.)

•

P_PROG_0 (the start job is valid for the
CPU in Rack 0 in the H system.)

•

P_PROG_1 (the start job is valid for the
CPU in Rack 1 in the H system.)

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

21-39

S7 Communication

Parameter

Declaration Data Type

Memory Area Description

IO_STATE

IN_OUT

I, Q, M, D, L

BYTE

Not currently relevant. Do not assign a
value to this parameter if your
communication partner is an S7
programmable controller.

Error Information
The following table contains all the error information specific to SFB 20 that can be
output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

0

25

Communication has started. The job is being processed.

1

1

Communications problems, for example

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example, cable, CPU off, CP in STOP mode)

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

3

The program name entered for PI_NAME is unknown.

1

4

Error in the pointer PI_NAME involving the data length or the data type.

1

7

The partner device is already in the STOP state.

1

10

Access to the local user memory not possible (for example, access to a deleted
DB)

1

12

When the SFB was called,

1

21.13

20

•

An instance DB was specified that does not belong to SFB 20

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.

Initiating a Hot Restart on a Remote Device with
SFB 21 "RESUME"

Description
If there is a rising edge at control input REQ, SFB 21 "RESUME" activates a hot
restart on the remote device selected with the ID.
The following conditions must be met if the remote device is a CPU:
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• The CPU must be in the STOP mode.
• The key switch of the CPU must be set to "RUN" or "RUN-P."
• When you created the configuration with STEP 7, you allowed for a manual hot
restart.
• There must be no condition preventing a hot restart.
Once the hot restart has been completed, the device changes to the RUN mode
and sends a positive execution acknowledgement. When the positive
acknowledgement is evaluated, the status parameter DONE is set to 1. Any errors
that occurred are indicated in the status parameters ERROR and STATUS.
A restart can only be activated again in the same remote device after the previous
hot restart has been completed.
Parameter Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L

ID

INPUT

WORD

DONE

OUTPUT

BOOL

ERROR
STATUS

OUTPUT
OUTPUT

BOOL
WORD

PI_NAME

IN_OUT

ANY

ARG

IN_OUT

ANY

IO_STATE IN_OUT

BYTE

Control parameter request, activates the SFB
at a rising edge
I, Q, M, D,
Addressing parameter ID, refer to Common
constant
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication
I, Q, M, D, L
DONE status parameter:
0: Job not started or still running
1: Job has been executed error-free
I, Q, M, D, L
ERROR and STATUS state parameters, error
display:
I, Q, M, D, L
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information
ERROR=1
There is an error. STATUS supplies
detailed information on the type of error.
I, Q, M, D
Pointer to memory area in which the name of
the program (ASCII code) to be started is
located. This name must not contain more
than 32 characters. With an S7 PLC, it must
be P_PROGRAM.
I, Q, M, D, T, C Execution argument. Not currently relevant.
Do not assign a value to this parameter if
your communication partner is an S7
programmable controller.
I, Q, M, D, L
Not currently relevant. Do not assign a value
to this parameter if your communication
partner is an S7 programmable controller.
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Error Information
The following table contains all the error information specific to SFB 21 that can be
output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

0

11

Explanation
Warning:

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

0

25

Communication has started. The job is being processed.

1

1

•

Communications problems, for example, connection description not loaded
(local or remote)

•

Connection interrupted (for example, cable, CPU off, CP in STOP mode)

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

3

The program name entered in PI_NAME is unknown.

1

4

Error in the pointers PI_NAME or ARG involving the data length or the data
type.

1

7

Hot restart not possible

1

10

Access to the local user memory not possible (for example, access to a deleted
DB)

1

12

When the SFB was called,

1
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•

An instance DB was specified that does not belong to SFB 21

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.
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21.14

Querying the Status of a Remote Partner with SFB 22
"STATUS"

Description
Using SFB 22 "STATUS," you can query the status of a remote communications
partner.
If there is a rising edge at control input REQ, a job is sent to the remote partner.
The reply is evaluated to determine whether problems have occurred. If no errors
occurred, the received status is copied to the variables PHYS, LOG and LOCAL
with the next SFB call. The completion of this job is indicated by the status
parameter NDR having the value 1.
You can only query the status of the same communications partner again after the
last query is completed.
Parameter Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter request, activates the
SFB at a rising edge

ID

INPUT

WORD

I, Q, M, D,
constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

NDR

OUTPUT

BOOL

I, Q, M, D, L

NDR status parameter:
0: Job not started or still running
1: Job has been executed error-free

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

PHYS

IN_OUT

ANY

I, Q, M, D

Physical status (minimum length: one
byte).
Possible values:

LOG

IN_OUT

ANY

I, Q, M, D

•

10H functioning

•

13H service required

Logical status (minimum length: one byte).
Possible value:

•
LOCAL

IN_OUT

ANY

I, Q, M, D

00H status change permitted

Status if the partner device is an S7 CPU
(minimum length: two bytes)
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In/Out Parameter LOCAL
If the communications partner is an S7 CPU, the in/out parameter LOCAL contains
its current status. The first byte is reserved, the second byte contains an ID for the
status.
Operating Mode

Corresponding Identifier

STOP

00H

Warm restart

01H

RUN

02H

Hot restart

03H

HOLD

04H

Cold restart

06H

RUN_R

09H

LINK-UP

0BH

UPDATE

0CH

Error Information
The following table contains all the error information specific to SFB 22 that can be
output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

Explanation

0

11

Warning:

0

25

1

1

•

New job cannot take effect since previous job is not yet completed.

•

The job is now being processed in a priority class having lower priority.

Communication has started. The job is being processed.
Communications problems, for example

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example, cable, CPU off, CP in STOP mode)

1

2

Negative acknowledgement from the partner device. The function cannot be
executed.

1

4

Error in PHYS, LOG or LOCAL involving the data length or data type.

1

8

Access to a remote object was rejected.

1

10

Access to a local user memory not possible (for example, access to a deleted
DB).

1

12

When the SFB was called,

1
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•

An instance DB was specified that does not belong to SFB 22

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.
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21.15

Receiving the Status Change of a Remote Device with
SFB 23 "USTATUS"

Description
SFB 23 "USTATUS" receives the device status change of a remote communication
partner. The partner sends its status unsolicited when a change occurs if this is
configured in STEP 7.
If the value 1 is applied to the control input EN_R when the CFB is called and there
is a frame from the partner, the status information is entered in the variables PHYS,
LOG and LOCAL the next time the SFB is called. Completion of this job is indicated
by the status parameter NDR having the value 1.
The transfer of the operating status messages must be enabled on the connection
used by USTATUS.
Note
You can only use one instance of SFB 23 per connection.
Parameter Declaration Data Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L

The enabled to receive control parameter
signalizes that the unit is ready to receive
when the input is set.

ID

INPUT

WORD

I, Q, M, D,
constant

Addressing parameter ID, refer to Common
Parameters of the SFBs/FBs and SFCs/FCs
for S7 Communication

NDR

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

STATUS

OUTPUT

WORD

I, Q, M, D, L

NDR status parameter:
0:

Job not started or still running

1:

Job has been executed error-free

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

PHYS

IN_OUT

ANY

I, Q, M, D

Physical status (minimum length: one
byte).
Possible values:

LOG

IN_OUT

ANY

I, Q, M, D

•

10H functional

•

13H service required

Logical status (minimum length: one byte)
Possible value:

•
LOCAL

IN_OUT

ANY

I, Q, M, D

00H status change permitted

Status if the partner device is an S7 CPU
(minimum length: one byte)
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In/Out Parameter LOCAL
If the communications partner is an S7 CPU, the in/out parameter LOCAL contains
its current status. The first byte is reserved, the second byte contains an ID for the
status.
Operating Mode

Corresponding Identifier

STOP

00H

Warm restart

01H

RUN

02H

Hot restart

03H

HOLD

04H

Cold restart

06H

RUN (H system status: redundant)

09H

LINK-UP

0BH

UPDATE

0CH

Error Information
The following table contains all the error information specific to SFB 23 that can be
output with the parameters ERROR and STATUS.
ERROR

STATUS
(Decimal)

Explanation

0

9

Overrun warning: an older device status has been overwritten by a more recent
device status.

0

11

Warning: The receive data are now being processed in a priority class having
lower priority.

0

25

Communication has started. The job is being processed.

1

1

Communications problems, for example

•

Connection description not loaded (local or remote)

•

Connection interrupted (for example, cable, CPU off, CP in STOP mode)

1

4

Error in PHYS, LOG or LOCAL involving the data length or data type.

1

10

Access to a local user memory not possible (for example, access to a deleted
DB).

1

12

When the SFB was called,

•

An instance DB was specified that does not belong to SFB 23

•

No instance DB was specified, but rather a shared DB.

•

No instance DB found (loading a new instance DB from the PG).

1

18

There is already an instance for SFB 23 "USTATUS" for the connection
identified by ID.

1

19

The remote CPU sends a data faster than it can be accepted in the user
program by the SFB.

1

20

•

S7-400: Not enough work memory available. If there is still enough total
work memory available, then the solution is to compress the work memory.

•

H system: a first call of SFB is not possible during an update since the
communication buffer in the work memory is being created. Measures that
change the work memory are not possible during an update.
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21.16

Querying the Status of the Connection Belonging to an
SFB Instance with SFC 62 "CONTROL"

Description
With SFC 62 "CONTROL," you can query for S7-400 the status of a connection
belonging to a local communication SFB instance.
After calling the system function with the value 1 at control input EN_R, the current
status of the connection belonging to the communication SFB instance selected
with I_DB is queried.
Parameter

Declaration Data Type

Memory Area Description

EN_R

INPUT

BOOL

I, Q, M, D, L,
constant

The enabled to receive control parameter
signalizes that the unit is ready to receive
when the input is set.

I_DB

INPUT

BLOCK_DB

I, Q, M, D, L,
constant

Number of the instance DB

OFFSET

INPUT

WORD

I, Q, M, D, L,
constant

Number of the data record in the multiple
instance DB (if no multiple instance DB
exists, 0 must be entered here).

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

ERROR and STATUS state parameters,
error display:
ERROR=0 and STATUS has the value:
0000H: neither warning nor error
<> 0000H: Warning, STATUS supplies
detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

I_TYP

OUTPUT

BYTE

I, Q, M, D, L

Identifier for the block type belonging to the
selected instance

I_STATE

OUTPUT

BYTE

I, Q, M, D, L

•

= 0: The corresponding SFB instance
has not been called since the last
cold/warm restart or loading.

•

<> 0: The corresponding SFB instance
has been called at least once since the
last cold/warm restart or loading.

I_CONN

I_STATUS

OUTPUT

OUTPUT

BOOL

WORD

I, Q, M, D, L

I, Q, M, D, L

Status of the corresponding connection,
possible values:

•

0: Connection down or not
established

•

1: Connection exists

Status parameter STATUS of the queried
communication SFB instance
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Output Parameter I_TYP
The following table lists the different SFB types and the corresponding identifiers
SFB Type

Identifier (W#16#...)

USEND

00

URCV

01

BSEND

04

BRCV

05

GET

06

PUT

07

PRINT

08

START

0B

STOP

0C

RESUME

0D

STATUS

0E

USTATUS

0F

ALARM

15

ALARM_8

16

ALARM_8P

17

NOTIFY

18

AR_SEND

19

NOTIFY_8P

1A

(no SFB exists; I_DB or OFFSET wrong)

FF

Error Information
The output parameter RET_VAL can have the following two values with SFC 62
"CONTROL":
• 0000H: no error occurred during execution of the SFC.
• 8000H: an error occurred during execution of the SFC.
Note
Even if the value 0000H is indicated in the output parameter RET_VAL, the output
parameters ERROR and STATUS should be evaluated.
ERROR

STATUS
(Decimal)

Explanation

1

10

Access to local user memory is not possible (for example, a memory byte was
specified as the actual parameter for I_TYP and this memory byte does not exist
in the CPU being used).

1

12

21-48

For the number specified with I_DB,

•

There is no instance DB, but rather a shared DB,

•

There is no DB, or the instance has been destroyed.
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21.17

Querying the Connection Status with FC 62
"C_CNTRL"

Description
Query a connection status for S7-300 with FC 62 "C_CNTRL".
The current status of the communication that has been determined via ID is
queried after the system function has been called with value 1 at the control input
EN_R.
Parameters

Declaration

Data
Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L, const.

Control parameter enabled to receive,
signals ready to receive if the input is set.

ID

INPUT

WORD

M, D, const.

Addressing parameter ID, see Common
Parameters of the SFBs/FBs and
SFCs/FCs for S7 Communication

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

Status parameter ERROR and STATUS,
Error display:
ERROR=0 and STATUS have the
values:
0000H: Neither warning nor error
<> 0000H: Warning, STATUS
supplies detailed information.
ERROR=1
There is an error. STATUS supplies
detailed information on the type of
error.

C_CONN

OUTPUT

BOOL

I, Q, M, D, L

Status of the corresponding connection.
Possible values:

C_STATUS

OUTPUT

WORD

I, Q, M, D, L

•

0: The connection was dropped or it
is not up.

•

1: The connection is up.

Connection status:

•

W#16#0000: Connection is not
established

•

W#16#0001: Connection is being
established

•

W#16#0002: Connection is
established

•

W#16#000F: No data on connection
status available (such as at CP
startup)

•

W#16#00FF: Connection is not
configured
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Error Information
The output parameter RET_VAL can assume the following values at FC 62
"C_CNTRL":
• 0000H: No error when FC was executed.
• 8000H: Error when FC was executed.

Note
The output parameters ERROR and STATUS are to be evaluated regardless of the
output parameter RET_VAL showing the value 0000H.

ERROR

STATUS (Decimal)

Description

1

10

CP access error. Another job is currently running. Repeat job later.

1

27

There is no function code in the CPU for this block.

21-50
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21.18

Work Memory Requirements of the S7 Communication
SFBs/FBs
To function smoothly, the S7 communication SFBs/FBs require a temporary
memory area within the CPU work memory dependent on the user data (code
area). The size of the occupied memory is shown in the following table:

Block inS7-300

Required Memory in the Working Memory in Bytes

FB 8

USEND

Block: 4583 bytes, Instance: 368 bytes

FB 9

URCV

Block: 4880 bytes, Instance: 370 bytes

FB 12

BSEND

Block: 5284 bytes, Instance: 372 bytes

FB 13

BRCV

Block: 5258 bytes, Instance: 374 bytes

FB 14

GET

Block: 4888 bytes, Instance: 336 bytes

FB 15

PUT

Block: 4736 bytes, Instance: 384 bytes

FC 62

C_CNTRL

Block: 546 bytes

Note on Interruption Behavior
In, S7-300, SIMATIC_NET communication blocks may only be called in one priority
class.

Block in S7-400

Required Memory in the Working Memory in Bytes

SFB 8/

USEND/

SFB 9

URCV

68 + Length of the indicated user data when first called up from SD_1,...
SD_4/RD_1,... RD_4

SFB 12/

BSEND/

54

SFB 13

BRCV

SFB 14

GET

88 + Length of the indicated user data when first called up from RD_1,...
RD_4

SFB 15

PUT

108 + Length of the indicated user data when first called up from SD_1,...
SD_4

SFB 16

PRINT

78 + Length specification of FORMAT + Length of the specified user data
when first called up from SD_1,... SD_4

SFB 19

START

52 + Length of the indicated parameter when first called up from
PI_NAME and ARG.

SFB 20

STOP

48 + Length of the indicated parameter when first called up from
PI_NAME.

SFB 21

RESUME

52 + Length of the indicated parameter when first called up from
PI_NAME and ARG.

SFB 22

STATUS

50

SFB 23

USTATUS

50
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Communication SFCs for Non-Configured
S7 Connections

22.1

Common Parameters of the Communication SFCs

Input Parameter REQ
The input parameter REQ (request to activate) is a level-triggered control
parameter. It is used to trigger the job (the data transfer or the connection abort):
• If you call the SFC for a job that is not currently active, you trigger the job with
REQ=1. If there is no connection to the communication partner when the
communication SFC is called the first time, the connection is established before
data transfer begins.
• If you trigger a job and it is not yet completed when you call the SFC again for
the same job, REQ is not evaluated by the SFC.

Input Parameter REQ_ID (only SFC 65 and SFC 66)
The input parameter REQ_ID is used to identify your send data. It is passed by the
operating system of the sending CPU to the SFC 66 "X_RCV" of the CPU of the
communication partner.
You require the REQ_ID parameter on the receiving end
• If you call several SFCs 65 "X_SEND" with different parameters REQ_ID on
one send CPU and transfer the data to a communication partner.
• If you use SFC 65 "X_SEND" to send data to one communication partner from
several send CPUs.
By evaluating REQ_ID you can save the received data in different memory areas.

Output Parameters RET_VAL and BUSY
The communication SFCs are executed asynchronously, this means that the
execution of a job extends over more than one SFC call. The output parameters
RET_VAL and BUSY indicate the status of the job. See also Meaning of the
Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs
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Input Parameter CONT
The input parameter CONT (continue) is a control parameter. Using this parameter,
you decide whether or not a connection to the communication partner remains
established after the job is completed.
• If you select CONT=0 at the first call, the connection is terminated again after
the data transfer is completed. The connection is then available again for data
exchange with a new communication partner.
This method ensures that connection resources are only occupied when they
are actually in use.
• If you select CONT=1 at the first call, the connection remains established on
completion of the data transfer.
This method is, for example, useful when you exchange data cyclically
between two stations.

Note
A connection established with CONT=1 can be terminated explicitly with
SFC 69 "X_ABORT" or with SFC 74 "I_ABORT."

22-2
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22.2

Error Information of the Communication SFCs for
Non-Configured S7 Connections

Error Information
The "real" error information for SFCs 65 to 74 as shown in the table "Specific Error
Information for SFCs 65 to 74" can be classified as follows:
Error Code(W#16# ...)

Explanation

809x

Error on the CPU on which the SFC is executed

80Ax

Permanent communication error

80Bx

Error on the communication partner

80Cx

Temporary error

Specific Error Information for SFCs 65 to 74
Error Code
(W#16# ...)

Explanation (General)

Explanation (for Specific SFC)

0000

Execution completed
without errors.

SFC 69 "X_ABORT" and SFC 74 "I_ABORT": REQ=1, and the
specified connection is not established.
SFC 66 "X_RCV":EN_DT=1 and RD=NIL

00xy

-

SFC 66 "X_RCV" with NDA=1 and RD<>NIL: RET_VAL
contains the length of the received data (with EN_DT=0) or
the length of the data copied to RD (with EN_DT=1).
SFC 67 "X_GET": RET_VAL contains the length of the
received block of data.
SFC 72 "I_GET": RET_VAL contains the length of the received
block of data.

7000

-

SFC 65 "X_SEND," SFC 67 "X_GET,"
SFC 68 "X_PUT," SFC 69 "X_ABORT,"
SFC 72 "I_GET," SFC 73 "I_PUT" and
SFC 74 "I_ABORT": call with REQ = 0
(call without execution), BUSY has the value 0, no data
transfer active.
SFC 66 "X_RCV": EN_DT=0/1 and NDA=0

7001

First call with REQ=1:
data transfer was
triggered; BUSY has the
value 1.

-

7002

Interim call (REQ
irrelevant): data transfer
is already active ; BUSY
has the value 1.

SFC 69 "X_ABORT" and SFC 74 "I_ABORT": Interim call
using
REQ=1
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Error Code
(W#16# ...)

Explanation (General)

Explanation (for Specific SFC)

8090

Specified destination
address of the
communication partner
is invalid, for example:

-

8092

•

Wrong IOID

•

Wrong base address
exists

•

Wrong MPI address
(> 126)

Error in SD or RD, for
example: addressing the
local data area is not
permitted.

SFC 65 "X_SEND," for example

•

illegal length for SD

•

SD=NIL is illegal

SFC 66 "X_RCV," for example

•

More data were received than can fit in the area specified
by RD.

•

RD is of the data type BOOL, the received
data are, however, longer than a byte.

SFC 67 "X_GET" and SFC 72 "I_GET," for example

•

illegal length at RD

•

the length or the data type of RD does not match the
received data.

•

RD=NIL is not permitted.

SFC 68 "X_PUT" and SFC 73 "I_PUT," for example

•

illegal length for SD

•

SD=NIL is illegal

8095

The block is already
being executed in a
lower priority class.

-

80A0

Error in the received
acknowledgment

SFC 68 "X_PUT" and SFC 73 "I_PUT": The data type specified
in the SD of the sending CPU is not supported by the
communication partner.

80A1

Communication
problems: SFC call after
terminating an existing
connection

-

80B0

Object is not obtainable,
for example, DB not
loaded

Possible with SFC 67 "X_GET" and SFC 68 "X_PUT" and
SFC 72 "I_GET" and SFC 73 "I_PUT"

80B1

Error in the
ANY pointer.
The length of the data
area to be sent is
incorrect.

-

22-4
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Error Code
(W#16# ...)

Explanation (General)

Explanation (for Specific SFC)

80B2

Hardware error: module
does not exist

Possible with SFC 67 "X_GET" and SFC 68 "X_PUT" and
SFC 72 "I_GET" and SFC 73 "I_PUT"

•

The configured slot
is
not occupied.

•

Actual module type
does not match
expected type

•

Distributed
peripheral
I/Os not available.

•

No entry for the
module in the
corresponding SDB.

80B3

Data may either only be Possible with SFC 67 "X_GET" and SFC 68 "X_PUT" and
SFC 72 "I_GET" and SFC 73 "I_PUT"
read or only written, for
example, write-protected
DB

80B4

Data type error in the
ANY pointer, or ARRAY
of the specified type not
allowed.

SFC 67 "X_GET" and SFC 68 "X_PUT" and SFC 72 "I_GET"
and SFC 73 "I_PUT": The data type specified in VAR_ADDR is
not supported by the communication partner.

80B5

Execution rejected due
to illegal mode

Possible with SFC 65 "X_SEND"

80B6

The received
acknowledgment
contains an unknown
error code.

-

80B7

Data type and/or length
of the transferred data
does not fit in the area
on the partner CPU to
which it should be
written.

Possible with SFC 68 "X_PUT" and SFC 73 "I_PUT"

80B8

-

SFC 65 "X_SEND":
The SFC 66 "X_RCV" of the communication partner did not
allow data acceptance (RD=NIL).

80B9

-

SFC 65 "X_SEND":
The block of data was identified by the communication partner
(SFC 66 "X_RCV" call with EN_DT=0), it has not yet been
entered in the user program because the partner is in the
STOP mode.

80BA

The response of the
communication partner
does not fit in the
communication frame.

-

80C0

The specified connection is being used by another
job.
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Error Code
(W#16# ...)

Explanation (General)

Explanation (for Specific SFC)

80C1

Lack of resources on the CPU on which the SFC
is executed, for example:
The maximum number of
different send jobs is
already being executed
on the module.
The connection resource
is in use, for example, to
receive data.

80C2

80C3

22-6

Temporary lack of
resources on the
communication partner,
for example:

•

The communication
partner is currently
processing the
maximum number of
jobs.

•

The required
resources, memory,
etc. are being used.

•

Not enough work
memory. (compress
memory).

-

-

Error in connection
establishment, for
example:

•

The local S7 station
is not attached to
the MPI subnet.

•

You have addressed
your own station on
the MPI subnet.

•

The communication
partner is no longer
obtainable.

•

Temporary lack of
resources on the
communication
partner
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22.3

Sending Data to a Communication Partner outside the
Local S7 Station with SFC 65 "X_SEND"

Description
With SFC 65 "X_SEND," you send data to a communication partner outside the
local S7 station.
The data are received on the communication partner using SFC 66 "X_RCV."
The data is sent after calling the SFC with REQ=1.
Make sure that the send area defined by the parameter SD (on the sending CPU)
is smaller than or the same size as the receive area defined by the parameter RD
(on the communication partner). If SD is of the BOOL data type, RD must also be
BOOL.
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate",
refer to Common Parameters of the
Communication SFCs

CONT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "continue", refer to
Common Common Parameters of the
Communication SFCs

DEST_ID

INPUT

WORD

I, Q, M, D, L,
constant

Address parameter "destination ID."
This contains the MPI address of the
communication partner. You configured
this with STEP 7.

REQ_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Job identifier. This is used to identify
the data on the communication partner.

SD

INPUT

ANY

I, Q, M, D

Reference to the send area. The
following data types are allowed:
BOOL, BYTE, CHAR, WORD, INT,
DWORD, DINT, REAL, DATE, TOD,
TIME, S5TIME, DATE_AND_TIMEand
arrays of these
data types except for BOOL.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value
contains the corresponding error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1: Sending is not yet completed.
BUSY=0: Sending is completed or no
send function active.

Data Consistency
The data are sent in a consistent state.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.4

Receiving Data from a Communication Partner outside
the Local S7 Station with SFC 66 "X_RCV"

Description
With SFC 66 "X_RCV," you receive the data sent by one or more communication
partners outside the local S7 station using SFC 65 "X_SEND."
With SFC 66 "X_RCV,"
• You can check whether data have been sent and are waiting to be copied. The
data were entered in an internal queue by the operating system.
• You can copy the oldest block of data from the queue to a selected receive
area.
Parameter Declaration Data Type

Memory Area

Description

EN_DT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "enable data transfer."
With the value 0, you can check whether at
least one block of data is waiting to be
entered in the receive area. The value 1
copies the oldest block of data in the queue
to the area of the work memory specified in
RD.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
the corresponding error code. If no error
occurs, RET_VAL contains the following:

•

W#16#7000 if EN_DT=0/1 and NDA=0.
In this case, there is no data block in
the queue.

•

If EN_DT=0 and NDA=1 the length of
the oldest block of data entered in the
queue as a positive number in bytes.

•

If EN_DT=1 and NDA=1 the length of
the block of data copied to the RD
receive area as a positive number in
bytes.

REQ_ID

OUTPUT

DWORD

I, Q, M, D, L

Job identifier of the SFC "X_SEND" whose
data are first in the queue, in other words
the oldest data in the queue. If there is no
block of data in the queue, REQ_ID has
the value 0.

NDA

OUTPUT

BOOL

I, Q, M, D, L

Status parameter "new data arrived."
NDA=0:

•

There is no block of data in the queue.

NDA=1:

22-8

•

The queue contains at least one block
of data. (SFC 66 call with EN_DT=0).

•

The oldest block of data in the queue
was copied to the user program.
(SFC 66 call with EN_DT=1).

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Communication SFCs for Non-Configured S7 Connections

Parameter Declaration Data Type

Memory Area

Description

RD

I, Q, M, D

Reference to the received data area. The
following data types are allowed: BOOL,
BYTE, CHAR, WORD, INT, DWORD, DINT,
REAL, DATE, TOD, TIME,S5_TIME,
DATE_AND_TIME
and arrays of these data types except for
BOOL.

OUTPUT

ANY

If you want to discard the oldest block of
data in the queue, assign the value NIL to
RD.
The maximum length of the receive area is
76 bytes

Indicating Reception of Data with EN_DT=0
As soon as data from a communication partner arrive, they are entered in the
queue by the operating system in the order in which they are received.
If you want to check whether at least one block of data is in the queue, call SFC 66
with EN_DT=0 and evaluate the output parameter NDA as follows:
• NDA=0 means that the queue does not contain a block of data. REQ_ID is
irrelevant, RET_VAL has the value W#16#7000.
• NDA=1 means that there is at least one block of data in the queue that can be
fetched.
In this case, you should also evaluate the output parameter RET_VAL and, if
applicable, REQ_ID. RET_VAL contains the length of the block of data in
bytes, REQ_ID contains the job identifier of the sending block. If there are
several blocks of data in the queue, REQ_ID and RET_VAL belong to the
oldest block of data in the queue.

"X_RCV"

Querying Data Reception
0

Receive resources

EN_DT REQ_ID
NDA
RD

Data received t2

Queue

Data received t1

t
t1

t2

Data receipt
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Entering Data in the Receive Area with EN_DT=1
When you call SFC 66 "X_RCV" with EN_DT=1, the oldest block of data in the
queue is copied to the area of the work memory specified by RD. RD must be
larger or the same size as the send area of the corresponding SFC 65 "X_SEND"
defined by the SD parameter. If the input parameter SD is of the BOOL data type,
RD must also be the BOOL data type. If you want to enter the received data in
different areas, you can query REQ_ID (SFC call with EN_DT = 0) and select a
suitable RD in the follow-on call (with EN_DT = 1).If no error occurs when the data
are copied, RET_VAL contains the length of the copied block of data in bytes and a
positive acknowledgment is sent to the sender.
Entering Data from the Queue
Queue

Transfer data

X_RCV

1

EN_DT REQ_ID

NDA

RD

Receive area

Data acceptance

Discarding Data
If you do not want to enter the data from the queue, assign the value NIL to RD
(see /232/). In this case, the sender receives a negative acknowledgment
(RET_VAL of the corresponding SFC 65 "X_SEND" has the value W#1680B8).
RET_VAL of the SFC 66 "X_RCV" has the value 0.

Data consistency
After a call with EN_DT=1 and RETVAL=W#16#00xy, the receive area RD
contains new data. These data may be overwritten with a subsequent block call. To
prevent this, do not call SFC 66 "X_RCV" with the same receive area RD until you
have evaluated the received data.

Changing to the STOP Mode
If the CPU changes to the STOP mode
• all newly arriving jobs are acknowledged negatively.
• all jobs that have arrived and are in the queue are acknowledged negatively.
-

If the STOP is followed by a warm or cold restart, the blocks of data are all
discarded.

-

If the STOP is followed by a restart, (not possible on an S7-300 and an
S7-400H) the block of data belonging to the oldest job is entered in the
user program, if the queue was queried before the change to the STOP
mode (by calling SFC 66 "X_RCV" with EN_DT=0). Otherwise it is
discarded.
All other blocks of data are discarded.

22-10
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Connection Abort
If the connection is terminated a job belonging to the connection that is already in
the queue is discarded.
Exception: If this job is the oldest in the queue, and you have already detected its
presence by calling SFC 66 "X_RCV" with EN_DT=0, you can enter it in the
receive area with EN_DT=1.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.5

Writing Data to a Communication Partner outside the
Local S7 Station with SFC 68 "X_PUT"

Description
With SFC 68 "X_PUT," you write data to a communication partner that is not in the
same local S7 station. There is no corresponding SFC on the communication
partner.
The write job is activated after calling the SFC with REQ=1. Following this, you
continue to call the SFC until the acknowledgment is received with BUSY=0.
Make sure that the send area defined with the SD parameter (on the sending CPU)
is the same length as the receive area defined by the VAR_ADDR parameter (on
the communication partner). The data types of SD and VAR_ADDR must also
match.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate,"
s. Common Parameters of the
Communication SFCs

CONT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "continue," see
Control parameters "request to activate", s.
Common Parameters of the Communication
SFCs

DEST_ID

INPUT

WORD

I, Q, M, D, L,
constant

Address parameter "destination ID." This
contains the MPI address of the
communication partner. You configured
this with STEP 7.

VAR_ADDR

INPUT

ANY

I, Q, M, D

Reference to the area on the partner CPU
to which the data will be written. You must
choose a data type that is supported by the
communication partner.

SD

INPUT

ANY

I, Q, M, D

Reference to the area in the local CPU that
contains the data to be sent. The following
data types are allowed: BOOL, BYTE,
CHAR, WORD, INT, DWORD, DINT, REAL,
DATE, TOD, TIME,S5_TIME,
DATE_AND_TIME
and arrays of these types except for
BOOL.
SD must have the same length as the
VAR_ADDR parameter at the
communication partner. The data types of
SD and VAR_ADDR must also match.
The maximum length of the send area is 76
bytes

RET_VAL

OUTPUT

INT

I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
the corresponding error code.
BUSY=1: Sending is not yet completed.
BUSY=0: Sending is completed or no send
function active.
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Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection established by SFC 68
"X_PUT" is terminated. Data can no longer be sent. If the send data have already
been copied to the internal buffer when the CPU changes mode, the contents of
the buffer are discarded.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the data transfer with SFC 68 "X_PUT." The data can also be written with the
partner in the STOP mode.

Data Consistency
The data are sent in a consistent state.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.6

Reading Data from a Communication Partner outside
the Local S7 Station with SFC 67 "X_GET"

Description
With SFC 67 "X_GET," you can read data from a communication partner that is not
in the local S7 station. There is no corresponding SFC on the communication
partner.
The read job is activated after calling the SFC with REQ=1. Following this, you
continue to call the SFC until the data reception is indicated by BUSY=0. RET_VAL
then contains the length of the received block of data in bytes.
Make sure that the receive area defined with the RD parameter (on the receiving
CPU) is at least al long as the area to be read as defined by the VAR_ADDR
parameter (on the communication partner). The data types of RD and VAR_ADDR
must also match.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate,"
see Common Parameters of the
Communication SFCs

CONT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "continue," see
Common Parameters of the Communication
SFCs

DEST_ID

INPUT

WORD

I, Q, M, D, L,
constant

Address parameter "destination ID." This
contains the MPI address of the
communication partner. You configured
this with STEP 7.

VAR_ADDR

INPUT

ANY

I, Q, M, D

Reference to the area on the partner CPU
from which the data will be read. You must
choose a data type that is supported by the
communication partner.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is
being executed, the return value contains
the corresponding error code.
If no error occurs, RET_VAL contains the
length of the block of data copied to the
receive area RD as a positive number of
bytes.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1: Receiving is not yet completed.
BUSY=0: Receiving is completed or there
is no receive job active.
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Parameter

Declaration Data Type

Memory Area Description

RD

OUTPUT

I, Q, M, D

ANY

Reference to the receive area (receive data
area). The following data types are
allowed: BOOL, BYTE, CHAR, WORD, INT,
DWORD, DINT, REAL, DATE, TOD,
TIME,S5_TIME, DATE_AND_TIME
and arrays of these data types except for
BOOL.
The receive area RD must be at least as
long as the data are
read VAR_ADDR at the communication
partner. The data
types of RD and VAR_ADDR must also
match.
The maximum length of the receive area is
76 bytes.

Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection established by SFC 67
"X_GET" is terminated. Whether or not the received data located in a buffer of the
operating system are lost depends on the type of restart performed:
• Following a hot restart (not on the S7-300 and the S7-400H) the data are copied
to the area defined by RD.
• Following a warm or cold restart, the data are discarded.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the data transfer with SFC 67 "X_GET." The data can also be read with the
partner in the STOP mode.

Data Consistency
The data are received in a consistent state.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.7

Aborting an Existing Connection to a Communication
Partner outside the Local S7 Station with SFC 69
"X_ABORT"

Description
With SFC 69 "X_ABORT," you terminate a connection that was established by
SFCs X_SEND, X_GET or X_PUT to a communication partner that is not in the
same local S7 station. If the job belonging to X_SEND, X_GET or X_PUT is
completed (BUSY = 0), the connection resources used at both ends are released
after SFC 69 "X_ABORT" is called. If the job belonging to X_SEND, X_GET or
X_PUT is not yet completed (BUSY = 1), call the relevant SFC again with REQ = 0
and CONT = 0 after the connection has been aborted and then wait for BUSY = 0.
Only then are all the connection resources released again. You can only call SFC
69 "X_ABORT" at the end where the SFCs "X_SEND," "X_PUT" or "X_GET" are
located. The connection abort is activated by calling the SFC with REQ=1.
Parameter Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate," see
Common Parameters of the Communication
SFCs

DEST_ID

INPUT

WORD

I, Q, M, D, L,
constant

Address parameter "destination ID." This
contains the MPI address of the
communication partner. You configured this
with STEP 7.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
executed, the return value contains the
corresponding error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1: The connection abort is not yet
completed.
BUSY=0: the connection abort is completed.

Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection abort started with SFC 69
"X_ABORT" is completed.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the connection abort with SFC 69 "X_ABORT." The connection is terminated.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.8

Writing Data to a Communication Partner within the
Local S7 Station with SFC 73 "I_PUT"

Description
With SFC 73 "I_PUT," you write data to a communication partner that is in the
same local S7 station. The communication partner can be in the central rack, in an
expansion rack or distributed. Make sure that you assign distributed
communication partners to the local CPU with STEP 7. There is no corresponding
SFC on the communication partner.
The send job is activated after calling the SFC with signal level 1 at the REQ
control input.
Make sure that the send area defined with the SD parameter (on the sending CPU)
is the same length as the receive area defined by the VAR_ADDR parameter (on
the communication partner). The data types of SD and VAR_ADDR must also
match.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate," see
Common Parameters of the Communication
SFCs

CONT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "continue," see
Common Parameters of the Communication
SFCs.

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

Identifier of the address range on the partner
module:
B#16#54= Peripheral input (PI)
B#16#55= Peripheral output (PQ)
The identifier of a range belonging to a mixed
module is the lower of the two addresses. If
the addresses are the same, specify
B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the partner module. If it is
a mixed module, specify the lower of the two
addresses.

VAR_ADDR

INPUT

ANY

I, Q, M, D, L

Reference to the area on the communication
partner to which the data will be written.
Choose a data type that is supported by the
communication partner.
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Parameter

Declaration Data Type

Memory Area Description

SD

INPUT

I, Q, M, D

ANY

Reference to the area on the local CPU that
contains the data to be sent. The following
data types are allowed: BOOL, BYTE, CHAR,
WORD, INT, DWORD, DINT, REAL, DATE,
TOD, TIME, S5TIME, DATE_AND_TIME as
well as arrays of these types except for
BOOL.
SD must be the same length as the
parameter VAR_ADDR at the communication
partner. The data types of SD and
VAR_ADDR must also match.
The maximum length of the send area is 94
bytes.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

If an error occurs while the function is being
executed, the return value contains the
corresponding error code.
BUSY=1: Sending is not yet completed.
BUSY=0: Sending is completed or no send
function active.

Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection established by SFC 73
"I_PUT" is terminated. Data can no longer be sent. If the send data have already
been copied to the internal buffer when the CPU changes mode, the contents of
the buffer are discarded.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the data transfer with SFC 73 "I_PUT." The data can also be written with the
partner in the STOP mode.

Data Consistency
The data are sent in a consistent state.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.9

Reading Data from a Communication Partner within the
Local S7 Station with SFC 72 "I_GET"

Description
With SFC 72 "I_GET," you can read data from a communication partner in the
same local S7 station. The communication partner can be in the central rack, in an
expansion rack or distributed. Make sure that you assign distributed
communication partners to the local CPU with STEP 7. There is no corresponding
SFC on the communication partner.
The receive job is activated after calling the SFC with REQ=1. Following this, you
continue to call the SFC until the data reception is indicated by BUSY=0. RET_VAL
then contains the length of the received block of data in bytes.
Make sure that the receive area defined with the RD parameter (on the receiving
CPU) is at least as long as the area to be read as defined by the VAR_ADDR
parameter (on the communication partner). The data types of RD and VAR_ADDR
must also match.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate," see
Common Parameters of the Communication
SFCs

CONT

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "continue," see
Common Parameters of the Communication
SFCs

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

Identifier of the address range on the partner
module:
B#16#54= Peripheral input (PI)
B#16#55= Peripheral output (PQ)
The identifier of a range belonging to a mixed
module is the lower of the two addresses. If
the addresses are the same, specify
B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the partner module. If it is
a mixed module, specify the lower of the two
addresses.

VAR_ADDR

INPUT

ANY

I, Q, M, D

Reference to the area on the partner CPU
from which the data will be read. Select a
data type supported by the communication
partner.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
executed, the return value contains the
corresponding error code.
If no error occurs, RET_VAL contains the
length of the block of data copied to the
receive area RD as a positive number of
bytes.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1: Receiving is not yet completed.
BUSY=0: Receiving is completed or there is
no receive job active.
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Parameter

Declaration Data Type

Memory Area Description

RD

OUTPUT

I, Q, M, D

ANY

Reference to the receive area (receive data
area). The following data types are allowed:
BOOL, BYTE, CHAR, WORD, INT, DWORD,
DINT, REAL, DATE, TOD, TIME,S5_TIME,
DATE_AND_TIME
as well as arrays of these data types except
for BOOL.
The receive area RD must be at least as long
as the read VAR_ADDR at the
communication partner. The data types of
RD and VAR_ADDR must also match.
The maximum length of the receive area is 94
bytes.

Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection established by SFC 72
"I_GET" is terminated. Whether or not the received data located in a buffer of the
operating system are lost depends on the type of restart performed:
• Following a hot restart (not on the S7-300 and the S7-400H), the data are
copied to the area defined by RD.
• Following a warm or cold restart, the data are discarded.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the data transfer with SFC 72 "I_GET." The data can also be read with the
partner in the STOP mode.

Data Consistency
The data are received in a consistent state.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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22.10

Aborting an Existing Connection to a Communication
Partner within the Local S7 Station with SFC 74
"I_ABORT"

Description
With SFC 74 "I_ABORT," you terminate a connection that was established by SFC
72 "I_GET" or SFC 73 "I_PUT" to a communication partner in the same local S7
station. If the job belonging to I_GET or I_PUT is completed (BUSY = 0), the
connection resources used at both ends are released after SFC 74 "I_ABORT" is
called.
If the job belonging to I_GET or I_PUT is not yet completed (BUSY = 1), call the
relevant SFC again with REQ = 0 and CONT = 0 after the connection has been
aborted and then wait for BUSY = 0. Only then are all the connection resources
released again.
You can only call SFC 74 "I_ABORT" at the end where the SFC "I_PUT" or
"I_GET" is located (in other words at the client end).
The connection abort is activated by calling the SFC with REQ=1.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter "request to activate," see
Common Parameters of the Communication
SFCs.

IOID

INPUT

BYTE

I, Q, M, D, L,
constant

Identifier of the address range on the partner
module:
B#16#54= Peripheral input (PI)
B#16#55= Peripheral output (PQ)
The identifier of a range belonging to a mixed
module is the lower of the two addresses. If
the addresses are the same, specify
B#16#54.

LADDR

INPUT

WORD

I, Q, M, D, L,
constant

Logical address of the partner module. If it is
a mixed module, specify the lower of the two
addresses.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
executed, the return value contains the
corresponding error code.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1: The connection abort is not yet
completed.
BUSY=0: the connection abort is completed.
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Changing to the STOP Mode
If the CPU changes to the STOP mode, the connection abort started with SFC 74
"I_ABORT" is completed.

Communication Partner Changes to the STOP Mode
If the CPU of the communication partner changes to the STOP mode, this does not
affect the connection abort with SFC 74 "I_ABORT." The connection is terminated.

Error Information
See Error Information of the Communication SFCs for Non-Configured S7
Connections and Evaluating Errors with Output Parameter RET_VAL
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Open Communication via Industrial
Ethernet

23.1

Overview

Open Communication via Industrial Ethernet
STEP 7 provides the following FBs and UDTs in the "Standard Library" located
under "Communications Blocks" for exchanging data through the user program
with other Ethernet-capable communications partners:
• Connection-oriented protocols: TCP native as per RFC 793, ISO on TCP as per
RFC 1006:
-

UDT 65 "TCON_PAR" with the data structure for assigning connection
parameters

-

FB 65 "TCON" for establishing a connection

-

FB 66 "TDISCON" for terminating a connection

-

FB 63 "TSEND" for sending data

-

FB 64 "TRCV" for receiving data

• Connectionless protocol: UDP as per RFC 768
-

UDT 65 "TCON_PAR" with the data structure for assigning parameters for
the local communications access point

-

UDT 66 "TCON_ADR" with the data structure for assigning addressing
parameters for the remote partner

-

FB 65 "TCON" for configuring the local communications access point

-

FB 66 "TDISCON" for closing the local communications access point

-

FB 67 "TUSEND" for sending data

-

FB 68 "TURCV" for receiving data
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23.2

Function of FBs for Open Communication via
Industrial Ethernet

Connection-oriented and Connectionless Protocols
The following types of protocols are distinguished in the data communication:
• Connection-oriented protocols:
These establish a logical connection to the communication partner before data
transmission is started. After the data transmission is complete, they then
terminate the connection, if necessary. Connection-oriented protocols are used
for data transmission when reliable, guaranteed delivery is of particular
importance. In general, many logical connections can exist on one physical line.
The following connection-oriented protocols are supported with FBs for open
communication via Industrial Ethernet:
-

TCP/IP native as per RFC 793 (with connection types B#16#01 and
B#16#11)

-

ISO on TCP as per RFC 1006 (with connection type B#16#12)

• Connectionless protocols:
These work without a connection. There is thus no establishment and
termination of a connection with a remote partner. Connectionless protocols
transmit data unacknowledged, with no reliable, guaranteed delivery to the
remote partner.
The following connection-oriented protocols are supported with FBs for open
communication via Industrial Ethernet: UDP as per RFC 768 (with connection
type B#16#13)
How the function blocks actually function depends on the protocol variant being
used. This is discussed in detail in the following section.
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TCP native
During data transmission, no information about the length or about the start and
end of a message is transmitted. This is not a problem during sending because the
sender knows how many data bytes it will be sending. However, the receiver has
no means of detecting where one message ends in the data stream and the next
one begins. For this reason, it is recommended that the LEN parameter of FB 64
"TRCV" (number of bytes to be received) be assigned the same value as the LEN
parameter of FB 63"TSEND" for the communication partner (number of bytes to be
sent).
If you have specified the length of the data to be received (LEN parameter of FB 64
"TRCV") to be greater than the length of the data to be sent, FB 64 "TRCV" will
only copy the received data into the receiver area (DATA parameter ) after the
length specified by the parameter value has been reached. This occurs only after
the data from a following job have been received. Please note that in this case data
from two different send jobs will be located in one and the same receiver area. If
you do not know the exact length of the first message, you will have no way of
detecting the end of the first message or the start of the second one.
If you have specified the length of the data to be received (DATA parameter of
FB 64 "TRCV") to be less than the length of the sent data, FB 64 will copy as many
bytes into the receiver range as you have specified in the LEN parameter. After
this, it will set NDR to TRUE and write RCVD_LEN with the value of LEN. With
each additional call, you will thus receive another block of sent data.

ISO on TCP
During data transmission, information on the length and the end of the message is
also transmitted.
If you have specified the length of the data to be received (LEN parameter of FB 64
"TRCV") to be greater than the length of the data to be sent, FB 64 "TRCV" will
copy the received data completely into the receiver range. After this, it will set NDR
to TRUE and write RCVD_LEN with the length of the sent data.
If you have specified the length of the data to be received (DATA parameter of
FB 64 "TRCV") to be less than the length of the sent data, FB 64 will not copy any
data into the receiver range but instead will supply the following error information:
ERROR=1, STATUS=W#16#8088.
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UDP
Unlike with the TCP native and ISO on TCP protocols, with UDP you do not
establish a connection. In this case, when calling the sending block FB 67
"TUSEND" you have to specify the address parameters of the receiver (IP address
and port number). Similarly, after the conclusion of the receiving block FB 68
"TURCV", you will receive a reference to the address parameters of the sender
(IP address and port number).
In order to be able to use the FBs 67 "TUSEND" and 68 "TURCV", you first have to
call the FB 65 "TCON" on both the sending side and the receiving side. This step is
necessary to configure the local communications access point.
With each new call of FB 67 "TUSEND", you re-reference the remote partner by
specifying its IP address and its port number.
During data transmission, information on the length and the end of the message is
also transmitted.
If you have specified the length of the data to be received (LEN parameter of FB 68
"TURCV") to be greater than the length of the data to be sent, FB 68 "TURCV" will
copy the received data completely into the receiver range. After this, it will set NDR
to TRUE and write RCVD_LEN with the length of the sent data.
If you have specified the length of the data to be received (DATA parameter of
FB 68 "TURCV") to be less than the length of the sent data, FB 68 will not copy
any data into the receiver range but instead will supply the following error
information: ERROR = 1, STATUS = W#16#8088.
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23.3

Assigning Parameters for Communications
Connections with TCP native and ISO on TCP

Data Block for Assigning Parameters
To be able to assign parameters for TCP native and ISO on TSP for
communications connections, create a DB that contains the data structure from the
UDT 65 "TCON_PAR". This data structure contains the parameters necessary for
configuring the connection. You will need such a data structure for every
connection. You can assemble this structure in a global DB.
The CONNECT connection parameter address of FB 65 "TCON" contains a
reference to the associated connection description (e.g. P#DB100.DBX0.0 byte
64).

Structure of the Connection Description (UDT 65)
Byte

Parameter

Data
Type

Start Value Description

0 to 1

block_length

WORD

W#16#40

2 to 3

id

WORD

W#16#0000 Reference to the connection (range of values:
W#16#0001 to W#16#0FFF)
You must specify the value of the parameter in the
respective block with the ID.

4

connection_type

BYTE

B#16#01

5

6

7

8

active_est

local_device_id

local_tsap_id_len

BOOL

BYTE

BYTE

rem_subnet_id_len BYTE

FALSE

B#16#02

B#16#02

B#16#00

Length of UDT 65: 64 Bytes (fixed)

Connection type:

•

B#16#11: TCP/IP native

•

B#16#12: ISO on TCP

•

B#16#01: TCP/IP native (compatibility mode)

ID for the way the connection is established:

•

FALSE: passive establishment

•

TRUE: active establishment

•

B#16#00: communication via CP

•

B#16#02: communication via the integrated IE
interface for CPUs 315-2 PN/DP and 317-2
PN/DP

•

B#16#03: communication via the integrated IE
interface for CPU 319-3 PN/DP

•

No. of the configured IE interface with WinAC
RTX 2005 (possible values: B#16#01 to
B#16#04)

Length of parameter local_tsap_id used; possible
values:

•

0 or 2, if connection type = B#16#01 or
B#16#11
For the active side, only the value B#16#00 is
permitted.

•

2 to 16, if connection type = B#16#12

This parameter is currently not used. You must
assign B#16#00 to it.
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Byte

Parameter

Data
Type

Start Value Description

9

rem_staddr_len

BYTE

B#16#00

10

rem_tsap_id_len

BYTE

B#16#00

11

next_staddr_len

BYTE

12 to
27

local_tsap_id

ARRAY B#16#00 ...
[1..16] of
BYTE

28 to
33

23-6

rem_subnet_id

ARRAY
[1..6] of
BYTE

B#16#00

B#16#00 ...

Length of address for the remote connection
transmission point:

•

0: unspecified, i.e. parameter rem_staddr is
irrelevant.

•

4: valid IP address in the parameter
rem_staddr

Length of parameter local_tsap_id used; possible
values:

•

0 or 2, if connection type = B#16#01 or
B#16#11
For the passive side, only the value B#16#00
is permitted.

•

2 to 16, if connection type = B#16#12

Length of parameter next_staddr used
With connection_type =

•

B#16#11: local port no. (possible values: 2000
to 5000),
local_tsap_id[1] = high byte of port no. in
hexadecimal representation,
local_tsap_id[2] = low byte of port no. in
hexadecimal representation,
local_tsap_id[3-16] = irrelevant

•

B#16#12: local TSAP ID:
local_tsap_id[1] = B#16#E0 (connection type
T-connection),
local_tsap_id[2] = Rack and slot in own CPU
(bits 0 to 4 slot, bits 5 to 7: rack number),
local_tsap_id[3-16] = TSAP extension

•

B#16#01: local port no. (possible values: 2000
to 5000),
local_tsap_id[1] = low byte of port no. (in
hexadecimal representation,
local_tsap_id[2] = high byte of port no. (in
hexadecimal representation,
local_tsap_id[3-16] = irrelevant

•

Note: Make sure that each value of
local_tsap_id that you use in your CPU is
unique.

This parameter is currently not used. You must
assign 0 to it.
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Byte

Parameter

Data
Type

Start Value Description

34 to
39

rem_staddr

ARRAY
[1..6] of
BYTE

B#16#00 ...

40 to
55

56 to
61

62 to
63

rem_tsap_id

next_staddr

spare

With connection_type =

ARRAY B#16#00 ...
[1..16] of
BYTE

ARRAY
[1..6] of
BYTE

WORD

IP address for the remote connection transmission
point:, e.g. 192.168.002.003:

B#16#00 ...

•

B#16#1x:
rem_staddr[1] = B#16#C0 (192),
rem_staddr[2] = B#16#A8 (168),
rem_staddr[3] = B#16#02 (002),
rem_staddr[4] = B#16#03 (003),
rem_staddr[5-6]= irrelevant

•

B#16#01:
rem_staddr[1] = B#16#03 (003),
rem_staddr[2] = B#16#02 (002),
rem_staddr[3] = B#16#A8 (168),
rem_staddr[4] = B#16#C0 (192),
rem_staddr[5-6]= irrelevant

With connection_type =

•

B#16#11: remote port no. (possible values:
2000 to 5000),
rem_tsap_id[1] = high byte of port no. (in
hexadecimal representation,
rem_tsap_id[2] = low byte of port no. (in
hexadecimal representation,
rem_tsap_id[3-16] = irrelevant

•

B#16#12: remote TSAP ID:
rem_tsap_id[1] = B#16#E0 (connection type Tconnection),
rem_tsap_id[2] = Rack and slot for the remote
connection transmission point (CPU) (bits 0 to
4: slot, bits 5 to 7: rack number),
rem_tsap_id[3-16] = TSAP extension

•

B#16#01: remote port no. (possible values:
2000 to 5000),
local_tsap_id[1] = low byte of port no. (in
hexadecimal representation,
local_tsap_id[2] = high byte of port no. (in
hexadecimal representation,
local_tsap_id[3-16] = irrelevant

With local_device_id =

•

B#16#00:
next_staddr[1]: Rack and slot of associated
(local) CP (bits 0 to 4: slot, bits 5 to 7: rack
number)
next_staddr[2-6]: irrelevant

•

B#16#02:
next_staddr[1-6]: irrelevant

W#16#0000 irrelevant
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CPU Dependencies for Connection Types
The following list specifies which connection type you can use for which CPU:
• connection_type=B#16#11 (TCP native): CPUs 31x-2 PN/DP as of firmware
version V2.4, WinAC RTX as of V4.2 (WinAC RTX 2005)
• connection_type=B#16#12 (ISO on TCP): CPUs 31x-2 PN/DP as firmware
version V2.4, S7-400 CPUs (without CPU 414-4H and CPU 417-4H) as of
firmware version V4.1
• connection_type=B#16#01 (TCP native, compatibility mode): all CPUs 31x-2
PN/DP, WinAC RTX as of V4.2 (WinAC RTX 2005)
For information on the number of possible connections, please refer to the
technical data for your CPU.

Establishing a Connection
The establishment of an active connection must be initiated by a communications
partner A. The establishment of a passive connection must be initiated by a
communications partner B. If both communications partners have initiated the
establishment of a connection, the operating system can completely establish a
connection.
In the parameters for the connection, you specify which communications partner
activates the establishment of a connection and which establishes a passive
connection upon request of the communications partner

See also:
Examples of Parameters for Communications Connections

23-8
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23.4

Assigning Parameters for the Local Communications
Access Point with UDP

Data Block for Assigning Parameters for the Local Communications Access
Point
To assign parameters for the local communications access point, create a DB that
contains the data structure from the UDT 65 "TCON_PAR". This data structure
contains the parameters necessary for configuring the connection between the
user program and the communications level of the operating system.
The CONNECT parameter of FB 65 "TCON" contains a reference to the address of
the associated connection description (e.g. P#DB100.DBX0.0 byte 64).

Structure of the Connection Description (UDT 65)
Byte

Parameter

Data
Type

Start Value Description

0 to 1

block_length

WORD

W#16#40

2 to 3

id

WORD

W#16#0000 Reference to this connection between the user
program and the communications level of the
operating system (range of values: W#16#0001 to
W#16#0FFF)
You must specify the value of the parameter in the
respective block with the ID.

4

connection_type

BYTE

B#16#01

Length of UDT 65: 64 Bytes (fixed)

Connection type:

•

B#16#13: UDP

5

active_est

BOOL

FALSE

ID for the way the connection is established: You
must assign FALSE to this parameter since the
communications access point can be used to both
send and receive data.

6

local_device_id

BYTE

B#16#02

•

B#16#02: communication via the integrated IEinterface for CPU 317-2 PN/DP

•

B#16#03: communication via the integrated IEinterface for CPU 319-3 PN/DP

7

local_tsap_id_len

BYTE

B#16#02

Length of parameter local_tsap_id used; possible
value: 2

8

rem_subnet_id_len BYTE

B#16#00

This parameter is currently not used. You must
assign B#16#00 to it.

9

rem_staddr_len

BYTE

B#16#00

This parameter is currently not used. You must
assign B#16#00 to it.

10

rem_tsap_id_len

BYTE

B#16#00

This parameter is currently not used. You must
assign B#16#00 to it.

11

next_staddr_len

BYTE

B#16#00

This parameter is currently not used. You must
assign B#16#00 to it.
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Byte

Parameter

Data
Type

Start Value Description

12 to
27

local_tsap_id

ARRAY B#16#00 ...
[1..16] of
BYTE

•

Local port no. (possible values: 2000 to 5000),
local_tsap_id[1] = high byte of port no. in
hexadecimal representation,
local_tsap_id[2] = low byte of port no. in
hexadecimal representation,
local_tsap_id[3-16] = irrelevant

Note: Make sure that each value of local_tsap_id
that you use in your CPU is unique.
28 to
33

rem_subnet_id

ARRAY
[1..6] of
BYTE

B#16#00 ...

This parameter is currently not used. You must
assign 0 to it.

34 to
39

rem_staddr

ARRAY
[1..6] of
BYTE

B#16#00 ...

This parameter is currently not used. You must
assign 0 to it.

40 to
55

rem_tsap_id

ARRAY B#16#00 ...
[1..16] of
BYTE

This parameter is currently not used. You must
assign 0 to it.

56 to
61

next_staddr

ARRAY
[1..6] of
BYTE

B#16#00 ...

This parameter is currently not used. You must
assign 0 to it.

62 to
63

spare

WORD

W#16#0000 irrelevant

CPU Dependencies for UDP Connection Types
The UDP connection type (connection_type=B#16#13) exists for CPUs 31x-2
PN/DP as of firmware version V2.4.
For information on the number of possible connections between the user program
and the communications level of the operating system, please refer to the technical
data for your CPU.

Configuring the local communications access point
Each communications partner must configure its local communications point
independently of the other partner. This pertains to establishing the connection
between the user program and communications level of the operating system.

See also:
Examples of Parameters for Communications Connections
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23.5

Structure of the Address Information for the Remote
Partner with UDP

Overview
With FB 67 "TUSEND", at the parameter ADDR you transfer the address of the
receiver. This address information must have structure specified below.
With FB 68 "TURCV", in the parameter ADDR you get the address of the sender of
the data that were received. This address information must have structure specified
below.

Data Block for the Address Information of the Remote Partner
You have to create an DB that contains one or more data structures as per UDT 66
"TADDR_PAR".
In parameter ADDR of FB 67 "TUSEND" you transfer and in parameter ADDR of
FB 68 "TURCV" you receive a pointer to the address of the associated remote
partner (e.g. P#DB100.DBX0.0 byte 8).

Structure of the Address Information for the Remote Partner (UDT 66)
Byte

Parameter

Data
Type

Start Value Description

0 to 3

rem_ip_addr

ARRAY
[1..4] of
BYTE

B#16#00 ...

4 to 5

6 to 7

rem_port_nr

spare

ARRAY
[1..2] of
BYTE

ARRAY
[1..2] of
BYTE

B#16#00 ...

B#16#00 ...

IP address of the remote partner, e.g.
192.168.002.003:

•

rem_ip_addr[1] = B#16#C0 (192)

•

rem_ip_addr[2] = B#16#A8 (168)

•

rem_ip_addr[3] = B#16#02 (002)

•

rem_ip_addr[4] = B#16#03 (003)

remote port no. (possible values: 2000 to 5000)

•

rem_port_nr[1] = high byte of port no. in
hexadecimal representation

•

rem_port_nr[2] = low byte of port no. in
hexadecimal representation

irrelevant

See also:
Examples of Parameters for Communications Connections
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23.6

Examples of Parameters for Communications
Connections

Example 1: Two S7-400-CPUs via CP 443-1 Adv.
Both communications partners are two CPUs 414-2 with firmware version V4.1.0.
The communication occurs via two CPs 443-1 Adv. with firmware version V2.2.
The following table shows the most important data for both communications
partners:
Property

Communications Partner A:
CPU 414-2 (FW V4.1.0) with CP
443-1 Adv. (FW V2.2)

Communications Partner B:
CPU 414-2 (FW V4.1.0) with CP
443-1 Adv. (FW V2.2)

Establish connection

Active

Passive

IP address

192.168.4.14

192.168.4.16

Physical address of CPU

Rack 0, Slot 3

Rack 0, Slot 4

Physical address of associated
CP

Rack 0, Slot 6

Rack 1, Slot 8

Local TSAP-ID (Note: the coding
of the actual TSAP to distinguish
the connection occurs as of the
third byte)

0xE0 03 54 43 50 2D 31

0xE0 04 54 43 50 2D 31

The following table shows the parameter entries in the DB relevant for active
establishment of a connection by communications partner A:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#0414

Reference to this connection

connection_type

BYTE

B#16#12

Connection type: ISO on TCP

active_est

BOOL

TRUE

Active connection establishment

local_device_id

BYTE

B#16#00

Communication AS-internal via CP

local_tsap_id_len

BYTE

B#16#07

Length of parameter local_tsap_id
used

rem_staddr_len

BYTE

B#16#04

Length of address for the remote
connection transmission point:

•

4: valid IP address in parameter
rem_staddr

rem_tsap_id_len

BYTE

B#16#07

Length of parameter rem_tsap_id
used

next_staddr_len

BYTE

B#16#01

Length of parameter next_staddr
used

23-12
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Parameter

Data Type

local_tsap_id

ARRAY •
[1..16] of •
BYTE
•

rem_staddr

rem_tsap_id

next_staddr

ARRAY
[1..6] of
BYTE

Value in Example

Local TSAP-ID: 0xE0035443502D31

local_tsap_id[2] = B#16#03
local_tsap_id[3] = B#16#54
(ASCII equivalent of "T")

•

local_tsap_id[4] = B#16#43
(ASCII equivalent of "C")

•

local_tsap_id[5] = B#16#50
(ASCII equivalent of "P")

•

local_tsap_id[6] = B#16#2D
(ASCII equivalent of "-")

•

local_tsap_id[7] = B#16#31
(ASCII equivalent of "1")

•

local_tsap_id[8-16] = irrelevant

"192.168.4.16"

•

rem_staddr[1] = B#16#C0
(192)

•

rem_staddr[2] = B#16#A8
(168)

•

rem_staddr[3] = B#16#04 (4)

•

rem_staddr[4] = B#16#10 (16)

•

rem_staddr[5-6] = irrelevant

ARRAY •
[1..16] of •
BYTE
•

ARRAY
[1..6] of
BYTE

local_tsap_id[1] = B#16#E0

Description

rem_tsap_id[1] = B#16#E0
rem_tsap_id[2] = B#16#04

IP address of the remote connection
transmission point

Remote TSAP-ID:
0xE0045443502D31

rem_tsap_id[3] = B#16#54
(ASCII equivalent of "T")

•

rem_tsap_id[4] = B#16#43
(ASCII equivalent of "C")

•

rem_tsap_id[5] = B#16#50
(ASCII equivalent of "P")

•

rem_tsap_id[6] = B#16#2D
(ASCII equivalent of "-")

•

rem_tsap_id[7] = B#16#31
(ASCII equivalent of "1")

•

rem_tsap_id[8-16] = irrelevant

•

next_staddr[1] = B#16#06

•

next_staddr[2-6] = irrelevant

Rack = 0, slot = 6
(bits 7 to 5: rack no., bits 4 to 0: slot
no.)
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The following table shows the parameter entries in the DB relevant for passive
establishment of a connection by communications partner B:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#0416

Reference to this connection

connection_type

BYTE

B#16#12

Connection type: ISO on TCP

active_est

BOOL

FALSE

Passive connection establishment

local_device_id

BYTE

B#16#00

Communication AS-internal via CP

local_tsap_id_len

BYTE

B#16#07

Length of parameter used
local_tsap_id

rem_staddr_len

BYTE

B#16#04

Length of address for the remote
connection transmission point:

•

4: valid IP address in parameter
rem_staddr

rem_tsap_id_len

BYTE

B#16#07

Length of parameter used
rem_tsap_id

next_staddr_len

BYTE

B#16#01

Length of parameter used
next_staddr

local_tsap_id

ARRAY •
[1..16] of •
BYTE
•

rem_staddr

23-14

ARRAY
[1..6] of
BYTE

local_tsap_id[1] = B#16#E0

Local TSAP-ID: 0xE0045443502D31

local_tsap_id[2] = B#16#04
local_tsap_id[3] = B#16#54
(ASCII equivalent of "T")

•

local_tsap_id[4] = B#16#43
(ASCII equivalent of "C")

•

local_tsap_id[5] = B#16#50
(ASCII equivalent of "P")

•

local_tsap_id[6] = B#16#2D
(ASCII equivalent of "-")

•

local_tsap_id[7] = B#16#31
(ASCII equivalent of "1")

•

local_tsap_id[8-16] = irrelevant

"192.168.4.14"

•

rem_staddr[1] = B#16#C0
(192)

•

rem_staddr[2] = B#16#A8
(168)

•

rem_staddr[3] = B#16#04 (4)

•

rem_staddr[4] = B#16#0E (14)

•

rem_staddr[5-6] = irrelevant

IP address of the remote connection
transmission point
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Parameter

Data Type

rem_tsap_id

ARRAY •
[1..16] of •
BYTE
•

next_staddr

ARRAY
[1..6] of
BYTE

Value in Example
rem_tsap_id[1] = B#16#E0
rem_tsap_id[2] = B#16#03

Description
Remote TSAP-ID:
0xE0035443502D31

rem_tsap_id[3] = B#16#54
(ASCII equivalent of "T")

•

rem_tsap_id[4] = B#16#43
(ASCII equivalent of "C")

•

rem_tsap_id[5] = B#16#50
(ASCII equivalent of "P")

•

rem_tsap_id[6] = B#16#2D
(ASCII equivalent of "-")

•

rem_tsap_id[7] = B#16#31
(ASCII equivalent of "1")

•

rem_tsap_id[8-16] = irrelevant

•

next_staddr[1] = B#16#28

•

next_staddr[2-6] = irrelevant

Rack = 1, lot = 8
(bits 7 to 5: rack no., bits 4 to 0: slot
no.)
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Example 2: Two S7-300 CPUs with integrated PROFINET interface
Both communications partners are two CPUs 319-3 PN/DP with firmware version
V2.4.0. The following table shows the most important data for both communications
partners:
Property

Communications Partner A:
CPU 319-3 PN/DP (FW V2.4.0)

Communications Partner B:
CPU 319-3 PN/DP (FW V2.4.0)

Establish connection

Active

Passive

IP address

192.168.3.142

192.168.3.125

Local port no.

irrelevant

2005

The following table shows the parameter entries in the DB relevant for active
establishment of a connection by communications partner A:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#0014

Reference to this connection

connection_type

BYTE

B#16#11

Connection type: TCP/IP native

active_est

BOOL

TRUE

Active connection establishment

local_device_id

BYTE

B#16#02

Communication via the integrated
Ethernet interface

local_tsap_id_len

BYTE

B#16#00 (only this value is
possible)

Parameter local_tsap_id is not used

rem_staddr_len

BYTE

B#16#04

Length of address for the remote
connection transmission point:

•

4: valid IP address in parameter
rem_staddr

rem_tsap_id_len

BYTE

B#16#02 (only this value is
possible)

Length of parameter rem_tsap_id
used

rem_staddr

ARRAY
[1..6] of
BYTE

"192.168.3.125"

IP address of the remote connection
transmission point

rem_tsap_id

•

rem_staddr[1] = B#16#C0
(192)

•

rem_staddr[2] = B#16#A8
(168)

•

rem_staddr[3] = B#16#03 (3)

•

rem_staddr[4] = B#16#7D
(125)

•

rem_staddr[5-6] = irrelevant

ARRAY "2005"
[1..16] of •
rem_tsap_id[1] = B#16#07
BYTE
•
rem_tsap_id[2] = B#16#D5

•

23-16

Remote port no.: 2005 =
W#16#07D5

rem_tsap_id[3-16] = irrelevant
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The following table shows the parameter entries in the DB relevant for passive
establishment of a connection by communications partner B:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#000F

Reference to this connection

connection_type

BYTE

B#16#11

Connection type: TCP/IP native

active_est

BOOL

FALSE

Passive connection establishment

local_device_id

BYTE

B#16#02

Communication via the integrated
Ethernet interface

local_tsap_id_len

BYTE

B#16#02 (only this value is
possible)

Length of parameter local_tsap_id
used

rem_staddr_len

BYTE

B#16#04

Length of address for the remote
connection transmission point:

•
rem_tsap_id_len

BYTE

B#16#00 (only this value is
possible)

local_tsap_id

ARRAY "2005"
[1..16] of •
local_tsap_id[1] = B#16#07
BYTE
•
local_tsap_id[2] = B#16#D5

rem_staddr

ARRAY
[1..6] of
BYTE

•

4: valid IP address in parameter
rem_staddr

Length of parameter rem_tsap_id
used
Local port no.: 2005 = W#16#07D5

local_tsap_id[3-16] = irrelevant

"192.168.3.142"

•

rem_staddr[1] = B#16#C0
(192)

•

rem_staddr[2] = B#16#A8
(168)

•

rem_staddr[3] = B#16#03 (3)

•

rem_staddr[4] = B#16#8E
(142)

•

rem_staddr[5-6] = irrelevant

IP address of the remote connection
transmission point
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Example 3: Two S7-300 CPUs with integrated PROFINET interface (example for
communication via UDP)
Both communications partners are two CPUs 319-3 PN/DP with firmware version
V2.4.0. The following table shows the most important data for both communications
partners:
Property

Communications Partner A:
CPU 319-3 PN/DP (FW V2.4.0)

Communications Partner B:
CPU 319-3 PN/DP (FW V2.4.0)

Sender/receiver

Sender

Receiver

IP address

192.168.3.142

192.168.3.125

Local port no.

2004

2005

The following table shows the parameter entries in the DB relevant for the sender
(communications partner A) for assigning parameters to the local communications
access point:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#0014

Reference to this connection
between the application program and
the communication level of the
operating system.

connection_type

BYTE

B#16#13

Connection type: UDP

active_est

BOOL

FALSE

Only this value can be used with the
connection type UDP.

local_device_id

BYTE

B#16#03

Communication via the integrated
Ethernet interface

local_tsap_id_len

BYTE

B#16#02

Length of local_tsap_id parameter
used

local_tsap_id

ARRAY •
[1..16] of •
BYTE
•

23-18

local_tsap_id[1] = B#16#07
local_tsap_id[2] = B#16#D4

Remote port no.: 2004 =
W#16#07D4

local_tsap_id[3-16] = irrelevant
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The following table shows the parameter entries in the DB relevant for the receiver
(communications partner B) for assigning parameters to the local communications
access point:
Parameter

Data Type

Value in Example

Description

id

WORD

W#16#000F

Reference to this connection
between the application program and
the communication level of the
operating system.

connection_type

BYTE

B#16#13

Connection type: UDP

active_est

BOOL

FALSE

Only this value can be used with the
connection type UDP.

local_device_id

BYTE

B#16#03

Communication via the integrated
Ethernet interface

local_tsap_id_len

BYTE

B#16#02

Length of parameter local_tsap_id
used

local_tsap_id

ARRAY •
[1..16] of •
BYTE
•

local_tsap_id[1] = B#16#07
local_tsap_id[2] = B#16#D5

Remote port no.: 2005 =
W#16#07D5

local_tsap_id[3-16] = irrelevant

When FB 67 "TUSEND" is called at the sender, you transfer the following address
parameters for the receiver to a DB:
Parameter

Data Type

Value in Example

Description

rem_ip_addr

ARRAY
[1..4] of
BYTE

•

rem_ip_addr[1] = B#16#C0
(192)

IP address of the receiver:
192.168.3.125

•

rem_ip_addr[2] = B#16#A8
(168)

•

rem_ip_addr[3] = B#16#3 (3)

•

rem_ip_addr[4] = B#16#7D
(125)

•

rem_port_nr[1] = B#16#07

•

rem_port_nr[2] = B#16#D5

rem_port_nr

ARRAY
[1..2] of
BYTE
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When FB 68 "TURCV" is called at the receiver, you receive the following address
parameters for the sender in the DB:
Parameter

Data Type

Value in Example

Description

rem_ip_addr

ARRAY
[1..4] of
BYTE

•

rem_ip_addr[1] = B#16#C0
(192)

IP address of the sender:
192.168.3.142

•

rem_ip_addr[2] = B#16#A8
(168)

•

rem_ip_addr[3] = B#16#3 (3)

•

rem_ip_addr[4] = B#16#8E
(142)

•

rem_port_nr[1] = B#16#07

•

rem_port_nr[2] = B#16#D4

rem_port_nr

23-20

ARRAY
[1..2] of
BYTE
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23.7

Establishing a Connection with FB 65 "TCON"

Use with TCP native and ISO on TCP
Both communications partners call FB 65 "TCON" to establish the communications
connection. In the parameters you specify which partner is the active
communications transmission point and which is the passive one. For information
on the number of possible connections, please refer to the technical data for your
CPU.
After the connection is established, it is automatically monitored and maintained by
the CPU.
If the connection is interrupted, such as due a line break or due to the remote
communications partner, the active partner attempts to reestablish the connection.
In this case, you do not have to call FB 65 "TCON" again.
An existing connection is terminated when FB 66 "TDISCON" is called or when the
CPU has gone into STOP mode. To reestablish the connection, you will have to
call FB 65 "TCON" again.

Use with UDP
Both communications partner call FB 65 "TCON" in order to configure their local
communications access point. A connection is configured between the user
program and the communications level of the operating system. No connection is
established to the remote partner.
The local access point is used to send and receive UDP message frames.

Function
FB 65 "TCON" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start establishing a connection, call
FB 65 with REQ = 1.
The job status is indicated at the output parameters RET_VAL and BUSY.
STATUS corresponds to the RET_VAL output parameter of asynchronously
functioning SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY
with Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 65 or when the
establishment of the connection is complete.
BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.
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Parameters
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

Control parameter REQUEST, initiates
establishing the connection at rising edge.

ID

INPUT

WORD

M, D, constant

Reference to the connection to be
established to the remote partner or
between the user program and the
communications level of the operating
system. ID must be identical to the
associated parameter ID in the local
connection description.
Range of values: W#16#0001 to
W#16#0FFF

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter:

BUSY
ERROR

OUTPUT
OUTPUT

BOOL
BOOL

I, Q, M, D, L
I, Q, M, D, L

•

0: Job not yet started or still running.

•

1: Job executed without error.

•

BUSY = 1: Job is not yet completed.

•

BUSY = 0: Job is completed.

ERROR status parameter:

•

ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error

STATUS

OUTPUT

WORD

M, D

STATUS status parameter: Error information

CONNECT

IN_OUT

ANY

D

Pointer to the associated connection
description (UDT 65), see Assigning
Parameters for Communications
Connections with TCP native and ISO on
TCP and Assigning Parameters for the Local
Communications Access Point with UDP
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Error Information
ERROR

STATUS
(W#16#...)

Explanation

0

0000

Connection was able to be established

0

7000

Call with REQ=0, establishment of connection not initiated

0

7001

First call with REQ=1, connection being established

0

7002

Follow-on call (REQ irrelevant), connection being established

1

8086

The ID parameter must not have value of zero.

0

8087

Maximal number of connections reached; no additional connection possible

1

809B

The local_device_id in the connection description does not match the target
CPU.

1

80A3

Attempt being made to re-establish an existing connection

1

80A7

Communications error: you have called TDISCON before TCON was complete.
TDISCON must first complexly terminate the connection referenced by the ID.

1

80B3

Inconsistent parameters:

•

Error in the connection description

•

Local port (parameter local_tsap_id)is already present in another
connection description

•

ID in the connection description different from the ID specified as parameter

1

80B4

When using the protocol variant ISO on TCP (connection_type = B#16#12) for
passive establishment of a connection (active_est = FALSE), you violated one
or both of the following conditions: "local_tsap_id_len >= B#16#02" and/or
"local_tsap_id[1] = B#16#E0".

1

80C3

Temporary lack of resources in the CPU.

1

80C4

Temporary communications error:

•

The connection cannot be established at this time.

•

The interface is receiving new parameters.

1

8722

CONNECT parameter: Source area invalid: area does not exist in DB

1

8732

CONNECT parameter: The DB number lies outside the CPU-specific number
range.

1

873A

CONNECT parameter: Access to connection description not possible (e.g. DB
not available)

1

877F

CONNECT parameter: Internal error such as an invalid ANY reference

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Terminating a Connection with FB 66 "TDISCON"
Sending Data via TCP native and ISO on TCP with FB 63 "TSEND"
Receiving Data via TCP native and ISO on TCP with FB 64 "TRCV"
Sending Data via UDP with FB 67 "TUSEND"
Receiving Data via UDP with FB 68 "TURCV"
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23.8

Terminating a Connection with FB 66 "TDISCON"

Use with TCP native and ISO on TCP
FB 66 "TDISCON" terminates a communications connection from the CPU to a
communications partner.

Use with UDP
The FB 66 "TDISCON" closes the local communications access point. The
connection between the user program and the communications level of the
operating system is terminated.

Function
FB 66 "TDISCON" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start terminating a connection, call
FB 66 with REQ = 1.
After FB 66 "TDISCON" has been successfully called, the ID specified for
FB 65"TCON" is no longer valid and thus cannot be used for sending or receiving.
The job status is indicated at the output parameters RET_VAL and BUSY.
STATUS corresponds to the RET_VAL output parameter of asynchronously
functioning SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY
with Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 66 or when the
establishment of the connection is complete.
BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.
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Parameters
Parameter

Declaration Data
Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L

ID

INPUT

WORD

M, D, constant

DONE

OUTPUT

BOOL

I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

M, D

Control parameter REQUEST, initiates
terminating the connection specified by the ID.
Initiation occurs at rising edge.
Reference to the connection to be terminated
to the remote partner or between the user
program and the communications level of the
operating system. ID must be identical to the
associated parameter ID in the local
connection description.
Range of values: W#16#0001 to W#16#0FFF
DONE status parameter:
•
0: Job not yet started or still running.
•
1: Job executed without error.
•
BUSY = 1: Job is not yet completed.
•
BUSY = 0: Job is completed.
ERROR status parameter:
•
ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error
STATUS status parameter: Error information

Error Information
ERROR

STATUS
(W#16#...)

Explanation

0
0
0
0
1
1
1

0000
7000
7001
7002
8086
80A3
80C4

Connection was able to be terminated
First call with REQ=0, termination of connection not initiated
First call with REQ=1, connection being terminated
Follow-on call (REQ irrelevant ), connection being terminated
The ID parameter is not in the permitted address range
Attempt being made to terminate a non-existent connection
Temporary communications error: The interface is receiving new parameters.

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Establishing a Connection with FB 65 "TCON"
Sending Data via TCP native and ISO on TCP with FB 63 "TSEND"
Receiving Data via TCP native and ISO on TCP with FB 64 "TRCV"
Sending Data via UDP with FB 67 "TUSEND"
Receiving Data via UDP with FB 68 "TURCV"
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23.9

Sending Data via TCP native and ISO on TCP with
FB 63 "TSEND"

Description
FB 63 "TSEND" sends data over an existing communications connection.

Function
FB 63 "TSEND" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start sending data, call FB 63 with
REQ = 1.
The job status is indicated at the output parameters BUSY and STATUS. STATUS
corresponds to the RET_VAL output parameter of asynchronously functioning
SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 63 or when the
establishment of the connection is complete.
BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.

Note
Due to the asynchronous function of FB 63 "TSEND", you must keep the data in
the sender area consistent until the DONE parameter or the ERROR parameter
assumes the value TRUE.
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Parameters
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

I, Q, M, D, L

Control parameter REQUEST, initiates the
transmission at rising edge.

BOOL

At the first call with REQ=1, data are
transmitted from the area specified by the
DATA parameter.
ID

INPUT

WORD

M, D, constant

Reference to the connection to be
terminated. ID must be identical to the
associated parameter ID in the local
connection description.
Range of values: W#16#0001 to
W#16#0FFF

LEN

INPUT

INT

I, Q, M, D, L

Number of bytes to be sent with the job
Range of values:

DONE

BUSY

ERROR

OUTPUT

OUTPUT

OUTPUT

BOOL

BOOL

BOOL

I, Q, M, D, L

I, Q, M, D, L

I, Q, M, D, L

•

1 to 1460, if connection type is =
B#16#01

•

1 to 8192, if connection type is =
B#16#11

•

1 to 1452, if connection type is =
B#16#12 and a CP is being used

•

1 to 8192, if connection type is =
B#16#12 and no CP is being used

DONE status parameter:

•

0: Job not yet started or still running.

•

1: Job executed without error.

•

BUSY = 1: Job is not yet completed. A
new job cannot be triggered.

•

BUSY = 0: Job is completed.

ERROR status parameter:

•

ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error

STATUS

OUTPUT

WORD

M, D

STATUS status parameter: Error information

DATA

IN_OUT

ANY

I, M, D

Send area, contains address and length
The address refers to:

•

The process image input table

•

The process image output table

•

A bit memory

•

A data block
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Error Information
ERROR

STATUS
(W#16#...)

Explanation

0

0000

Send job completed without error

0

7000

First call with REQ=0, sending not initiated

0

7001

First call with REQ=1, sending initiated

0

7002

Follow-on call (REQ irrelevant ), job being processed
Note: during this processing the operating system accesses the data in the
DATA send buffer.

1

8085

LEN parameter has the value 0 or is greater than the largest permitted value

1

8086

The ID parameter is not in the permitted address range

0

8088

LEN parameter is larger than the memory area specified in DATA

1

80A1

Communications error:

•

FB 65 "TCON" was not yet called for the specified ID

•

The specified connection is currently being terminated. Transmission over
this connection is not possible.

•

The interface is being reinitialized.

1

80B3

The parameter for the connection type (connection_type parameter in the
connection description) is set to UDP. Please use the FB 67 "TUSEND".

1

80C3

The operating resources (memory) in the CPU are temporarily occupied.

1

80C4

1

Temporary communications error:

•

The connection to the communications partner cannot be established at this
time.

•

The interface is receiving new parameters.

8822

DATA parameter: Source area invalid: area does not exist in DB.

8824

DATA parameter: Range error in ANY pointer

8832

DATA parameter: DB number too large.

1

883A

DATA parameter: Access to send buffer not possible (e.g. due to deleted DB)

1

887F

DATA parameter: Internal error, such as an invalid ANY reference

1

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Establishing a Connection with FB 65 "TCON"
Terminating a Connection with FB 66 "TDISCON"
Receiving Data via TCP native and ISO on TCP with FB 64 "TRCV"
Sending Data via UDP with FB 67 "TUSEND"
Receiving Data via UDP with FB 68 "TURCV"
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23.10

Receiving Data via TCP native and ISO on TCP with
FB 64 "TRCV"

Description
FB 64 "TRCV" receives data over an existing communication connection.
The are two variants available for receiving and processing the data:
• Variant 1: Received data block is processed immediately.
• Variant 2: Received data block is stored in a receive buffer and is only
processed when the buffer is full.
The following table shows the relationships between the connection type is shown
in the following table:
Connection Type

Variant

B#16#01 and
B#16#11

The user can specify the variant.

B#16#12

Variant 2 (fixed)

The following table describes both variants in detail.
Received data ...

Range (of Values)
for LEN

Range (of
Values) for
RCVD_LEN

Description

are available
immediately

0

1 to x

The data go into a buffer whose length x is
specified in the ANY pointer of the receive
buffer (DATA parameter).
After being received, a data block is
immediately available in the receive buffer.
The amount of data received (RCVD_LEN
parameter) can be no greater than the size
specified in the DATA parameter. Receiving
is indicated by NDR = 1.

are stored in the
•
receive buffer. The
data are available as
soon as the
•
configured length is
reached.

11 to 1460, if the Same value
The data go into a buffer whose length is
connection type as in the LEN specified by the LEN parameter. If this
= B#16#01
parameter
specified length is reached, the received
data are made available in the DATA
1 to 8192, if the
parameter (NDR = 1).
connection type
= B#16#11

•

1 to 1452, if the
connection type
= B#16#12 and a
CP is being used

•

1 to 8192, if the
connection type
= B#16#12 and
no CP is being
used
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Function
FB 64 "TRCV" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start receiving data, call FB 64 with
REQ = 1.
The job status is indicated at the output parameters BUSY and STATUS. STATUS
corresponds to the RET_VAL output parameter of asynchronously functioning
SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 64 or when the
receiving process is complete.
BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.

Note
Due to the asynchronous function of FB 64 "TRCV", the data in the receiver area
are only consistent when the NDR parameter assumes the value TRUE.
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Parameters
Parameter

Declaration Data Type Memory Area Description

EN_R

INPUT

BOOL

I, Q, M, D, L

Control parameter enabled to receive: when
EN_R = 1, FB 64 "TRCV" is ready to receive.

ID

INPUT

WORD

M, D,
constant

Reference to the connection to be terminated.
ID must be identical to the associated
parameter ID in the local connection
description.
Range of values: W#16#0001 to W#16#0FFF

LEN

INPUT

INT

I, Q, M, D, L

•

LEN = 0 (ad hoc mode): use implied
length specified in the ANY pointer for
DATA. The received data are made
available immediately when the block is
called. The amount of data received is
available in RCVD_LEN.

•

1 <= LEN <= max: number of bytes to be
received. The amount of data actually
received is available in RCVD_LEN. The
data are available after they have been
completely received. "max" depends on
the connection type: max = 1460 with
connection type B#16#01, max = 8192
with connection type B#16#11, max =
1452 with connection type B#16#12 with
a CP, max = 8192 with connection type
B#16#12 without a CP

NDR

ERROR

BUSY

OUTPUT

OUTPUT

OUTPUT

BOOL

BOOL

BOOL

I, Q, M, D, L

I, Q, M, D, L

I, Q, M, D, L

NDR status parameter:

•

NDR = 0: Job not yet started or still
running.

•

NDR = 1: Job successfully completed

ERROR status parameter:

•

ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error

•

BUSY = 1: Job is not yet completed. A
new job cannot be triggered.

•

BUSY = 0: Job is completed.

STATUS

OUTPUT

WORD

M, D

STATUS status parameter: Error information

RCVD_LEN

OUTPUT

INT

I, Q, M, D, L

Amount of data actually received, in bytes

DATA

IN_OUT

ANY

E, M, D

Receiving area, contains address and length
The address refers to:

•

The process image input table

•

The process image output table

•

A bit memory

•

A data block
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Error Information
ERROR

STATUS
(W#16#...)

Explanation

0

0000

New data were accepted. The current length of the received data is shown in
RCVD_LEN.

0

7000

First call with REQ=0, receiving not initiated

0

7001

Block is ready to receive.

0

7002

Follow-on call, job being processed
Note: during this processing the operating system writes the operating system
data to the DATA receive buffer. For this reason, an error could result in
inconsistent data being in the receive buffer.

1

8085

LEN parameter is greater than the largest permitted value, or you changed the
value of LEN from the one that existed during the first call

1

8086

The ID parameter is not in the permitted address range

0

8088

•

Target buffer (DATA) is too small.

•

The value in LEN is greater than the receiver area specified by DATA.

•

To correct the error if the connection type = B#16#12: increase the size of
the DATA target buffer.

1

80A1

Communications error:

•

FB 65 "TCON" was not yet called for the specified ID

•

The specified connection is currently being terminated. Receiving over this
connection is not possible.

•

The interface is receiving new parameters.

1

80B3

The parameter for the connection type (connection_type parameter in the
connection description) is set to UDP. Please use the FB 68 "TRCV".

1

80C3

The operating resources (memory) in the CPU are temporarily occupied.

1

80C4

Temporary communications error: The connection is currently being terminated.

1
1

8922

DATA parameter: Target area invalid: area does not exist in DB.

8824

DATA parameter: Range error in ANY pointer

8932

DATA parameter: DB number too large.

1

893A

DATA parameter: Access to receive buffer not possible (e.g. due to deleted DB

1

897F

DATA parameter: Internal error, such as an invalid ANY reference

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Establishing a Connection with FB 65 "TCON"
Terminating a Connection with FB 66 "TDISCON"
Sending Data via TCP native and ISO on TCP with FB 63 "TSEND"
Sending Data via UDP with FB 67 "TUSEND"
Receiving Data via UDP with FB 68 "TURCV"
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23.11

Sending Data via UDP with FB 67 "TUSEND"

Description
FB 67 "TUSEND" sends data via UDP to the remote partner specified by the
parameter ADDR.

Note
When sending separate data in sequence to different partners, you only need to
adjust the parameter ADDR when calling FB 67 "TUSEND". It is not necessary to
call FBs 65 "TCON" and 66 "TDISCON" again.

Function
FB 67 "TUSEND" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start sending data, call FB 67 with
REQ = 1.
The job status is indicated at the output parameters BUSY and STATUS. STATUS
corresponds to the RET_VAL output parameter of asynchronously functioning
SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY with
Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 67 or when the
sending process (transmission) is complete.

BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.

Note
Due to the asynchronous function of FB 67 "TUSEND", you must keep the data in
the sender area consistent until the DONE parameter or the ERROR parameter
assumes the value TRUE.
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Parameters
Parameter

Declaration Data Type

Memory Area

Description

REQ

INPUT

I, Q, M, D, L

Control parameter REQUEST, initiates the
transmission at rising edge.

BOOL

At the first call with REQ=1, bytes are
transmitted from the area specified by the
DATA parameter.
ID

INPUT

WORD

M, D, constant

Reference to the associated connection
between the user program and the
communication level of the operating
system. ID must be identical to the
associated parameter ID in the local
connection description.
Range of values: W#16#0001 to
W#16#0FFF

LEN

INPUT

INT

I, Q, M, D, L

Number of bytes to be sent with the job
Range of values: 1 to 1460

DONE

OUTPUT

BOOL

I, Q, M, D, L

BUSY

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter:

•

0: Job not yet started or still running.

•

1: Job executed without error.

•

BUSY = 1: Job is not yet completed. A
new job cannot be triggered.

•

BUSY = 0: Job is completed.

ERROR status parameter:

•

ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error

STATUS

OUTPUT

WORD

M, D

STATUS status parameter: Error information

DATA

IN_OUT

ANY

I, Q, M, D

Sender area, contains address and length
The address refers to:

ADDR

23-34

IN_OUT

ANY

D

•

The process image input table

•

The process image output table

•

A bit memory

•

A data block

Pointer to the address of the receiver (e.g.
P#DB100.DBX0.0 byte 8), see Structure of
the Address Information for the Remote
Partner with UDP
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Error Information
ERROR

STATUS
(W#16#...)

Explanation

0

0000

Send job completed without error

0

7000

First call with REQ=1, sending not initiated

0

7001

First call with REQ=1, sending initiated

0

7002

Follow-on call (REQ irrelevant ), job being processed
Note: during this processing the operating system accesses the data in the
DATA send buffer.

1

8085

LEN parameter has the value 0 or is greater than the largest permitted value

1

8086

The ID parameter is not in the permitted address range

0

8088

LEN parameter is larger than the memory area specified in DATA

1

80A1

Communications error:

•

FB 65 "TCON" was not yet called for the specified ID

•

The specified connection between the user program and the
communication level of the operating system is currently being terminated.
Transmission over this connection is not possible.

•

The interface is being reinitialized (receiving new parameters).

1

80B3

The parameter for the connection type (connection_type parameter in the
connection description) is not set to UDP. Please use the FB 63 "TSEND".

1

80C3

The operating resources (memory) in the CPU are temporarily occupied.

1

80C4

Temporary communications error:

•

The connection between the user program and the communication level of
the operating system cannot be established at this time.

•

The interface is receiving new parameters.

1

8822

DATA parameter: Source area invalid: area does not exist in DB.

1

8824

DATA parameter: Range error in ANY pointer

1

8832

DATA parameter: DB number too large.

1

883A

DATA parameter: Access to send buffer not possible (e.g. due to deleted DB)

1

887F

DATA parameter: Internal error, such as an invalid ANY reference

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Establishing a Connection with FB 65 "TCON"
Terminating a Connection with FB 66 "TDISCON"
Sending Data via TCP native and ISO on TCP with FB 63 "TSEND"
Receiving Data via TCP native and ISO on TCP with FB 64 "TRCV"
Receiving Data via UDP with FB 68 "TURCV"
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23.12

Receiving Data via UDP with FB 68 "TURCV"

Description
FB 68 "TURCV" receives data via UDP. After successful completion of FB 68
"TURCV" the parameter ADDR will show you the address of the remote partner
(the sender).

Function
FB 68 "TURCV" is an asynchronously functioning FB, which means that its
processing extends over several FB calls. To start sending data, call FB 68 with
REQ = 1.
The job status is indicated at the output parameters RET_VAL and BUSY.
STATUS corresponds to the RET_VAL output parameter of asynchronously
functioning SFCs (see also Meaning of the Parameters REQ, RET_VAL and BUSY
with Asynchronous SFCs).
The following table shows the relationships between BUSY, DONE and ERROR.
Using this table, you can determine the current status of FB 68 or when the
receiving process is complete.
BUSY

DONE

ERROR

Description

TRUE

irrelevant

irrelevant

The job is being processed.

FALSE

TRUE

FALSE

The job was completed successfully.

FALSE

FALSE

TRUE

The job was ended with an error. The cause of the error can be
found in the STATUS parameter.

FALSE

FALSE

FALSE

The FB was not assigned a (new) job.

Note
Due to the asynchronous function of FB 68 "TURCV", the data in the receiver area
are only consistent when the NDR parameter assumes the value TRUE.
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Parameters
Parameter

Declaration Data Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L

Control parameter enabled to receive: when
EN_R = 1, FB 68 "TURCV" is ready to
receive.

ID

INPUT

WORD

M, D, constant

Reference to the associated connection
between the user program and the
communication level of the operating
system. ID must be identical to the
associated parameter ID in the local
connection description.
Range of values: W#16#0001 to
W#16#0FFF

LEN

INPUT

INT

I, Q, M, D, L

1 <= LEN <= 1460: number of bytes to be
received.
The received data are immediately available
when the block is called. The amount of data
received is available in RCVD_LEN.

NDR

ERROR

BUSY

OUTPUT

OUTPUT

OUTPUT

BOOL

BOOL

BOOL

I, Q, M, D, L

I, Q, M, D, L

I, Q, M, D, L

NDR status parameter:

•

NDR = 0: Job not yet started or still
running.

•

NDR = 1: Job successfully completed

ERROR status parameter:

•

ERROR=1: Error occurred during
processing. STATUS provides detailed
information on the type of error

•

BUSY = 1: Job is not yet completed. A
new job cannot be triggered.

•

BUSY = 0: Job is completed.

STATUS

OUTPUT

WORD

M, D

STATUS status parameter: Error information

RCVD_LEN

OUTPUT

INT

I, Q, M, D, L

Amount of data actually received, in bytes

DATA

IN_OUT

ANY

I, Q, M, D

Receiver area, contains address and length
The address refers to:

ADDR

IN_OUT

ANY

D

•

The process image input table

•

The process image output table

•

A bit memory

•

A data block

Pointer to the address of the sender (e.g.
P#DB100.DBX0.0 byte 8), see Structure of
the Address Information for the Remote
Partner with UDP
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Error Information
ERROR

STATUS
(W#16#...)

Explanation

0

0000

New data were accepted. The current length of the received data is shown in
RCVD_LEN.

0

7000

First call with REQ=0, receiving not initiated

0

7001

Block is ready to receive.

0

7002

Follow-on call, job being processed
Note: during this processing the operating system writes the operating system
data to the DATA receive buffer. For this reason, an error could result in
inconsistent data being in the receive buffer.

1

8085

LEN parameter is greater than the largest permitted value, or you changed the
value of LEN from the one that existed during the first call

1

8086

The ID parameter is not in the permitted address range

1

8088

•

Target buffer (DATA) is too small.

•

The value in LEN is greater than the receiver area specified by DATA.

1

80A1

Communications error:

•

FB 65 "TCON" was not yet called for the specified ID

•

The specified connection between the user program and the
communication level of the operating system is currently being terminated.
Receiving over this connection is not possible.

•

The interface is being reinitialized (receiving new parameters).

1

80B3

The parameter for the connection type (connection_type parameter in the
connection description) is not set to UDP. Please use the FB 68 "TRCV".

1

80C3

The operating resources (memory) in the CPU are temporarily occupied.

1

80C4

Temporary communications error: The connection is currently being established.

1

8922

DATA parameter: Target area invalid: area does not exist in DB.

1

8924

DATA parameter: Range error in ANY pointer

1

8932

DATA parameter: DB number too large.

1

893A

DATA parameter: Access to receive buffer not possible (e.g. due to deleted DB

1

897F

DATA parameter: Internal error, such as an invalid ANY reference

See also:
Assigning Parameters for Communications Connections with TCP native and ISO
on TCP
Assigning Parameters for the Local Communications Access Point with UDP
Establishing a Connection with FB 65 "TCON"
Terminating a Connection with FB 66 "TDISCON"
Sending Data via TCP native and ISO on TCP with FB 63 "TSEND"
Receiving Data via TCP native and ISO on TCP with FB 64 "TRCV"
Sending Data via UDP with FB 67 "TUSEND"
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Generating Block-Related Messages

24.1

Introduction to Generating Block-Related Messages
with SFBs

SFBs for Generating Block-Related Messages
You can generate a block-related message by calling one of the following SFBs in
your program:
• SFB 36 "NOTIFY"
• SFB 31 "NOTIFY_8P"
• SFB 33 "ALARM"
• SFB 34 "ALARM_8"
• SFB 35 "ALARM_8P"
These SFBs have the following properties:
• Save with SFBs 36 "NOTIFY" and 31 "NOTIFY_8P", all detected 0 -> 1 or 1 -> 0
signal transitions when a block is called will result in a message transfer.
• When the default reporting procedure is set (acknowledgement triggered
reporting disabled), the SFBs 33 "ALARM", 34 "ALARM_8" and 35
"ALARM_8P" will also generate a message when any signal transitions are
detected when a block is called.
If, on the other hand, you have enabled acknowledgement triggered reporting,
not all signal transitions will trigger a message transfer (see below for details).
• Following execution of the block, the associated values (inputs SD_i) are read
completely and assigned to the message (see "Send and Receive Parameters"
in Common Parameters of the SFBs/FBs and SFCs/FCs for S7
Communication.)
In terms of consistency compared with high-priority classes, the following
associated values are consistent:
Every associated value SD_i is inherently consistent.
With the status parameters DONE, ERROR and STATUS, you monitor the
processing status of the block (see "Status Parameters" in Common Parameters of
the SFBs/FBs and SFCs/FCs for S7 Communication.)

Note
The parameters ID and EV_ID are only evaluated at the initial call of the block (the
actual parameters or the defined values of the instance).
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Logging On Display Devices
Before SFBs for generating block-related messages can send a message when a
signal transition is detected, at least one display device (e.g. WinCC) must be
logged on for block-related messages. Parameter STATUS = 1 if no login exists.

Signal transition detection
One message memory with two memory blocks is available for each instance of a
message block.
This message memory is initially cleared. A signal transition at input SIG or at one
of the inputs SIG_1, ... SIG_8 is entered in the first memory block. This memory
block remains occupied until the corresponding message has been transferred.
The next signal transition detected at input SIG or at one of the inputs SIG_1, ...
SIG_8 is then entered in the second memory block. This second memory block will
always be overwritten if the first block is still occupied.
Output parameters ERROR and STATUS will indicate this loss of a message. This
information is also passed to the online displaying devices with the next message
that can be transferred.
After the first memory block is cleared, the data of the second memory block are
transferred to the first block. Thus, the second memory block is cleared again.

Acknowledgement triggered reporting
You can reduce message traffic on your system by operating the SFBs 33
"ALARM", 34 "ALARM_8" And 35 "ALARM_8P" with acknowledgement triggered
reporting.
That is, after an incoming message has been generated (Signal transition 0 > 1)
initially for a signal, subsequent messages will not be generated until you have
acknowledged the first message on a displaying device. The next message
displayed on the display unit after your acknowledgement ids the outgoing
message (Signal transition 1 to 0). The message cycle then restarts with an
incoming message (Signal transition 0 to 1) which must be acknowledged. by this
method you can use the display unit to control signal transition messages (save for
the outgoing message).
Set the reporting method (enable or disable acknowledgement triggered reporting)
for the SFBs 33 to 35 globally for the CPU in your STEP 7 configuration.
Acknowledgement triggered reporting is disabled by default.
To ensure consistent message evaluation within your system, you should verify
that all displaying devices can handle acknowledgement triggered reporting.

Note on operating displaying devices that can not handle acknowledgement
triggered reporting
A CPU with enabled acknowledgement triggered reporting will distribute the
messages only to displaying devices capable of handling this reporting method.
The CPU will not send any messages if none of the displaying devices can handle
acknowledgement triggered reporting. This situation is indicated once with
ERROR=1 and STATUS=1.

24-2
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Acknowledging Messages with SFBs 33 "ALARM", 34 "ALARM_8" and 35
"ALARM_8P"
A centralized acknowledgment concept is used. When you have acknowledged the
message at a display device, the acknowledgment information is first sent to the
CPU that generated the message. From here, the acknowledgment information is
distributed to all stations logged on for this purpose.
You acknowledge a signal and not an individual message. If, for example, several
rising edges of a signal were indicated and you acknowledge the event entering the
state, all previous events with the same message number count as having been
acknowledged.

Acknowledgment Display
SFB 36 "NOTIFY" and SFB 31 "NOTIFY_8P" do not have an acknowledgment
indication. You can check the output parameters ACK_UP and ACK_DN of SFB 33
"ALARM" and the output parameter ACK_STATE of SFBs 35 "ALARM_8P" and 34
"ALARM_8." These outputs are updated when the block is called, providing the
control parameter EN_R has the value 1.

Disabling and Enabling Messages via SFC or Displaying Devices (WinCC)
In some situations, it may be useful to suppress messages (e.g. when you
reconfigure your system). You can therefore disable and enable messages at the
display device or in your program. Disabling/enabling applies to all stations that
logged on for the particular message. A disabled message remains disabled until it
is enabled again.
You are informed of disabled messages with the ERROR and STATUS output
parameters (ERROR = 1, STATUS = 21).

Memory resources required by the SFBs for generating block-related messages
For their proper operation, SFBs that generate block-related messages require
intermediate memory space in the communications data buffer of the CPU,
depending on the length of associated value data. Refer to the table below for
information on the size of used memory.
Block type

Required space (in bytes) in the working memory of the CPU

NOTIFY

200 + 2 * Length of the associated values specified at SD_1,...SD_10 at the first call

NOTIFY_8P

200 + 2 * Length of the associated values specified at SD_1,...SD_10 at the first call

ALARM

200 + 2 * Length of the associated values specified at SD_1,...SD_10 at the first call

ALARM_8

100

ALARM_8P

200 + 2 * Length of the associated values specified at SD_1,...SD_10 at the first call

AR_SEND

54
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Amount of Transferable Data
The data transferred with the associated values SD_i of the NOTIFY, NOTIFY_8P,
ALARM and ALARM_8P SFBs must not exceed a maximum length. The maximum
data length is calculated as follows:
maxleng = min (pdu_local, pdu_remote) - diff - 4 * number of SD_i parameters
used
Where:
• min (pdu_lokal, pdu_remote) is the lowest value of the data fields pdu_lokal und
pdu_remote
• pdu_local is the maximum length of the data fields of the local CPU (see the
technical data of your CPU)
• pdu_remote is the maximum length of data fields of the display devices
• diff = 48, if acknowledgement triggered reporting is enabled, while diff = 44 if
disabled.

Example:
A CPU 414-2 is sending messages across Industrial Ethernet to WinCC.
Acknowledgement triggered reporting is disabled.
The associated values SD_1, SD_2 and SD_3 are used.
pdu_local = 480 bytes, pdu_remote = 480 bytes
Number of SD_i parameters used: 3
So that:
maxleng = min (480, 480) - 44 - 4 * 3 = 480 - 44 - 12 = 424
The maximum length of data that can be transferred per SFB is 424 bytes.

See also:
Configuring Messages

24-4
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24.2

Generating Block-Related Messages without
Acknowledgment with SFB 36 "NOTIFY"

Description
SFB 36 "NOTIFY" monitors a signal. It generates a message both on a rising edge
(event entering state) and on a falling edge (event leaving state). You can have up
to ten associated values sent with the message. The message is sent to all stations
logged on for this purpose. When the SFB is first called, a message with the
current signal state is sent.
The associated values are queried when the edge is detected and assigned to the
message.
One memory with two memory blocks is available for each instance of SFB 36
"NOTIFY". For information on saving signal transitions to intermediate memory
refer to the section "Signal transition detection" in the Introduction to Generating
Block Related Messages with SFBs.
SFB 36 "NOTIFY" is compliant with IEC 1131-5.
Parameter

Declaration Data Type

Memory Area

Description

SIG

INPUT

BOOL

I, Q, M, D, L

The signal to be monitored

ID

INPUT

WORD

I, Q, M, D, L,
constant

Data channel for messages:
W#16#EEEE ID is only evaluated at the
first call.

EV_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Message number (0 not permitted) EV_ID
is only evaluated at the first call.
Subsequently, the message number used
for the first call applies to every call of
SFB 36 with the corresponding instance
DB.
STEP 7 assigns the message number
automatically to ensure consistency of the
message numbers. The message
numbers within a user program must be
unique.

SEVERITY

INPUT

WORD

I, Q, M, D, L,
constant

Weighting of the event: Possible values:
0 through 127 (value 0 means highest
weighting)
This parameter is irrelevant for processing
the message.

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter: Generation of
message completed

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR status parameter
ERROR=TRUE indicates that an error has
occurred during processing. For details
refer to parameter STATUS.

STATUS

OUTPUT

WORD

I, Q, M, D, L

STATUS parameter: Displays error
information
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Parameter

Declaration Data Type

Memory Area

Description

SD_i,

IN_OUT

I, Q, M, D, T, C

i-th associated value

ANY

1≤i ≤10

Only the following data types are
permissible: BOOL (not allowed: bit field),
BYTE, CHAR, WORD, INT, DWORD,
DINT, REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME.

Note:
If the ANY pointer accesses an DB, the
DB must always be specified (for
example: P# DB10.DBX5.0 Byte 10).

Error Information
The following table contains all the error information specific to SFB 36 that can be
output with the ERROR and STATUS parameters.
ERROR STATUS
(Decimal)

Explanation

0

11

Message lost, signal transition/message could not be sent

0

22

•

Error in the pointer to the associated values SD_i:

-

involving the data length or the data type

-

associated values in the user memory not accessible,
for example, due to
deleted DB or area length error

The activated message is sent without or eventually with the possible
number of associated values

•

The actual parameter you have selected for SEVERITY is higher than the
permitted range. The activated message will be sent with SEVERITY=127.

0

25

Communication was initiated. The message is being processed.

1

1

Communications problems: connection aborted or no logon

1

4

At the first call:

1

10

1

12

1

18

1

20

•

The specified EV_ID is outside the permitted range or

•

The ANY pointer SD_i has a formal error

•

The maximum memory area that can be sent for the CPU per SFB 36 was
exceeded

Access to local user memory not possible (for example, access to a deleted DB)
When the SFB was called:

•

an instance DB that does not belong to SFB 36 was specified

•

a shared DB instead of an instance DB was specified

EV_ID was already being used by one of the SFBs 31 or 33 to 36.
Not enough working memory.
H-System: SFB called while update in progress

1

24-6

21

The message with the specified EV_ID is disabled
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24.3

Generating Block Related Messages without
Acknowledgement Display with SFB 31 "NOTIFY_8P"

Description
SFB 31 "NOTIFY_8P" represents an extension of SFB 36 "NOTIFY" to eight
signals.
A message is generated if at least one signal transition has been detected. A
message is always generated at the initial call of SFB 31. All eight signal are
allocated a common message number that is split into eight sub-messages on the
displaying device.
One memory with two memory blocks is available for each instance of SFB 31
"NOTIFY_8P". For information on saving signal transitions to intermediate memory
refer to the section "Signal transition detection" in the Introduction to Generating
Block Related Messages with SFBs.

Note
The displaying device shows the last two signal transitions, irrespective of
message loss.

!

Warning
Before you call SFB 31 "NOTIFY_8P" in a CPU, you must insure that all connected
displaying devices know this block. This is the case if at least one of the following
release versions are conditional for the PLC: STEP 7 as V5.1 Service Pack 3,
WinCC as of V5.1 Hot Fix 1, PCS7 as of V5.2 Service Pack 2, SIMATIC Device
Driver as of V5.6.
Otherwise, communication between the PLC and the connected displaying devices
will be shut down. In this case you can no longer access your system with its
connected displaying devices.

Parameter

Declaration

Data type

Memory area

Description

SIG_i,
1≤i≤8

INPUT

BOOL

I, Q, M, D, L.

i-th signal to be monitored

ID

INPUT

WORD

constant (I, Q, M,
D, L)

Data channel for messages:
W#16#EEEE ID is evaluated only at the
initial call.

EV_ID

INPUT

DWORD

constant (I, Q, M,
D, L)

Message number (not permitted: 0)
EV_ID is only evaluated at the first call.
Subsequently, the message number
used for the first call applies to every
call of SFB 31 with the corresponding
instance DB.
STEP 7 assigns the message number
automatically to ensure consistency of
the message numbers. The message
numbers within a user program must be
unique.
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Parameter

Declaration

Data type

Memory area

Description

SEVERITY

INPUT

WORD

constant (I, Q, M,
D, L)

Weighting of the event
Possible: 0 to 127 (value 0 = highest
weighting); Default value: 64
This parameter is irrelevant for
processing the message.

DONE

OUTPUT

BOOL

I, Q, M, D, L

Status parameter DONE: Message
generation completed.

ERROR

OUTPUT

BOOL

I, Q, M, D, L

Status parameter ERROR
ERROR=TRUE indicates that an error
has occurred during processing. For
details refer to parameter STATUS.

STATUS

OUTPUT

WORD

I, Q, M, D, L

Status parameter STATUS: Display of
an error information

SD_i,

IN_OUT

ANY

I, Q, M, D, T, Z

i-th associated value

1 ≤ i ≤ 10

Permitted are only data of the type
BOOL (not permitted: bit field), BYTE,
CHAR, WORD, INT, DWORD, DINT,
REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME.

Note:
When the ANY pointer accesses a DB,
the DB always must be specified.
(e.g.: P# DB10.DBX5.0 Byte 10)

Error information
The table below contains all error information specific to SFB 31 and that can be
output via the parameters ERROR and STATUS.
ERROR

STATUS (decimal) Explanation

0

11

Message lost

0

11

Message lost, at least one signal transition/message could nor be sent

0

22

•

Error in the pointer to the associated values SD_i:

-

Relating to data length / type

-

No access to associated values in user
memory, e.g. because of a deleted DB or
area length error

The activated message is transferred without or, is required,
with the maximum possible number of associated values.

•

Your selected actual parameter of SEVERITY is out of high limits.
The activated message will be sent with SEVERITY=127.

0

25

Communication was initiated. The message is being processed.

1

1

Communication errors: communication shut-down or no login

1

4

24-8

At the initial call

•

the specified EV_ID was out of the permitted range

•

formal error in the ANY pointers SD_i

•

the maximum memory area length the CPU can transfer per
SFB 31 has been exceeded
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ERROR

STATUS (decimal) Explanation

1

10

No access to local user memory (e.g. attempt to access a deleted DB)

1

12

At the call of the SFB

1

18

1

20

•

an instance DB was specified that does not belong to SFB 31

•

a global DB was specified instead of an instance DB

EV_ID was already in use by one of the SFBs 31 or 33 to 36.
Out of working memory.
H-System: Call of the SFB during an update

1

21

The message with the specified EV_ID is locked.
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24.4

Generating Block-Related Messages with
Acknowledgment with SFB 33 "ALARM"

Description
SFB 33 "ALARM" monitors a signal.
Default mode (that is, acknowledgement triggered reporting is disabled): The block
generates a message both on a positive edge (event entering state) and on a
negative edge (event leaving state). You can have up to ten associated values sent
with the message.
Acknowledgement triggered reporting is enabled: After an incoming message is
generated for the signal, the block will no longer generate messages until you have
acknowledged this incoming message on a displaying device.
(see also the introduction on Generating Block-Related Messages with SFBs.
The message is sent to all stations logged on for this purpose.
When the SFB is first called, a message with the current signal state is sent.
The ACK_UP output is reset at the rising edge. It is set when your
acknowledgment of the event entering the state has arrived from a logged on
display device.
The situation for the ACK_DN output is analogous: this is reset at the negative
edge. It is set when your acknowledgment of the event leaving the state is received
from a logged on display device. Once your acknowledgment has been received
from a logged on display device, the acknowledgment information is passed on to
all other stations logged on for this purpose.
One message memory with 2 memory blocks is available for each instance of
SFB33 "ALARM". For information on saving signal transitions to intermediate
memory refer to the section "Signal transition detection" in the Introduction to
Generating Block-Related Messages with SFBs.
SFB 33 "ALARM" complies with the IEC 1131-5 standard.
Parameter

Declaration Data Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter enabled to receive
that decides whether the outputs
ACK_UP and ACK_DN are updated at
the first block call (EN_R=1) or not
(EN_R=0). If EN_R=0 the output
parameters ACK_UP and ACK_DN
remain unchanged.

SIG

INPUT

BOOL

I, Q, M, D, L

The signal to be monitored

ID

INPUT

WORD

I, Q, M, D, L,
constant

Data channel for messages:
W#16#EEEE ID is only evaluated at
the first call.

24-10
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Parameter

Declaration Data Type

Memory Area

Description

EV_ID

INPUT

I, Q, M, D, L,
constant

Message number (0 not permitted)
EV_ID is only evaluated at the first
call. Subsequently, the message
number used for the first call applies
to every call of SFB 33 with the
corresponding instance DB.

DWORD

STEP 7 assigns the message number
automatically to ensure consistency of
the message numbers. The message
numbers within a user program must
be unique.
SEVERITY

INPUT

WORD

I, Q, M, D, L,
constant

Weighting of the event
Possible values: 0 through 127 (value
0 means highest weighting)
This parameter is irrelevant for
processing this message.

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter: Generation
of
message completed

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR status parameter
ERROR=TRUE indicates that an error
has occurred during processing. For
details refer to parameter STATUS..

STATUS

OUTPUT

WORD

I, Q, M, D, L

STATUS parameter: Displays error
information

ACK_DN

OUTPUT

BOOL

I, Q, M, D, L

Event leaving state was
acknowledged
on a display device
Initialization status: 1

ACK_UP

OUTPUT

BOOL

I, Q, M, D, L

Event entering state was
acknowledged on a display device
Initialization status: 1

SD_i,

IN_OUT

ANY

I, Q, M, D, T, C

i-th associated value

1≤i ≤10

Only the following data types are
permissible: BOOL (not allowed: bit
field), BYTE, CHAR, WORD, INT,
DWORD, DINT, REAL, DATE, TOD,
TIME, S5TIME, DATE_AND_TIME.

Note:
If the ANY pointer accesses an DB,
the DB must always be specified (for
example: P# DB10.DBX5.0 Byte 10).
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Error Information
The following table contains all the error information specific to SFB 33 that can be
output with the ERROR and STATUS parameters.
ERROR

STATUS (Decimal)

Explanation

0

11

Warning: Message lost, signal transition/message could not be sent.

0

22

•

•

Error in the pointer to the associated values SD_i:

-

Involving the data length or the data type

-

Associated values in the user memory not
accessible,
for example, due to deleted DB or area
length error

-

The activated message is sent without
associated values

The actual parameter you have selected for SEVERITY is
higher than the permitted range. The activated message
will be sent with SEVERITY=127.

0

25

Communication was initiated. The message is being processed.

1

1

Communications problems: connection aborted or no logon
With acknowledgment-triggered reporting active: temporary display, if
no display devices support acknowledgment-triggered reporting

1

•

4

At the first call:

-

The specified EV_ID is outside the
permitted range or

-

The ANY pointer SD_i has a formal error

-

The maximum memory area that can be
sent for the CPU per
SFB 33 was exceeded

1

10

Access to local user memory not possible (for example, access to a
deleted DB)

1

12

When the SFB was called:

1

18

1

20

-

An instance DB that does not belong to
SFB 33was specified

-

A shared DB instead of an instance DB
was specified

EV_ID was already being used by one of the SFBs 31 or 33 to 36.
Not enough working memory.
H-System: Call of the FSB during update

1

21

The message with the specified EV_ID is disabled

Note
After the first block call, the ACK_UP and ACK_DN outputs have the value 1 and it
is assumed that the previous value of the SIG input was 0.
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24.5

Generating Block-Related Messages with Associated
Values for Eight Signals with SFB 35 "ALARM_8P"

Description
SFB 35 "ALARM_8P" represents a linear extension of SFB 33 "ALARM" to eight
signals.
As long as you have not enabled acknowledgement triggered reporting, a message
will always be generated when a signal transition is detected at one or more
signals (exception: a message is always sent at the first block call). All eight signals
have a common message ID that is split eight individual messages on the display
device. You can acknowledge each individual message separately or a group of
messages.
You can use the ACK_STATE output parameter to process the acknowledgment
state of the individual messages in your program. If you disable or enable a
message of an ALARM_8P block, this always affects the entire ALARM_8P block.
Disabling and enabling of individual signals is not possible.
One message memory with 2 memory blocks is available for each instance of
SFB35 "ALARM_8P".
For information on saving signal transitions to intermediate memory refer to the
section "Signal transition detection" in the Introduction to Generating Block-Related
Messages with SFBs.

Parameters

Declaration Data Type

Memory Area

Description

EN_R

INPUT

I, Q, M, D, L,
constant

Control parameter enabled to receive
that decides whether the output
ACK_STATE is updated at the block
call (EN_R=1) or not (EN_R=0).

BOOL

SIG_i, 1 = i = 8 INPUT

BOOL

I, Q, M, D, L

i(th) signal to be monitored

ID

INPUT

WORD

I, Q, M, D, L,
constant

Data channel for messages:
W#16#EEEE ID is only evaluated at
the first call.

EV_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Message number (0 not permitted)
EV_ID is only evaluated at the first call.
Subsequently, the message number
used for the first call applies to every
call of SFB 35 with the corresponding
instance DB.
STEP 7 assigns the message number
automatically to ensure consistency of
the message numbers. The message
numbers within a user program must
be unique.

SEVERITY

INPUT

WORD

I, Q, M, D, L,
constant

Weighting of the event
Possible values: 0 through 127
(value 0
means highest weighting)
This parameter is irrelevant for
processing this message.
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Parameters

Declaration Data Type

Memory Area

Description

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter: Generation of
message completed

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR status parameter
ERROR=TRUE indicates that an error
has occurred during processing. For
details refer to parameter STATUS.

STATUS

OUTPUT

WORD

I, Q, M, D, L

STATUS parameter: Displays error
information

ACK_STATE

OUTPUT

WORD

I, Q, M, D, L

Bit field with the current
acknowledgment status of all eight
messages: (1: Event acknowledged, 0:
Event not acknowledged):

SD_j,
1≤ j ≤10

IN_OUT

ANY

•

Bits 0 to 7 are mapped to the
incoming event of SIG_1 to SIG_7

•

Bits 8 to 15 are mapped to the
outgoing event of SIG_1 to SIG_7

•

Initialization status: W#16#FFFF,
that is, all incoming and outgoing
events have been acknowledged

I, Q, M, D, T, C j-th associated value
The associated values apply for all
messages. Only the following data
types are permissible: BOOL (not
allowed: bit field), BYTE, CHAR,
WORD, INT, DWORD, DINT, REAL,
DATE, TOD, TIME, S5TIME,
DATE_AND_TIME.

Note:
When the ANY pointer accesses a DB,
the DB must always be specified (for
example: P# DB10.DBX5.0 Byte 10).
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Error Information
The following table contains all the error information specific to SFB 35 that can be
output with the ERROR and STATUS parameters.
ERROR

STATUS (Decimal)

Explanation

0

11

Warning: Message lost, at least one signal transition/message could
not be sent.

0

22

•

Error in the pointer to the associated values SD_i:

-

relating to the data length or the data type

-

no access to associated values in user
memory, for example, due to deleted DB
or area length error

The activated message is sent without associated values

•

0

25

1

1

The actual parameter you have selected for SEVERITY is
higher than the permitted range. The activated message
will be sent with SEVERITY=127.

Communication was initiated. The message is being processed.
Communications problems: connection aborted or no logon
With acknowledgment-triggered reporting active: temporary display, if
no display devices support acknowledgment-triggered reporting

1

4

At the first call:

•

The specified EV_ID is outside the permitted range or

•

The ANY pointer SD_i has a formal error

•

The maximum memory area that can be sent for the CPU per
SFB 35 was exceeded

1

10

Access to local user memory not possible (for example, access to a
deleted DB)

1

12

When the SFB was called:

•

An instance DB that does not belong to SFB 35 was specified

•

A shared DB instead of an instance DB was specified

1

18

EV_ID was already being used by one of the SFBs 31 or 33 to 36.

1

20

Not enough working memory.

1

21

H-System: SFB called while update in progress
The message with the specified EV_ID is disabled.

Note
After the first block call. all the bits of the ACK_STATE output are set and it is
assumed that the previous values of inputs SIG_i, 1< i < 8 were 0.
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24.6

Generating Block-Related Messages without
Associated Values for Eight Signals with SFB 34
"ALARM_8"

Description
SFB 34 "ALARM_8" is identical to SFB 35 "ALARM_8P" except that it does not
have the associated values SD_1 through SD_10.
Parameter

Declaration

Data Type

Memory Area

Description

EN_R

INPUT

BOOL

I, Q, M, D, L,
constant

Control parameter enabled to receive
that decides whether the output
ACK_STATE is updated (EN_R=1) when
the block is called or not (EN_R=0).

SIG_i, 1<i<8 INPUT

BOOL

I, Q, M, D, L

i(th) signal to be monitored

ID

INPUT

WORD

I, Q, M, D, L,
constant

Data channel for messages:
W#16#EEEE ID is only evaluated at the
first call.

EV_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Message number (0 not permitted)
EV_ID is only evaluated at the first call.
Subsequently, the message number
used for the first call applies to every call
of SFB 34 with the corresponding
instance DB.
STEP 7 assigns the message number
automatically to ensure consistency of
the message numbers. The message
numbers within a user program must be
unique.

SEVERITY

INPUT

WORD

I, Q, M, D, L,
constant

Weighting of the event
Possible values: 0 through 127 (value 0
means highest weighting)
This parameter is irrelevant processing
this message.

DONE

OUTPUT

BOOL

I, Q, M, D, L

DONE status parameter: Generation of
message completed

ERROR

OUTPUT

BOOL

I, Q, M, D, L

ERROR status parameter
ERROR=TRUE indicates that an error
has occurred during processing. For
details refer to parameter STATUS.

STATUS

OUTPUT

WORD

I, Q, M, D, L

STATUS parameter: Displays error
information
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Parameter

Declaration

Data Type

Memory Area

Description

ACK_STAT
E

OUTPUT

WORD

I, Q, M, D, L

Bit field with the current acknowledgment
status of all eight messages: (1: Event
acknowledged, 0: Event not
acknowledged):

•

Bits 0 to 7 are mapped to the
incoming event of SIG_1 to SIG_8

•

Bits 8 to 15 are mapped to the
outgoing event of SIG_1 to SIG_8

•

Initialization status: W#16#FFFF,
that is, all incoming and outgoing
events have been acknowledged

Error Information
The following table contains all the error information specific to SFB 34 that can be
output with the ERROR and STATUS parameters.
ERROR

STATUS
(Decimal)

Explanation

0

11

Warning: Message lost, at least one signal transition/message could not
be sent.

0

22

The actual parameter you have selected for SEVERITY is higher than
the permitted range. The activated message is sent with
SEVERITY = 127.

0

25

Communication was initiated. The message is being processed.

1

1

Communications problems: connection abort or no logon
With acknowledgment-triggered reporting active: temporary display, if
no display devices support acknowledgment-triggered reporting

1

4

At the first call, the specified EV_ID is outside the permitted range.

1

10

Access to local user memory not possible (for example, access to a
deleted DB)

1

12

•

When the SFB was called:

•

An instance DB that does not belong to SFB 34 was specified

•

A shared DB instead of an instance DB was specified

1

18

1

20

EV_ID was already being used by one of the SFBs 31 or 33 to 36.
Not enough working memory.
H-System: SFB called while update in progress

1

21

The message with the specified EV_ID is disabled

Note
After the first block call. all the bits of the ACK_STATE output are set and it is
assumed that the previous values of inputs SIG_i, 1<i<8 were 0.
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24.7

Sending Archive Data with SFB 37 "AR_SEND"

Description
SFB 37 "AR_SEND" sends archive data to operator interface systems logged on
for this purpose. These systems inform the CPU of the relevant archive number in
the logon message. Depending on the memory available on the CPU and the
address area used, the archive data can be up to 65534 bytes long. The defaults of
the operator interface system you are using must be taken into consideration in the
structure of the archive data.
The sending of the data is activated by a positive edge at control input REQ after
the block has been called. The start address of the archive data is specified by
SD_1, the length of the data field by LEN. Data transfer is asynchronous to the
execution of the user program. Successful completion of the transfer is indicated by
the DONE status parameter having the value 1. A rising edge at control input R
aborts the transfer of data.
Parameter

Declaration Data Type

Memory Area

Description

REQ
R

INPUT
INPUT

BOOL
BOOL

ID

INPUT

WORD

AR_ID

INPUT

DWORD

I, Q, M, D, L
I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, L,
constant

DONE

OUTPUT

BOOL

I, Q, M, D, L

ERROR

OUTPUT

BOOL

I, Q, M, D, L

STATUS

OUTPUT

WORD

I, Q, M, D, L

SD_1

IN_OUT

ANY

I, Q, M, D, T, C

LEN

IN_OUT

WORD

I, Q, M, D, L

Control parameter request
Control parameter reset: current job
aborted
Data channel for messages: W#16#EEEE
ID is only evaluated at the first call.
Archive number (0 not permitted)
AR_ID is only evaluated at the first call.
Following this, each time SFB 37 is called
with the corresponding instance DB, the
archive number from the first call is used.
STEP 7 assigns the message number
automatically to ensure consistency of the
message numbers.
DONE status parameter: sending
completed
ERROR status parameter
ERROR=TRUE indicates that an error
has occurred during processing. For
details refer to parameter STATUS.
STATUS parameter: Displays error
information
Pointer to archive data. The length
specification is not evaluated.
Only the following data types are
permissible: BOOL (not allowed: bit field),
CHAR, WORD, INT, DWORD, DINT,
REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME
The archive data have to have a PLC
specific structure.
Note:
If the ANY pointer accesses a DB, the DB
must always be specified (for example:
P# DB10.DBX5.0 Byte 10).
Length of the data field to be sent in bytes
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Error Information
The following table contains all the error information that is specific to SFB 37 and
can be output via the ERROR and STATUS parameters.
ERROR

STATUS(Decimal) Explanation

0

11

Warning: New job not active because the previous job is still busy.

0

25

Communication has started. The job is being processed.

1

1

Communications problems

1

2

Negative acknowledgment, function cannot be executed

1

3

There is no logon for the specified AR_ID.

1

4

•

Error in the archive data pointer SD_1 involving data length or
data type.

•

At the first call, the specified AR_ID is outside the permitted
range.

1

5

Requested reset was executed.

1

7

RESET job irrelevant because the current function was
completed or not activated (block in incorrect status).

1

10

Access to local user memory not possible(for example, access to
a deleted DB).

1

12

•

When the SFB was called:

•

An instance DB that does not belong to SFB 37 was specified

•

A shared DB instead of an instance DB was specified

1

18

1

20

AR_ID was already being used by an SFB 37.
Out of working memory.
H-System: SFB called while update in progress

Data Consistency
To ensure data consistency, you may only write to the part of the currently used
sending area only after the current sending process is completed. This is the case
when the status parameters DONE assumes the value 1.
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24.8

Disabling Block-Related, Symbol-Related and Group
Status Messages with SFC 10 "DIS_MSG"

Description
With SFC 10 "DIS_MSG" (disable message) you can disable block-related
messages generated with SFBs, symbol-related messages (SCAN) and group
status messages. You select messages to be disabled using the input parameters
MODE and MESGN. Calling SFC 10 "DIS_MSG" and successfully disabling a
message is only possible when the disabling of a message is not already active
with SFC 10.
Messages that are ready to be sent when SFC 10 is called but that are still in an
internal buffer can no longer be disabled and are sent. A disabled message is
indicated at the ERROR and STATUS outputs of the "NOTIFY", "NOTIFY_8P",
"ALARM", "ALARM_8P" and "ALARM_8" SFBs.
You start the disabling of a message by assigning the value 1 to the REQ input
parameter when SFC 10 is called.

How SFC 10 Functions
Disabling is executed asynchronously, in other words it can be active throughout
several SFC 10 calls (see also Meaning of the Parameters REQ, RET_VAL and
BUSY with Asynchronous SFCs)
• When it is first called (REQ =1), SFC 10 checks the input parameters and
attempts to occupy the required system resources. If successful, the value
W#16#7001 is entered in RET_VAL, BUSY is set and disabling the message is
started.
If unsuccessful, the error information is entered in RET_VAL and the job is
terminated. BUSY must not be evaluated in this case.
• If there are further calls in the meantime, the value W#16#7002 is entered in
RET_VAL (job still being executed by the CPU) and BUSY is set. Further calls
do not affect the current job.
• The last time the SFB is called, the value W#16#0000 is entered in RET_VAL if
no error occurred. BUSY then has the value 0. If an error occurred, the error
information is entered in RET_VAL and BUSY must not be evaluated.
Parameter

Declaration

Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: trigger disable

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Parameter for selecting the messages to
be disabled, see following table

MESGN

INPUT

DWORD

I, Q, M, D, L,
constant

Message number only relevant when
MODE is set to 5, 6, 7. This allows a
single message to be disabled.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information, see table "Error
Information"

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: disable has not yet been
canceled.
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MODE Input Parameter
The table below shows the permitted values for the MODE input parameter:
Value

Meaning

0

All block-related, all symbol-related and all group status messages of the CPU generated with
SFBs

1

All block-related messages of the CPU generated with SFBs, in other words all messages
generated by the "NOTIFY", "NOTIFY_8P", "ALARM", "ALARM_8P" and "ALARM_8" SFBs

2

All group status messages of the CPU

3

All symbol-related messages of the CPU (SCAN)

5

Single message of the "symbol-related messages" class

6

Single message of the "block-related messages generated with SFBs" class

7

Single message of the "group status messages" class

Error Information
Error Code (W#16#...)

Explanation

0000

Disabling was terminated without an error.

7000

REQ = 0 at first call: disabling was not activated.

7001

REQ = 1 at first call: disabling was triggered.

7002

Further call: disabling is already active.

8081

Error accessing a parameter

8082

MODE has an illegal value.

8083

The message number is outside the permitted range of values.

8084

There is no logon for the message(s) specified with MODE and possibly
MESGN.

80C3

The message(s) to be disabled in MODE, and possibly MESGN, cannot be
disabled since at present - SFC 10 is already disabling messages.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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24.9

Enabling Block-Related, Symbol-Related, and Group
Status Messages with SFC 9 "EN_MSG"

Description
With SFC 9 "EN_MSG" (enable message), you can enable block-related, symbolrelated and group status messages that were previously disabled. You disabled the
messages either at a display device or using SFC 10 "DIS_MSG."
You specify the messages to be enabled using the MODE and MESGN input
parameters. Successful enabling of messages with SFC 9 "EN_MSG" is only
possible when SFC 9 is not already actively enabling messages.
You start the enabling function by assigning the value 1 to the REQ input
parameter of SFC 9.

How SFC 9 Functions
Enabling is executed asynchronously, in other words it can be active throughout
several SFC 9 calls (see also Meaning of the Parameters REQ, RET_VAL and
BUSY with Asynchronous SFCs:
• When it is first called (REQ =1), SFC 9 checks the input parameters and
attempts to occupy the required system resources. If successful, the value
W#16#7001 is entered in RET_VAL, BUSY is set and enabling the message is
started.
If unsuccessful, the error information is entered in RET_VAL and the job is
terminated. BUSY must not be evaluated in this case.
• If there are further calls in the meantime, the value W#16#7002 is entered in
RET_VAL (job still being executed by the CPU) and BUSY is set. Further calls
do not affect the current job.
• The last time the SFB is called, the value W#16#0000 is entered in RET_VAL if
no error occurred. BUSY then has the value 0. If an error occurred, the error
information is entered in RET_VAL and BUSY must not be evaluated.
Parameter

Declaration Data Type

Memory Area Description

REQ

INPUT

BOOL

I, Q, M, D, L

REQ = 1: trigger enable

MODE

INPUT

BYTE

I, Q, M, D, L,
constant

Parameter for selecting the messages to
be enabled

MESGN

INPUT

DWORD

I, Q, M, D, L,
constant

Message number only relevant when
MODE is set to 5, 6, 7. This allows a single
message to be enabled.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information, see table.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY = 1: the enable has not yet been
canceled.
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MODE Input Parameter
The following table shows the permitted values for the MODE input parameter.
Value

Meaning

0

All block-related, all symbol-related and all group status messages of the CPU generated
with SFBs

1

All block-related messages of the CPU generated with SFBs, in other words all messages
generated by the "NOTIFY", "NOTIFY_8P", "ALARM", "ALARM_8P" and "ALARM_8" SFBs

2

All group status messages of the CPU

3

All symbol-related messages of the CPU (SCAN)

5

Single message of the "symbol-related messages" class

6

Single message of the "block-related messages generated with SFBs" class

7

Single message of the "group status messages" class

Error Information
Error Code (W#16#...)

Explanation

0000

Disabling was terminated without an error.

7000

REQ = 0 at first call: enabling was not activated.

7001

REQ = 1 at first call: enabling was triggered.

7002

Further call: enabling is already active.

8081

Error accessing a parameter

8082

MODE has an illegal value.

8083

The message number is outside the permitted range of values.

8084

There is no logon for the message(s) specified with MODE and possibly
MESGN.

80C3

The message(s) to be enabled in MODE and possibly MESGN, cannot be
enabled at present - SFC 9 is already enabling messages.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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24.10

Startup Behavior of the SFBs for Generating BlockRelated Messages

Restart (Warm Restart)
During a warm restart, the instance DBs of the SFBs for generating block-related
messages are set to the not initialized NO_INIT status. The actual parameters
stored in the instance DBs are unchanged. The parameter ID and EV_ID will be
evaluated at the next block call.

Complete Restart
During a complete restart the contents of the instance DBs of the SFBs for
generating block-related messages are reset to their initial values.

Hot Restart
During a hot restart, the SFBs for generating block-related messages behave like
user function blocks that are capable of resuming execution. They continue from
the point of interruption.

Memory Reset
A memory reset always causes the termination of all connections so that no station
is logged on for messages. The user program is deleted. If you have inserted a
FLASH card, the program sections relevant to execution are loaded on the CPU
again from the card and the CPU executes a warm or cold restart (implicitly this is
always a cold restart, since all user data are initialized after clearing memory).
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24.11

How the SFBs for Generating Block-Related Messages
React to Problems

Connection Breakdown
The connections assigned to the SFB instances are monitored for breakdown. If a
connection breaks down, the stations involved are removed from the internal CPU
list of stations logged on for block-related messages. Any messages pending for
these stations are deleted.
If other stations are still logged on following a connection breakdown, they continue
to receive messages. The SFBs only stop sending messages when there are no
more connections to any logged on stations. The ERROR and STATUS output
parameters indicate this situation (ERROR = 1, STATUS = 1).

Error Interface to the User Program
If an error occurs during the execution of an SFB for generating block-related
messages, the ERROR output parameter is set to 1 and the STATUS output
parameter has the corresponding error identifier. You can evaluate this error
information in your program.
Examples of possible errors:
• Sending not possible due to lack of resources
• Error accessing one of the signals to be monitored.
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24.12

Introduction to Generating Block-Related Messages
with SFCs

SFCs for Generating Block-Related Messages
You can generate a block-related message with the following SFCs:
• SFC 17 "ALARM_SQ"
• SFC 18 "ALARM_S"
• SFC 107 "ALARM_DQ"
• SFC 108 "ALARM_D"
These SFCs have the following properties:
• The messages sent by SFC 17 "ALARM_SQ" and SFC 107 "ALARM_DQ"
when the signal state is 1 can be acknowledged at a logged on display device.
The messages of SFC 18 "ALARM_S" and SFC 108 "ALARM_D" are always
implicitly acknowledged. It is not a detected edge change that generates a
message but rather each SFC call. For more detailed information refer to
Generating Acknowledgeable Block-Related Messages with SFC 17
"ALARM_SQ" and Permanently Acknowledged Block-Related Messages with
SFC 18 "ALARM_S"
• "ALARM_S" and the section Generating Acknowledgeable Block-Related
Messages with the SFCs 17 "ALARM_DQ" and 108 "ALARM_D".
• Following execution of the block, the associated value SD_1 is read completely
and assigned to the message. In terms of consistency compared with highpriority classes, the following associated values are consistent:
-

the simple data types (bit, byte, word, and double word)

-

an array of the data type byte up to a maximum length specific to the
particular CPU (see /71/, /101/).

SFC 19 "ALARM_SC"
Using SFC 19 "ALARM_SC" you can query the following:
• The acknowledgment status of the last "entering state message" and the signal
state at the last SFC 17/SFC 107 call, or
• The signal state at the last SFC 18/SFC 108 call.

Logging On Display Devices
The SFCs for generating block-related messages only send a message when they
are called if at least one display device has logged on for block-related messages.
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Message Storage
To avoid messages being lost when there is a lot of traffic on the communications
system, the SFCs 17, 18, 107 and 108 can both buffer two messages.
If, however, messages are lost, you are informed in RET_VAL. The logged on
display devices are informed of this the next time a message can be sent.

Message Acknowledgment with the SFCs 17 "ALARM_SQ" and 107
"ALARM_DQ"
If you have acknowledged an "entering event message" at a display device, this
acknowledgment information is first sent to the CPU where the message
originated. This then distributes the acknowledgment information to all stations
logged on for this purpose.

Disabling and Enabling Messages
Block-related messages generated with SFC 17 "ALARM_SQ", SFC 18
"ALARM_S", SFC 107 "ALARM_DQ" or SFC 108 "ALARM_D" cannot be disabled
and then enabled again.

Changes in Your Program that contains the SFC 17/SFC 18 calls
Note
When you download a block that is already on the CPU using SFC 17/SFC 18
calls, it is possible that the previous block has sent an entering state message but
that the new block does not send a corresponding leaving state message. This
means that the message remains in the internal message memory of the CPU.
This situation can also occur when you delete blocks with SFC 17/SFC 18.
You can remove such messages from the internal message memory of the CPU by
changing the CPU to STOP and then going through a warm or cold restart.

Changes in Your Program that contains the SFC 17/SFC 18 calls
Even though your program might contain SFC 107 and/or SFC 108 calls, the
described program modifications may cause the messages to become resident in
the internal message memory and thus permanently occupy system resources.
Contrary to system resources which were occupied by SFC 17/SFC 18 calls, you
can release system resources occupied by SFC 107/SFC 108 calls without having
to switch your CPU to STOP mode. This is carried out by using SFC 106 "DEL_SI",
see Reading Dynamic System Resources with SFC 106 "DEL_SI" . Before you
release dynamically occupied system resources by calling SFC 106 "DEL_SI", it
may be appropriate to fetch information on currently dynamically occupied system
resources of your CPU, with the help of SFC 105 "READ_SI", see Reading
Dynamic System Resources with SFC 105 "READ_SI".
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Amount of transferable data
The amount of data transferable using the accompanying value SD for SFCs
ALARM_S, ALARM_SQ, ALARM_D and ALARM_DQ cannot exceed a maximum
length. This data length is calculated as follows:
maxleng = min (pdu_local, pdu_remote) - 48
Definitions:
• pdu_local: the maximum length for CPU data blocks (SZL_ID W#16#0131,
INDEX 1, Variable pdu)
• pdu_remote: the maximum length for display device data blocks
Example:
A CPU 414-1 sends a message to a programming device PG 760 (via MPI).
pdu_local = 480 Byte, pdu_remote = 480 bytes,
Result:
maxleng = min (480, 480) - 48 = 480 - 48 = 432
The maximum transferable data length per SFC is thus 432 bytes.
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24.13

Generating Acknowledgeable Block-Related Messages
with SFC 17 "ALARM_SQ" and Permanently
Acknowledged Block-Related Messages with SFC 18
"ALARM_S"
Note
Newly created programs should only use SFCs 107 and 108 (if your CPU supports
SFCs 107 and 108) since they provide improved options for managing system
resources.

Description
Each time they are called, SFC 17 "ALARM_SQ" and SFC 18 "ALARM_S"
generate a message to which you can add associated values. The message is sent
to all stations that have logged on for the message. SFC 17 and SFC 18 provide
you with a simple mechanism for sending messages. You must make sure that you
only call SFC 17 or SFC 18 when the value of the triggering signal SIG is inverted
compared with the last call. If this is not the case, this is indicated in RET_VAL and
no message is sent. The very first time that SFC 17 or SFC 18 is called, you must
make sure that the SIG input has the value 1. Otherwise, RET_VAL contains error
information and no message will be sent.

Note
Call SFC 17 and SFC 18 in an FB to which you have previously assigned suitable
system attributes! For more detailed information about assigning system attributes
to blocks, refer to /234/.

Use of system resources
When generating messages with the SFCs 17 "ALARM_SQ" and 18 "ALARM_S",
the operating system uses one system resource for the duration of the signal cycle.
For SFC 18 "ALARM_S", the signal cycle lasts from the SFC call SIG=1 until
another call with SIG=0. For SFC 17 "ALARM_SQ", this time period also includes
the time until the incoming signal is acknowledged by one of the reported display
devices, if necessary.
If, during the signal cycle, the message-generating block is overloaded or deleted,
the associated system resource remains occupied until the next restart (warm
restart).

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

24-29

Generating Block-Related Messages

Acknowledging Messages
You can acknowledge messages sent by SFC 17 "ALARM_SQ" when the state of
the monitored signal is 1. You can query the acknowledgment status of the last
"entering event message" and the signal state at the last SFC call using SFC 19
"ALARM_SC." Messages you have sent with SFC 18 "ALARM_S" are always
implicitly acknowledged. You can query the signal state at the last SFC 18 call
using SFC 19 "ALARM_SC."

Temporary Storage of Signal States
SFC 17 "ALARM_SQ" and SFC 18 "ALARM_S" temporarily occupy system
resources. Here, they enter among other things the last two signal states including
the time stamp and associated value. If SFC 17 or SFC 18 is called at a time when
the signal states of the two last "valid" SFC calls have not yet been sent (signal
overflow), the current and the last signal state are discarded and an overflow ID is
set in the buffer. At the next possible opportunity, the second but last signal and the
overflow identifier are sent.
Example:

t
t0

t1

t2

t0, t1 and t2 are the points at which SFC 17 or SFC 18 are called. If the signal
states of t0 and t1 are not sent at the time t2, the signal states of t1 and t2 are
discarded and the overflow identifier is set for the signal state of t0.
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Instance Overflow
If the number of SFC 17 or SFC 18 calls is higher than the maximum amount of
CPU system resources, this may result in a lack of resources (instance overflow).
This is indicated both by the information in RET_VAL as well as by indications at
the logged on display devices.
The maximum number of SFC 17 or SFC 18 calls depends on the particular CPU.
You will find this information in /70/ and /101/ .
Parameter

Declaration

Data Type

Memory Area

Description

SIG
ID

INPUT
INPUT

BOOL
WORD

The signal to trigger a message
Data channel for messages: W#16#EEEE

EV_ID

INPUT

DWORD

SD

INPUT

ANY

I, Q, M, D, L
I, Q, M, D, L,
constant
I, Q, M, D, L,
constant
I, Q, M, D, T, C

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Message number (0 not permitted)
Associated value
Maximum length: 12 bytes
The following data types are permitted
BOOL (not permitted: bit field) BYTE,
CHAR, WORD,
INT, DWORD, DINT,
REAL, DATE, TOD, TIME, S5TIME,
DATE_AND_TIME,
COUNTER, TIMER.
Error information

Error Information
Error Code (W#16#...)

Explanation

0000
0001

No error occurred.
•
The associated value is longer than the maximum permitted length or
•
Access to the user memory is not possible (for example, access to a
deleted DB). The message is sent.
•
The associated value points to a value in the local data area. The
message is sent.
Warning: the last free message acknowledgment memory has been used.
The specified EV_ID is outside the permitted range.
Loss of messages since your CPU has no more resources for generating
block-related messages by SFCs.
Message loss since the same signal change already exists but could not yet be
sent (signal overflow).
The signal that triggered the message (SIG) had the same value at the current
SFC 17 or SFC 18 call as at the last call.
No logon for the specified EV_ID
An SFC call for the specified EV_ID is already being executed in a lower
priority class.
When SFC 17 or SFC 18 were first called, the message trigger signal had the
value 0.
The specified EV_ID is already being used by another system resource (to
SFC 17, 18, 107, 108).
General error information, see Evaluating Errors with Output Parameter
RET_VAL

0002
8081
8082
8083
8084
8085
8086
8087
8088
8xyy
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24.14

Querying the Acknowledgment Status of the Last
ALARM_SQ/ALARM_DQ Entering Event Message with
SFC 19 "ALARM_SC"

Description
With SFC 19 "ALARM_SC" you can query the following:
• The acknowledgment status of the last ALARM_SQ/ALARM_DQ entering state
message and the status of the signal that triggered the message the last time
that SFC 17 "ALARM_SQ"/SFC 107 "ALARM_DQ" was called, or
• The status of the signal that triggered the message the last time SFC 18
"ALARM_S"/SFC 108 "ALARM_D" was called.
Assuming that you assigned the message numbers during message configuration,
the message or signal is referenced with a unique message number SFC 19
"ALARM_SC" accesses the temporarily occupied memory of SFC 17 or
SFC 18/SFC 107/SFC 108.
Parameter

Declaration

Data Type

Memory Area Description

EV_ID

INPUT

DWORD

I, Q, M, D, L,
constant

Message number for the signal state at
the last SFC call or the acknowledgment
status of the last entering state message
(only with SFC 17 and SFC 107!) that you
want to query.

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Error information

STATE

OUTPUT

BOOL

I, Q, M, D, L

State of the signal that triggered the
message at the last SFC call

Q_STATE

OUTPUT

BOOL

I, Q, M, D, L

If the specified EV_ID parameter belongs
to an SFC 18/SFC 108 call: 1
If the specified EV_ID parameter belongs
to an SFC 17/SFC 107 call:
acknowledgment status of
the last entering state message:
0: Not acknowledged
1: Acknowledged

Error Information
Error Code (W#16#...)

Explanation

0000

No error occurred.

8081

The specified EV_ID is outside the permitted range.

8082

No memory is currently occupied for this EV_ID (possible cause: the
corresponding signal state was not yet 1, or the signal state has already
returned to 0).

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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24.15

Generating Acknowledgeable and Permanently
Acknowledged Block Related Messages with SFCs 107
"ALARM_DQ" and 108 "ALARM_D"

Description
With every call the SFCs 107 "ALARM_DQ" and 108 "ALARM_D" generate a
message to which you can append an associated value. Thus, you correspond with
SFCs 17 "ALARM_SQ" and 18 "ALARM_S".
When generating messages with SFCs 107 "ALARM_DQ" and 108 "ALARM_D",
the operating system temporarily occupies a system resource for the duration of
the signal cycle.
The signal cycle time for SFC 108 "ALARM_D" starts at the SFC call with SIG=1
and ends at a new call with SIG=0. This interval for SFC 107 "ALARM_DQ" may be
extended by the time expiring until the incoming signal is acknowledged at a
logged in displaying device.
For SFC 108 "ALARM_D", the signal cycle lasts from the SFC call SIG=1 until
another call with SIG=0. For SFC 107 "ALARM_DQ", this time period also includes
the time until the incoming signal is acknowledged by one of the reported display
devices, if necessary.
If, during the signal cycle, the message-generating block is overloaded or deleted,
the associated system resource remains occupied until the next restart (warm
restart).
The additional functionality of SFCs 107 "ALARM_DQ" and 108 "ALARM_D"
compared to SFCs 17 and 18 is now that you can manage these occupied system
resources:
• With the help of SFC 105 "READ_SI" you can fetch information related to
occupied system resources.
• With SFC 106 "DEL_SI" you can release occupied system resources again.
This is of special significance for permanently occupied system resources. A
currently occupied system resource, for example, stays occupied until the next
restart (warm restart) if you, in the course of a program change, delete an FB
call that contains SFC107 or SFC108 calls . When you change the program,
and reload an FB with SFC 107 or SFC 108 calls, it may happen that the
SFCs 107 and 108 do not generate anymore messages.
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The SFCs 107 and 108 contain one parameter more than the SFCs 17 and 18,
namely the input CMP_ID. Use this input to assign the messages generated with
SFCs 107 and 108 to logical areas, for example to parts of the system. If you call
SFC 107/SFC 108 in an FB the obvious thing to do is to assign the number of the
corresponding instance DB to CMP_ID.
Parameter
s

Declaration

Data type

Memory Area

Description

SIG

INPUT

BOOL

I, Q, M, D, L

The message triggering signal

ID

INPUT

WORD

I, Q, M, D, L, Const. Data channel for messages:
W#16#EEEE

EV_ID

INPUT

DWORD

I, Q, M, D, L, Const. Message number (not allowed: 0)

CMP_ID

INPUT

DWORD

I, Q, M, D, L, Const. Component identifier (not allowed: 0)
ID for the partial system to which the
corresponding message is assigned
Recommended values:

•

low word: 1 to 65535

•

high word: 0

You will not be confronted with any
conflicts with the SIEMENS program
package if you are compliant with these
recommendations.
SD

INPUT

ANY

I, Q, M, D, T, C

Associated value
Maximum length: 12 bytes
Permitted are only data of the type BOOL
(not allowed: Bit field), BYTE, CHAR,
WORD, INT, DWORD, DINT, REAL,
DATE, TOD, TIME, S5TIME,
DATE_AND_TIME

RET_VAL
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OUTPUT

INT

E, A, M, D, L

Error Information
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Error Information
Error code
(W#16#...):

Explanation

0000

No error occurred.

0001

•

The length of the associated value exceeds the maximum permissible length, or

•

Access to user memory not possible (for example, access to deleted DB) The
activated message is sent.

•

The associated value points to a value in the local data area. The message is
sent.

0002

Warning: The last free message acknowledge memory was occupied.

8081

The specified EV_ID lies outside the valid range.

8082

Message loss because your CPU has no more resource for generating block related
messages with SFCs.

8083

Message loss, the same signal transition is already present but could not be sent yet
(signal overflow).

8084

With the current and the previous SFC 107-/SFC-108 call the message triggering
signal SIG has the same value.

8085

There is no logon for the specified EV_ID.

8086

An SFC call for the specified EV_ID is already being processed in a lower priority
class.

8087

At the initial call of SFC 107/SFC 108 the message triggering signal had the value 0.

8088

The specified EV_ID is already in use by another system resource (to SFC 17, 18,
107, 108).

8089

You have assigned the value 0 to CMP_ID.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL
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24.16

Reading Dynamic System Resources with SFC 105
"READ_SI"

How dynamically occupied system resources develop when generating
messages with the SFCs 107 and 108
When messages are generated with SFCs 107 "ALARM_DQ" and 108
"ALARM_D", the operating system occupies temporarily system memory space.
For example, if you do not delete a FB that exists in the CPU with SFC 107 or
SFC 108 calls it may happen that corresponding system resources stay
permanently occupied. If you reload the FB with SFC 108 or SFC 108 calls, it may
happen that the SFCs 107 and 108 are not processed properly anymore.

Description
With SFC 105 "READ_SI" you can read currently used system resources occupied
with the SFCs 107 and 108 when messages were generated. This is done via the
values of EV_ID and CMP_ID used in this place. The values are passed on to
SFC 105 "READ_SI" in parameter SI_ID.
SFC 105 "READ_SI" has four possible operating modes that we explain in the
table below. Set the desired operating mode via the MODE parameter.
MODE

Which of the system resources occupied by SFC 107/SFC 108 are read?

1

All (call of SFC 105 with SI_ID:=0)

2

The system resource occupied by the call of SFC 107-/SFC 108 with EV_ID:=ev_id (call of the
SFC 105 with SI_ID:=ev_id)

3

The system resource occupied by the call of SFC 107-/SFC 108 with CMP_ID:=cmp_id (call of
the SFC 105 with SI_ID:=ev_id)

0

Additional system resources that could not be read with the previous call in MODE=1 or
MODE=3 because you have specified a target field SYS_INST that is too small
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Operating principle
If you have not selected a sufficiently large SYS_INST target area when you called
the SFC 105 in MODE=1 or MODE=3, it contains the content of all currently
occupied system resources selected via MODE parameter.
High system load on resources will cause a correspondingly high SFC runtime.
That is, a high load on CPU performance may result in overshoot of the maximum
configurable cycle monitoring time.
You can work around this runtime problem as follows: Select a relatively small
SYS_INST target area. RET_VAL=W#16#0001 informs you if the SFC cannot
enter all system resources to be read in SYS_INST. In this case, call SFC 105 with
MODE=0 and the same SI_ID as for the previous call until the value of RET_VAL is
W#16#0000.

Note
Since the operating system does not coordinate the SFC 105 calls that belong to
the read job, you should execute all SFC 105 calls with the same priority class.

Structure of the Target Area SYS_INST
The target area for the fetched occupied system resource must lie within a DB. You
should appropriately define the target area as a field of structures, whereby a
structure is constructed as follows:
Structure
element

Data type

Description

SFC_NO

WORD

no. of the SFC that occupies the system resource

LEN

BYTE

Length of the structures in bytes, incl. SFC_NO and LEN: B#16#0C

SIG_STAT

BOOL

Signal state

ACK_STAT

BOOL

Acknowledgement status of the incoming event (positive edge)

EV_ID

DWORD

Message number

CMP_ID

DWORD

Partial system ID
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Parameters Declaration Data type

Memory Area

MODE

I, Q, M, D, L, Const. Job identifier

INPUT

INT

Description
Permissible values

SI_ID

INPUT

DWORD

•

1: Read all system resources

•

2. Read the system resource that
was occupied with EV_ID = ev_id
when SFC 107-/SFC 108 was called

•

3: Read the system resources that
were occupied with CMP_ID =
cmp_id when SFC 107-/SFC 108
was called

•

0: subsequent call

I, Q, M, D, L, Const. ID for the system resource(s) to be read
Permissible values

•

0, if MODE=1

•

Message number ev_id, if MODE=2

•

ID cmp_id for identification of the
system section, if MODE=3

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Return value (error information or job
status)

N_SI

OUTPUT

INT

I, Q, M, D, L

number of output system resources with
SYS_INT

SYS_INT

OUTPUT

ANY

D

Target area for the fetched system
resources.

Error Information
Error code
(W#16#...):

Explanation

0000

No error occurred.

0001

Not all system resources could be read because the SYS_INT target range you have
selected is too short.

8081

(only with MODE=2 or 3) You have assigned the value 0 to SI_ID.

8082

(only with MODE=1) You have assigned one of 0 different values to SI_ID.

8083

(only with MODE=0) You have assigned SI_ID a value other than at the preceding call
of the SFC with MODE=1 or 3.

8084

You have assigned an illegal value to MODE.

8085

SFC 105 is already being processed in another OB.

8086

Target area SYS_INST too small for a system resource.

8087

Target area SYS_INST does not exist in a DB.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL

24-38

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Generating Block-Related Messages

24.17

Reading Dynamic System Resources with SFC 106
"DEL_SI"

How dynamic system resources develop when generating messages with the
SFCs 107 and 108
When messages are generated with SFCs 107 "ALARM_DQ" and 108
"ALARM_D", the operating system occupies temporarily system memory space.
For example, if you do not delete a FB that exists in the CPU with SFC 107 or SFC
108 calls it may happen that corresponding system resources stay permanently
occupied. If you reload the FB with SFC 108 or SFC 108 calls, it may happen that
the SFCs 107 and 108 are not processed properly anymore.

Description
With SFC 106 "DEL_SI" you can delete currently used system resources.
SFC 106 "DEL_SI" has three possible operating modes explained in the table
below. Set the desired operating mode via the MODE parameter.
MODE

Which of the system resources occupied by SFC 107/SFC 108 are deleted?

1

All (call of SFC 106 with SI_ID:=0)

2

The system resource occupied by the call of SFC 107-/SFC 108 with EV_ID:=ev_id (call of the
SFC 106 with SI_ID:=ev_id)

3

The system resource occupied by the call of SFC 107-/SFC 108 with CMP_ID:=cmp_id (call of
the SFC 106 with SI_ID:=ev_id)

Parameters Declaration Data type

Memory Area

MODE

I, Q, M, D, L, Const. Job identifier

INPUT

INT

Description
Permissible values

SI_ID

INPUT

DWORD

•

1: delete all system resources

•

2: delete the system resource that
was occupied with EV_ID = ev_id
when SFC 107-/SFC 108 was called

•

3: delete the system resources that
were occupied with CMP_ID =
cmp_id when SFC 107-/SFC 108
was called

I, Q, M, D, L, Const. ID of the system resource(s) to be
deleted
Permissible values

RET_VAL

OUTPUT

INT

I, Q, M, D, L

•

0, if MODE=1

•

Message number ev_id, if MODE=2

•

ID cmp_id for identification of the
system section, if MODE=3

Error Information
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Error Information
Error code
(W#16#...):

Explanation

0000

No error occurred.

8081

(only with MODE=2 or 3) You have assigned the value 0 to SI_ID.

8082

(only with MODE=1) You have assigned one of 0 different values to SI_ID.

8084

You have assigned an illegal value to MODE.

8085

SFC 106 is currently being processed.

8086

Not all selected system resources could be deleted because at least one of them was
being processed when SFC 106 was called.

8xyy

General error information, see Evaluating Errors with Output Parameter RET_VAL

24-40

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

25

IEC Timers and IEC Counters

25.1

Generating a Pulse with SFB 3 "TP"

Description
SFB 3 "TP" generates a pulse with the length PT. The timer runs only in the
STARTUP and RUN modes.
A rising signal edge at input IN starts the pulse. Output Q remains set for the time
PT regardless of changes in the input signal (in other words even when the IN input
changes back from 0 to 1 before the time PT has expired).The ET output provides
the time for which output Q has already been set. The maximum value of the ET
output is the value of the PT input. Output ET is reset when input IN changes to 0,
however, not before the time PT has expired.
SFB 3 "TP" complies with the IEC 1131-3 standard.
The operating system resets the instances of SFB 3 "TP" during a cold restart. If
you want instances of this SFB to be initialized following a warm restart, you must
call SFB 3 with PT = 0 ms in OB100. If instances of this SFB are located within
another block, you can reset these instances, for example, by initializing the higherlevel block.

Timing Diagram

IN

Q
PT

PT

PT

ET
PT
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Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

BOOL

I, Q, M, D, L,
constant

Start input

PT

INPUT

TIME

I, Q, M, D, L,
constant

Duration of the pulse. PT must be
positive. (Note: the range of values is
fixed by the TIME data type)

Q

OUTPUT

BOOL

I, Q, M, D, L

Status of the time

ET

OUTPUT

TIME

I, Q, M, D, L

Expired time
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25.2

Generating an On Delay with SFB 4 "TON"

Description
SFB 4 "TON" delays a rising signal edge by the time PT. The timer runs only in the
STARTUP and RUN modes.
A rising edge at the IN input causes a rising edge at output Q after the time PT has
expired. Q then remains set until the IN input changes to 0 again. If the IN input
changes to 0 before the time PT has expired, output Q remains set to 0.
The ET output provides the time that has passed since the last rising edge at the
IN input. Its maximum value is the value of the PT input. ET is reset when the IN
input changes to 0.
SFB 4 "TON" complies with the IEC 1131-3 standard.
The operating system resets the instances of SFB 4 "TON" during a cold restart. If
you want instances of this SFB to be initialized following a warm restart, you must
call SFB 4 with PT = 0 ms in OB100. If instances of this SFB are located within
another block, you can reset these instances, for example, by initializing the higherlevel block.

Timing Diagram

IN

Q

PT

PT

ET
PT

Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

BOOL

Start input

PT

INPUT

TIME

I, Q, M, D, L,
constant
I, Q, M, D, L,
constant

Q
ET

OUTPUT
OUTPUT

BOOL
TIME

I, Q, M, D, L
I, Q, M, D, L

Time by which the rising edge at the IN
input is delayed. PT must be positive.
(Note: the range of values is fixed by the
TIME data type)
Status of the time
Expired time
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25.3

Generating an Off Delay with SFB 5 "TOF"

Description
SFB 5 "TOF" delays a falling edge by the time PT. The timer runs only in the
STARTUP and RUN modes.
A rising edge at the IN input causes a rising edge at output Q. A falling edge at the
IN input causes a falling edge at output Q delayed by the time PT. If the IN input
changes back to 1 before the time PT has expired, output Q remains set to 1. The
ET output provides the time that has elapsed since the last falling edge at the IN
input. Its maximum value is, however the value of the PT input. ET is reset when
the IN input changes to 1.
SFB 5 "TOF" complies with the IEC 1131-3 standard.
The operating system resets the instances of SFB 5 "TOF" during a cold restart. If
you want instances of this SFB to be initialized following a warm restart, you must
call SFB 5 with PT = 0 ms in OB100. If instances of this SFB are located within
another block, you can reset these instances, for example, by initializing the higherlevel block.

Timing Diagram
IN

Q
PT

PT

ET
PT

Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

BOOL

I, Q, M, D, L,
constant

Start input

PT

INPUT

TIME

I, Q, M, D, L,
constant

Time by which the falling edge at the IN
input is delayed. PT must be positive.
(Note: the range of values is fixed by the
TIME data type)

Q

OUTPUT

BOOL

I, Q, M, D, L

Status of the time

ET

OUTPUT

TIME

I, Q, M, D, L

Expired time
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25.4

Counting Up with SFB 0 "CTU"

Description
You can count up with SFB 0 "CTU." The counter is incremented by 1 by a rising
edge at the CU input (compared with the last SFB call). If the counted value
reaches the upper limit of 32767, it is no longer incremented. Each subsequent
rising edge at the CU input no longer has an effect.
Signal level 1 at the R input resets the counter to the value 0 regardless of the
value currently at the CU input.
The Q output indicates whether the current counted value is greater or equal to the
preset value PV.
SFB 0 "CTU" complies with the IEC 1131-3 standard.
The operating system resets the instances of SFB 0 "CTU" during a cold restart. If
you want instances of this SFB to be initialized following a warm restart, you must
call SFB 0 with R = 1 in OB100. If instances of this SFB are located within another
block, you can reset these instances, for example, by initializing the higher-level
block.
Parameter

Declaration

Data Type

Memory Area

Description

CU

INPUT

BOOL

I, Q, M, D, L,
constant

Counter input

R

INPUT

BOOL

I, Q, M, D, L,
constant

Reset input R is dominant over CU.

PV

INPUT

INT

I, Q, M, D, L,
constant

Preset value. Refer to parameter Q for
the effect of PV.

Q

OUTPUT

BOOL

I, Q, M, D, L

Status of the counter: Q has the following
value

CV

OUTPUT

INT

I, Q, M, D, L

•

1, if CV > PV

•

0 otherwise

Current count value
(possible value: 0 to 32 767)

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

25-5

IEC Timers and IEC Counters

25.5

Counting Down with SFB 1 "CTD"

Description
You can count down with SFB 1 "CTD." The counter decrements at a rising edge
on the CD input (compared with the last SFB call). If the count value reaches the
lower limit of -32768, it no longer decrements. Any further rising edge at the CD
input then has no further effect.
Signal level 1 at the LOAD input sets the counter to the preset value PV regardless
of the value at the CD input.
The Q output indicates whether the current counted value is less than or equal to 0.
SFB 1 "CTD" complies with the IEC 1131-3 standard.
The operating system resets instances of SFB 1 "CTD" during a cold restart. If you
want instances of this SFB to be initialized following a warm restart, you must call
SFB 1 with LOAD = 1 and PV = required initial value for CV in OB100. If instances
of this SFB are located within another block, you can reset these instances, for
example, by initializing the higher-level block.
Parameter

Declaration

Data Type

Memory Area Description

CD

INPUT

BOOL

I, Q, M, D, L,
constant

Count input

LOAD

INPUT

BOOL

I, Q, M, D, L,
constant

Load input. LOAD is dominant over CD.

PV

INPUT

INT

I, Q, M, D, L,
constant

Preset value. The counter is preset to PV
when the signal level at the LOAD input
is 1.

Q

OUTPUT

BOOL

I, Q, M, D, L

Status of the counter: Q has the following
value:

CV

25-6

OUTPUT

INT

I, Q, M, D, L

•

1, if CV < 0

•

0 otherwise

Current count value(possible values: -32
768 to 32 767)
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25.6

Up / Down Count with SFB 2 "CTUD"

Description
You can count up and down with SFB 2 "CTUD." The count value is changed by a
rising edge, compared with the last SFB call as follows:
• At input CU it is incremented by 1
• At input CD it decrements by 1.
If the count value reaches the limits, the counter reacts as follows:
• The lower limit of -32768, it is no longer decrements
• The upper limit of 32767, it is no longer incremented.
If there is a rising edge at both input CU and input CD in one cycle, the counter
retains its current value. This reaction does not comply with the standard
IEC 1131-3. In the standard, the CU input is dominant if both signals are active at
the same time. This change has been proposed to the IEC.
A signal level 1 at the LOAD input presets the counter to the value PV regardless
of the values at the CU and CD inputs.
The signal level 1 at the R input resets the counter to the value 0 regardless of the
values at the CU, CD and LOAD inputs. The QU output indicates whether the
current count value is greater than or equal to the preset value PV; the QD output
indicates whether the value is less than or equal to 0.
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The operating system resets SFB 2 "CTUD" during a cold restart. If you want
SFB 2 "CTUD" to be initialized following a warm restart, you must call SFB 2 in
OB100 as follows:
• With R = 1 when using the block to count up
• With R = 0 and LOAD = 1 and PV = required initial value for CV when using the
block to count down
• If instances of this SFB are located within another block, you can reset these
instances, for example, by initializing the higher-level block.
Parameter

Declaration

Data Type

Memory Area Description

CU

INPUT

BOOL

I, Q, M, D, L,
constant

Count up input.

CD

INPUT

BOOL

I, Q, M, D, L,
constant

Count down input

R

INPUT

BOOL

I, Q, M, D, L,
constant

Reset input. R is dominant over LOAD.

LOAD

INPUT

BOOL

I, Q, M, D, L,
constant

Load input. LOAD is dominant over CU
and CD.

PV

INPUT

INT

I, Q, M, D, L,
constant

Preset value. The counter is set to the
preset value PV when the signal level at
the LOAD input is 1.

QU

OUTPUT

BOOL

I, Q, M, D, L

Status of the up counter:
QU has the following value

QD

OUTPUT

BOOL

I, Q, M, D, L

•

1, if CV >PV

•

0 otherwise

Status of the down counter:
QD has the following value

CV
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OUTPUT

INT

I, Q, M, D, L

•

1, if CV < 0

•

0 otherwise

Current count value
(possible values: -32 768 to 32 767)
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IEC Functions

26.1

Overview
You can copy the following International Electrotechnical Commission (IEC)
functions from the STEP 7 library "S7libs\Stdlib30" to your program directory.

Name

IEC Block Family

Function

FC3 D_TOD_DT

Convert

Combine DATE and TIME_OF_DAY to DT

FC6 DT_DATE

Convert

Extract the DATE from DT

FC7 DT_DAY

Convert

Extract the day of the week from DT

FC8 DT_TOD

Convert

Extract the TIME_OF_DAY from DT

FC33 S5TI_TIM

Convert

Data type conversion S5TIME to TIME

FC40 TIM_S5TI

Convert

Data type conversion TIME to S5TIME

FC16 I_STRNG

Convert

Data type conversion INT to STRING

FC5 DI_STRNG

Convert

Data type conversion DINT to STRING

FC30 R_STRNG

Convert

Data type conversion REAL to STRING

FC38 STRNG_I

Convert

Data type conversion STRING to INT

FC37 STRNG_DI

Convert

Data type conversion STRING to DINT

FC39 STRNG_R

Convert

Data type conversion STRING to REAL

FC9 EQ_DT

DT

Compare DT for equal

FC12 GE_DT

DT

Compare DT for greater than or equal

FC14 GT_DT

DT

Compare DT for greater than

FC18 LE_DT

DT

Compare DT for smaller than or equal

FC23 LT_DT

DT

Compare DT for smaller than

FC28 NE_DT

DT

Compare DT for unequal

FC10 EQ_STRNG

String

Compare STRING for equal

FC13 GE_STRNG

String

Compare STRING for greater than or equal

FC15 GT_STRNG

String

Compare STRING for greater than

FC19 LE_STRNG

String

Compare STRING for smaller than or equal

FC24 LT_STRNG

String

Compare STRING for smaller than

FC29 NE_STRNG

String

Compare STRING for unequal

FC21 LEN

String

Length of a STRING variable

FC20 LEFT

String

Left part of a STRING variable

FC32 RIGHT

String

Right part of a STRING variable

FC26 MID

String

Middle part of a STRING variable

FC2 CONCAT

String

Combine two STRING variables

FC17 INSERT

String

Insert in a STRING variable

FC4 DELETE

String

Delete in a STRING variable

FC31 REPLACE

String

Replace in a STRING variable
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Name

IEC Block Family

Function

FC11 FIND

String

Find in a STRING variable

FC1 AD_DT_TM

Floating Point Math Add duration to a time

FC35 SB_DT_TM

Floating Point Math Subtract duration from a time

FC34 SB_DT_DT

Floating Point Math Subtract two time values

FC22 LIMIT

Floating Point Math Limit

FC25 MAX

Floating Point Math Select maximum

FC27 MIN

Floating Point Math Select minimum

FC36 SEL

Floating Point Math Binary selection

For more information on the IEC conform communication blocks, refer to the
communication functions in the context help for the system function blocks
(SFBs/SFCs) (see: Differences between the Blocks of the S7 Communication and
the S7 Basic Communication)

26-2
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26.2

Technical Data of the IEC Functions

Memory Requirements
The following table shows how much work memory and how much load memory is
required for each of the International Electrotechnical Commission (IEC) functions,
and the number of bytes of local data required for each IEC function.
FC No.

Name

Size (No. of Bytes) in
Work Memory Load Memory

FC3

D_TOD_DT

FC6

DT_DATE

340

466

10

FC7

DT_DAY

346

472

10

FC8

DT_TOD

114

210

6

634

810

Local Data
(Bytes)
12

FC33

S5TI_TIM

94

208

2

FC40

TIM_S5TI

104

208

6

FC16

I_STRNG

226

340

10

FC5

DI_STRNG

314

440

18

FC30

R_STRNG

528

684

28

FC38

STRNG_I

292

420

12

FC37

STRNG_DI

310

442

12

FC39

STRNG_R

828

1038

30

FC9

EQ_DT

96

194

2

FC12

GE_DT

174

288

4

FC14

GT_DT

192

310

4

FC18

LE_DT

168

280

4

FC23

LT_DT

192

310

4

FC28

NE_DT

96

194

2

FC10

EQ_STRNG

114

220

4

FC13

GE_STRNG

162

282

8

FC15

GT_STRNG

158

278

8

FC19

LE_STRNG

162

282

8

FC24

LT_STRNG

158

278

8

FC29

NE_STRNG

150

266

8

FC21

LEN

38

132

2

FC20

LEFT

200

320

8

FC32

RIGHT

230

350

8

FC26

MID

302

390

8

FC2

CONCAT

358

452

14

FC17

INSERT

488

644

20

FC4

DELETE

376

512

8

FC31

REPLACE

562

726

20

FC11

FIND

236

360

14

FC1

AD_DT_TM

1350

1590

22

FC35

SB_DT_TM

1356

1596

22
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FC No.

Name

FC34

SB_DT_DT

992

1178

30

FC22

LIMIT

426

600

12

FC25

MAX

374

532

8

FC27

MIN

374

532

8

FC36

SEL

374

560

8

26-4

Size (No. of Bytes) in
Work Memory Load Memory

Local Data
(Bytes)
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26.3

Date and Time as Complex Data Types

Actual Parameters for DATE_AND_TIME
The DATE_AND_TIME data type falls into the category of complex data types,
along with ARRAY, STRING, and STRUCT. The permissible memory areas for
complex data types are the data block (D) and local data (L) areas.
Because DATE_AND_TIME is a complex data type, when you use
DATE_AND_TIME as a formal parameter in a statement, you can provide the
actual parameter only in one of the following forms:
• A block-specific symbol from the variable declaration table for a specific block
• A symbolic name for a data block, such as "DB_sys_info.System_Time", made
up of the following parts:
-

A name defined in the symbol table for the number of the data block
(for example, "DB_sys_info" for DB5)

-

A name defined within the data block for the DATE_AND_TIME element
(for example, "System_Time" for a variable of data type DATE_AND_TIME
contained in DB5)

You cannot pass constants as actual parameters to formal parameters of the
complex data types, including DATE_AND_TIME. Also, you cannot pass absolute
addresses as actual parameters to DATE_AND_TIME.
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26.4

Time-of-Day Functions

Description FC1 AD_DT_TM
The function FC1 adds a duration (format TIME) to a time (format DT) and provides
a new time (format DT) as the result. The time (parameter T) must be in the range
from DT#1990-01-01-00:00:00.000 to DT#2089-12-31-23:59:59.999. The function
does not run an input check. If the result of the addition is not within the valid
range, the result is limited to the corresponding value and the binary result (BR) bit
of the status word is set to “0".
Parameter

Declaration Data Type

Memory Area

Description

T

INPUT

DATE_AND_TIME

D, L

Time in format DT

D

INPUT

TIME

I, Q, M, D, L, Const.

Duration in format TIME

RET_VAL

OUTPUT

DATE_AND_TIME

D, L

Sum in format DT

You can assign only a symbolically defined variable for the input parameter T and
the output parameter.

Description FC3 D_TOD_DT
The function FC3 combines the data formats DATE and TIME_OF_DAY (TOD)
together and converts these formats to the data type format DATE_AND_TIME
(DT). The input value IN1 must be between the limits DATE#1990-01-01 and
DATE#2089-12-31. (This value is not checked.) The function does not report any
errors.
Parameter

Declaration Data Type

Memory Area

Description

IN1

INPUT

DATE

I, Q, M, D, L, Const.

Input variable in format DATE

IN2

INPUT

TIME_OF_DAY

I, Q, M, D, L, Const.

Input variable in format TOD

RET_VAL

OUTPUT

DATE_AND_TIME

D, L

Return value in format DT

You can assign only a symbolically defined variable for the return value.
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Description FC6 DT_DATE
The function FC6 extracts the data type format DATE from the format
DATE_AND_TIME. The DATE value must be between the limits DATE#1990-1-1
and DATE#2089-12-31. The function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

IN

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

DATE

I, Q, M, D, L

Return value in format DATE

You can assign only a symbolically defined variable for this input.

Description FC7 DT_DAY
The function FC7 extracts the day of the week from the format DATE_AND_TIME.
The day of the week is available in the data type format INTEGER:
• 1 = Sunday
• 2 = Monday
• 3 = Tuesday
• 4 = Wednesday
• 5 = Thursday
• 6 = Friday
• 7 = Saturday
The function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

IN

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Return value in format INT

You can assign only a symbolically defined variable for this input.
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Description FC8 DT_TOD
The function FC8 extracts the data type format TIME_OF_DAY from the format
DATE_AND_TIME. The function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

IN

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

TIME_OF_DAY

I, Q, M, D, L

Return value in format TOD

You can assign only a symbolically defined variable for this input.

Description FC33 S5TI_TIM
The function FC33 converts the data type format S5TIME to the format TIME. If the
result of the conversion is outside the TIME range, the result is limited to the
corresponding value and the binary result (BR) bit of the status word is set to "0".
Parameter

Declaration Data Type

Memory Area

Description

IN

INPUT

S5TIME

I, Q, M, D, L, Const.

Input variable in format S5TIME

RET_VAL

OUTPUT

TIME

I, Q, M, D, L

Return value in format TIME

Description FC34 SB_DT_DT
The function FC34 subtracts two time values (format DT) and provides a duration
(format TIME) as the result. The times must be in the range from DT#1990-01-0100:00:00.000 to DT#2089-12-31-23:59:59.999. The function does not run an input
check. If the first time (parameter T1) is greater (more recent) than the second
(parameter DT2), the result is positive; if the first time is smaller (less recent) than
the second, the result is negative. If the result of the subtraction is outside the
TIME range, the result is limited to the corresponding value and the binary result
(BR) bit of the status word is set to “0".
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

First time in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Second time in format DT

RET_VAL

OUTPUT

TIME

I, Q, M, D, L

Difference in format TIME

You can assign only a symbolically defined variable for the input parameters.
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Description FC35 SB_DT_TM
The function FC35 subtracts a duration (format TIME) from a time (format DT) and
provides a new time (format DT) as the result. The time (parameter T) must be
between DT#1990-01-01-00:00:00.000 and DT#2089-12-31-23:59:59.999. The
function does not run an input check. If the result of the subtraction is not within the
valid range, the result is limited to the corresponding value and the binary result
(BR) bit of the status word is set to “0".
Parameter

Declaration Data Type

Memory Area

Description

T

INPUT

DATE_AND_TIME

D, L

Time in format DT

D

INPUT

TIME

I, Q, M, D, L, Const.

Duration in format TIME

RET_VAL

OUTPUT

DATE_AND_TIME

D, L

Difference in format DT

You can assign only a symbolically defined variable for the input parameter T and
the output parameter.

Description FC40 TIM_S5TI
The function FC40 converts the data type format TIME to the format S5TIME. The
value is rounded down during conversion. If the input parameter is greater than the
S5TIME format allows (greater than TIME#02:46:30.000), the result S5TIME#999.3
is output and the binary result (BR) bit of the status word is set to "0".
Parameter

Declaration Data Type

Memory Area

Description

IN

INPUT

TIME

I, Q, M, D, L, Const.

Input variable in format TIME

RET_VAL

OUTPUT

S5TIME

I, Q, M, D, L

Return value in format S5TIME
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26.5

Comparing DATE_AND_TIME Variables

Description FC9 EQ_DT
The function FC9 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if they are equal and outputs the result of the
comparison as a return value. The return value has the signal state “1" if the time
at parameter DT1 is the same as the time at parameter DT2. The function does not
report any errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC12 GE_DT
The function FC12 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if one is greater or equal to the other and outputs the
result of the comparison as a return value. The return value has the signal state “1"
if the time at parameter DT1 is greater (more recent) than the time at parameter
DT2 or if both times are the same. The function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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Description FC14 GT_DT
The function FC14 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if one is greater than the other and outputs the result
of the comparison as a return value. The return value has the signal state “1" if the
time at parameter DT1 is greater (more recent) than the time at parameter DT2.
The function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC18 LE_DT
The function FC18 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if one is smaller than or equal to the other and
outputs the result of the comparison as a return value. The return value has the
signal state “1" if the time at parameter DT1 is smaller (less recent) than the time at
parameter DT2 or if both times are the same. The function does not report any
errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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Description FC23 LT_DT
The function FC23 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if one is smaller than the other and outputs the result
of the comparison as a return value. The return value has the signal state “1" if the
time at parameter DT1 is smaller (less recent) than the time at parameter DT2. The
function does not report any errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC28 NE_DT
The function FC28 compares the contents of two variables in the data type format
DATE_AND_TIME to find out if they are unequal and outputs the result of the
comparison as a return value. The return value has the signal state “1" if the time
at parameter DT1 is not equal to the time at parameter DT2. The function does not
report any errors.
Parameter

Declaration Data Type

Memory Area

Description

DT1

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

DT2

INPUT

DATE_AND_TIME

D, L

Input variable in format DT

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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26.6

Comparing STRING Variables

Description FC10 EQ_STRNG
The function FC10 compares the contents of two variables in the data type format
STRING to find out if they are equal and outputs the result of the comparison as a
return value. The return value has the signal state “1" if the string at parameter S1
is the same as the string at parameter S2.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC13 GE_STRNG
The function FC13 compares the contents of two variables in the data type format
STRING to find out if the first is greater than or equal to the other and outputs the
result of the comparison as a return value. The return value has the signal state “1"
if the string at parameter S1 is greater than or equal to the string at parameter S2.
The characters are compared by their ASCII code (for example, 'a' is greater than
'A'), starting from the left. The first character to be different decides the result of the
comparison. If the first characters are the same, the longer string is greater.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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Description FC15 GT_STRNG
The function FC15 compares the contents of two variables in the data type format
STRING to find out if the first is greater than the other and outputs the result of the
comparison as a return value. The return value has the signal state “1" if the string
at parameter S1 is greater than the string at parameter S2.
The characters are compared by their ASCII code (for example, 'a' is greater than
'A'), starting from the left. The first character to be different decides the result of the
comparison. If the first characters are the same, the longer string is greater.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC19 LE_STRNG
The function FC19 compares the contents of two variables in the data type format
STRING to find out if the first is smaller than or equal to the other and outputs the
result of the comparison as a return value. The return value has the signal state “1"
if the string at parameter S1 is smaller than or equal to the string at parameter S2.
The characters are compared by their ASCII code (for example, 'a' is smaller than
'A'), starting from the left. The first character to be different decides the result of the
comparison. If the first characters are the same, the shorter string is smaller.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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Description FC24 LT_STRNG
The function FC24 compares the contents of two variables in the data type format
STRING to find out if the first is smaller than the other and outputs the result of the
comparison as a return value. The return value has the signal state “1" if the string
at parameter S1 is smaller than the string at parameter S2.
The characters are compared by their ASCII code (for example, 'a' is smaller than
'A'), starting from the left. The first character to be different decides the result of the
comparison. If the left part of the longer character string and the shorter character
string are the same, the shorter string is smaller.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.

Description FC29 NE_STRNG
The function FC29 compares the contents of two variables in the data type format
STRING to find out if they are unequal and outputs the result of the comparison as
a return value. The return value has the signal state “1" if the string at parameter
S1 is not equal to the string at parameter S2.
The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S1

INPUT

STRING

D, L

Input variable in format STRING

S2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

BOOL

I, Q, M, D, L

Result of comparison

You can assign only a symbolically defined variable for the input parameters.
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26.7

Editing Number Values

Description FC22 LIMIT
The function FC22 limits the number value of a variable to limit values which can
have parameters assigned. Variables of the data types INT, DINT, and REAL are
permitted as input values. All variables with parameters assigned must be of the
same data type. The variable type recognized by the ANY pointer. The lower limit
value (parameter MN) must be smaller than/equal to the upper limit value
(parameter MX).
The output value remains unchanged and the binary result (BR) bit of the status
word is set to “0" if any of the following are true:
• A variable with parameters assigned has an invalid data type
• All variables with parameters assigned do not have the same data type
• The lower limit value is greater than the upper limit value
• A REAL variable does not represent a valid floating-point number.
Parameter

Declaration

Data Type

Memory Area

Description

MN

INPUT

ANY

I, Q, M, D, L

Lower limit

IN

INPUT

ANY

I, Q, M, D, L

Input variable

MX

INPUT

ANY

I, Q, M, D, L

Upper limit

RET_VAL

OUTPUT

ANY

I, Q, M, D, L

Limited output variable

Description FC25 MAX
The function FC25 selects the largest of three numerical variable values. Variables
of the data types INT, DINT, and REAL are permitted as input values. All variables
with parameters assigned must be of the same data type. The variable type
recognized by the ANY pointer.
The output value remains unchanged and the binary result (BR) bit of the status
word is set to “0" if any of the following are true:
• A variable with parameters assigned has an invalid data type
• All variables with parameters assigned do not have the same data type
• A REAL variable does not represent a valid floating-point number.
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

ANY

I, Q, M, D, L

First input value

IN2

INPUT

ANY

I, Q, M, D, L

Second input value

IN3

INPUT

ANY

I, Q, M, D, L

Third input value

RET_VAL

OUTPUT

ANY

I, Q, M, D, L

Largest of the input values
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Example in STL
CALL FC 25
IN1
IN2
IN3
RET_VAL
=

:= P#M 10.0 DINT 1
:= MD20
:= P#DB1.DBX 0.0 DINT 1
:= P#M 40.0 DINT 1
M 0.0

Note:
The admitted data types INT, DINT and REAL must be entered in the ANY pointer.
Such parameters as “MD20“ are also admitted, but you must define the
corresponding data type of “MD20“ in “Symbol“.

Description FC27 MIN
The function FC27 selects the smallest of three numerical variable values.
Variables of the data types INT, DINT, and REAL are permitted as input values. All
variables with parameters assigned must be of the same data type. The variable
type is recognized by the ANY pointer.
The output value remains unchanged and the binary result (BR) bit of the status
word is set to “0" if any of the following are true:
• A variable with parameters assigned has an invalid data type
• All variables with parameters assigned do not have the same data type
• A REAL variable does not represent a valid floating-point number.
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

ANY

I, Q, M, D, L

First input value

IN2

INPUT

ANY

I, Q, M, D, L

Second input value

IN3

INPUT

ANY

I, Q, M, D, L

Third input value

RET_VAL

OUTPUT

ANY

I, Q, M, D, L

Smallest of the input values
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Example in STL
CALL FC 27
IN1
IN2
IN3
RET_VAL
=

:= P#M 10.0 DINT 1
:= MD20
:= P#DB1.DBX 0.0 DINT 1
:= P#M 40.0 DINT 1
M 0.0

Note:
The admitted data types INT, DINT and REAL must be entered in the ANY pointer.
Such parameters as “MD20“ are also admitted, but you must define the
corresponding data type of “MD20“ in “Symbol“.

Description FC36 SEL
The function FC36 selects one of two variable values depending on a switch
(parameter G). Variables with all data types which correspond to the data width bit,
byte, word, and double word (not data types DT and STRING) are permitted as
input values at the parameters IN0 and IN1. Both input variables and the output
variable must be of the same data type.
The output value remains unchanged and the binary result (BR) bit of the status
word is set to “0" if any of the following are true:
• A variable with parameters assigned has an invalid data type
• All variables with parameters assigned do not have the same data type
• A REAL variable does not represent a valid floating-point number.
Parameter

Declaration

Data Type

Memory Area

Description

G
IN0

INPUT

BOOL

I, Q, M, D, L

Selection switch

INPUT

ANY

I, Q, M, D, L

First input value

IN1

INPUT

ANY

I, Q, M, D, L

Second input value

RET_VAL

OUTPUT

ANY

I, Q, M, D, L

Selected input value
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Editing STRING Variables

Description FC2 CONCAT
The function FC2 concatenates two STRING variables together to form one string.
If the resulting string is longer than the variable given at the output parameter, the
result string is limited to the maximum set length and the binary result (BR) bit of
the status word set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

STRING

D, L

Input variable in format STRING

IN2

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

STRING

D, L

Combined string

You can assign only a symbolically defined variable for the parameters.

Description FC4 DELETE
The function FC4 deletes a number of characters (L) from the character at position
P (inclusive) in a string. If L and/or P are equal to zero or if P is greater than the
current length of the input string, the input string is returned. If the sum of L and P
is greater than the input string, the string is deleted up to the end. If L and/or P are
negative, a blank string is returned and the binary result (BR) bit of the status word
is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

STRING

D, L

STRING variable to be deleted in

L

INPUT

INT

I, Q, M, D, L,
Const.

Number of characters to be
deleted

P

INPUT

INT

I, Q, M, D, L,
Const.

Position of first character to be
deleted

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the input parameter IN and
the output parameter.
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Description FC11 FIND
The function FC11 provides the position of the second string (IN2) within the first
string (IN1). The search starts on the left; the first occurrence of the string is
reported. If the second string is not found in the first, zero is returned. The function
does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

STRING

D, L

STRING variable to be searched
in

IN2

INPUT

STRING

D, L

STRING variable to be found

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Position of the string found

You can assign only a symbolically defined variable for the input parameters IN1
and IN2.

Description FC17 INSERT
The function FC17 inserts a string at parameter IN2 into the string at parameter IN1
after the character at position P. If P equals zero, the second string is inserted
before the first string. If P is greater than the current length of the first string, the
second string is appended to the first, If P is negative, a blank string is output and
the binary result (BR) bit of the status word is set to “0". The binary result bit is also
set to “0" if the resulting string is longer than the variable given at the output
parameter; in this case the result string is limited to the maximum set length.
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

STRING

D, L

STRING variable to be inserted
into

IN2

INPUT

STRING

D, L

STRING variable to be inserted

P

INPUT

INT

I, Q, M, D, L,
Const.

Insert position

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the input parameters IN1
and IN2 and the output parameter.
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Description FC20 LEFT
The function FC20 provides the first L characters of a string (where L stands for a
number). If L is greater than the current length of the STRING variables, the input
value is returned. With L = 0 and with a blank string as the input value, a blank
string is returned. If L is negative, a blank string is returned and the binary result
(BR) bit of the status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

STRING

D, L

Input variable in format STRING

L

INPUT

INT

I, Q, M, D, L,
Const.

Length of the left character sting

RET_VAL

OUTPUT

STRING

D, L

Output variable in format
STRING

You can assign only a symbolically defined variable for the parameter IN and the
return value.

Description FC21 LEN
A STRING variable contains two lengths: the maximum length (this is given in
square brackets when the variables are being defined) and the current length (this
is the number of currently valid characters). The current length must be smaller
than or equal to the maximum length. The number of bytes occupied by a string is
2 greater than the maximum length.
The function FC21 outputs the current length of a string (number of valid
characters) as a return value. A blank string (' ') has the length zero. The maximum
length is 254. The function does not report any errors.
Parameter

Declaration

Data Type

Memory Area

Description

S

INPUT

STRING

D, L

Input variable in format STRING

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Number of valid characters

You can assign only a symbolically defined variable for the input parameter.
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Description FC26 MID
The function FC26 provides the middle part of a string (L characters from the
character P inclusive). If the sum of L and P exceeds the current length of the
STRING variables, a string is returned from the character P to the end of the input
value. In all other cases (P is outside the current length, P and/or L are equal to
zero or negative), a blank string is returned and the binary result (BR) bit of the
status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

STRING

D, L

Input variable in format STRING

L

INPUT

INT

I, Q, M, D, L,
Const.

Length of the middle character
sting

P

INPUT

INT

I, Q, M, D, L,
Const.

Position of first character

RET_VAL

OUTPUT

STRING

D, L

Output variable in format
STRING

You can assign only a symbolically defined variable for the parameter IN and the
return value.

Description FC31 REPLACE
The function FC31 replaces a number of characters (L) of the first string (IN1) from
the character at position P (inclusive) with the second string (IN2). If L is equal to
zero, the first string is returned. If P is equal to zero or one, the string is replaced
from the first character (inclusive). If P is outside the first string, the second string is
appended to the first string. If L and/or P is negative, a blank string is returned and
the binary result (BR) bit of the status word is set to “0". The binary result bit is also
set to “0" if the resulting string is longer than the variable given at the output
parameter; in this case the result string is limited to the maximum set length.
Parameter

Declaration

Data Type

Memory Area

Description

IN1

INPUT

STRING

D, L

STRING variable to be replaced
in

IN2

INPUT

STRING

D, L

STRING variable to be inserted

L

INPUT

INT

I, Q, M, D, L,
Const.

Number of characters to be
replaced

P

INPUT

INT

I, Q, M, D, L,
Const.

Position of first character to be
replaced

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the input parameters IN1
and IN2 and the output parameter.
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Description FC32 RIGHT
The function FC32 provides the last L characters of a string (where L stands for a
number). If L is greater than the current length of the STRING variables, the input
value is returned. With L = 0 and with a blank string as the input value, a blank
string is returned. If L is negative, a blank string is returned and the binary result
(BR) bit of the status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

STRING

D, L,

Input variable in format STRING

L

INPUT

INT

I, Q, M, D, L,
Const.

Length of the right character sting

RET_VAL

OUTPUT

STRING

D, L

Output variable in format
STRING

You can assign only a symbolically defined variable for the parameter IN and the
return value.
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Converting Data Type Formats

Description FC5 DI_STRNG
The function FC5 converts a variable in DINT data type format to a string. The
string is shown preceded by a sign. If the variable given at the return parameter is
too short, no conversion takes place and the binary result (BR) bit of the status
word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

I

INPUT

DINT

I, Q, M, D, L,
Const.

Input value

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the output parameter.

Description FC16 I_STRNG
The function FC16 converts a variable in INT data type format to a string. The
string is shown preceded by a sign. If the variable given at the return parameter is
too short, no conversion takes place and the binary result (BR) bit of the status
word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

I

INPUT

INT

I, Q, M, D, L,
Const.

Input value

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the output parameter.
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Description FC30 R_STRNG
The function FC30 converts a variable in REAL data type format to a string. The
string is shown with 14 digits:
±v.nnnnnnnE±xx

±

Sign

v
decimal point

1 digit before the

n
decimal point

7 digits after the

x

2 exponential digits

If the variable given at the return parameter is too short or if no valid floating-point
number is given at parameter IN, no conversion takes place and the binary result
(BR) bit of the status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

IN

INPUT

REAL

I, Q, M, D, L,
Const.

Input value

RET_VAL

OUTPUT

STRING

D, L

Result string

You can assign only a symbolically defined variable for the output parameter.

Description FC37 STRNG_DI
The function FC37 converts a string to a variable in DINT data type format. The
first character in the string may be a sign or a number, the characters which then
follow must be numbers. If the length of the string is equal to zero or greater than
11, or if invalid characters are found in the string, no conversion takes place and
the binary result (BR) bit of the status word is set to “0". If the result of the
conversion is outside the DINT range, the result is limited to the corresponding
value and the binary result (BR) bit of the status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

S

INPUT

STRING

D, L

Input string

RET_VAL

OUTPUT

DINT

I, Q, M, D, L

Result

You can assign only a symbolically defined variable for the input parameter.
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Description FC38 STRNG_I
The function FC38 converts a string to a variable in INT data type format. The first
character in the string may be a sign or a number, the characters which then follow
must be numbers. If the length of the string is equal to zero or greater than 6, or if
invalid characters are found in the string, no conversion takes place and the binary
result (BR) bit of the status word is set to “0". If the result of the conversion is
outside the INT range, the result is limited to the corresponding value and the
binary result (BR) bit of the status word is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

S

INPUT

STRING

D, L

Input string

RET_VAL

OUTPUT

INT

I, Q, M, D, L

Result

You can assign only a symbolically defined variable for the input parameter.

Description FC39 STRNG_R
The function FC39 converts a string to a variable in REAL data type format. The
string must have the following format:
±v.nnnnnnnE±xx

±

Sign

v
decimal point

1 digit before the

n
decimal point

7 digits after the

x

2 exponential digits

If the length of the string is smaller than 14, or if it is not structured as shown
above, no conversion takes place and the binary result (BR) bit of the status word
is set to “0". If the result of the conversion is outside the REAL range, the result is
limited to the corresponding value and the binary result (BR) bit of the status word
is set to “0".
Parameter

Declaration

Data Type

Memory Area

Description

S

INPUT

STRING

D, L

Input string

RET_VAL

OUTPUT

REAL

I, Q, M, D, L

Result

You can assign only a symbolically defined variable for the input parameter.
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SFBs for Integrated Control

27.1

Continuous Control with SFB 41/FB 41 "CONT_C"

Introduction
SFB/FB "CONT_C" (continuous controller) is used on SIMATIC S7 programmable
logic controllers to control technical processes with continuous input and output
variables. During parameter assignment, you can activate or deactivate subfunctions of the PID controller to adapt the controller to the process. You can
assign this easily by using the parameter assignment tool (Menu path: Start >
Simatic > Step7 > Assign PID Control parameters). The online electronic
manual is found under Start > Simatic > Step7 > Assign PID Control English.

Application
You can use the controller as a PID fixed setpoint controller or in multi-loop
controls as a cascade, blending or ratio controller. The functions of the controller
are based on the PID control algorithm of the sampling controller with an analog
signal, if necessary extended by including a pulse generator stage to generate
pulse duration modulated output signals for two or three step controllers with
proportional actuators.

Note
The calculation of the values in the control blocks is only correct if the block is
called at regular intervals. For this reason, you should call the control blocks in a
cyclic interrupt OB (OB30 to OB38). Enter the sampling time in the CYCLE
parameter.
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Description
Apart from the functions in the setpoint and process value branches, the SFB/FB
implements a complete PID controller with continuous manipulated variable output
and the option of influencing the manipulated value manually.
In the following, you will find a detailed description of the sub-functions:
Setpoint Branch
The setpoint is entered in floating-point format at the SP_INT input.
Process Variable Branch
The process variable can be input in the peripheral (I/O) or floating-point format.
The CRP_IN function converts the PV_PER peripheral value to a floating-point
format of -100 to +100 % according to the following formula:

Output of CPR_IN = PV_PER

∗

100
27648

The PV_NORM function normalizes the output of CRP_IN according to the
following formula:
Output of PV_NORM = (output of CPR_IN) * PV_FAC + PV_OFF
PV_FAC has a default of 1 and PV_OFF a default of 0.

Error Signal
The difference between the setpoint and process variable is the error signal. To
suppress a small constant oscillation due to the manipulated variable quantization
(for example, in pulse duration modulation with PULSEGEN), a dead band is
applied to the error signal (DEADBAND). If DEADB_W = 0, the dead band is
switched off.
PID Algorithm
The PID algorithm operates as a position algorithm. The proportional, integral
(INT), and derivative (DIF) actions are connected in parallel and can be activated
or deactivated individually. This allows P, PI, PD, and PID controllers to be
configured. Pure I and D controllers are also possible.
Manual Value
It is possible to switch over between a manual and an automatic mode. In the
manual mode, the manipulated variable is corrected to a manually selected value.
The integrator (INT) is set internally to LMN - LMN_P - DISV and the derivative unit
(DIF) to 0 and matched internally. This means that a switchover to the automatic
mode does not cause any sudden change in the manipulated value.
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Manipulated Value
The manipulated value can be limited to a selected value using the LMNLIMIT
function. Signaling bits indicate when a limit is exceeded by the input variable.
The LMN_NORM function normalizes the output of LMNLIMIT according to the
following formula:
LMN = (output of LMNLIMIT) * LMN_FAC + LMN_OFF
LMN_FAC has the default 1 and LMN_OFF the default 0.

The manipulated value is also available in the peripheral format. The CPR_OUT
function converts the floating-point value LMN to a peripheral value according to
the following formula:
LMN_PER = LMN ∗

27648
100

Feed Forward Control
A disturbance variable can be fed forward at the DISV input.

Initialization
SFB 41 "CONT_C" has an initialization routine that is run through when the input
parameter COM_RST = TRUE is set.
During initialization, the integrator is set internally to the initialization value I_ITVAL.
When it is called in a cyclic interrupt priority class, it then continues to work starting
at this value.
All other outputs are set to their default values.

Error Information
The error output parameter RET_VAL is not used.
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CONT_C Block Diagram

SP_INT

PVPER_ON
GAIN
PV_IN

DEADBAND
+
-

0
CRP_IN

PV_NORM

X

1

PV_PER

DEADB_W

%

1
INT

ER

PV

PV_FAC,
PV_OFF

P_SEL

LMN_P

0.0
0
I_SEL

DISV

1
0.0
TI, INT_HOLD,
I_ITL_ON,
I_ITLVAL

+

+
0
LMN_I

DIF
1
0.0
0

TD, TM_LAG

D_SEL

LMN_D

QLMN_HLM
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LMN

MAN_ON
MAN

1

LMNLIMIT
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%
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0
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Input Parameters
The following table contains the description of the input parameters for
SFB 41/FB 41 "CONT_C."
Parameter

Data Type

Range of Values Default

Description

COM_RST

BOOL

FALSE

COMPLETE RESTART
The block has an initialization routine that is
processed when the input COM_RST is set.

MAN_ON

BOOL

TRUE

MANUAL VALUE ON
If the input "manual value on" is set, the
control loop is interrupted. A manual value
is set as the manipulated value.

PVPER_ON BOOL

FALSE

PROCESS VARIABLE PERIPHERAL ON
If the process variable is read from the I/Os,
the input PV_PER must be connected to
the I/Os and the input "process variable
peripheral on" must be set.

P_SEL

BOOL

TRUE

PROPORTIONAL ACTION ON
The PID actions can be activated or
deactivated individually in the PID
algorithm. The P action is on when the input
"proportional action on" is set.

I_SEL

BOOL

TRUE

INTEGRAL ACTION ON
The PID actions can be activated or
deactivated individually in the PID
algorithm. The I action is on when the input
"integral action on" is set.

INT_HOLD

BOOL

FALSE

INTEGRAL ACTION HOLD
The output of the integrator can be "frozen"
by setting the input "integral action hold."

I_ITL_ON

BOOL

FALSE

INITIALIZATION OF THE INTEGRAL
ACTION ON
The output of the integrator can be
connected to the input I_ITL_VAL by setting
the input "initialization of the integral action
on."

D_SEL

BOOL

FALSE

DERIVATIVE ACTION ON
The PID actions can be activated or
deactivated individually in the PID
algorithm. The D action is on when the
input "derivative action on" is set.

CYCLE

TIME

>= 1 ms

T#1s

SAMPLING TIME
The time between the block calls must be
constant. The "sampling time" input
specifies the time between block calls.

SP_INT

REAL

-100.0 to +100.0
(%) or phys.
value 1)

0.0

INTERNAL SETPOINT
The "internal setpoint" input is used to
specify a setpoint.

PV_IN

REAL

-100.0 to +100.0
(%) or phys. Value
1)

0.0

PROCESS VARIABLE IN
An initialization value can be set at the
"process variable in" input or an external
process variable in floating point format can
be connected.
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Parameter

Data Type

PV_PER

WORD

MAN

REAL

GAIN

REAL

TI

TIME

TD

Range of Values Default

Description

W#16#000 PROCESS VARIABLE PERIPHERAL
0
The process variable in the I/O format is
connected to the controller at the "process
variable peripheral" input.
0.0

MANUAL VALUE
The "manual value" input is used to set a
manual value using the operator interface
functions.

2.0

PROPORTIONAL GAIN
The "proportional value" input specifies the
controller gain.

>= CYCLE

T#20s

RESET TIME
The "reset time" input determines the time
response of the integrator.

TIME

>= CYCLE

T#10s

DERIVATIVE TIME
The "derivative time" input determines the
time response of the derivative unit.

TM_LAG

TIME

>= CYCLE/2

T#2s

TIME LAG OF THE DERIVATIVE ACTION
The algorithm of the D action includes a
time lag that can be assigned at the "time
lag of the derivative action" input.

DEADB_W

REAL

>= 0.0 (%)

0.0

DEAD BAND WIDTH
A dead band is applied to the error. The
"dead band width" input determines the size
of the dead band.

100.0

MANIPULATED VALUE HIGH LIMIT
The manipulated value is always limited by
an upper and lower limit. The "manipulated
value high limit" input specifies the upper
limit.

-100.0 to +100.0
(%) or phys. Value
2)

or phys. Value 1)

LMN_HLM

REAL

LMN_LLM ...100.0
(%)

or phys. Value 2)

LMN_LLM

REAL

-100.0... LMN_HLM 0.0
(%)

or phys. Value 2)

MANIPULATED VALUE LOW LIMIT
The manipulated value is always limited by
an upper and lower limit. The "manipulated
value low limit" input specifies the lower
limit.

PV_FAC

REAL

1.0

PROCESS VARIABLE FACTOR
The "process variable factor" input is
multiplied by the process variable. The
input is used to adapt the process variable
range.

PV_OFF

REAL

0.0

PROCESS VARIABLE OFFSET
The "process variable offset" input is added
to the process variable. The input is used to
adapt the process variable range.

LMN_FAC

REAL

1.0

MANIPULATED VALUE FACTOR
The "manipulated value factor" input is
multiplied by the manipulated value. The
input is used to adapt the manipulated
value range.

LMN_OFF

REAL

0.0

MANIPULATED VALUE OFFSET
The "manipulated value offset" is added to
the manipulated value. The input is used to
adapt the manipulated value range.
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Parameter

Data Type

Range of Values Default

I_ITLVAL

REAL

-100.0 to +100.0
(%)

0.0

INITIALIZATION VALUE OF THE
INTEGRAL ACTION
The output of the integrator can be set at
input I_ITL_ON. The initialization value is
applied to the input "initialization value of
the integral action."

0.0

DISTURBANCE VARIABLE
For feed forward control, the disturbance
variable is connected to input "disturbance
variable."

or phys. Value 2)

DISV

REAL

-100.0 to +100.0
(%)

or phys. Value 2)

Description

1) Parameters in the setpoint and process variable branches with the same unit
2) Parameters in the manipulated value branch with the same unit
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Output Parameters
The following table contains the description of the output parameters for
SFB 41/FB41 "CONT_C."
Parameter

Data Type Range of Values Default

Description

LMN

REAL

0.0

MANIPULATED VALUE
The effective manipulated value is output
in floating point format at the "manipulated
value" output.

LMN_PER

WORD

W#16#0000

MANIPULATED VALUE PERIPHERAL
The manipulated value in the I/O format is
connected to the controller at the
"manipulated value peripheral" output.

QLMN_HL
M

BOOL

FALSE

HIGH LIMIT OF MANIPULATED VALUE
REACHED
The manipulated value is always limited to
an upper and lower limit. The output "high
limit of manipulated value reached"
indicates that the upper limit has been
exceeded.

QLMN_LLM BOOL

FALSE

LOW LIMIT OF MANIPULATED VALUE
REACHED
The manipulated value is always limited to
an upper and lower limit. The output "low
limit of manipulated value reached"
indicates that the lower limit has been
exceeded.

LMN_P

REAL

0.0

PROPORTIONAL COMPONENT
The "proportional component" output
contains the proportional component of the
manipulated variable.

LMN_I

REAL

0.0

INTEGRAL COMPONENT
The "integral component" output contains
the integral component of the manipulated
value.

LMN_D

REAL

0.0

DERIVATIVE COMPONENT
The "derivative component" output
contains the derivative component of the
manipulated value.

PV

REAL

0.0

PROCESS VARIABLE
The effective process variable is output at
the "process variable" output.

ER

REAL

0.0

ERROR SIGNAL
The effective error is output at the "error
signal" output.
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27.2

Step Control with SFB 42/FB 42 "CONT_S"

Introduction
SFB/FB "CONT_S" (step controller) is used on SIMATIC S7 programmable logic
controllers to control technical processes with digital manipulated value output
signals for integrating actuators. During parameter assignment, you can activate or
deactivate sub-functions of the PI step controller to adapt the controller to the
process. You can easily do this by using the parameter assignment tool (Menu
path: Start > Simatic > Step7 > Assign PID Control parameters). The online
electronic manual is found under Start > Simatic > Step7 > Assign PID Control
English.

Application
You can use the controller as a PI fixed setpoint controller or in secondary control
loops in cascade, blending or ratio controllers, however not as the primary
controller. The functions of the controller are based on the PI control algorithm of
the sampling controller supplemented by the functions for generating the binary
output signal from the analog actuating signal.
The following applies starting with FB V1.5 or V1.1.0 of CPU 314 IFM:
With TI = T#0ms, the integral component of the controller can be disabled, thus
allowing the block to be used as a proportional controller.
Since the controller works without any position feedback signal, the internally
calculated manipulated variable will not exactly match the signal control element
position. An adjustment is made if the manipulated variable (ER * GAIN) is
negative. The controller then sets the output QLMNDN (manipulated value signal
low) until LMNR_LS (lower limit of the position feedback signal) is set.
The controller can also be used as a secondary actuator in a controller cascade.
The setpoint input SP_INT is used to assign the control element position. In this
case the actual value input and the parameter TI (integration time) must be set to
zero. An application example is temperature regulation by means of heat output
control using pulse-pause control and cooling capacity control by means of a valve.
In this case, to close the valve completely, the manipulated variable (ER * GAIN)
should have a negative setting.

Note
The calculation of the values in the control blocks is only correct if the block is
called at regular intervals. For this reason, you should call the control blocks in a
cyclic interrupt OB (OB30 to OB38). Enter the sampling time in the CYCLE
parameter.
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Description
Apart from the functions in the process value branch, the SFB implements a
complete PI controller with a digital manipulated value output and the option of
influencing the manipulated value manually. The step controller operates without a
position feedback signal.
In the following you will find the description of the partial functions:
Setpoint Branch
The setpoint is entered in floating-point format at the SP_INT input.
Process Variable Branch
The process variable can be input in the peripheral (I/O) or floating-point format.
The CRP_IN function converts the PV_PER peripheral value to a floating-point
format of -100 to +100 % according to the following formula:

Output of CPR_IN = PV_PER

∗

100
27648

The PV_NORM function normalizes the output of CRP_IN according to the
following formula:
Output of PV_NORM = (output of CPR_IN) * PV_FAC + PV_OFF
PV_FAC has a default of 1 and PV_OFF a default of 0.

Error Signal
The difference between the setpoint and process variable is the error signal. To
suppress a small constant oscillation due to the manipulated variable quantization
(for example, due to a limited resolution of the manipulated value by the actuator
valve), a dead band is applied to the error signal (DEADBAND). If DEADB_W = 0,
the dead band is switched off.
PI Step Algorithm
The SFB/FB operates without a position feedback signal. The I action of the PI
algorithm and the assumed position feedback signal are calculated in one
integrator (INT) and compared with the remaining P action as a feedback value.
The difference is applied to a three-step element (THREE_ST) and a pulse
generator (PULSEOUT) that creates the pulses for the actuator. The switching
frequency of the controller can be reduced by adapting the threshold on of the
three-step element.
Feed Forward Control
A disturbance variable can be fed forward at the DISV input.

Initialization
SFB/FB42 "CONT_S" has an initialization routine that is run through when the input
parameter COM_RST = TRUE is set.
All other outputs are set to their default values.
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Error Information
The error output parameter RET_VAL is not used.

Block Diagram

SP_INT

PVPER_ON
GAIN
PV_IN

DEADBAND
+
-

0
CRP_IN

PV_NORM

X

1

PV_PER

DEADB_W

%

ER

PV

PV_FAC
PV_OFF

INT

LMNR_HS

LMNLI
MIT

LMNR_SIM

LMNR_LS

PULSEOUT

1
DISV

THREE_ST
adapti

0

QLMNUP
AND

AND

QLMNDN

1

+

AND

AND

-

PULSE_TM,
BREAK_TM

0

MTR_TM

100.0 ,
0.0

LMNRS_ON,
LMNRSVAL

LMNU
P
LMND
N
LMNS_ON

1

100.0

0

0.0
1
-100.0

+

0

0.0
OR

LMNS_ON
1
1/TI

0.0

X
+

INT

0
0.0

X

1/MTR_TM

1

-

0
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Input Parameters
The following table contains the description of the input parameters for
SFB 42/FB 42 "CONT_S."
Parameter

Data Type Values

Default

Description

COM_RST

BOOL

FALSE

COMPLETE RESTART
The block has an initialization routine that is
processed when the input COM_RST is set.

LMNR_HS

BOOL

FALSE

HIGH LIMIT OF POSITION FEEDBACK
SIGNAL
The "actuator at upper limit stop" signal is
connected to the "high limit of position
feedback
signal" input. LMNR_HS=TRUE means the
actuator is at upper limit stop.

LMNR_LS

BOOL

FALSE

LOW LIMIT OF POSITION FEEDBACK
SIGNAL
The "actuator at lower limit stop" signal is
connected to the "low limit of position
feedback
signal" input. LMNR_LS=TRUE means the
actuator is at lower limit stop.

LMNS_ON

BOOL

TRUE

MANUAL ACTUATING SIGNALS ON
The actuating signal processing is switched
to
manual at the "manual actuating signals on"
input.

LMNUP

BOOL

FALSE

ACTUATING SIGNALS UP
With manual actuating value signals, the
output
signal QLMNUP is set at the input "actuating
signals up."

LMNDN

BOOL

FALSE

ACTUATING SIGNALS DOWN
With manual actuating value signals, the
output
signal QLMNDN is set at the input "actuating
signals down."

PVPER_ON BOOL

FALSE

PROCESS VARIABLE PERIPHERAL ON
If the process variable is read in from the
I/Os,
the input PV_PER must be connected to the
I/Os
and the input "process variable peripheral on"
must be set.

CYCLE

TIME

>= 1ms

T#1s

SAMPLING TIME
The time between the block calls must be
constant. The "sampling time" input specifies
the
time between block calls.

SP_INT

REAL

-100.0 ...
+100.0 (%)

0.0

INTERNAL SETPOINT
The "internal setpoint" input is used to specify
a
setpoint.

or phys. value 1)
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Parameter

Data Type Values

Default

Description

PV_IN

REAL

0.0

PROCESS VARIABLE IN
An initialization value can be set at the
"process
variable in" input or an external process
variable
in floating point format can be connected.

-100.0 ...
+100.0 (%)

or phys.
value 1)

PV_PER

WORD

W#16#0000 PROCESS VARIABLE PERIPHERAL
The process variable in the I/O format is
connected to the controller at the "process
variable peripheral" input.

GAIN

REAL

2.0

PROPORTIONAL GAIN
The "proportional gain" input sets the
controller
gain.

TI

TIME

>= CYCLE

T#20s

RESET TIME
The "reset time" input determines the time
response of the integrator.

DEADB_W

REAL

0.0...100.0
(%) or phys.

1.0

DEAD BAND WIDTH
A dead band is applied to the error. The
"dead
band width" input determines the size of the
dead
band.

value 1)

PV_FAC

REAL

1.0

PROCESS VARIABLE FACTOR
The "process variable factor" input is
multiplied
by the process variable. The input is used to
adapt the process variable range.

PV_OFF

REAL

0.0

PROCESS VARIABLE OFFSET
The "process variable offset" input is added
to the
process variable. The input is used to adapt
the
process variable range.

PULSE_TM TIME

>= CYCLE

T#3s

MINIMUM PULSE TIME
A minimum pulse duration can be assigned
with
the parameter "minimum pulse time."

BREAK_TM TIME

>= CYCLE

T#3s

MINIMUM BREAK TIME
A minimum break duration can be assigned
with
the parameter "minimum break time."

MTR_TM

TIME

>= CYCLE

T#30s

MOTOR ACTUATING TIME
The time required by the actuator to move
from
limit stop to limit stop is entered at the "motor
actuating time" parameter.

DISV

REAL

-100.0...100.0 (%)
or phys. value 2)

0.0

DISTURBANCE VARIABLE
For feed forward control, the disturbance
variable
is connected to input "disturbance variable."

1) Parameters in the setpoint and process variable branches with the same unit
2) Parameters in the manipulated value branch with the same unit
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Output Parameters
The following table contains the description of the output parameters for
SFB 42/FB 42 "CONT_S."
Parameter

Data Type

QLMNUP

Default

Description

BOOL

FALSE

ACTUATING SIGNAL UP
If the output "actuating signal up" is set, the
actuating valve is opened.

QLMNDN

BOOL

FALSE

ACTUATING SIGNAL DOWN
If the output "actuating signal down" is set, the
actuating valve is opened.

PV

REAL

0.0

PROCESS VARIABLE
The effective process variable is output at the
"process variable" output.

ER

REAL

0.0

ERROR SIGNAL
The effective error is output at the "error signal"
output.
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27.3

Pulse Generation with SFB 43/FB 43 "PULSEGEN"

Introduction
SFB 43 "PULSEGEN" (pulse generator) is used to structure a PID controller with
pulse output for proportional actuators. The electronic manual is found under
Documentation > English > STEP7 PID Control.

Application
Using SFB/FB "PULSEGEN," PID two or three step controllers with pulse duration
modulation can be configured. The function is normally used in conjunction with the
continuous controller "CONT_C."

PULSEGEN

CONT_C

LMN

INV

Note
The calculation of the values in the control blocks is only correct if the block is
called at regular intervals. For this reason, you should call the control blocks in a
cyclic interrupt OB (OB30 to OB38). Enter the sampling time in the CYCLE
parameter.
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Description
The PULSEGEN function transforms the input variable INV ( = manipulated value
of the PID controller) by modulating the pulse duration into a pulse train with a
constant period, corresponding to the cycle time at which the input variable is
updated and which must be assigned in PER_TM.
The duration of a pulse per period is proportional to the input variable. The cycle
assigned to PER_TM is not identical to the processing cycle of the SFB/FB
"PULSEGEN." The PER_TM cycle is made up of several processing cycles of
SFB/FB "PULSEGEN," whereby the number of SFB/FB "PULSEGEN" calls per
PER_TM cycle is the yardstick for the accuracy of the pulse duration modulation.
INV
100
(LMN)

80
50

50
30

t

0
QPOS_P
1

t

0
PULSEGEN cycle
(=CONT_C cycle)
PER_TM

Pulse Duration Modulation
An input variable of 30% and 10 SFB/FB "PULSEGEN" calls per PER_TM means
the following:
• "One" at the QPOS output for the first three calls of SFB/FB "PULSEGEN" (30%
of 10 calls)
• "Zero" at the QPOS output for seven further calls of SFB/FB "PULSEGEN"
(70% of 10 calls)
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Block Diagram
POS_P_ON
NEG_P_ON
SYN_ON,
STEP3_ON,
ST2BI_ON

MAN_ON
1

#
QPOS_P
INV

QNEG_P
0
PER_TM,
P_B_TM,
RATIOFAC

Accuracy of the Manipulated Value
With a "sampling ratio" of 1:10 (CONT_C calls to PULSEGEN calls) the accuracy
of the manipulated value in this example is restricted to 10%, in other words, set
input values INV can only be simulated by a pulse duration at the QPOS output in
steps of 10 %.
The accuracy is increased as the number of SFB/FB "PULSEGEN" calls per
CONT_C call is increased.
If PULSEGEN is called, for example, 100 times more often than CONT_C, a
resolution of 1 % of the manipulated value range is achieved.

Note
The call frequency must be programmed by the user.

Automatic Synchronization
It is possible to synchronize the pulse output with the block that updates the input
variable INV (for example, CONT_C). This ensures that a change in the input
variable is output as quickly as possible as a pulse.
The pulse generator evaluates the input value INV at intervals corresponding to the
period PER_TM and converts the value into a pulse signal of corresponding length.
Since, however, INV is usually calculated in a slower cyclic interrupt class, the
pulse generator should start the conversion of the discrete value into a pulse signal
as soon as possible after the updating of INV.
To allow this, the block can synchronize the start of the period using the following
procedure:
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If INV changes and if the block call is not in the first or last two call cycles of a
period, the synchronization is performed. The pulse duration is recalculated and in
the next cycle is output with a new period.
LMN = INV = 30.0

LMN = INV = 80.0

LMN = INV = 50.0

Processing of CONT_C

....

t

CYCLE of CONT_C
Period start
1

1

1

0

0

0

0

0

0

0

1

1

1

1

1

1

1

1

0

0

1

1
....
t

PER_TM
CYCLE of
PULSEGEN

No synchronization
required

Synchronization
of period start
PULSEGEN detects: INV has
changed and the call is not in
the first or in the last two
cycles of a period.

Processing of PULSEGEN

PER_TM

PULSEGEN detects: INV has
changed to 80.0 or 50.0 and
the call is in the first or in the
last two cycles of the period
Processing of PULSEGEN in the first or in
the last two cycles of the period

The automatic synchronization can be disabled at the "SYN_ON" input
(= FALSE).

Note
With the beginning of a new period, the old value of INV (in other words, of LMN) is
simulated in the pulse signal more or less accurately following the synchronization.
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Modes
Depending on the parameters assigned to the pulse generator, PID controllers with
a three-step output or with a bipolar or unipolar two-step output can be configured.
The following table illustrates the setting of the switch combinations for the possible
modes.
Switch
Mode

MAN_ON

STEP3_ON

ST2BI_ON

Three-step control

FALSE

TRUE

Any

Two-step control with
bipolar control range
(-100 % to +100 %)

FALSE

FALSE

TRUE

Two-step control with
unipolar control
range (0 % ... 100 %)

FALSE

FALSE

FALSE

Manual mode

TRUE

Any

Any

Three-Step Control
In the "three-step control" mode, the actuating signal can adopt three states. The
values of the binary output signals QPOS_P and QNEG_P are assigned to the
statuses of the actuator.
The table shows the example of a temperature control:
Actuator
Output Signals

Heat

Off

Cool

QPOS_P

TRUE

FALSE

FALSE

QNEG_P

FALSE

FALSE

TRUE

Based on the input variable, a characteristic curve is used to calculate a pulse
duration. The form of the characteristic curve is defined by the minimum pulse or
minimum break time and the ratio factor.
The normal value for the ratio factor is 1.
The "doglegs" in the curves are caused by the minimum pulse or minimum break
times.
Minimum Pulse or Minimum Break Time
A correctly assigned minimum pulse or minimum break time P_B_TM can prevent
short on/off times that reduce the working life of switching elements and actuators.

Note
Small absolute values at the input variable LMN that could otherwise generate a
pulse duration shorter than P_B_TM are suppressed. Large input values that
would generate a pulse duration longer than (PER_TM - P_B_TM) are set to 100
% or -100 %.
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The duration of the positive or negative pulses is calculated from the input variable
(in %) multiplied by the period time.

IPeriod time =

INV
100

∗ PER_TM

The following figure shows a symmetrical curve of a three-step controller (ratio
factor = 1).
Duration of
pos. pulse
th

Continuous On

PER_TM
PER_TM - P_ B_TM

P_B_TM

-100 %

100 %
Continuous Off
Duration of the
neg. pulse

Three-Step Control Asymmetrical
Using the ratio factor RATIOFAC, the ratio of the duration of positive to negative
pulses can be changed. In a thermal process, for example, this would allow
different system time constants for heating and cooling.
The ratio factor also influences the minimum pulse or minimum break time. A ratio
factor < 1 means that the threshold value for negative pulses is multiplied by the
ratio factor.
Ratio Factor < 1
The pulse duration at the negative pulse output calculated from the input variable
multiplied by the period time is reduced by the ratio factor.

Dur. of positive pulse =

Dur. of negative pulse =

27-20

INV
100

INV
100

∗ PER_TM

∗ PER_TM

∗ RATIOFAC
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The following figure shows the asymmetric curve of the three-step controller (ratio
factor = 0.5):
Duration of the
pos. pulse
PER_TM
PER_TM – P_B_TM

P_B_TM

-200%

P_B_TM

100%

PER_TM – P_B_TM
PER_TM
Duration of the
neg. pulse

Ratio Factor > 1
The pulse duration at the positive pulse output calculated from the input variable
multiplied by the period time is reduced by the ratio factor.

Dur. of negative pulse =

Dur. of positive pulse =

INV
100

INV
100

∗ PER_TM

∗

PER_TM
RATIOFAC
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Two-Step Control
In two-step control, only the positive pulse output QPOS_P of PULSEGEN is
connected to the on/off actuator. Depending on the manipulated value range being
used, the two-step controller has a bipolar or a unipolar manipulated value range.
Two-Step Control with Bipolar Manipulated Variable Range
(-100% to 100%)
Duration of the pos. pulse

Continuously On

PER_TM
PER_TM - P_B_TM

Continuously Off
P_B_TM
0.0 %

-100.0 %

100.0 %

Two-Step Control with Unipolar Manipulated Variable Range
(0% to 100%)
Duration of the positive pulse
PER_TM
PER_TM - P_B_TM

P_B_TM
100.0 %

0.0 %

The negated output signal is available at QNEG_P if the connection of the two-step
controller in the control loop requires a logically inverted binary signal for the
actuating pulses.
Actuator
Pulse

On

Off

QPOS_P

TRUE

FALSE

QNEG_P

FALSE

TRUE
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Manual Mode in Two/Three-Step Control
In the manual mode (MAN_ON = TRUE), the binary outputs of the three-step or
two-step controller can be set using the signals POS_P_ON and NEG_P_ON
regardless of INV.
Control

POS_P_ON

NEG_P_ON

Three-step control

FALSE
TRUE
FALSE

Two-step control

QPOS_P

QNEG_P

FALSE

FALSE

FALSE

FALSE

TRUE

FALSE

TRUE

FALSE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

Any

FALSE

TRUE

TRUE

Any

TRUE

FALSE

Initialization
SFB/FB "PULSGEN" has an initialization routine that is run through when the input
parameter COM_RST = TRUE is set.
All the signal outputs are set to 0.

Error Information
The error output parameter RET_VAL is not used.
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Input Parameters
Parameter

Data Type

Range of Values

Default

Description

INV

REAL

-100.0...100.0 (%)

0.0

INPUT VARIABLE
An analog manipulated value is connected
to the input parameter "input variable."

PER_TM

TIME

>=20*CYCLE

T#1s

PERIOD TIME
The constant period of pulse duration
modulation is input with the "period time"
input parameter. This corresponds to the
sampling time of the controller. The ratio
between the sampling time of the pulse
generator and the sampling time of the
controller determines the accuracy of the
pulse duration modulation.

P_B_TM

TIME

>= CYCLE

T#0ms

MINIMUM PULSE/BREAK TIME
A minimum pulse or minimum break time
can be assigned at the input parameters
"minimum pulse or minimum break time."

RATIOFAC

REAL

0.1 ...10.0

1.0

RATIO FACTOR
The input parameter "ratio factor" can be
used to change the ratio of the duration of
negative to positive pulses. In a thermal
process, this would, for example, allow
different time constants for heating and
cooling to be compensated (for example, in
a process with electrical heating and water
cooling).

STEP3_ON

BOOL

TRUE

THREE STEP CONTROL ON
The "three-step control on" input parameter
activates this mode. In three-step control,
both output signals are active.

ST2BI_ON

BOOL

FALSE

TWO STEP CONTROL FOR BIPOLAR
MANIPULATED VALUE RANGE ON
With the input parameter "two-step control
for bipolar manipulated value range on" you
can select between the modes "two-step
control for bipolar manipulated value" and
"two-step control for unipolar
manipulated value range." The parameter
STEP3_ON = FALSE must be set.

MAN_ON

BOOL

FALSE

MANUAL MODE ON
By setting the input parameter "manual
mode on," the output signals can be set
manually.

POS_P_ON

BOOL

FALSE

POSITIVE PULSE ON
In the manual mode with three-step control,
the output signal QPOS_P can be set at
the
input parameter "positive pulse on." In the
manual mode with two-step control,
QNEG_P is always set inversely to
QPOS_P.
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Parameter

Data Type

NEG_P_ON

Range of Values

Default

Description

BOOL

FALSE

NEGATIVE PULSE ON
In the manual mode with three-step control,
the output signal QNEG_P can be set at
the
input parameter "negative pulse on." In the
manual mode with two-step control,
QNEG_P is always set inversely to
QPOS_P.

SYN_ON

BOOL

TRUE

SYNCHRONIZATION ON
By setting the input parameter
"synchronization on," it is possible to
synchronize automatically with the block
that updates the input variable INV. This
ensures that a changing input variable is
output as quickly as possible as a pulse.

COM_RST

BOOL

FALSE

COMPLETE RESTART
The block has an initialization routine that is
processed when the COM_RST input is set

CYCLE

TIME

T#10ms

SAMPLING TIME
The time between block calls must be
constant. The "sampling time" input
specifies the time between block calls.

>= 1ms

Note
The values of the input parameters are not limited in the block. There is no
parameter check.

Output Parameters
Parameter Data Type Values

Default

Description

QPOS_P

BOOL

FALSE

OUTPUT POSITIVE PULSE
The output parameter "output positive pulse" is set when
a pulse is to be output. In three-step control, this is
always the positive pulse. In two-step control, QNEG_P is
always set inversely to QPOS_P.

QNEG_P

BOOL

FALSE

OUTPUT NEGATIVE PULSE
The output parameter "output negative pulse" is set when
a pulse is to be output. In three-step control, this is
always the negative pulse. In two-step control, QNEG_P
is always set inversely to QPOS_P.
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27.4

Example of the PULSEGEN Block

Control Loop
With the continuous controller CONT_C and the pulse generator PULSEGEN, you
can implement a fixed setpoint controller with a switching output for proportional
actuators. The following figure shows the signal flow of the control loop.
CONT_C

PULSEGEN
LMN

INV

QPOS_P
QNEG_P

PV_PER

Process
with switching
output

The continuous controller CONT_C forms the manipulated value LMN that is
converted by the pulse generator PULSEGEN into pulse/break signals QPOS_P or
QNEG_P.
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Calling the Block and Connecting it
The fixed setpoint controller with switching output for proportional actuators
PULS_CTR consists of the blocks CONT_C and PULSEGEN. The block call is
implemented so that CONT_C is called every 2 seconds (=CYCLE*RED_FAC) and
PULSEGEN every 10 ms (=CYCLE). The cycle time of OB35 is set to 10 ms. The
interconnection can be seen in the following figure.
During a warm restart, the block PULS_CTR is called in OB100 and the input
COM_RST is set to TRUE.
OB 100 (warm restart)
OB 35 (10ms)

TRUE (OB 100)
FALSE (OB35)
T#10
200

PULS_CTR, DPULS_CTR
FB 50, DB 50
COM_RST
CYCLE
RED_FAC

PULS_CTR, DPULS_CTR
FB 50, DB 50
COM_RST
CYCLE
RED_FAC
CONT_C

PULSEGEN

COM_RST

SP_INT
PV_PER

CYCLE

COM_RST
CYCLE

SP_INT

PER_TM

PV_PER

QPOS_P

QPOS_P

LMN
INV

CONT_C call reduced
by RED_FAC
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STL Program for FB PULS_CTR
Address Declaration

Name

Type

Comment

0.0

in

SP_INT

REAL

Setpoint

4.0

in

PV_PER

WORD

Process variable peripheral

6.0

in

RED_FAC

INT

Call reduction factor

8.0

in

COM_RST

BOOL

Complete restart

10.0

in

CYCLE

TIME

Sampling time

14.0

out

QPOS_P

BOOL

Actuating signal

16.0

stat

DI_CONT_C

FB-CONT_C

Counter

142.0

stat

DI_PULSEGEN

FB-PULSEGEN

Counter

176.0

stat

SCount

INT

Counter

0.0

temp

TCycCtr

TIME

Controller sampling time

STL

Description
A
JCN
L
T

M001: L
L
*D
T
L
L
-I
T
L
<=I
JCN
CALL
COM_RST :
CYCLE :
SP_INT :
PV_PER :
L
T
M002: L
T
CALL
PER_TM :
COM_RST :
CYCLE :
QPOS_P :
BE

27-28

#COM_RST
M001
0
#sCount

//Initialization routine

#CYCLE
#RED_FAC

//Calculate controller sampling time

#tCycCtr
//Decrement counter and compare with zero

#sCount
1
#sCount
0
M002
#DI_CONT_C
=#COM_RST
=#tCycCtr
=#SP_INT
=#PV_PER
#RED_FAC
#sCount
#DI_CONT_C.LMN
#DI_PULSEGEN.INV
#DI_PULSEGEN
=#tCycCtr
=#COM_RST
=#CYCLE
=#QPOS_P

//Conditional block call and set counter
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28.1

Positioning With Analog Output Using SFB 44
"Analog"

Description
To control the positioning functions via the user program, use SFB ANALOG
(SFB 44).
A fixed assigned analog output controls the power stage with a voltage (voltage
signal) of ±10 V or with a current (current signal) of ±20 mA.
• After the acceleration phase (RAM_UP) the drive approaches the target with
the speed (VSetpoint).
• At the braking point, that is calculated by the CPU, the deceleration
(RAMP_DN) up to the change-over point is initialized.
• Once the change-over point is reached, run is continued with creep speed
(VCreep).
• The drive is switched off at the cut-off point.
• The change-over point and the cut-off point are determined for every Step
Approach in the parameter values change-over difference and cut-off
difference you have specified. The change-over difference and cut-off
difference can be determined differently for the forward motion (in plus
direction) and for the reverse motion (in minus direction).
• The run is completed (WORKING = FALSE) when the cut-off point is reached.
A new run can then be started.
• The specified target is reached (POS_RCD = TRUE) when the actual position
value has reached the target range. If the actual position value drifts off without
a new run having been started the "Position reached" signal is not reset again.
When the change-over difference is smaller than the cut-off difference, the drive is
slowed down as of the braking point to the speed setpoint 0.

Basic Parameters:
Here we describe the SFB parameters which apply to all operating modes. The
parameters specific to the operating mode are described with the individual
operating modes.

Parameters:
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Parameter

Declarat
ion

Data
type

Address
(Instance
DB)

LADDR

INPUT

WORD 0

Range of
values

Default

Description

CPU specific

W#16#0310

The I/O address of your
submodule, specified
by you in "HW Config".
If the E and A
addresses are not
equal, the lower one of
the two must be
specified.

CHANNEL

INPUT

INT

2

0

0

Channel number

STOP

INPUT

BOOL

4.4

TRUE/FALSE

FALSE

Stop run
With STOP = TRUE
you can stop/interrupt
the run prematurely.

ERR_A

INPUT

BOOL

4.5

TRUE/FALSE

FALSE

Collect
acknowledgment for
external error
External errors are
cleared acknowledged
with ERR_A = TRUE.

SPEED

INPUT

DINT

12

Creep speed
up to
1,000,000
pulses/s

1000

It is not possible to
change the speed
during the run.

No higher than
the maximum
speed
declared in the
parameter

WORKING
ACT_POS

OUTPUT BOOL
OUTPUT DINT

16.0
18

TRUE/FALSE
-5x10

8

+5x10
pulses

MODE_OUT

28-2

OUTPUT INT

22

to

The axis is accelerated
to the speed "VSetpoint”.

FALSE

Run is in progress

0

Actual position value

0

Active/configured
operating mode

8

0, 1, 3, 4, 5
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Parameter

Declarat
ion

Data
type

Address
(Instance
DB)

ERR

OUTPUT WORD 24

Range of
values

Default

Description

Every bit
"0" or "1":

0

External error:
Bit 2: Zero point
monitoring
Bit 11: Travel range
monitoring (always 1)
Bit 12: operating range
monitoring
Bit 13: actual value
monitoring
Bit 14: Target home
monitoring
Bit 15: target range
monitoring
The remaining bits are
reserved

ST_ENBLD

OUTPUT BOOL

26.0

ERROR

OUTPUT BOOL

STATUS

OUTPUT WORD 28.0

26.1

TRUE/FALSE

TRUE

The CPU sets start
enable if all the
following conditions
apply:
•

no STOP pending
(STOP = FALSE)

•

no external error
pending (ERR = 0)

•

drive enable is set
(DRV_EN = TRUE

•

no positioning run
active (WORKING
= FALSE)

TRUE/FALSE

FALSE

Error when starting
/resuming a run

W#16#0000 to
W#16#FFFF

W#16#0000

Error number

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

28-3

SFBs for Compact CPUs

Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address Range of
(Instance values
DB)

Default

Description

ACCEL

STATIC

DINT

30

100

Acceleration

1 to 100,000
pulses/s

DECEL

STATIC

DINT

34

1 to 100,000
pulses/s

CHGDIFF_P

STATIC

DINT

38

2

0 to +10
pulses

Change during run
not possible.
100

2

8

Deceleration
Change during run
not possible.

1000

Changeover
difference plus:
"Changeover
difference plus"
defines the changeover point from
which the drive
continues its forward
run with creep
speed.

CUTOFFDIFF_P

STATIC

DINT

42

0 to +10
pulses

8

100

Cut-off difference
plus:
"Cut-off difference
plus" defines the
cut-off point at which
the drive forward run
at creep speed is
switched off.

CHGDIFF_M

STATIC

DINT

46

0 to +10
pulses

8

1000

Changeover
difference minus:
"Changeover
difference minus"
defines the
changeover point
from which the drive
continues with a
reverse run at creep
speed.

CUTOFFDIFF_P

STATIC

DINT

50

0 to +10
pulses

8

100

Cut-off difference
minus:
"Cut-off difference
plus" defines the
cut-off point at which
the drive reverse run
at creep speed is
switched off.

PARA

28-4

STATIC

BOOL

54.0

TRUE/FALSE

FALSE

Parameters have
been assigned to
the axis
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Parameter

Declaration

Data
type

Address Range of
(Instance values
DB)

Default

Description

DIR

STATIC

BOOL

54.1

FALSE

Actual/last sense of
direction

TRUE/FALSE

FALSE = forward (in
plus direction)
TRUE = reverse (in
minus direction)

CUTOFF

STATIC

BOOL

54.2

TRUE/FALSE

FALSE

Drive in cut-off range
(as off the cut-off
point to the start of
the next run)

CHGOVER

STATIC

BOOL

54.3

TRUE/FALSE

FALSE

Drive in change-over
range (between
reaching creep
speed and the start
of the next run)

RAMP_DN

STATIC

BOOL

54.4

TRUE/FALSE

FALSE

The drive is slowed
down (from braking
point to changeover
point)

RAMP_UP

STATIC

BOOL

54.5

TRUE/FALSE

FALSE

The drive is
accelerated (from
start until it reaches
the speed SPEED
(VSetpoint))

DIST_TO_

STATIC

DINT

56

0

Actual distance to
go

0

Last/current target

GO
LAST_TRG

-5x10

8

+5x10
STATIC

DINT

60

-5x10

8

8

+5x10

8

to
pulses
to
pulses
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•

Absolute Step
Approach:
At run start
LST_TRG =
current absolute
target
(TARGET).

•

Relative Step
Approach:
At run start
LST_TRG =
LAST_TRG is
the specified +/distance of the
previous run
(TARGET).
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Parameters for "Jog" Mode
Parameter

Declaration

DRV_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Jogging in plus
direction (positive
edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Jogging in minus
direction (positive
edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 1 =
jogging

WORKING

OUTPUT

BOOL

16.0

TRUE/FALSE

FALSE

Run is in progress

0

Actual position value

0, 1, 3, 4, 5

0

Active/configured
operating mode

ACT_POS

OUTPUT

Data
type

DINT

Address
(Instance
DB)

18

Range of
values

-5x10

8

+5x10

MODE_OUT

OUTPUT

INT

22

8

to

Default

Description

pulses

Parameters for "Reference run" Mode
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

DRV_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Reference run in plus
direction (positive
edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Reference run in
minus direction
(positive edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 3 =
"Reference run"

WORKING

OUTPUT

BOOL

16.0

TRUE/FALSE

FALSE

Run is in progress

SYNC

OUTPUT

BOOL

16.3

TRUE/FALSE

FALSE

SYNC = TRUE: Axis
is synchronized

ACT_POS

OUTPUT

DINT

18

-5x10

0

Actual position value

0

Active/configured
operating mode

8

+5x10

MODE_OUT

28-6

OUTPUT

INT

22

8

to
pulses

0, 1, 3, 4, 5
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Parameters for "Relative Step Approach" Mode
Parameter

Declaration

DRV_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Run in plus direction
(positive edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Run in minus direction
(positive edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 4 =
Relative Step
Approach

TARGET

INPUT

DINT

8

1000

Distance in pulses
(only positive values
allowed)

WORKING

OUTPUT

BOOL

16.0

TRUE/FALSE

FALSE

Run is in progress

POS_RCD

OUTPUT

BOOL

16.1

TRUE/FALSE

FALSE

Position reached

0

Actual position value

0

Active/configured
operating mode

ACT_POS

OUTPUT

Data
type

DINT

Address
(Instance
DB)

18

Range of
values

0 to 10
pulses

-5x10

8

+5x10

MODE_OUT

OUTPUT

INT

22

9

8

to

Default

Description

pulses

0, 1, 3, 4, 5
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Parameters for "Absolute Step Approach"
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

DRV_EN
START

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

INPUT

BOOL

4.1

TRUE/FALSE

FALSE

Start run (positive
edge)

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Run in plus direction
(positive edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Run in minus
direction (positive
edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 5 =
Absolute Step
Approach

TARGET

INPUT

DINT

8

Linear axis

1000

Target in pulses

-5x10

8

+5x10

to

8

Rotary axis:
0 to rotary axis
end -1

WORKING

OUTPUT

BOOL

16.0

TRUE/FALSE

FALSE

Run is in progress

POS_RCD

OUTPUT

BOOL

16.1

TRUE/FALSE

FALSE

Position reached

0

Actual position value

0

Active/configured
operating mode

ACT_POS

OUTPUT

DINT

18

-5x10

8

+5x10

MODE_OUT

28-8

OUTPUT

INT

22

8

to
pulses

0, 1, 3, 4, 5
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Parameters For The Job "Set Reference Point"
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

SYNC

OUTPUT

BOOL

16.3

TRUE/FALSE

FALSE

Axis is synchronized

Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

JOB_REQ

STATIC

BOOL

76.0

TRUE/FALSE

FALSE

Job initialization
(positive edge)

JOB_DONE STATIC

BOOL

76.1

TRUE/FALSE

TRUE

New job can be
started

JOB_ERR

STATIC

BOOL

76.2

TRUE/FALSE

FALSE

Faulty job

JOB_ID

STATIC

INT

78

1, 2

0

Job, 1 = "Set
Reference Point"

JOB_STAT

STATIC

WORD

80

W#16#0000 to
W#16#FFFF

W#16#0000

Job error number

JOB_VAL

STATIC

DINT

82

0

Job parameter for
reference point
coordinates

-5x10

8

+5x10

8

to
pulses

Parameters for the Job "Clear Remaining Distance"
Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

JOB_REQ

STATIC

BOOL

76.0

TRUE/FALSE

FALSE

Job initialization
(positive edge)

JOB_DONE

STATIC

BOOL

76.1

TRUE/FALSE

TRUE

New job can be
started

JOB_ERR

STATIC

BOOL

76.2

TRUE/FALSE

FALSE

Faulty job

JOB_ID

STATIC

INT

78

1, 2

0

Job, 2 = "Clear
Remaining
Distance"

JOB_STAT

STATIC

WORD

80

W#16#0000 to
W#16#FFFF

W#16#0000 Job error number

JOB_VAL

STATIC

DINT

82

-

0
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Parameters for "Length Measurement" Operation
This operation is started at the positive edge on the digital input. There are no
specific input parameters.
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

MSR_DONE

OUTPUT

BOOL

16.2

TRUE/FALSE

FALSE

Length measurement
completed

Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

BEG_VAL

STATIC

DINT

64

Range of
values

-5x10

8

+5x10

END_VAL

STATIC

DINT

68

-5x10

8

+5x10

LEN_VAL

28-10

STATIC

DINT

72

to

8

Description

0

Actual position value
Start length
measurement

0

Actual position value
Length measurement
done

0

Measured Length

pulses
to

8

0 to 10
pulses

Default

9

pulses
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Error Information
Operating mode error (ERROR = TRUE)
The output parameter ERROR is set TRUE if an error is detected. The parameter
STATUS shows the cause of the error.
Event class
Error code

Explanation

W#16#2002

Wrong SFB, use SFB 44

W#16#2004

Wrong channel number (CHANNEL). Set channel "0"

W#16#3001

Run job rejected because of job error in the same SFB call. Correct the respective JOB
parameters

W#16#3002

A change of MODE_IN is not permitted while the drive is in operation. Wait for the end
of the current positioning run.

W#16#3003

Unknown operating mode (MODE_IN). Permitted is 1 (jog), 3 (reference run), 4
(Relative Step Approach) and 5 (absolute Step Approach).

W#16#3004

Only one start request is allowed the same time. Valid start requests are DIR_P, DIR_M
or START.

W#16#3005

START is only allowed in operating mode "Absolute Step Approach". Start the run with
DIR_P or DIR_M

W#16#3006

DIR_P or DIR_M is not allowed for linear axis and in operating mode "Absolute Step
Approach". Start the run with START

W#16#3007

Axis not synchronized. "Absolute Step Approach" is only possible synchronized axis.

W#16#3008

Clear working range. Return run to working position is only allowed in jog mode.

W#16#3101

No start enable because the axis is not parameterized. Parameterize the "Positioning"
submodule via HWConfig

W#16#3102

Start not enabled because the drive is not enabled. Set "Enable Drive" on the SFB
(DRV_EN=TRUE)

W#16#3103

Start not enabled because STOP is set. Clear the STOP on the SFB (STOP=FALSE)

W#16#3104

Start not enabled because the drive is currently performing a positioning run
(WORKING=TRUE). Wait for the end of the current positioning run.

W#16#3105

•

Start not enabled because at least one pending error has not been cleared. First,
eliminate and clear all external errors and the restart the run.

W#16#3202

•

Wrong speed setpoint in SPEED. The speed setpoint is out of the permitted range
of the creep speed of up to 1000000 pulses/s, though not higher than the
parameterized maximum speed.

W#16#3203

2

The acceleration setpoint in ACCEL is out of the range of 1 to 100,000 pulses/s .
2

W#16#3204

•

The deceleration setpoint in DECEL is out of the range of 1 to 100,000 pulses/s .

W#16#3206

•

The speed setpoint in SPEED must be higher than / equal to the parameterized
referencing frequency.

W#16#3301

•

Changeover/cut-off difference is too high. Set a maximum changeover/cut-off
difference of 10

8

W#16#3304

Cut-off difference too low. The cut-off difference must be at least half the size of the
target range.

W#16#3305

Changeover difference too low. The changeover difference must be at least half the
size of the target range.

W#16#3401

Target setting out of working range. For a linear axis and Step Approach the target
setting must be within the range of the software limit switches (inclusive).
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Event class
Error code

Explanation

W#16#3402

Wrong target setting. For a rotary axis the target setting must be greater than 0 and
lower than the rotary axis end value.

W#16#3403

Wrong distance setting. The travel distance setpoint for the Relative Step Approach
must be positive.

W#16#3404

Wrong distance setting. The result, the absolute target coordinate, must be greater than
8

-5x10 .
W#16#3405

Wrong distance setting. The result, the absolute target coordinate, must be lower than
8

5x10 .
W#16#3406

Wrong distance setting. The result, the absolute target coordinate, must lie within the
working range (+/- half of the target range)

W#16#3501

Travel distance too long. Target coordinate + actual remaining distance must be greater
than / equal to -5x10

W#16#3502

8

Travel distance too long. Target coordinate + actual remaining distance must be smaller
than / equal to 5x10

8

W#16#3503

Travel distance too short. The travel distance in plus direction must be greater than the
specified cut-off difference in plus direction

W#16#3504

Travel distance too short. The travel distance in minus direction must be greater than
the specified cut-off difference in minus direction

W#16#3505

Travel distance too short or the limit switch in plus direction is already actuated. The
last approachable target in plus direction (working range or travel distance limit) is too
close to the actual position

W#16#3506

Travel distance too short or the limit switch in minus direction is already actuated. The
last approachable target in minus direction (working range or travel distance limit) is too
close to the actual position

28-12
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Job Error (JOB_ERR = TRUE)
The output parameter JOB_ERROR is set TRUE if an error is detected. The
parameter JOB_STAT shows the cause of the error.
Event class
Error code

Explanation

W#16#4001

Axis not parameterized. Parameterize the "Positioning" submodule via HWConfig

W#16#4002

Job not possible because positioning is still in progress. Wait until WORKING = FALSE,
then repeat the job.

W#16#4004

Unknown job. Check the job ID and then repeat the job.

W#16#4101

For a linear axis the reference point coordinate must not be out of range of the working
range limits.

W#16#4102

For a linear axis the set reference point coordinate + actual remaining distance must be
greater than / equal to -5x10

W#16#4103

8

.

For a linear axis the set reference point coordinate + actual remaining distance must be
smaller than / equal to 5x10

W#16#4104

8

.

For a linear axis the set reference point coordinate + actual remaining difference to the
starting point must be greater than / equal to -5x10

W#16#4105

8

.

For a linear axis the set reference point coordinate + actual remaining difference to the
starting point must be smaller than / equal to -5x10

W#16#4106

8

.

For a rotary axis the reference point coordinate must not be lower than 0 and greater
than / equal to the rotary axis end.

External Error (ERR)
The technical circuit monitors the run, travel distance and the connected peripheral
devices. Prerequisite is that you have switched on monitoring in the "Drive", "Axis"
and "Encoder" parameter screen forms.
An external fault is reported when the monitoring unit is triggered. External errors
can occur independent on the started operations. You must always clear external
errors with ERR_A = TRUE.
A set bit in the SFB parameter ERR (WORD) the external errors.
Monitoring

Error code

Bit in ERR-WORD

Zero pulse (zero mark)

W#16#0004

2

Travel distance

W#16#0800

11

Working range

W#16#1000

12

Actual value

W#16#2000

13

Target position

W#16#4000

14

Target range

W#16#8000

15

System Error
A system error is indicated with BIE = FALSE. A system error is caused by errors
while reading/writing the instance DB or by a multiple call of the SFB.
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28.2

Positioning with Digital Output Using SFB 46
"DIGITAL"

Description
Use SFB DIGITAL ( SFB 46) to control the positioning functions via user program.
The four 24-V digital outputs are assigned fixed to drive. They control the power
stage. Dependent on the control mode configuration, the digital outputs control the
direction and speed stages (rapid/creep speed).
The distance is measured via an asymmetrical 24-V incremental transducer with
two phases offset at 90 degrees.
• First, the target is approached with the speed (VRapid).
• At the changeover point the speed is toggled to creep speed (VCreep).
• The drive is switched off at the switch-off point.
• The switch-over point and the switch-off point are determined for every Step
Approach by the parameter values you have declared for changeover
difference and cut-off difference. The changeover difference and cut-off
difference can be determined differently for the forward motion (in plus
direction) and for the reverse motion (in minus direction).
• The run is completed (WORKING = FALSE) when the cut-off point is reached.
A new run can then be started.
• The specified target is reached (POS_RCD = TRUE) when the actual position
value has reached the home target. If the actual position value drifts off without
a new run having been started the signal "Position reached" is not reset again.

28-14
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Basic Parameters:
Here we describe the SFB parameters. They apply to all operating modes. The
parameters specific to the operating mode are described with the individual
operating modes.
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

LADDR

INPUT

WORD

0

CPU specific

W#16#0310

The I/O
address of your
submodule,
specified by
you in "HW
Config".
If the E and A
addresses are
not equal, the
lower one of
the two must
be specified.

CHANNEL

INPUT

INT

2

0

0

Channel
number:

STOP

INPUT

BOOL

4.4

TRUE/FALSE

FALSE

Stop run
With STOP =
TRUE you can
stop/interrupt
the run
prematurely.

ERR_A

INPUT

BOOL

4.5

TRUE/FALSE

FALSE

Collect
acknowledgme
nt for external
error
External errors
are cleared
acknowledged
with ERR_A =
TRUE.

SPEED

INPUT

BOOL

12.0

TRUE/FALSE

FALSE

Two speed
stages for
Fast/Creep
mode
TRUE = Rapid
mode
FALSE =
Creep mode

WORKING

OUTPUT

BOOL

14.0

ACT_POS

OUTPUT

DINT

16

TRUE/FALSE
-5x10
5x10

MODE_OUT

OUTPUT

INT

20

8

8

to

FALSE

Run is in
progress

0

Actual position
value

0

Active/configur
ed operating
mode

pulses

0, 1, 3, 4, 5
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

ERR

OUTPUT

WORD

22

Every bit
"0" or "1":

0

External error:
Bit2: Zero mark
monitoring
Bit11: Travel
range
monitoring
(always 1)
Bit12:
Operating
range
monitoring
Bit12: Actual
value
monitoring
Bit12: Target
position
monitoring
Bit15: Target
position
monitoring.
The remaining
bits are
reserved

ST_ENBLD

OUTPUT

BOOL

24.0

TRUE/FALSE

TRUE

The CPU
enables the if
all the following
conditions
apply:
•

no STOP
pending
(STOP =
FALSE)

•

no external
error
pending
(ERR = 0)

•

drive
enable is
set
(DRV_EN
= TRUE

•

no
positioning
run active
(WORKIN
G=
FALSE)

ERROR

OUTPUT

BOOL

24.1

TRUE/FALSE

FALSE

Error when
starting
/resuming a run

STATUS

OUTPUT

WORD

26.0

W#16#0000 to
W#16#FFFF

W#16#0000

Error number

28-16
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Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

CHGDIFF_P

STATIC

DINT

28

Range of
values

0 to +10
pulses

8

Default

Description

1000

Switch-over
difference plus:
The "Changeover
difference plus"
defines the point at
which the drive
continues its forward
run with creep
speed.

CUTOFFDIFF_P

STATIC

DINT

32

0 to +10
pulses

8

100

Cut-off difference
plus:
The "Cut-off
difference plus"
defines the cut-off
point at which the
drive forward run
with creep speed is
switched off.

CHGDIFF_M

STATIC

DINT

36

0 to +10
pulses

8

1000

Changeover
difference minus:
The "Changeover
difference minus"
defines the point at
which the drive
continues its forward
run with creep
speed.

CUTOFFDIFF_P

STATIC

DINT

40

0 to +10
pulses

8

100

Cut-off difference
minus:
"Cut-off difference
plus" defines the
point at which the
drive reverse run
with crawl speed is
switched off.

PARA

STATIC

BOOL

44.0

TRUE/FALSE

FALSE

Parameters have
been assigned to
the axis

DIR

STATIC

BOOL

44.1

TRUE/FALSE

FALSE

Actual/last sense of
direction
FALSE = forward (in
plus direction)
TRUE = reverse (in
minus direction)

CUTOFF

STATIC

BOOL

44.2

TRUE/FALSE
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

CHGOVER

STATIC

BOOL

44.3

TRUE/FALSE

FALSE

Drive in changeover
range (from the point
where it reaches
creep speed to the
start of the next run)

DIST_TO_GO

STATIC

DINT

46

0

Actual remaining
distance

-5x10

8

+5x10

LAST_TRG

STATIC

DINT

50

-5x10

8

8

+5x10

8

to
pulses
to

0

Last/current target
•

pulses

Absolute Step
Approach:
At run start
LST_TRG =
current absolute
target
(TARGET).
- Relative Step

Approach:
At run start
LST_TRG =
LAST_TRG is
the specified
+/- distance of
the previous
run (TARGET).

Parameters for "Jog" Mode
Parameter

Declaration

Data type

Address
(Instance
DB)

Range of
values

Default

Description

DRV_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Jogging in plus
direction (positive
edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Jogging in minus
direction (positive
edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 1
= jogging

WORKING

OUTPUT

BOOL

14.0

TRUE/FALSE

FALSE

Run is in progress

ACT_POS

OUTPUT

DINT

16

0

Actual position
value

0

Active/configured
operating mode

-5x10

8

+5x10

MODE_OUT

28-18

OUTPUT

INT

20

8

to
pulses

0, 1, 3, 4, 5
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Parameters for "Reference run" Mode
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

DRV_EN
DIR_P

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Reference run in
plus direction
(positive edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Reference run in
minus direction
(positive edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 3
= "Reference run"

WORKING

OUTPUT

BOOL

14.0

TRUE/FALSE

FALSE

Run is in progress

SYNC

OUTPUT

BOOL

14.3

TRUE/FALSE

FALSE

SYNC = TRUE:
Axis is
synchronized

ACT_POS

OUTPUT

DINT

16

0

Actual position
value

0

Active/configured
operating mode

-5x10

8

+5x10

MODE_OUT

OUTPUT

INT

20

to

8

pulses

0, 1, 3, 4, 5

Parameters for "Relative Step Approach" Mode
Parameter

Declaration

DRV_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Run in plus direction
(positive edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Run in minus direction
(positive edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 4 =
Relative Step
Approach

TARGET

INPUT

DINT

8

1,000

Distance in pulses
(only positive values
allowed)

WORKING

OUTPUT

BOOL

14.0

TRUE/FALSE

FALSE

Run is in progress

POS_RCD

OUTPUT

BOOL

14.1

TRUE/FALSE

FALSE

Position reached

0

Actual position value

0

Active/configured
operating mode

ACT_POS

OUTPUT

Data
type

DINT

Address
(Instance
DB)

16

Range of
values

0 to 10
pulses

-5x10

8

+5x10

MODE_OUT

OUTPUT

INT

20

9

8

to

Default

Description

pulses

0, 1, 3, 4, 5
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Parameters for " Absolute Step Approach "
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

DRV_EN
START

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Drive enable

INPUT

BOOL

4.1

TRUE/FALSE

FALSE

Start run (positive
edge)

DIR_P

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Run in plus direction
(positive edge)

DIR_M

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Run in minus
direction (positive
edge)

MODE_IN

INPUT

INT

6

0, 1, 3, 4, 5

1

Operating mode, 5 =
Absolute Step
Approach

TARGET

INPUT

DINT

8

Linear axis

1,000

Target in pulses

-5x10

8

to

8

+5x10
Rotary axis:
0 to rotary axis
end -1

WORKING

OUTPUT

BOOL

14.0

TRUE/FALSE

FALSE

Run is in progress

POS_RCD

OUTPUT

BOOL

14.1

TRUE/FALSE

FALSE

Position reached

0

Actual position value

0

Active/configured
operating mode

ACT_POS

OUTPUT

DINT

16

-5x10

8

+5x10

MODE_OUT
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OUTPUT

INT

20

8

to
pulses

0, 1, 3, 4, 5
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Parameters for The Job "Set Reference Point"
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

SYNC

OUTPUT

BOOL

14.3

TRUE/FALSE

FALSE

Axis is synchronized

Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

JOB_REQ

STATIC

BOOL

66.0

TRUE/FALSE

FALSE

Job initialization
(positive edge)

JOB_DONE

STATIC

BOOL

66.1

TRUE/FALSE

TRUE

New job can be
started

JOB_ERR

STATIC

BOOL

66.2

TRUE/FALSE

FALSE

Faulty job

JOB_ID

STATIC

INT

68

1, 2

0

Job, 1 = "Set
Reference Point"

JOB_STAT

STATIC

WORD

70

W#16#0000 to
W#16#FFFF

W#16#0000

Job error number

JOB_VAL

STATIC

DINT

72

0

Job parameter
for reference
point coordinates

-5x10

8

+5x10

8

to
pulses

Parameters for The Job "Clear Remaining Distance"
Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

JOB_REQ

STATIC

BOOL

66.0

TRUE/FALSE

FALSE

Job initialization
(positive edge)

JOB_DONE

STATIC

BOOL

66.1

TRUE/FALSE

TRUE

New job can be
started

JOB_ERR

STATIC

BOOL

66.2

TRUE/FALSE

FALSE

Faulty job

JOB_ID

STATIC

IINT

68

1, 2

0

Job, 2 = "Clear
Remaining Distance"

JOB_STAT

STATIC

WORD

70

0 to FFFF hex

0

Job error number

JOB_VAL

STATIC

DINT

72

-

0

None.

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

28-21

SFBs for Compact CPUs

Parameters for the "Length Measurement" Function
This operation is started at the positive edge on the digital input. There are no
specific input parameters.
Parameter

Declaration

Data
type

Address
(Instanc
e DB)

Range of
values

Default

Description

MSR_DONE

OUTPUT

BOOL

14.2

TRUE/FALSE

FALSE

Length measurement
completed

Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instanc
e DB)

BEG_VAL

STATIC

DINT

54

Range of
values

-5x10

8

+5x10

END_VAL

STATIC

DINT

58

-5x10

8

+5x10

LEN_VAL

28-22

STATIC

DINT

62

to

8

Description

0

Actual position value
Start of length
measurement

0

Actual position value
Length measurement
done

0

Measured Length

pulses
to

8

0 to 10
pulses

Default

9

pulses
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Error Information
Operating mode error (ERROR = TRUE)
The output parameter ERROR is set TRUE if an error is detected. The parameter
STATUS shows the cause of the error.
Event class
Error code

Explanation

W#16#2001

Wrong SFB, use SFB 46

W#16#2004

Wrong channel number (CHANNEL). Set channel "0"

W#16#3001

Run job rejected because of job error in the same SFB call. Correct the respective
JOB parameters

W#16#3002

A change of MODE_IN is not permitted while the drive is in operation. Wait for the end
of the current positioning run.

W#16#3003

Unknown operating mode (MODE_IN). Permitted is 1 (jog), 3 (reference run), 4
(Relative Step Approach) and 5 (Absolute Step Approach).

W#16#3004

Only one start request is allowed the same time. Valid start requests are DIR_P,
DIR_M or START.

W#16#3005

START is only allowed in operating mode ” Absolute Step Approach ”. Start the run
with DIR_P or DIR_M

W#16#3006

DIR_P or DIR_M is not allowed for linear axis and in operating mode "Absolute Step
Approach". Start the run with START

W#16#3007

Axis not synchronized. "Absolute Step Approach" is only possible with a synchronized
axis.

W#16#3008

Clear working range. Return run to working position is only allowed in jog mode.

W#16#3101

Start is not enabled because the axis is not parameterized. Parameterize the
"Positioning" submodule via HWConfig

W#16#3102

Start not enabled because the drive is not enabled. Set "Enable Drive" on the SFB
(DRV_EN=TRUE)

W#16#3103

•

Start not enabled because STOP is set. Clear the STOP on the SFB
(STOP=FALSE)

W#16#3104

•

Start is not enabled because the drive is currently performing a positioning run
(WORKING=TRUE). Wait for the end of the current positioning run.

W#16#3105

•

Start not enabled because at least one error that is pending has not been cleared.
First, eliminate and clear all external errors and the restart the run.

W#16#3201

•

Wrong speed setpoint SPEED. For positioning with digital outputs only "Creep
speed" (0) and "Rapid speed" (1) are allowed.

W#16#3301

•

Changeover/cut-off difference is too high. Set a maximum changeover/cut-off
difference of 10

8

W#16#3303

•

Changeover difference too low. The changeover difference must be higher than /
equal to the cut-off difference.

W#16#3304

•

Cut-off difference too low. The cut-off difference must be at least half the size of
the target range.

W#16#3401

Target setting out of working range. For a linear axis and Step Approach the target
setting must be within the range of the software limit switches (inclusive).

W#16#3402

Wrong target setting. For a rotary axis the target setting must be greater than 0 and
lower than the rotary axis end value.

W#16#3403

Wrong distance setting. The travel distance setpoint for the Relative Step Approach
must be positive.
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Event class
Error code

Explanation

W#16#3404

Wrong distance setting. The result, the absolute target coordinate, must be greater
8

than -5x10 .
W#16#3405

Wrong distance setting. The result, the absolute target coordinate, must be lower than
8

5x10 .
W#16#3406

Wrong distance setting. The result, the absolute target coordinate, must lie within the
working range (+/- half of the target range)

W#16#3501

Travel distance too long. Target coordinate + actual remaining distance must be
greater than / equal to -5x10

W#16#3502

8

Travel distance too long. Target coordinate + actual remaining distance must be
smaller than / equal to 5x10

8

W#16#3503

Travel distance too short. The travel distance in plus direction must be greater than
the specified cut-off difference towards plus

W#16#3504

Travel distance too short. The travel distance in minus direction must be greater than
the specified cut-off difference towards minus

W#16#3505

Travel distance too short or the limit switch in plus direction is already actuated. The
last approachable target in plus direction (working range or travel distance limit) is too
close to the actual position.

W#16#3506

Travel distance too short or the limit switch in minus direction is already actuated. The
last approachable target in minus direction (working range or travel distance limit) is
too close to the actual position.

Job Error (JOB_ERR = TRUE)
The output parameter JOB_ERROR is set TRUE if an error is detected. The
parameter JOB_STAT shows the cause of the error.
Event class
Error code

Explanation

W#16#4001

Axis not parameterized. Parameterize the "Positioning" submodule via HWConfig

W#16#4002

Job not possible because positioning is in progress. Jobs can only be carried out if no
positioning run is in progress. Wait until WORKING = FALSE, then repeat the job.

W#16#4004

Unknown job. Check the job ID and then repeat the job.

W#16#4101

For a linear axis the reference point coordinate must not be out of range of the
working range limits.

W#16#4102

For a linear axis the specified reference point coordinate + actual remaining distance
must be greater than / equal to -5x10

W#16#4103

.

For a linear axis the specified reference point coordinate + actual remaining distance
must be smaller than / equal to 5x10

W#16#4104

8

8

.

For a linear axis the specified reference point coordinate + actual remaining difference
to the starting point must be greater than / equal to -5x10

W#16#4105

8

.

For a linear axis the specified reference point coordinate + actual remaining difference
to the starting point of the run must be smaller than / equal to -5x10

W#16#4106

28-24
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.

For a rotary axis the reference point coordinate must not be lower than 0 and greater
than / equal to the rotary axis end.
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External Error (ERR)
The technical circuit monitors the run, travel distance and the connected peripheral
devices. Prerequisite is that you have switched on monitoring in the "Drive", "Axis"
and "Encoder" parameter screen forms.
An external fault is reported when the monitoring unit is triggered. External errors
can occur independent on the started operations. You must always clear external
errors with ERR_A = TRUE.
A set bit in the SFB parameter ERR (WORD) the external errors.
Monitoring

Error code

Bit in ERR-WORD

Zero pulse (zero mark)

W#16#0004

2

Travel distance

W#16#0800

11

Working range

W#16#1000

12

Actual value

W#16#2000

13

Target approach

W#16#4000

14

Target range

W#16#8000

15

System Error
A system error is indicated with BIE = FALSE. A system error is caused by errors
when reading/writing the instance DB or by a multiple call of the SFB.
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28.3

Controlling the Counter with SFB 47 "COUNT"

Description
To control the positioning functions via the user program, use SFB COUNT
(SFB 47).
The following operations are available:
• Starting/stopping the counter via software gate SW_GATE
• Enabling/controlling the output DO
• Retrieving the status bits STS_CMP, STS_OFLW, STS_UFLW and STS_ZP
• Retrieving the actual counter value COUNTVAL
• Jobs for reading/writing the internal counter registers

Parameter
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

LADDR

INPUT

WORD

0

CPU specific

W#16#0300

The I/O
address of
your
submodule,
specified by
you in "HW
Config".
If the E and A
addresses
are not equal,
the lower one
of the two
must be
specified.

CHANNEL

INPUT

INT

2

CPU 312C:
0 to 1
CPU 313C:
0 to 2
CPU 314C:
0 to 3

0

Channel
number:

SW_GATE

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Software gate
for starting/
stopping the
counter

CTRL_DO

INPUT

BOOL

4.1

TRUE/FALSE

FALSE

Enable output

SET_DO

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Control
output

JOB_REQ

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Job
initialization
(positive
edge)
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

JOB_ID

INPUT

WORD

6

W#16#0000
Job without
function

W#16#0000

Job number

0

Value for
write jobs.

W#16#0001
Write count value
W#16#0002
Write load value
W#16#0004
Write comparison
value
W#16#0008
Write hysteresis
W#16#0010
Write pulse period
W#16#0082
Read load value
W#16#0084
Read comparison
value
W#16#0088
Read hysteresis
W#16#0090
Read pulse period
31

31

JOB_VAL

INPUT

DINT

8

STS_GATE

OUTPUT

BOOL

12.0

TRUE/FALSE

FALSE

Status of the
internal gate

STS_STRT

OUTPUT

BOOL

12.1

TRUE/FALSE

FALSE

Status of the
hardware
gate (Start
input)

STS_LTCH

OUTPUT

BOOL

12.2

TRUE/FALSE

FALSE

Status of the
latch input

STS_DO

OUTPUT

BOOL

12.3

TRUE/FALSE

FALSE

Output status

STS_C_DN

OUTPUT

BOOL

12.4

TRUE/FALSE

FALSE

Status
reverse
direction.

-2

up to +2

-1

Displayed is
always the
last direction
of count. The
value of
STS_C_DN
is FALSE
after the first
call of the
SFB.
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

STS_C_UP

OUTPUT

BOOL

12.5

TRUE/FALSE

FALSE

Status
forward
direction
Displayed is
always the
last direction
of count. The
value of
STS_C_DN
is TRUE after
the first call of
the SFB.

COUNTVAL

OUTPUT

DINT

14

LATCHVAL

OUTPUT

DINT

18

JOB_DONE

OUTPUT

BOOL

22.0

JOB_ERR

OUTPUT

BOOL

JOB_STAT

OUTPUT

WORD

31

31

0

Actual count
value

0

Actual latch
value

TRUE/FALSE

TRUE

New job can
be started

22.1

TRUE/FALSE

FALSE

Faulty job

24

0 to W#16#FFFF

0

Job error
number

-2
-2

31

up to +2
up to +2

31

-1
-1

Note
If you have set the parameter "Reaction of the output" to "No comparison" via the
configuration interface, the following is valid:

28-28

•

The output will be switched in the same way as a normal output.

•

The input parameters CTRL_DO and SET_DO of the SFB are not active.

•

The status bit STS_DO and STS_CMP (Status comparator in the IDB) remain
reset.
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Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

STS_CMP

STATIC

BOOL

26.3

TRUE/FALSE

FALSE

Status comparator.
Reset with
RES_STS.
The status bit
STS_CMP
indicates that the
conditions for
comparison for the
comparator is met
or has been met.
STS_CMP also
indicates that the
output was set
(STS_DO =
TRUE)

STS_OFLW

STATIC

BOOL

26.5

TRUE/FALSE

FALSE

Status overflow
Reset with
RES_STS.

STS_UFLW

STATIC

BOOL

26.6

TRUE/FALSE

FALSE

Status underflow
Reset with
RES_STS.

STS_ZP

STATIC

BOOL

26.7

TRUE/FALSE

FALSE

Status zero
crossing
Reset with
RES_STS.
Only set for
counters without
master count
direction.
Indicates the zero
crossing. Is also
set when the
counter is set to 0
or if the counter
starts counting as
of load value=0.

JOB_OVAL

STATIC

DINT

28

-2

31

+2

31

up to

0

Output value for
read jobs.

-1
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

RES_STS

STATIC

BOOL

32.2

TRUE/FALSE

FALSE

Reset status bits.
Resets the status
bits STS_CMP,
STS_OFLW,
STS_UFLW and
STS_ZP.
Two calls of the
SFB are required
to reset the status
bits.

Note
For further information on the use of SFB 47, see the manual S7-300
Programmable Controller CPU 31xC Technological Functions.

Error Information
Job Error
JOB_ERR = TRUE is set if a job error occurs. The precise error cause is displayed
in JOB_STAT.
Event class
Error code

Explanation

W#16#0121

Compare value too low.

W#16#0122

Compare value too high.

W#16#0131

Hysteresis too small.

W#16#0132

Hysteresis too wide.

W#16#0141

Pulse period too low.

W#16#0142

Pulse period too high.

W#16#0151

Load value too low.

W#16#0152

Load value too high.

W#16#0161

Counter value too low.

W#16#0162

Counter value too high.

W#16#01FF

Illegal job number.
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System Error
BIE = False is set after a system error occurs.
Event class
Error code

Explanation

W#16#8001

Wrong operating mode or faulty parameters. Set the correct operating mode in
"Configure Hardware" or use an SFB that matches the set operating mode

W#16#8009

Illegal channel number. Set a channel number ≤ 3 (CPU specific value).
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28.4

Controlling the Frequency Measurement with SFB 48
"FREQUENC"

Description
You can operate the frequency counter via user program. In this case you must
use SFB FREQUENC (SFB48).
The following operations are available:
• Starting/stopping the via software gate SW_GATE
• Enabling/controlling the output DO
• Retrieving the status bits STS_CMP, STS_OFLW and STS_UFLW
• Retrieving the actual frequency value MEAS_VAL
• Jobs for reading/writing the internal frequency counter registers

Parameter
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

LADDR

INPUT

WORD

0

CPU specific

W#16#0300

The I/O
address of
your
submodule,
specified by
you in "HW
Config".
If the I and O
addresses
are not equal,
the lower one
of the two
must be
specified.

CHANNEL

INPUT

INT

2

CPU 312C:
0 to 1
CPU 313C:
0 to 2
CPU 314C:
0 to 3

0

Channel
number:

SW_GATE

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Software gate
for starting/
stopping the
frequency
measurement

MAN_DO

INPUT

BOOL

4.1

TRUE/FALSE

FALSE

Enable
manual
output control

SET_DO

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Control
output
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

JOB_REQ

INPUT

BOOL

4.3

TRUE/FALSE

FALSE

Job
initialization
(positive
edge)

JOB_ID

INPUT

WORD

6

W#16#0000 =
Job without
function

0

Job number

0

Value for
write jobs.

W#16#0001 =
Write low limit
W#16#0001 =
Write upper limit
W#16#0004 =
Write integration
time
W#16#0081 =
Read low limit
W#16#0081 =
Read upper limit
W#16#0084 =
Read integration
time
31

31

JOB_VAL

INPUT

DINT

8

STS_GATE

OUTPUT

BOOL

12.0

TRUE/FALSE

FALSE

Status of the
internal gate

STS_STRT

OUTPUT

BOOL

12.1

TRUE/FALSE

FALSE

Status of the
hardware
gate (Start
input)

STS_DO

OUTPUT

BOOL

12.2

TRUE/FALSE

FALSE

Output status

STS_C_DN

OUTPUT

BOOL

12.3

TRUE/FALSE

FALSE

Status
reverse
direction.

-2

to +2

-1

Displayed is
always the
last direction
of count. The
value of
STS_C_DN
is FALSE
after the first
call of the
SFB.
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Description

STS_C_UP

OUTPUT

BOOL

12.4

TRUE/FALSE

FALSE

Status
forward
direction
Displayed is
always the
last direction
of count. The
value of
STS_C_UP is
TRUE after
the first call of
the SFB.

MEAS_VAL

OUTPUT

DINT

14

COUNTVAL

OUTPUT

DINT

18

JOB_DONE

OUTPUT

BOOL

22.0

JOB_ERR

OUTPUT

BOOL

JOB_STAT

OUTPUT

WORD

31

0

Actual
frequency
value

0

Actual count
value (starts
every time
the gate
opens at 0)

TRUE/FALSE

TRUE

New job can
be started

22.1

TRUE/FALSE

FALSE

Faulty job

24

W#16#0000 to
W#16#FFFF

W#16#0000

Job error
number

0 to +2

-2

31

-1

to +2

31

-1

Note
If you have set the parameter "Reaction of the output" to "No comparison" via the
configuration interface, the following is valid:
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•

The output will be switched in the same way as a normal output.

•

The SFB input parameters MAN_DO and SET_DO are not active.

•

The status bit STS_DO remains reset.
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Parameters not assigned to the block (Statistical local data):
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of
values

Default

Description

STS_CMP

STATIC

BOOL

26.3

TRUE/FALSE

FALSE

Status end of
measurement.
Reset with RES_STS.
The measured value
is updated after every
expired time interval.
Here, the end of
measurement is
reported by the status
bit STS_CMP

STS_OFLW STATIC

BOOL

26.5

TRUE/FALSE

FALSE

Status overflow.
Reset with RES_STS.

STS_UFLW

STATIC

BOOL

26.6

TRUE/FALSE

FALSE

Status underflow
Reset with RES_STS.

JOB_OVAL

STATIC

DINT

28

0

Output value for read
jobs.

-2
2

RES_STS

STATIC

BOOL

32.2

31

31

up to

-1

TRUE/FALSE

FALSE

Reset status bits.
Resets the status bits
STS_CMP,
STS_OFLW,
STS_UFLW.
Two calls of the SFB
are required to reset
the status bits.

Note
For further information on the use of SFB 48, see the manual S7-300
Programmable Controller CPU 31xC Technological Functions.
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Job Error
JOB_ERR = TRUE if a job error occurs. The precise error cause is displayed in
JOB_STAT.
Event class
Error code

Explanation

W#16#0221

Integration time too low.

W#16#0222

Integration time too high.

W#16#0231

Lower limit of the frequency is too low.

W#16#0232

Upper limit of the frequency is too high.

W#16#0241

Upper limit of the frequency is too low.

W#16#0242

Upper limit of the frequency is too high.

W#16#02FF

Illegal job number.

System Error
BIE = False is set after a system error occurs.
Event class
Error code

Explanation

W#16#8001

Wrong operating mode or faulty parameters. Set the correct operating mode in
"Configure Hardware" or use an SFB that matches the set operating mode

W#16#8009

Illegal channel number. Set a channel number ≤ 3 (CPU specific value).

28-36

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

SFBs for Compact CPUs

28.5

Controlling Pulse Width Modulation with SFB 49
"PULSE"

Description
To control pulse width modulation via the user program, use SFB ANALOG
(SFB 49).
The following operations are available:
• Starting/stopping via software gate SW_EN
• Enabling/controlling the output DO
• Retrieving the status bits STS_EN, STS_STRT and STS_DO
• Input of the output value
• Jobs for reading/writing the registers

Parameter
Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Meaning

LADDR

INPUT

WORD

0

CPU specific

W#16#0300

The I/O address
of your
submodule,
specified by you
in "HW Config".
If the E and A
addresses are
not equal, the
lower one of the
two must be
specified.

CHANNEL

INPUT

INT

2

CPU 312C:
0 to 1
CPU 313C:
0 to 2
CPU 314C:
0 to 3

0

Channel
number:

SW_EN

INPUT

BOOL

4.0

TRUE/FALSE

FALSE

Software gate
for starting/
stopping the
output

MAN_DO

INPUT

BOOL

4.1

TRUE/FALSE

FALSE

Enable manual
output control

SET_DO

INPUT

BOOL

4.2

TRUE/FALSE

FALSE

Control output
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Parameter

Declaration

Data
type

Address
(Instance
DB)

Range of values

Default

Meaning

OUTP_VAL

INPUT

INT

6.0

in ppm:
0 to 1,000

0

Default output
value
if you enter an
output value > 1
000 or 27648
the CPU limits it
to 1,000 or
27,648

as S7 analog
value:
0 to 27,648

JOB_REQ

INPUT

BOOL

8.0

TRUE/FALSE

FALSE

Job initialization
(positive edge)

JOB_ID

INPUT

WORD

10

W#16#0000 =
Job without
function

W#16#0000

Job number

0

Value for write
jobs.

W#16#0001 =
Write period time
W#16#0001 =
Write On delay
W#16#0004 =
Write minimum
pulse period
W#16#0081 =
Read period time
W#16#0081 =
Read On delay
W#16#0084 =
Read minimum
pulse period
31

31

JOB_VAL

INPUT

DINT

12

STS_EN

OUTPUT

BOOL

16.0

TRUE/FALSE

FALSE

Enable status

STS_STRT

OUTPUT

BOOL

16.1

TRUE/FALSE

FALSE

Status of the
hardware gate
(Start input)

STS_DO

OUTPUT

BOOL

16.2

TRUE/FALSE

FALSE

Output status

JOB_DONE OUTPUT

BOOL

16.3

TRUE/FALSE

TRUE

New job can be
started

JOB_ERR

OUTPUT

BOOL

16.4

TRUE/FALSE

FALSE

Faulty job

JOB_STAT

OUTPUT

WORD

18

W#16#0000 to
W#16#FFFF

W#16#0000

Job error
number

28-38
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to +2

-1
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Parameters not assigned to the block (Statistical local data):
Parameter

Declaration Data type

JOB_OVAL OUTPUT

DINT

Address
(Instance
DB)
20

Range of
values

-2
2

31

31

up to

Default

Description

0

Output value for read
jobs.

-1

Note
For further information on the use of SFB 49, see the manual S7-300
Programmable Controller CPU 31xC Technological Functions.

Job Error
JOB_ERR = TRUE if a job error occurs. The precise error cause is displayed in
JOB_STAT.
Event class
Error code

Explanation

W#16#0411

Period too low.

W#16#0412

Period too long.

W#16#0421

On delay too short.

W#16#0422

On delay too long.

W#16#0431

Minimum pulse period too low.

W#16#0432

Minimum pulse period too high.

W#16#04FF

Illegal job number.

System Error
BIE = False is set after a system error occurs.
Event class
Error code

Explanation

W#16#8001

Wrong operating mode or faulty parameters. Set the correct operating mode in
"Configure Hardware" or use an SFB that matches the set operating mode

W#16#8009

Illegal channel number. Set a channel number ≤ 3 (CPU specific value).
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28.6

Sending Data (ASCII, 3964(R)) with SFB 60
"SEND_PTP"

Description
You can transmit a data block from a DB via SFB SEND_PTP (SFB 60).
The send operation is executed after the block is called and a positive edge on
control input REQ.
The range of data to be transmitted is determined in SD_1 (DB number and start
address). The length of the data block is determined in LEN.
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the current transmission is aborted and the
SFB is reset to basic state. An aborted job is terminated with an error message
(STATUS output).
For your submodule, you declare the I/O address, which you specified in "HW
Config", in LADDR.
DONE is set TRUE if the job was terminated without error, or ERROR is set TRUE
if the job was terminated with an error.
If the job was processed with DONE=TRUE this means that:
• When using the ASCII driver: The data where transmitted to the communication
partner. It is not ensured that all data has been received by the communication
partner.
• When using the procedure 3964(R): The data have been transmitted to the
communication partner and they where acknowledged positively by the partner.
It is not ensured that the data were passed on the partner CPU.
In STATUS the CPU indicates an error or, as a result of a warning, the respective
event ID.
DONE or ERROR/STATUS are also output when the SFB is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. The CPU might go into STOP mode
if the parameterization is faulty.

Instance DB
The SFB SEND_PTP operates in combination with an instance DB. The DB
number is passed on with the call. Accessing data in the instance DB is not
permitted.
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Parameters
Parameters

Declaration

Data
type

Range of
values

Default

Description

REQ

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Request":
activates data exchange at
the positive edge.

R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Reset".
Job is aborted. Transmission
is locked.

LADDR

INPUT

WORD

CPU specific

W#16#03FF

The I/O address of your
submodule, specified by you
in "HW Config".

DONE

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter (This
parameter is only set for the
duration of one call):
1.

FALSE Job has not been
started or is still being
executed.

2.

TRUE Job has been
executed error-free.

ERROR

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter (This
parameter is only set for the
duration of one call):
Completed job without error

STATUS

OUTPUT

WORD

W#16#0000 to
W#16#FFFF

W#16#0000

Status parameter (This
parameter is only set for the
duration of one call): To
display the status, you should
copy STATUS to a free data
area)
STATUS has the following
meaning, dependent on the
ERROR bit:
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•

ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value
<> W#16#0000: Warning,
STATUS supplies
detailed information.

•

ERROR=TRUE:
An error has occurred,
STATUS supplies
detailed information on
the type of error.
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Parameters

Declaration

Data
type

Range of
values

Default

Description

SD_1:

INPUT/
OUTPUT

ANY

CPU specific

0

Send parameters:
Here you enter the following
values:

5. The number of the DB
from which the data
are to be transmitted.
6. The data byte number
as of which data are to
be transmitted.
for example: DB 10 as of byte
2 -> DB10.DBB2

LEN

INPUT/
OUTPUT

INT

1 to 1024

1

Here you declare the length of
the data block that is to be
transmitted. (Length is set
here indirectly.)

Data Consistency
Data consistency is limited to 206 bytes. If you want to consistent data
transmission exceeding these 206 bytes, you must take the following into account:
Do not write to the currently used section of the send range SD_1 unless the
transmission has been terminated. This is the case when the state parameter
DONE has the value TRUE.

See also:
Additional Error Information of the SFBs 60 to 65
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28.7

Receiving Data (ASCII, 3964(R)) with SFB 61
"RCV_PTP"

Description
With the SFB RCV_PTP (SFB 61) you receive data and then file them in a data
block.
The block is ready to receive data after it is called and when the control input EN_R
is TRUE. You can cancel the current transmission by setting the signal status of
parameter EN_R to FALSE. A cancelled job is terminated with an error message
(STATUS output). The input is switched off as long as the signal status of
parameter EN_R is set to FALSE.
The receiving area declared in RD_1 (DB number and start address). The length of
the data block is declared in LEN.
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the current transmission is aborted and the
SFB is reset to basic state. A cancelled job is terminated with an error message
(STATUS output).
For your submodule, you declare the I/O address, which you specified by in "HW
Config", in LADDR.
NDR is set TRUE if the job was terminated without error, or ERROR is set TRUE if
the job was terminated with an error.
In STATUS, the CPU indicates an error or, as a result of a warning, the respective
event ID.
NDR or ERROR/STATUS are also output (parameter LEN = 16#00) when the SFB
is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. The CPU might jump to STOP mode
if the configuration is faulty.

Instance DB
The SFB RCV_PTP operates in combination with an instance DB. The DB number
is passed on with the call. Access to the data in the instance DB is not allowed.
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Parameters
Parameters

Declaration

Data
type

Range of
values

Default

Description

EN_R

INPUT

BOOL

TRUE/FALSE

FALSE

R

INPUT

BOOL

TRUE/FALSE

FALSE

LADDR

INPUT

WORD CPU specific

W#16#03FF

NDR

OUTPUT

BOOL

FALSE

Control parameter "Enable to
receive":
Receive enable
Control parameter "Reset".
Job is aborted.
The I/O address of your
submodule, specified by you in
"HW Config".
Job done without error, Data was
accepted

TRUE/FALSE

1st FALSE Job has not been
started or is still being
executed

ERROR

OUTPUT

BOOL

STATUS

OUTPUT

WORD W#16#0000 to W#16#0000
W#16#FFFF

RD_1

INPUT/
OUTPUT

ANY

CPU specific

0

LEN

INPUT/
OUTPUT

INT

0 to 1024

0

28-44

TRUE/FALSE

FALSE

2nd TRUE Job was completed
successfully.
Status parameter (This parameter
is only set for the duration of one
call):
Completed job without error
Status parameter (This parameter
is only set for the duration of one
call): To display the status, you
should copy STATUS to a free
data area)
STATUS has the following
meaning, dependent on the
ERROR bit:
•
ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value <>
W#16#0000: Warning,
STATUS supplies detailed
information.
•
ERROR=TRUE:
An error has occurred,
STATUS supplies detailed
information on the type of
error.
Receive parameter:
Here you declare:
•
The number of the DB in
which the received data are to
be stored.
•
The data byte number as of
which data are to be stored.
for example: DB 20 as of byte 5 ->
DB10.DBB2
Output of the data length (number
of bytes)
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Data Consistency
Data consistency is limited to 206 bytes. If you want consistent data transmission
to exceed these 206 bytes, you must take the following points into account:
Do not access the receive DB until the data have been completely received (NDR
= TRUE). Then, lock the receiving DB (EN_R = FALSE) until you have processed
the data.

See also:
Additional Error Information of the SFBs 60 to 65
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28.8

Deleting the Receive Buffer (ASCII, 3964(R)) with
SFB 62 "RES_RCVB"

Description
You can clear the entire input buffer of the module, using the SFB RES_RECV
(SFB 62). All stored telegrams are discarded. An incoming message frame is
stored when the SFB RES_RCVB is being called.
The job is activated after the block is called and at the positive edge on control
input REQ. The job can run across multiple calls (program cycles).
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the delete process is cancelled and the SFB is
reset to basic state. A cancelled job is terminated with an error message (STATUS
output).
For your submodule, you declare the I/O address, which was specified by you in
"HW Config", in LADDR.
DONE is TRUE is the job was terminated without error, or ERROR is TRUE if the
job was terminated with an error.
In STATUS, the CPU indicates an error or, as a result of a warning, the respective
event ID.
DONE or ERROR/STATUS are also output when the SFB is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. The CPU might jump to STOP mode
if the parameterization is faulty.

Instance DB
The SFB RES_RCVB operates in combination with an instance DB. The DB
number is passed on with the call. Access to the data in the instance DB is not
allowed.
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Parameters
Parameters

Declaration

Data
type

Range of
values

Default

Description

REQ

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Request":
Activates the job at the
positive edge.

R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Reset":
Job is aborted.

LADDR

INPUT

WORD

CPU specific

W#16#03FF

I/O address of your submodule
that you have set in HW
Config.

DONE

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter (This
parameter is only set for the
duration of one call):
1.

FALSE Job has not been
started or is still being
executed.

2. TRUE Job has been
executed error-free.

ERROR

OUTPUT

BOOL

TRUE/FALSE

STATUS

OUTPUT

WORD

W#16#0000 to W#16#0000
W#16#FFFF

FALSE

Status parameter (This
parameter is only set for the
duration of one call):
Completed job without error
Status parameter (This
parameter is only set for the
duration of one call): To
display the status, you should
copy STATUS to a free data
area)
STATUS has the following
meaning, dependent on the
ERROR bit:
•

ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value
<> W#16#0000: Warning,
STATUS supplies detailed
information.

•

ERROR=TRUE:
An error has occurred,
STATUS supplies detailed
information on the type of
error.

See also:
Additional Error Information of the SFBs 60 to 65
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28.9

Sending Data (512(R)) with SFB 63 "SEND_RK"

Description
You can send a data from a data block via SFB SEND_PTP (SFB 63).
The send operation is executed after the block is called and a positive edge on
control input REQ.
The range of data to be transmitted is determined in SD_1 (DB number and start
address). The length of the data block is determined in LEN.
In the SFB you also declare the receive range of the partner station. The CPU
enters this information in the message frame header (refer also to appendix F) and
transfers it to the partner.
The target is specified by the CPU number R_CPU (only relevant for
multiprocessor communication), the data type in R_TYPE (data blocks (DB) and
expanded data blocks (DX)), the data block number in R_DBNO and the offset in
R_OFFSET to where the first byte is to be written.
In R_CF_BYT and R_CF_BIT, declare the connection memory byte and bit on the
partner CPU.
In parameter SYNC_DB, declare the DB in which the data that you used in all
SFBs for the initialization during startup and synchronization is to be stored. The
DB numbers must be identical for all SFBs in your user program.
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the current send operation is cancelled and the
SFB is reset to basic state. A cancelled job is terminated with an error message
(STATUS output).
For your submodule, you declare the I/O address, which you specified in "HW
Config", in LADDR.
DONE is set TRUE if the job was terminated without error, or ERROR is set TRUE
if the job was terminated with an error.
Once the job was processed with DONE = TRUE, the data are sent to the
communication partner that confirms them positively and passes them on to the
partner CPU.
In STATUS, the CPU indicates an error or, as a result of a warning, the respective
event ID.
DONE or ERROR/STATUS are also output when the SFB is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. If the CPU is assigned the wrong
parameters it might jump to STOP mode.

Instance DB
The SFB SEND_RK operates in combination with an instance DB. The DB number
is passed on with the call. Access to the data in the instance DB is not allowed.
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Special Features for Sending Data
Take the following special features into account when "Sending Data":
• With RK512 you can only send an even number of data. If you declare an odd
length (LEN) of data an additional fill byte with the value "0" is appended to the
transmitted data.
• In RK512 you can only declare an even offset. If you declare an odd offset the
data are stored in the partner station as of the next lower even offset.
Example: Offset is 7, the data are stored as of byte 6.

Parameters
Parameters

Declaration

Data
type

Range of
values

Default

Description

SYNC_DB

INPUT

INT

CPU specific,
zero is not
allowed

0

Number of the DB in which
the common data for the
synchronization of the RKSFBs are stored (minimum
length = 240 bytes).

REQ

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Request":
Activates the job at the
positive edge.

R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Reset".
Job is aborted.

LADDR

INPUT

WORD

CPU specific

W#16#03FF The I/O address of your
submodule, specified by you
in "HW Config".

R_CPU

INPUT

INT

0 to 4

1

CPU number of the partner
CPU
(only for multiprocessor
operation)

R_TYPE

INPUT

CHAR

‘D’, ‘X’

‘D’

Address type on the partner
CPU (only uppercase
allowed)
‘D’: Data block
‘X’: Expanded data block

R_DBNO

INPUT

INT

0 to 255

0

Data block number on the
partner CPU

R_OFFSET

INPUT

INT

0 to 510

0

Data byte number on the
partner CPU

255

Connection memory bit on
the partner CPU

(only even
values)

R_CF_BYT

INPUT

INT

0 to 255

(255: Means: no connection
memory bits)

R_CF_BIT

INPUT

INT

0 to 7

0
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Parameters

Declaration

Data
type

Range of
values

Default

Description

DONE

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter (This
parameter is only set for the
duration of one call):
1.

FALSE Job has not been
started or is still being
executed.

2. TRUE Job has been
executed error-free.

ERROR

OUTPUT

BOOL

TRUE/FALSE

FALSE

STATUS

OUTPUT

WORD

W#16#0000 to
W#16#FFFF

W#16#0000 Status parameter (This
parameter is only set for the
duration of one call): To
display the status, you should
copy STATUS to a free data
area)

Status parameter (This
parameter is only set for the
duration of one call):
Completed job without error

STATUS has the following
meaning, dependent on the
ERROR bit:

SD_1:

INPUT/
OUTPUT

ANY

CPU specific

0

•

ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value
<> W#16#0000:
Warning, STATUS
supplies detailed
information.

•

ERROR=TRUE:
An error has occurred,
STATUS supplies
detailed information on
the type of error.

Send parameters:
Here you declare:
•

Th number of the DB
from which the data are
to be transmitted.

•

The data byte number as
of which data are to be
transmitted.

for example: DB 10 as of byte
2 -> DB10.DBB2

LEN

28-50

INPUT/
OUTPUT

INT

1 to 1024

1

Here you declare the length
of the data block that is to be
transmitted. (Length is set
here indirectly.)
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Declarations in the Message Frame
The table below shows the declarations in the message frame header of the
RK 512 message frame.
Source on your S7
automation system
(local CPU)

To target,
partner CPU

Message frame header, bytes

3/4 Instruction
type

5/6 D-DBNR/D
Offset

7/8 Number in

Data block

Data block

AD

DB/DW

Words

Data block

Expanded data block

AD

DB/DW

Words

Explanation of the abbreviations used:
D-DBNR

Destination data block number

D Offset

Destination start address

DW

Offset in Words

Data Consistency
Data consistency is limited to 128 bytes. If you want to consistent data
transmission exceeding these 128 bytes, you must take the following into account:
Do not write to the currently used section of the send range SD_1 unless the
transmission has been terminated. This is the case when the state parameter
DONE has the value TRUE.

See also:
Additional Error Information of the SFBs 60 to 65
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28.10

Fetching Data (RK 512) with SFB 64 "FETCH RK"

Description
SFB FETCH_RK (SFB 64) is used to fetch a data block from a partner and store
them in a data block.
The send operation is executed after the block is called and a positive edge on
control input REQ.
The area in which the fetched data is stored is declared in RD_1 (DB number and
start address). The length of the data block is declared in LEN.
In the SFB you also specify the partner area from which the data are fetched. The
CPU enters this information in the RK512 message frame header and transfers it to
the partner.
The partner area is determined by the CPU number in R_CPU (only relevant for
multiprocessor communication), the data type in R_TYPE (data blocks, expanded
data blocks, memory bits, inputs, outputs, counters and times), the data block
number in R_DBNO (only relevant for data blocks and expanded data blocks) and
the offset in R_OFFSET from where the first byte is to be fetched.
In R_CF_BYT and R_CF_BIT you declare the connection memory byte and the
connection memory bit on the partner CPU.
In parameter SYNC_DB you declare the DB in which the data that you used in all
SFBs for the initialization during startup and synchronization is to be stored. The
DB numbers must be identical for all SFBs in your user program.
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the current transmission is cancelled and the
SFB is reset to basic state. An cancelled job is closed with an error message
(STATUS output).
For your submodule, you declare the I/O address, which you specified in "HW
Config", in LADDR.
DONE is set TRUE if the job was terminated without error, or ERROR is set TRUE
if the job was terminated with an error.
In STATUS, the CPU indicates an error or, as a result of a warning, the respective
event ID.
DONE or ERROR/STATUS are also output when the SFB is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. The CPU might go to STOP mode if
the configuration is faulty.
Note
When data are fetched from your CPU, you must program the SFB "SERVE_RK"
for your CPU.
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Instance DB
The SFB FETCH_RK operates in combination with an instance DB. The DB
number is passed on with the call. Access to the data in the instance DB is not
allowed.

Special Features for (Expanded) Data Blocks
Note the following special features when "Fetching Data" from a data block or an
expanded data block:
• With RK512 you can only send an even number of data. An additional byte is
transmitted if you enter an odd length (LEN). In the target DB, however, always
the correct number of data is entered.
• In RK512 you can only declare an even offset. If you declare an odd offset the
data are stored in the partner station as of the next smaller even offset.
Example: Offset is 7, the data are stored as of byte 6.

Special Features for Timers and Counters
When you fetch times or counters from your communication partner, you must take
into account that you need to fetch two bytes for every time or counter. For
example, if you want to fetch 10 counters you must declare a length of 20.

Parameters
Note: In this SFB the range of values are all represented in the German memory
conventions.
Parameters

Declaration

Data
type

Range of
values

Default

Description

SYNC_DB

INPUT

INT

CPU specific,
zero is not
allowed

0

Number of the DB in which
the common data for the
synchronization of the RKSFBs are stored (minimum
length = 240 bytes).

REQ

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Request":
Activates the job at the
positive edge.

R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Reset".
Job is aborted.

LADDR

INPUT

WORD

CPU specific

W#16#03FF

The I/O address of your
submodule, specified by you
in "HW Config".

R_CPU

INPUT

INT

0 to 4

1

CPU number of the partner
CPU
(only for multiprocessor
operation)
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Parameters

Declaration

Data
type

Range of
values

Default

Description

R_TYPE

INPUT

CHAR

’D’, ’X’, ’M’,
’E’, ’A’, ’Z’, ’T’

‘D’

Address type on the partner
CPU
‘D’: Data block
’X’: Expanded data block
’M’: Memory bit
’E’: Inputs
’A’: Outputs
’Z’: Counters
’T’: Times

R_DBNO

INPUT

INT

0 to 255

0

Data block number on the
partner CPU

R_OFFSET

INPUT

INT

Refer to the
table:
”Parameter in
the FB for data
source (Partner
CPU)”

0

Data byte number on the
partner CPU

R_CF_BYT

INPUT

INT

0 to 255

255

Connection memory bit on
the partner CPU
(255: Means: no connection
memory bits)

R_CF_BIT

INPUT

INT

0 to 7

0

Connection memory bit on
the partner CPU

DONE

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter (This
parameter is only set for the
duration of one call):

ERROR
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OUTPUT

BOOL

TRUE/FALSE

FALSE

•

FALSE Job has not been
started or is still being
executed.

•

TRUE Job has been
executed error-free.

Status parameter (This
parameter is only set for the
duration of one call):
Completed job without error
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Parameters

Declaration

Data
type

Range of
values

Default

Description

STATUS

OUTPUT

WORD

W#16#0000 to
W#16#FFFF

W#16#0000

Status parameter (This
parameter is only set for the
duration of one call): To
display the status, you should
copy STATUS to a free data
area)
STATUS has the following
meaning, dependent on the
ERROR bit:

RD_1

INPUT/
OUTPUT

ANY

CPU specific

0

•

ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value
<> W#16#0000:
Warning, STATUS
supplies detailed
information.

•

ERROR=TRUE:
An error has occurred,
STATUS supplies
detailed information on
the type of error.

Receive parameter:
Here you declare:
1.

The number of the DB in
which the fetched data
are to be stored.

2.

The data byte number
as of which the
fetched data are to be
stored.

For example: DB 10 as of
byte 2 -> DB10.DBB2

LEN

INPUT/
OUTPUT

INT

1 to 1024

1
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per time and per counter.
(Length is set here indirectly.)
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Parameter in the SFB for Data Source (Partner CPU)
The table below shows the data types which can be transmitted.
The value for R_OFFSET is determined by the partner CPU.
Source on the partner CPU

R_TYP

R_NO

R_OFFSET (in bytes)

Data block

‘D’

0 - 255

0 - 510 only even values are appropriate

Expanded data block

‘X’:

0 - 255

0 - 510 only even values are appropriate

Memory bit

’M’

Irrelevant

0 – 255

,
,

Inputs

’E’

Irrelevant

0 – 255

Outputs

’A’

Irrelevant

0 – 255

Counters

‘Z’

Irrelevant

0 – 255

Times

’T’

Irrelevant

0 – 255

Declarations in the Message Frame
The table below shows the declarations in the message frame header of the
RK512 message frame.
Source on the
partner CPU

to the target, your S7
automation system (local CPU)

Message frame header, bytes
3/4
Instruction
type

5/6 S-DBNR/S
Offset

7/8 Number
in

Data block

Data block

ED

DB/DW

Words

Expanded data
block

Data block

EX

DB/DW

Words

Memory bit

Data block

EM

Byte address

Bytes

Inputs

Data block

EI

Byte address

Bytes

Outputs

Data block

EO

Byte address

Bytes

Counters

Data block

EC

Counter number

Words

Times

Data block

ET

Timer number

Words

Explanation of the abbreviations used:
S-DBNO

Source Data Block Number

S Offset

Source start address
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Data Consistency
Data consistency is limited to 128 bytes. If you want to consistent data
transmission exceeding these 128 bytes, you must take the following into account:
Do not write to the currently used section of the send range SD_1 unless the
transmission has been terminated. This is the case when the state parameter
DONE value is set to TRUE.

See also:
Additional Error Information of the SFBs 60 to 65
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28.11

Receiving and Providing Data (RK 512) with SFB 65
"SERVE_RK"

Description
Use the SFB SERVE_RK (SFB 65) to receive and provide data.
• Receiving data: The data are stored in the area that is specified by the partner
in the RK512 message frame header. A call of the SFB is required when the
communication partner executes a "Send Data" (SEND jobs) job.
• Providing Data: The data are fetched from the area that is specified by the
partner in the RK512 message frame header. A call of the SFB is required when
the communication partner executes a "Fetch Data" (FETCH jobs) job.
The block is ready to after it is called with the control input EN_R value TRUE. You
can cancel the current transmission by setting the signal status of parameter EN_R
to FALSE. A cancelled job is terminated with an error message (STATUS output).
The input is switched off as long as the signal status of parameter EN_R is set to
FALSE.
In parameter SYNC_DB you declare the DB in which the data that is used by you
in all SFBs for the initialization during startup and synchronization is to be stored.
The DB numbers must be identical for all SFBs in your user program.
To enable the SFB to process the job, you must call it with R(Reset)=FALSE. At
the positive edge on control input R the current transmission is cancelled and the
SFB is reset to basic state. A cancelled job is terminated with an error message
(STATUS output).
For your submodule, you declare the I/O address, which was specified by you in
"HW Config", in LADDR.
NDR is set TRUE if the job was terminated without error, or ERROR is set TRUE if
the job was terminated with an error.
With NDR=TRUE for an SFB call the CPU indicates in the parameters L_TYPE,
L_DBNO and L_OFFSET the area where data were stored or fetched from. Also
shown for a call are the parameters L_CF_BYT and L_CF_BIT and the length LEN
of the respective job.
In STATUS, the CPU indicates an error or, as a result of a warning, the respective
event ID (refer to the appendix).
NDR or ERROR/STATUS are also output (parameter LEN == 16#00) when the
SFB is RESET (R=TRUE).
The binary result BIE is reset if an error has occurred. The status of the binary
result is TRUE if the block was terminated without error.
Note
A parameter check is not included in the SFB. The CPU might go to STOP mode if
the configuration is faulty.
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Instance DB
The SFB SERVE_RK operates in combination with an instance DB. The DB
number is passed on with the call. Access to the data in the instance DB is not
allowed.

How to Use Connection Memory Bits
You can lock or enable SEND and FETCH jobs of your communication partner via
connection memory bit. Thus, you can prevent overwriting or reading of data that
have not been processed yet.
You can specify a connection memory bit for every job.

Communication partner

Your CPU

SEND_RK
Uses memory bit for writing to the DB
R_CF_BYT
R_CF_BIT
R_TYPE = DB
R_DBNO
R_OFFSET

SERVE_RK

FETCH_RK
R_CF_BYT
R_CF_BIT
R_TYPE = DB
R_DBNO
R_OFFSET

Data access can be locked
via the connection memory
bits TRUE/FALSE!
Connection memory bit

L_CF_BYT
L_CF_BIT
L_TYPE = DB
L_DBNO
L_OFFSET

Uses memory bit to read the DB!

MB100 7 6 5 4 3 2 1 0
Assignment of
the memory
bit to the DB

DB100
DB101
DB102
DB103
Connection memory

MB200
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Example: SEND_RK with connection memory bit
In this example the communication partner transmits data to DB 101 on your CPU
1. In your CPU, set the connection memory bit 100.6 to FALSE.
9. In your communication partner, specify connection memory bit 100.6
(parameters R_CF_BYT, R_CF_BIT) for the SEND job.
The connection memory bit is transferred to your CPU in the RK 512 message
frame header.
Before it processes the job, the CPU verifies the connection memory bit that is
specified in the RK512 message frame header. Th job is only processed if the
connection memory bit is set to FALSE value on your CPU. If the connection
memory bit is set to TRUE the error message "32 hex" is transmitted in the
response message frame to the communication partner.
After the data are transferred to the DB101 connection memory 100.6 is set to
TRUE on your CPU by SFB SERVE. Also, the connection memory byte and bit
is output on SFB SERVE for the duration of one call (if NDR =TRUE).
10.When you evaluate the connection memory (connection memory 100.6 =TRUE)
in your user program you can see whether the job is completed and the
transmitted data can be processed.
11.After you have processed the data in your user program you must reset the
connection memory 100.6 to FALSE. Not until the can your partner execute the
job again without error.
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Parameters
Note: In this SFB the range of values are all represented in the German memory
conventions.
Parameters

Declaration

Data type

Range of
values

Default

Description

SYNC_DB

INPUT

INT

CPU specific

0

Number of the DB in which
the common data for the
synchronization of the
RK-SFBs are stored
(minimum length = 240
bytes).

EN_R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Enable to
receive"
Job enable

R

INPUT

BOOL

TRUE/FALSE

FALSE

Control parameter "Reset".
Job is aborted.

LADDR

INPUT

WORD

CPU specific

W#16#03FF

The I/O address of your
submodule, specified by you
in "HW Config".

NDR

OUTPUT

BOOL

TRUE/FALSE

FALSE

Status parameter "New Data
Ready" (This parameter is
only set for the duration of
one call):
1. FALSE Job has not been
started or is still being
executed.
2. TRUE Job was executed
successfully.

ERROR

OUTPUT

BOOL

TRUE/FALSE

FALSE
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parameter is only set for the
duration of one call):
Completed job without error
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Parameters

Declaration

Data type

Range of
values

Default

Description

STATUS

OUTPUT

WORD

W#16#0000 to
W#16#FFFF

W#16#0000

Status parameter (This
parameter is only set for the
duration of one call): To
display the status, you should
copy STATUS to a free data
area)
STATUS has the following
meaning, dependent on the
ERROR bit:

L_TYPE

OUTPUT

CHAR

‘D’

•

ERROR=FALSE:
STATUS has the value
W#16#0000: Neither the
warning nor the error
STATUS have the value
<> W#16#0000:
Warning, STATUS
supplies detailed
information.

•

ERROR=TRUE:
An error has occurred,
STATUS supplies
detailed information on
the type of error.

’’
Receiving data:
Type of the target area on
the local CPU (only
uppercase allowed):
‘D’: Data block
Providing data:

’D’, ’X’, ’M’,
’E’, ’A’, ’Z’, ’T’

Type of the source area on
the local CPU (only
uppercase allowed):
‘D’: Data block
’M’: Memory bit
’E’: Inputs
’A’: Outputs
’Z’: Counters
’T’: Timers
This parameter is only set for
the duration of one call.

L_DBNO

OUTPUT

INT

CPU specific

0

Data block number on local
CPU. This parameter is only
set for the duration of one
call.

L_OFFSET

OUTPUT

INT

0 - 510

0

Data byte number on local
CPU. This parameter is only
set for the duration of one
call.
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Parameters

Declaration

Data type

Range of
values

Default

Description

L_CF_BYT

OUTPUT

INT

0 to 255

0

Connection memory byte on
local CPU. This parameter is
only set for the duration of
one call.
(255: Means: no connection
memory)

L_CF_BIT

OUTPUT

INT

0 to 7

0

Connection memory bit on
local CPU. This parameter is
only set for the duration of
one call.

LEN

INPUT/
OUTPUT

INT

0 to 1024

0

Length of message frame,
number in bytes (This
parameter is only set for the
duration of one call).

Data Consistency
Data consistency is limited to 128 bytes. If you want to consistent data
transmission exceeding these 128 bytes, you must take the following into account:
Use the connection memory function. Do not access the data until they are
completely transmitted (evaluation of the connection memory specified for this job;
the connection memory is active for a call on SFB if NDR = TRUE). Do not reset
the connection memory to FALSE unless you have processed the data.

See also:
Additional Error Information of the SFBs 60 to 65
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28.12

Additional Error Information of the SFBs 60 to 65

Error Information
The table below shows the diverse event classes and event IDs.
Error in the SFB parameter configuration"
Event class
Error code

Event

Remedy

W#16#0301

Source/destination data type illegal or
does not exist.

Verify the parameterization and correct it if
required.

Illegal range (start address, length).
DB illegal or does not exist.

Partner delivers illegal parameters in the
message frame header.

Other data type is illegal or does not
exist.

Verify the parameters, create a block if
required.

Invalid connection memory byte or bit
ID.

Refer to the job tables for info on permitted
data types.
The partner delivers the wrong parameters in
the message frame header.

W#16#0303

Range cannot be accessed

Verify the parameters. Refer to the job tables
for info on permitted start addresses and
lengths, or the partner supplies the wrong
parameters in the message frame header.

"Job processing errors"
Event class
Error code

Event

Remedy

W#16#0501

The current job was aborted by restart
or reset.

Repeat the aborted job. When you re-assign
parameters via PG you should make sure
that no more jobs are being processed before
you write to an interface.

W#16#0502

The job is not allowed while in this
operating state (for example, no
parameters assigned to the device
interface).

Assign parameters to the device interface.

W#16#050E

•

Invalid message frame length

•

•

The end-of-message ID assigned in
•
the parameters has not occurred
within the maximum permitted
length.

W#16#0513

Data type error (DB ...):
Unknown data type or illegal data type
(for example, DE)

The message frame length > 1024 bytes.
Select a smaller message frame length
Add the end-of-message IDs at the
desired position in the send buffer.

Refer to the job tables for info on permitted
data types and their combinations.

The source and target data types
specified in the SFB do not match.
W#16#0515

Wrong bit number declared in the
coordination memory.

Permitted bit no. 0 to 7

W#16#0516

CPU number specified too high.

Permitted CPU no. 0, 1, 2, 3 or 4

W#16#0517

Transmission > 1024 byte is too large

Split the job into several jobs of a smaller
length.
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Error in the SFB parameter configuration"
W#16#051D

W#16#0522

Send/receive job aborted by

Repeat the call of the communication block.

•

Reset of the communication block

•

Re-assigning parameters

A new SEND job was started even
though the previous job has not yet
been completed yet.

Do not start the new SEND job unless the
previous send job is terminated with DONE or
ERROR.

"Error when processing a partner job" only for RK512
Event class
Error code

Event

Remedy

W#16#0601

Error in the 1st instruction byte (not 00
or FFH)

Basic header structure error in the partner.
Prove the faulty behavior of the partner device
if required by hooking up an interface tester to
the data link.

W#16#0602

Error in 3rd instruction byte (not A, 0 or
E)

Basic header structure error in the partner.
Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

W#16#0603

Error in 3rd instruction byte in
subsequent message frames
(instruction not as in the first message
frame)

Basic header structure error in the partner.
Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

W#16#0604

Error in 4th instruction byte (wrong
instruction character)

Basic header structure error in the partner or
an illegal instruction combination was
requested. Check the permitted instructions.
Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

W#16#0606

Error in 5th instruction byte (illegal DB
number)

Refer to the job tables for info on permitted
DB numbers, start addresses or lengths.

W#16#0607

Error in 5th or 6th instruction byte (start Refer to the job tables for info on permitted
address too high)
DB numbers, start addresses or lengths.

W#16#0609

Error in 9th or 10th instruction byte
(coordination memory bit not permitted
for this data type or the bit number is
too high).

Basic header structure error in the partner.
Refer to the job tables for info on when a
coordination memory bit is permitted.

W#16#060A

Error in 10th instruction byte (illegal
CPU number)

Basic header structure error in the partner.

"Send error"
Event class
Error code

Event

Remedy

W#16#0701

Only for 3964(R):
Sending the first repetition:

A repetition does not represent an error.
However, it can be an indication of disruptions
on the data link or of a faulty behavior of the
partner. If the message frame is not
transmitted within the maximum number of
repetitions an error number is reported which
describes the error that first occurred.

W#16#0702

•

An error was detected when
sending the message frame

•

The partner requested a repetition
with a negative confirmation
character (NCC).

Only for 3964(R):
Prove the faulty behavior of the partner if
Error while establishing the connection required by hooking up an interface tester to
After STX was transmitted the NCC or the data link.
any character (except DLE or STX) was
received.
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Error in the SFB parameter configuration"
W#16#0703

Only for 3964(R):
Confirmation time (QVZ) exceeded:
After the transmission of STX the
partner did not respond within the
confirmation delay time.

The partner device is too slow or not ready to
receive, or the data link is interrupted. Prove
the faulty behavior of the partner if required by
hooking up an interface tester to the data link.

W#16#0704

Only for 3964(R):
Abortion by the partner:
One or several characters were
received from the partner while the
send operation was in progress.

Check whether the partner also indicates an
error because possibly it has not received all
of the transmitted data (for example, due to an
interrupted data link), or because fatal errors
are pending, or the behavior of the partner
device is faulty. Prove the faulty behavior of
the partner if required by hooking up an
interface tester to the data link.

W#16#0705

Only for 3964(R):
Negative confirmation while
transmission was in progress

Check whether the partner also indicates an
error because possibly it has not received all
of the transmitted data (for example, due to an
interrupted data link), or because fatal errors
are pending, or the behavior of the partner
device is faulty. Prove the faulty behavior of
the partner if required by hooking up an
interface tester to the data link.

W#16#0706

Only for 3964(R):
End-of-transmission error:

Check whether the partner also indicates an
error because possibly it has not received all
of the transmitted data (for example, due to an
interrupted data link), or because fatal errors
are pending, or the behavior of the partner
device is faulty. Prove the faulty behavior of
the partner if required by hooking up an
interface tester to the data link.

•

The partner has rejected the
message frame at the end with
NCC or any character (except
DLE)

•

The confirmation character (DLE)
was received too early.

W#16#0707

Only for 3964(R):
End-of-transmission confirmation delay
time / response watchdog time was
exceeded:
The partner did not respond within the
QVZ after the connection went down
via DLE ETX.

The partner device is too slow or disrupted.
Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

W#16#0708

Only for ASCII drivers:
The waiting time on XON has expired.

The communication partner is disrupted, too
slow or switched offline. Check the
communication partner or change the
parameters if required.

W#16#0709

Only for 3964(R):
Could not establish a connection, the
permitted number of startup attempts
was exceeded.

Check the interface cord or the transmission
parameters.
Also check in the partner whether the
parameters for the receive function between
CPU and CP have been correctly assigned.

W#16#070A

Only for 3964(R):
Could not transmit data, the permitted
number of attempts to transmit was
exceeded.

Check the interface cord or the transmission
parameters.

W#16#070B

Only for 3964(R):
Initialization conflict cannot be solved
because both partners are set to high
priority.

Change the parameters.
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Error in the SFB parameter configuration"
W#16#070C

Only for 3964(R):
Initialization conflict cannot be solved
because both partners are set to low
priority.

Event class
Error code

Event

Remedy

W#16#0801

Only for 3964(R):
Expecting the first repetition:
An error was detected when the
message frame was received and the
CPU requested a repetition with a
negative confirmation (NCC) from the
partner.

A repetition does not represent an error.
However, it can be an indication of disruptions
on the data link or of a faulty behavior of the
partner. If the message frame is not
transmitted within the maximum number of
repetitions an error number is reported which
describes the error that first occurred.

W#16#0802

Only for 3964(R):
Error while establishing the connection

Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

Change the parameters.

"Receive error"

•

One or several characters (except
NCC or STX) were received when
idle

•

After having received the STX the
partner transmitted more
characters without waiting for the
response DLE.
After the partner is powered ON:

•

The CPU receives an undefined
character while the partner is
switched on.

W#16#0805

Only for 3964(R):
Logical receive error:
After receiving the DLE another
character was received (except DLE,
ETX).

Check whether the partner doubles the DLE in
the message frame header and in the data
string or if the connection is established via
DLE ETX. Prove the faulty behavior of the
partner if required by hooking up an interface
tester to the data link.

W#16#0806

Character Delay Time (CDT) was
exceeded:

The partner device is too slow or disrupted.
Prove the faulty behavior of the partner if
required by hooking up an interface tester to
the data link.

•

Two subsequent characters were
not received within the CDT.
Only for 3964(R):

•

1. The character was not received
within the CDT after sending the
DLE when the connection was
established.

W#16#0807

Illegal message frame length:
A message frame with 0 length was
received.

Receiving a message frame with 0 length
does not represent an error.
Check why the communication partner
transmits message frames without user data.

W#16#0808

Only for 3964(R):
Block Check Character error BCC:
The internally generated value for the
BCC does not correspond with the BCC
received by the partner at the end of
the communication link.

Check whether the communication is
seriously disrupted. In this case you can also
see occasional error codes. Prove the faulty
behavior of the partner if required by hooking
up an interface tester to the data link.
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Error in the SFB parameter configuration"
W#16#0809

Only for 3964(R):
The delay time for block repetition has
expired

Declare the same block delay time in the
parameters for the communication partner
and your module. Prove the faulty behavior of
the partner if required by hooking up an
interface tester to the data link.

W#16#080A

There is no free input buffer:
There was no cleared input buffer
available for receiving.

The SFB RCV must be called more
frequently.

Transfer error

Disturbances on the data link cause message
frame repetitions and, thus, reduce user data
throughput. The risk of not detecting an error
increases. Change your system structure or
your wiring.
Check the data links of the communication
partners or whether the same baud rate,
parity and stop bits are set on both devices.

W#16#080C

•

A transfer error was detected
(parity/stop bit/overflow error).
Only for 3964(R):

•

If a disrupted character is received
while in idle mode the error is
reported immediately in order to
recognize disturbing influences on
the data link as soon as possible.
Only for 3964(R):

•

The repetitions are started if this
happens during send and receive
operations.

W#16#080D

BREAK:
The receive link to the partner is
interrupted.

Establish the link again or switch on the
partner.

W#16#080E

Input buffer overflow while flow control
is not enabled.

The SFB for receiving must be called more
frequently in the user program or you must
assign parameters with flow control to the
communication.

W#16#0810

Parity error

Check the data links of the communication
partners or whether the same baud rate,
parity and stop bits are set on both devices.

W#16#0811

Character frame error

Check the data links of the communication
partners or whether the same baud rate,
parity and stop bits are set on both devices.
Change your system structure or your wiring.

W#16#0812

Only for ASCII drivers:
Further characters were received after
the CPU has transmitted XOFF.

Re-assign the parameters in the
communication partner or dispose of the data
faster.

W#16#0814

Only for ASCII drivers:
One or several message frames were
lost because operation was carried out
without flow control.

Operate with flow control as far as possible.
Utilize the entire input buffer. In the basic
parameters set the "Reaction to CPU STOP"
parameter to "Continue operation".

W#16#0816

The length of a received message
frame exceeded the maximum
specified length.

Needs to be corrected in the partner station.
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Error in the SFB parameter configuration"
"Receiving a reaction message frame with error or an error message frame from the
communication partner"
Event class
Error code

Event

W#16#0902

Only for RK 512: Memory access error Check whether the partner is equipped with
in the partner station (memory does not the required data range and whether it is of a
sufficient size or check the parameters of the
exist)
called SFB.
With SIMATIC S5 as partner:

W#16#0903

•

Wrong range in the display word

•

Data range does not exist (except
DB/DX)

•

Data range insufficient (except
DB/DX)

Only for RK 512: DB/DX access error
in the partner station (DB/DX does not
exist or too short)

Remedy

Check the length specified in the SFB.

With SIMATIC S5 as partner:

Check whether the partner is equipped with
the required data range and whether it is of a
sufficient size or check the parameters of the
called SFB.

•

DB/DX does not exist

Check the length specified in the SFB.

•

DB/DX too short

•

Illegal DB/DX no.

Permitted source range exceeded by
FETCH job.
W#16#0904

Only for RK 512: Partner reports ”Job
type not permitted”.

Faulty partner behavior because the CPU
never outputs a system instruction.

W#16#0905

Only for RK 512: Partner error or
SIMATIC S5 partner error:

Check whether the partner is able to transfer
the desired data type.

•

Source/target type not permitted

Check the partner’s hardware structure.

•

Memory error in partner device

Switch the partner PLC to RUN mode.

•

Error in partner CP/CPU
communication

•

Partner PLC is in STOP mode

W#16#0908

Only for RK 512: Partner recognizes
synchronization error:
The message frame sequence is
disrupted.

W#16#0909

Only for RK 512: DB/DX locked in the
partner by coordination memory bit.

This error occurs when you restart your own
or your partner’s PLC. This is a normal startup
behavior of the system. No remedies are
required. When operation is in progress this
error might occur as a result of previous
errors. Otherwise, you can assume faulty
behavior of the partner.
In the partner program: Reset the coordination
memory bit after you have processed the last
transmitted data!
The program: Repeat job!

W#16#090A

Only for RK 512: Errors in the
message frame header recognized by
the partner: 3. Wrong instruction byte in
the header

Check whether the error is the result if
disturbances or faulty partner behavior. Prove
this with the help of an interface tester you
hook up into the data link.

W#16#090C

Only for RK 512: Partner detects
wrong message frame length (length
total).

Check whether the error is the result if
disturbances or faulty partner behavior. Prove
this with the help of an interface tester you
hook up into the data link.
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W#16#090D

Only for RK 512: Up to now there is no Restart the partner PLC or set the operating
restart at the partner.
mode selection switch to RUN.

W#16#090E

Only for RK 512: Received unknown
error number in the response message
frame.

Check whether the error is the result if
disturbances or faulty partner behavior. Prove
this with the help of an interface tester you
hook up into the data link.

"The CPU has detected errors in the response message frame of the partners"
Event class
Error code

Event

Remedy

W#16#0A02

Only for RK 512: Error in the structure
of the received response message
frame

Prove the faulty behavior of the partner, if
required, by hooking up an interface tester to
the data link.

(1. Byte not 00 or FF)
W#16#0A03

Only for RK 512: received response
message frame contains too many or
insufficient data.

Prove the faulty behavior of the partner, if
required, by hooking up an interface tester to
the data link.

W#16#0A05

Only for RK 512: No response
message frame from the partner within
the monitoring time.

Is the partner a very slow device?
Quite often this error is also displayed as a
result of a previous error. For example,
receive procedure errors (event class 8) can
be displayed after a FETCH message frame
was transmitted.
Reason: The response message frame could
not be received due to disturbances, the
watchdog time expires. This error might also
occur if the partner is restarted before it was
able to respond to the last received FETCH
message frame.

"Warnings"
Event class
Error code

Event

Remedy

W#16#0B01

Input buffer loaded over 2/3 of its
capacity

Call the receive block more frequently in order
to avoid an input buffer overflow.
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SFCs for H CPUs

29.1

Controlling Operation in H Systems with SFC 90
"H_CTRL"

Description
With SFC 90 "H_CTRL," you can influence H systems as follows:
• You can prevent the standby link-up in the master CPU. This is then disabled
until you cancel the setting with SFC 90 "H_CTRL" or the H system goes into
STOP mode.
Any request from the standby CPU to link-up with the master is stored.
• You can disable updating on the master CPU. This is then disabled until you
cancel the setting with SFC 90 "H_CTRL" or the H system goes into STOP
mode.
Any request from the standby CPU to update is stored.

!

Caution
If you have disabled update but not connect, the hardware system still can
determine the connection status as before. Please note that when the master CPU
is connecting, it does not process any remove/insert interrupts, station
failure/returned interrupts or rack failure/returned interrupts.

• You can remove a test component from the cyclical self-test, add it again or
start immediately. If you have disabled one or more test components of the
cyclical self test, the component or components remain disabled until you
cancel the setting with SFC 90 "H_CTRL" or the H system goes into STOP
mode.
Note:
If you use a CPU 414-4H or 417-4H in a redundant system, please observe the
following: If you disable the component for more than 24 hours, the CPU goes
into STOP mode. For redundant systems, the applicable regulation states that
certain tests must be completed within 24 hours.
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The following table explains the permitted combinations of the input parameters
MODE and SUBMODE.
Job

MODE
Input

SUBMODE
Input

Disable link-up

3

0

Re-enable link-up

4

0

Disable updating

1

0

Re-enable updating

2

0

Remove the test component specified in the SUBMODE from the cyclical self- 20
test.

0.1,...5

A test component can only be removed once.
Add the test component specified in the SUBMODE to the cyclical self-test
again.

21

0.1,...5

22

0.1,...5

A test component can only be added again if it has been previously removed.
Start the test component specified in the SUBMODE immediately.
The test component can't have been removed.

The following table shows the assignment of the individual test components for the
cyclical self-test with the SUBMODE input values. (only relevant for the values 20,
21, and 22 of the input MODE)
Value from
SUBMODE

Associated Test Component

0

SP7 – ASIC – Test

1

Code memory test

2

Data memory test

3

Operating system code checksum test

4

Code block checksum test

5

Comparison of numbers, times, markers and data blocks in redundant operation.

How the SFC Operates
SFC 90 "H_CTRL" is an asynchronous SFC, in other words its execution can
extend over several SFC calls.
You start the job by calling SFC 90 with REQ=1.
If the job could be executed immediately, the SFC returns the value 0 at the BUSY
output parameter. Initialization of a long-term test routine ends with the first SFC
call (BUSY=0), even if the test covers multiple cycles (RET_VAL=W#16#0001 with
MODE=22). If BUSY has the value 1, the job is still active (see also Meaning of the
Parameters REQ, RET_VAL and BUSY with Asynchronous SFCs).
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Identifying A Job
The input parameters MODE and SUBMODE specify the job. If these match a job
that is not yet completed, the SFC call is a follow-on call.

Parameters
Parameter

Declaration

Data Type

Memory Area

Description

REQ

INPUT

BOOL

I, Q, M, D, L,
const.

Level-triggered control parameter REQ=1:
Triggers the job

MODE

INPUT

BYTE

I, Q, M, D, L,
const.

Job

SUBMODE INPUT

WORD

I, Q, M, D, L,
const.

Secondary job

RET_VAL

OUTPUT

INT

I, Q, M, D, L

If an error occurs while the function is being
executed, the return value contains an error
code. Make sure that you evaluate
RET_VAL each time the block has been
executed.

BUSY

OUTPUT

BOOL

I, Q, M, D, L

BUSY=1:
The job is not yet completed.

Error Information
Error Code (W#16#...)

Explanation

0000

Job executed without error

7000

REQ = 0 at first call: the job was not activated; BUSY has the value 0.

7001

REQ = 1 at first call: the job was started; BUSY has the value 1.

7002

Follow-on call (REQ irrelevant). The activated job is still running; BUSY has
the value 1.

0001

•

When MODE=1: updating was already disabled.

•

When MODE=3: link-up was already disabled.

•

When MODE=22: the test component is already running and cannot be
restarted.

•

When MODE=1: updating is already active and can no longer be
disabled.

•

When MODE=3: link-up is already active and can no longer be disabled.

•

When MODE=20: the test component indicated has already been
removed from the cyclical self-test.

•

When MODE=21: the test component indicated has not been removed
from the cyclical self-test.

•

When MODE=22: the test component indicated cannot be executed
because you have removed in from the cyclical self-test.

8082

8090

The MODE input parameter has an invalid value.

8091

The SUBMODE input parameter has an invalid value.

8xyy

General error information, see Evaluating Errors with Output Parameter
RET_VAL
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Example of Using SFC 90
With SFC 90 "H_CTRL," you can make sure that no link-up and no updating is
started at times when the maximum resources of the CPU are required.
You can achieve this by including the following program sections on the master
CPU prior to the period of increased process activity:
• Call SFC 90 with MODE = 3 and SUBMODE =0 (disable link-up)
• Call SFC 90 with MODE = 1 and SUBMODE = 0 (disable updating)
At the end of the period of increased activity, include the following program
sections on the master CPU:
• Call SFC 90 with MODE = 4 and SUBMODE = 0 (re-enable link-up)
• Call SFC 90 with MODE = 2 and SUBMODE = 0 (re-enable updating).
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Integrated Functions (for CPUs with
integrated I/Os)

30.1

SFB 29 (HS_COUNT)

Description
With SFB 29 "HS_COUNT" (counter), you can influence the integrated counter
function of a CPU with integrated I/Os, as follows:
• Set and enter a start value.
• Select and set comparison values.
• Enable counters.
• Enable digital outputs.
• Read current counted values and current comparison values.
• Query the relationship between the counted value and the comparison value.

Further Information
The meaning of the individual parameters of SFB 29 in conjunction with the
parameters for the integrated function counter and the hardware inputs and outputs
of the CPU is described in detail in S7-300 Programmable Controller, Integrated
Functions manual.
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Parameters
Parameter

Declaration

Data Type

Memory Area

Description

PRES_COUNT

INPUT

DINT

I, Q, M, D, L,
constant

Start value for the counter

PRES_COMP_A

INPUT

DINT

I, Q, M, D, L,
constant

New comparison value
COMP_A

PRES_COMP_B

INPUT

DINT

I, Q, M, D, L,
constant

New comparison value
COMP_B

EN_COUNT

INPUT

I, Q, M, D, L

Enable the counter

EN_DO

INPUT

BOOL

I, Q, M, D, L,
constant

Enable the digital outputs

SET_COUNT

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for the start value
PRES_COUNT

SET_COMP_A

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for the comparison
value COMP_A

SET_COMP_B

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for the comparison
value COMP_B

COUNT

OUTPUT

DINT

I, Q, M, D, L

Actual value of the counter

COMP_A

OUTPUT

DINT

I, Q, M, D, L

Current comparison value
COMP_A

COMP_B

OUTPUT

DINT

I, Q, M, D, L

Current comparison value
COMP_B

STATUS_A

OUTPUT

BOOL

I, Q, M, D, L

Status bit STATUS_A
1: COUNT ≥ COMP_A
0: COUNT < COMP_A

STATUS_B

OUTPUT

BOOL

I, Q, M, D, L

Status bit STATUS_B
1: COUNT ≥ COMP_B
0: COUNT < COMP_B
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30.2

SFB 30 (FREQ_MES)

Description
With SFB 30 "FREQ_MES" (frequency meter), you can influence the integrated
frequency meter function of a CPU with integrated I/Os, as follows:
• Select and set comparison values.
• Output the measured frequency.
• Read the current comparison values.
• Query the relationship of the measured frequency to the comparison value.

Further Information
The meaning of the individual parameters of SFB 30 in conjunction with the
parameters for the integrated frequency meter function and the hardware inputs
and outputs of the CPU is described in detail in the S7-300 Programmable
Controller, Integrated Functions manual.

Parameters
Parameter

Declaration

Data Type

Memory Area

Description

PRES_U_LIMIT

INPUT

DINT

I, Q, M, D, L,
constant

New (upper) comparison value
U_LIMIT

PRES_L_LIMIT

INPUT

DINT

I, Q, M, D, L,
constant

New (lower) comparison value
L_LIMIT

SET_U_LIMIT

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for new comparison
value U_LIMIT

SET_L_LIMIT

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for new comparison
value L_LIMIT

FREQ

OUTPUT

DINT

I, Q, M, D, L

Measured frequency in MHz

U_LIMIT

OUTPUT

DINT

I, Q, M, D, L

Current comparison value
(upper limit)

L_LIMIT

OUTPUT

DINT

I, Q, M, D, L

Current comparison value (lower
limit)

STATUS_U

OUTPUT

BOOL

I, Q, M, D, L

Status bit
"1": FREQ > U_LIMIT
"0": FREQ ≤ U_LIMIT

STATUS_L

OUTPUT

BOOL

I, Q, M, D, L

Status bit
"1": FREQ < L_LIMIT
"0": FREQ ≥ U_LIMIT
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30.3

SFB 38 (HSC_A_B)

Description
With SFB 38 (HSC_A_B), you can influence the integrated A/B counter function of
a CPU with integrated inputs/outputs, as follows:
• Specify and adopt the start value
• Specify and set comparison values
• Enable counters
• Enable digital outputs
• Read current counted values and current comparison values
• Query the counted value relative to the comparison value
SFB 38 (HSC_A_B) reads or writes data from the user program in the instance DB
of the integrated function. The A/B counter consists of two counters A and B that
can count simultaneously and are independent of each other (counting up and
down is possible).
The counters function identically; count pulses can be registered up to a frequency
of 10 kHz.

Further Information
The precise meaning of the parameters of SFB 38 in conjunction with the
parameters of the integrated function A/B counter and the hardware inputs and
outputs of the CPU is described in detail in the manual S7-300 Programmable
Controller, Integrated Functions CPU 312 IFM/314 IFM.

Parameters
Parameter

Declaration Data Type

Memory Area

Description

PRES_COMP INPUT

DINT

I, Q, M, D, L,
constant

New comparison value COMP

EN_COUNT

INPUT

BOOL

I, Q, M, D, L
constant

Enable the counter

EN

INPUT

BOOL

I, Q, M, D, L,
constant

Enable the digital output

SET_COMP

INPUT

BOOL

I, Q, M, D, L,
constant

Set input for comparison value COMP

COUNT

OUTPUT

DINT

I, Q, M, D, L

Actual value of the counter

COMP

OUTPUT

DINT

I, Q, M, D, L

Current comparison value COMP

ENO

OUTPUT

BOOL

I, Q, M, D, L

Error handling:
1 : no error in execution
0 : error in execution
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30.4

SFB 39 (POS)

Description
With SFB 39 (POS), you can influence the integrated positioning function of a CPU
with integrated inputs/outputs. SFB 39 (POS) provides the following functions:
• Synchronization
• Execution of the inching mode
• Positioning
SFB 39 (POS) for the integrated positioning function reads or writes data from the
user program to the instance DB of the integrated function. The integrated
positioning function acquires signals from asymmetrical 24 V incremental encoders
up to a frequency of 10 kHz. It controls a rapid/creep mode or a frequency
converter via specified integrated outputs of the CPU 314 IFM (controlled
positioning)

Further Information
The precise meaning of the parameters of SFB 39 in conjunction with the
parameters of the integrated function A/B counter and the hardware inputs and
outputs of the CPU is described in detail in the manual S7-300 Programmable
Controller, Integrated Functions CPU 312 IFM/314 IFM.

Parameter
Parameter

Declaration Data Type

Memory Area Description

EN

INPUT

BOOL

I, Q, M, D, L,
constant

Enable the digital inputs

DEST_VAL

INPUT

DINT

I, Q, M, D, L,
constant

Destination position for the integrated
positioning function

REF_VAL

INPUT

DINT

I, Q, M, D, L,
constant

Reference point for synchronization

SWITCH_OFF_DIFF INPUT

WORD

I, Q, M, D, L,
constant

Switch-off difference (difference
between the switch-off point and the
destination position) in travel
increments

PRES_COMP

INPUT

DINT

I, Q, M, D, L,
constant

New comparison value COMP

BREAK

INPUT

BYTE

I, Q, M, D, L,
constant

Maximum analog value with which the
traversing movement is controlled

POS_MODE1,
POS_MODE2

INPUT

BOOL

I, Q, M, D, L,
constant

Start and execute inching mode

POS_STRT

INPUT

BOOL

I, Q, M, D, L,
constant

Start positioning operation on rising
edge

SET_POS

INPUT

BOOL

I, Q, M, D, L,
constant

When there is a rising edge, the value
of the input parameter REF_VAL is
adopted as the new actual value
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Parameter

Declaration Data Type

Memory Area Description

ENO

OUTPUT

I, Q, M, D, L

BOOL

Error handling:
1 : no error in execution
0 : error in execution

ACTUAL_POS

OUTPUT

DINT

I, Q, M, D, L

Current actual value

POS_READY
(status message)

OUTPUT

BOOL

I, Q, M, D, L

Positioning / inching completed if
POS_READY=1

REF_VALID
(status message)

OUTPUT

BOOL

I, Q, M, D, L

Reference point switch reached or not

POS_VALID
(status message)

OUTPUT

BOOL

I, Q, M, D, L

Actual position of the axis
synchronized with the actual position of
the integrated function
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31.1

SFC 63 (AB_CALL)

Description
SFC 63 (AB_CALL) calls an assembly code block.
Assembly code blocks are logic blocks that were written in the programming
language "C" or in Assembler and then compiled.

Application
You can only use assembly code blocks for the CPU 614.

Further Information
The meaning of the individual parameters of SFC 63 is explained in detail in the
documentation for the CPU 614. There is a separate programming guide for
programming assembly code blocks.

Parameters
Parameter

Declaration Data Type

Memory Area

Description

AB_NUMBER

INPUT

WORD

I, Q, M, D, L,
constant

Bits for the assembly code blocks to
be called

CALL_REASON INPUT

WORD

I, Q, M, D, L,
constant

Organization block in which the SFC
was called or evaluation of the DB
pointer (parameter DB_NUMBER) or
activation of the debugger

DB_NUMBER

INPUT

WORD

I, Q, M, D, L,
constant

Number of the DB pointer

RET_VAL

OUTPUT

WORD

I, Q, M, D, L

Return value of the SFC
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Diagnostic Data

32.1

Overview of the Structure of Diagnostic Data

Data Record 0 and 1 of the System Data
The diagnostic data of a module are located in data records 0 and 1 of the system
data area (see Writing and Reading Data Records).
• Data record 0 contains 4 bytes of diagnostic data that describe the current
status of a signal module.
• Data record 1 contains
-

The 4 bytes of diagnostic data, also located in data record 0 and

-

The diagnostic data specific to the module.

Structure and Contents of the Diagnostic Data
This section describes the structure and contents of the individual bytes of the
diagnostic data.
Whenever an error occurs, the corresponding bit is set to "1."
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32.2

Diagnostic Data
Structure and contents of the diagnostic data:

Byte Bit

Meaning

0

Module fault

1

0
1

Internal error

2

External error

Remarks

0 and 1

3

Channel error

4

No external auxiliary voltage

5

No front connector

6

No parameter assignment

7

Wrong parameters in the module

0

Module class

0101: Analog module
0000: CPU
1000: Function module
1100: CP
1111: Digital module
0011: DP standard slave
1011: I slave
0100: IM

to
3

2

Data
Record

4

Channel information exists

5

User information exists

6

Diagnostic interrupt from
substitute

7

Reserved

0

No or wrong memory card

1

Communication problem

2

Mode

3

Cycle monitoring responded

4

Internal module supply voltage
failed

5

Battery exhausted

6

Entire battery backup failed

0 and 1

0 and 1
0: RUN
1: STOP

3

32-2

7

Reserved

0

Expansion rack failure

1

Processor failure

2

EPROM error

3

RAM error

4

ADC/DAC error

5

Fuse tripped

6

Hardware interrupt lost

7

Reserved

0 and 1
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Byte Bit

Meaning

Remarks

Data
Record

4

Channel type

B#16#70: Digital input
B#16#72: Digital output
B#16#71: Analog input
B#16#73: Analog output
B#16#74: FM-POS
B#16#75: FM-REG
B#16#76: FM-ZAEHL
B#16#77: FM-TECHNO
B#16#78: FM-NCU
B#16#79 to
B#16#7D: reserved
B#16#7E: US300
B#16#7F: reserved

1

7

Further channel type exists?

0: No

0

Number of diagnostic bits
output per channel by a
module.

The number of diagnostic bits per
channel is rounded up to byte
boundaries

Number of channels of one
channel type on a module

If different channel types exist on a
1
module, the structure is repeated in
data
record 1 from byte 4 onwards for each
channel type.

0

Channel error channel 0/
Channel group 0

First byte of the channel error vector
(the length of the channel error vector
depends on the number of channels
and is rounded up to a byte
boundary).

1

Channel error channel 1/
Channel group 1

2

Channel error channel 2/
Channel group 2

3

Channel error channel 3/
Channel group 3

4

Channel error channel 4/
Channel group 4

5

Channel error channel 5/
Channel group 5

6

Channel error channel 6/
Channel group 6

7

Channel error channel 7/ Channel
group 7

-

Channel-specific errors (see
Structure of Channel-Specific
Diagnostic Data)

0
to
6

1: Yes
5

to
7
6

0
to
7

7

...
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Structure of Channel-Specific Diagnostic Data

Channel-Specific Errors
Starting at the byte immediately following the channel error vector, the channelspecific errors are indicated for each channel of the module. The tables below
show the structure of channel-specific diagnostic data for the different channel
types. The bits have the following meaning:
• 1 = Error
• 0 = No error

Analog Input Channel
Diagnostic byte for an analog input channel:
Bit

Meaning

Remarks

0

Configuration/
parameter assignment error

Can be signaled by SFC 52 and EVENTN = W#16#8x50

1

Common mode error

Can be signaled by SFC 52 and EVENTN = W#16#8x51

2

P short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x52

3

M short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x53

4

Wire break

Can be signaled by SFC 52 and EVENTN = W#16#8x54

5

Reference channel error

Can be signaled by SFC 52 and EVENTN = W#16#8x55

6

Current below measuring range

Can be signaled by SFC 52 and EVENTN = W#16#8x56

7

Current above measuring range

Can be signaled by SFC 52 and EVENTN = W#16#8x57

Analog Output Channel
Diagnostic byte for an analog output channel:
Bit

Meaning

Remarks

0

Configuration/
parameter assignment error

Can be signaled by SFC 52 and EVENTN = W#16#8x60

1

Common mode error

Can be signaled by SFC 52 and EVENTN = W#16#8x61

2

P short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x62

3

M short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x63

4

Wire break

Can be signaled by SFC 52 and EVENTN = W#16#8x64

5

0

Reserved

6

No load voltage

Can be signaled by SFC 52 and EVENTN = W#16#8x66

7

0

Reserved
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Digital Input Channel
Diagnostic byte for a digital input channel:
Bit

Meaning

Remarks

0

Configuration/parameter
assignment error

Can be signaled by SFC 52 and EVENTN = W#16#8x70

1

Ground error

Can be signaled by SFC 52 and EVENTN = W#16#8x71

2

P short circuit (sensor)

Can be signaled by SFC 52 and EVENTN = W#16#8x72

3

M short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x73

4

Wire break

Can be signaled by SFC 52 and EVENTN = W#16#8x74

5

No sensor power supply

Can be signaled by SFC 52 and EVENTN = W#16#8x75

6

0

Reserved

7

0

Reserved

Digital Output Channel
Diagnostic byte for a digital output channel:
Bit

Meaning

Remarks

0

Configuration/parameter
assignment error

Can be signaled by SFC 52 and EVENTN = W#16#8x80

1

Ground error

Can be signaled by SFC 52 and EVENTN = W#16#8x81

2

P short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x82

3

M short circuit

Can be signaled by SFC 52 and EVENTN = W#16#8x83

4

Wire break

Can be signaled by SFC 52 and EVENTN = W#16#8x84

5

Fuse tripped

Can be signaled by SFC 52 and EVENTN = W#16#8x86

6

No load voltage

Can be signaled by SFC 52 and EVENTN = W#16#8x86

7

Over temperature

Can be signaled by SFC 52 and EVENTN = W#16#8x87
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System Status Lists (SSL)

33.1

Overview of the System Status Lists (SSL)
This chapter describes all the partial lists of the system status list that relate to the
following:
• CPUs
• Modules whose partial lists are not module-specific (for example, SSL-IDs
W#16#00B1, W#16#00B2, W#16#00B3).
Module-specific partial lists, for example, for CPs and FMs are included in the
descriptions of the particular modules.

Definition: System Status List
The system status list (SSL) describes the current status of a programmable logic
controller. The contents of the SSL can only be read using information functions
but cannot be modified. The partial lists are virtual lists, in other words, they are
only created by the operating system of the CPUs when specifically requested.
You can only read one system status list using SFC 51 "RDSYSST."

Contents
The system status lists contain information about the following:
• System data
• Module status data in the CPU
• Diagnostic data on modules
• Diagnostic buffer

System Data
System data are fixed or assigned characteristic data of a CPU. They provide
information about the following:
• The configuration of the CPU
• The status of the priority classes
• Communication
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Module Status Data
Module status data describe the current status of the components monitored by
system diagnostic functions.

Diagnostic Data on Modules
The modules with diagnostic capabilities assigned to a CPU have diagnostic data
that are stored directly on the module.

Diagnostic Buffer
The diagnostic buffer contains diagnostic entries in the order in which they occur.
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33.2

Structure of a Partial SSL List

Basics
You can read partial lists and partial list extracts using SFC 51 "RDSYSST." You
specify what you want to read using the parameters SSL_ID and INDEX.

Structure
A partial list consists of the following:
• A header and
• The data records.

Header
The header of a partial list consists of the following:
• SSL-ID
• Index
• Length of a data record of the partial list in bytes
• Number of data records contained in the partial list.

Index
With certain partial lists or partial list extracts an object type ID or an object number
must be specified. The index is used for this purpose. If it is not required for the
information, its contents are irrelevant.

Data Records
A data record in a partial list has a specific length. This depends on the information
in the partial list. How the data words in a data record are used also depends on
the particular partial list.

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

33-3

System Status Lists (SSL)

33.3

SSL-ID

SSL-ID
Every partial system status list has a number. You can output a complete partial list
or an extract from it. The possible partial list extracts are predefined and are
identified by a number. The SSL-ID consists of the number of the partial list, the
number of the partial list extract, and the module class.

Structure
The SSL-ID is one word long. The meaning of the bits in the SSL-ID is as follows:

15

Module class

12 11

8 7

Number of the
partial list
extract

0

Number of the
partial list

Structure of the SCL_ID

Module Class
Examples of module classes:
Module Class

Coding (Binary)

CPU

0000

IM

0100

FM

1000

CP

1100

Number of the Partial List Extract
The number of the partial list extracts and their meaning depend on the particular
system status list to which they belong. With the number of the partial list extract,
you specify which subset of a partial list you want to read.

Number of the Partial List
Using the number of the partial list, you specify which partial list of the system
status list you want to read.
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33.4

Possible Partial System Status Lists

Subset
Any one module only has a subset of all the possible partial lists. Which partial lists
are available depends on the particular module.

Possible SSL Partial Lists
The following table lists all the possible partial lists with the number contained in
the SSL-ID.
Partial List

SSL-ID

Module identification

W#16#xy11

CPU characteristics

W#16#xy12

User memory areas

W#16#xy13

System areas

W#16#xy14

Block types

W#16#xy15

Status of the module LEDs

W#16#xy19

Interrupt status

W#16#xy22

Assignment between process image partitions and OBs

W#16#xy25

Communication status data

W#16#xy32

Ethernet - Details of a Module

W#16#xy37

H CPU group information

W#16#xy71

Status of the module LEDs

W#16#xy74

Switched DP slaves in the H-system

W#16#xy75

Module status information

W#16#xy91

Rack / station status information

W#16#xy92

Rack / station status information

W#16#0x94

Extended DP master system information

W#16#xy95

Module status information, PROFINET IO and PROFIBUS DP

W#16#xy96

Diagnostic buffer of the CPU

W#16#xyA0

Module diagnostic information (data record 0)

W#16#00B1

Module diagnostic information (data record 1), geographical address

W#16#00B2

Module diagnostic information (data record 1), logical address

W#16#00B3

Diagnostic data of a DP slave

W#16#00B4
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33.5

SSL-ID W#16#xy11 - Module Identification

Purpose
If you read the system status list with SSL-ID W#16#xy11, you obtain the module
identification of this module.

Header
The header of system status list SSL-ID W#16#xy11 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0111: a single identification data record

INDEX

Number of a particular data record
W#16#0001: identification of the module
W#16#0006: identification of the basic hardware
W#16#0007: identification of the basic firmware

LENTHDR

W#16#001C: one data record is 14 words long (28 bytes)

N_DR

Number of data records

Data Record
A data record of system status list SSL-ID W#16#xy11 has the following structure:
Name

Length

Meaning

Index

1 word

Index of an identification data record

MlFB

20 bytes

With INDEX W#16#0007: reserved
With INDEX W#16#0001 and W#16#0006: Order number of the module;
String consists of 19 characters and a blank (20H); such as for CPU 314:
"6ES7 314-0AE01-0AB0"

BGTyp

1 word

Reserved

Ausbg1

1 word

With Index W#16#0001: version of the module
With Index W#16#0006 and W#16#0007:"V" and first number of the
version ID

Ausbg2

1 word

With Index W#16#0001: reserved
With Index W#16#0006 and W#16#0007: remaining numbers of the version
ID
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33.6

SSL-ID W#16#xy12 - CPU Characteristics

Purpose
CPU modules have different characteristics depending on the hardware being
used. Each characteristic is assigned an ID. If you read the partial list with SSL-ID
W#16#xy12, you obtain the characteristics of the module.

Header
The header of partial list SSL-ID W#16#xy12 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:
W#16#0012: all characteristics
W#16#0112: characteristics of a group
You specify the group in the INDEX parameter.
W#16#0F12: partial list header information

INDEX

Group
W#16#0000: MC7 processing unit
W#16#0100: time system
W#16#0200: system response
W#16#0300: MC7 language description of the CPU
W#16#0400: availability of SFC 87 and SFC 88

LENTHDR

W#16#0002: one data record is 1 word long (2 bytes)

N_DR

Number of data records

Data Record
A data record of partial list SSL-ID W#16#xy12 is one word long. An identifier is
entered for each characteristic. A characteristics identifier is one word long.

Note
All data records relevant to your CPU will be output. They follow each other in
sequence with no gaps.
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Characteristics Identifier
The following table lists all the characteristics identifiers.
Identifier

Meaning

W#16#0000 - 00FF

MC7 processing unit (group with index 0000)

W#16#0001

MC7 processing generating code

W#16#0002

MC7 interpreter

W#16#0100 - 01FF

Time system (group with index 0100)

W#16#0101

1 ms resolution

W#16#0102

10 ms resolution

W#16#0103

No real time clock

W#16#0104

BCD time-of-day format

W#16#0105

All time-of-day functions (set time-of-day, set and read time-of-day, time-ofday synchronization: time-of-day slave and time-of-day master)

W#16#0200 - 02FF

System response (group with index 0200)

W#16#0201

Capable of multiprocessor mode

W#16#202

Cold restart, warm restart and hot restart possible

W#16#203

Cold restart and hot restart possible

W#16#204

Warm restart and hot restart possible

W#16#205

Only warm restart possible

W#16#0206

New distributed I/O configuration is possible during RUN by using predefined
resources

W#16#0207

H-CPU in stand-alone mode: New distributed I/O configuration is possible
during RUN by using predefined resources

W#16#0208

For taking motion control functionality into account

W#16#0300 - 03FF

MC7 Language description of the CPU (group with index 0300)

W#16#0301

Reserved

W#16#0302

All 32 bit fixed-point instructions

W#16#0303

All floating-point instructions

W#16#0304

sin, asin, cos, acos, tan, atan, sqr, sqrt, ln, exp

W#16#0305

Accumulator 3/accumulator 4 with corresponding instructions
(ENT,PUSH,POP,LEAVE)

W#16#0306

Master Control Relay instructions

W#16#0307

Address register 1 exists with corresponding instructions

W#16#0308

Address register 2 exists with corresponding instructions

W#16#0309

Operations for area-crossing addressing

W#16#030A

Operations for area-internal addressing

W#16#030B

All memory-indirect addressing instructions for bit memory (M)

W#16#030C

All memory-indirect addressing instructions for data blocks (DB)

W#16#030D

All memory-indirect addressing instructions for data blocks (DI)

W#16#030E

All memory-indirect addressing instructions for local data (L)

W#16#030F

All instructions for parameter transfer in FCs

W#16#0310

Memory bit edge instructions for process image input (I)

W#16#0311

Memory bit edge instructions for process image output (Q)

W#16#0312

Memory bit edge instructions for bit memory (M)

W#16#0313

Memory bit edge instructions for data blocks (DB)

33-8
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Identifier

Meaning

W#16#0314

Memory bit edge instructions for data blocks (DI)

W#16#0315

Memory bit edge instructions for local data (L)

W#16#0316

Dynamic evaluation of the FC bit

W#16#0317

Dynamic local data area with the corresponding instructions

W#16#0318

Reserved

W#16#0319

Reserved

W#16#0401

SFC 87 "C_DIAG" is available

W#16#0402

SFC 88 "C_CNTRL" is available
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33.7

SSL-ID W#16#xy13 - Memory Areas

Purpose
If you read the partial list with SSL-ID W#16#xy13, you obtain information about the
memory areas of the module.

Header
The header of partial list SSL-ID W#16#xy13 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0113: data record for one memory area
You specify the memory area with the INDEX parameter.

INDEX

Specifies a memory area (only with SSL-ID W#16#0113)
W#16#0001: work memory

LENTHDR

W#16#0024: one data record is 18 words long (36 bytes)

N_DR

Number of data records

Data Record
A data record of partial list SSL-ID W#16#xy13 has the following structure:
Name

Length

Meaning

Index

1 word

Index of a memory area
W#16#0001: work memory

Code

1 word

Memory type:
W#16#0001: volatile memory (RAM)
W#16#0002: non-volatile memory (FEPROM)
W#16#0003: mixed memory (RAM + FEPROM)

Size

2 words

Total size of the selected memory (total of area 1 and area 2)

Mode

1 word

Logical mode of the memory
Bit 0: volatile memory area
Bit 1: non-volatile memory area
Bit 2: mixed memory area
For work memory:
Bit 3: code and data separate
Bit 4: code and data together

Granu

1 word

Always has the value 0

Ber1

2 words

Size of the volatile memory area in bytes.

Belegt1

2 words

Size of the volatile memory area being used

Block1

2 words

Largest free block in the volatile memory area
If 0: no information available or cannot be ascertained.

Ber2

2 words

Size of the non-volatile memory area in bytes

Belegt2

2 words

Size of the non-volatile memory area being used

Block2

2 words

Largest free block in the non-volatile memory area
If 0: no information available or cannot be ascertained.

33-10

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

System Status Lists (SSL)

33.8

SSL-ID W#16#xy14 - System Areas

Purpose
If you read the partial list with SSL-ID W#16#xy14, you obtain information about the
system areas of the module.

Header
The header of partial list SSL-ID W#16#xy14 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0014: all system areas of a module
W#16#0F14: only for partial list header information

INDEX

Not relevant

LENTHDR

W#16#0008: one data record is 4 words long (8 bytes)

N_DR

Number of data records
You must at least assign a number of 9 data records. If you select a target
area which is too small, SFC51 does not provide a data record.

Data Record
A data record of partial list SSL-ID W#16#xy14 has the following structure:
Name

Length

Meaning

Index

1 word

Index of the system area
W#16#0001:
PII (number in bytes)
W#16#0002:
PIQ (number in bytes)
W#16#0003:
memory (number in bits)
Note:
This index is only provided by the CPU,
where the number of flags can be
shown in one word.
If your CPU does not provide this value,
you must evaluate index W#16#0008.
W#16#0004:
timers (number)
W#16#0005:
counters (number)
W#16#0006:
number of bytes in the logical address area
W#16#0007:
local data (entire local data area of the CPU
in bytes)

W#16#0008:
W#16#0009:

Note:
This index is only provided by the CPU,
where the number of flags can be
shown in one word.
If your CPU does not provide this value,
you must evil index W#16#0009.
memory (number in bytes)
local data (entire local data area of the CPU
in Kbytes)
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Name

Length

Meaning

Code

1 word

Memory type
W#16#0001: volatile memory (RAM)
W#16#0002: non-volatile memory (FEPROM)
W#16#0003: mixed memory (RAM and FEPROM)

Quantity

1 word

Number of elements of the system area

Reman

1 word

Number of retentive elements
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33.9

SSL-ID W#16#xy15 - Block Types

Purpose
If you read the partial list with SSL-ID W#16#xy15, you obtain the block types that
exist on the module.

Header
The header of partial list SSL-ID W#16#xy15 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0015: Data records of all block types of a module

INDEX

Not relevant

LENTHDR

W#16#0006: one data record is 5 words long (10 bytes)

N_DR

Number of data records

Data Record
A data record of partial list SSL-ID W#16#xy15 has the following structure:
Name

Length

Meaning

Index

1 word

Block type number
W#16#0800: OB
W#16#0A00: DB
W#16#0B00: SDB
W#16#0C00: FC
W#16#0E00: FB

MaxAnz

1 word

Maximum number of blocks of the type
OBs:
max. possible number of OBs for a CPU
DBs:
max. possible number of DBs including DB0
SDBs:
max. possible number of SDBs including
SDB2
FCs and FBs:
max. possible number of loadable blocks

MaxLng

1 word

Maximum total size of the object to be loaded in Kbytes

Maxabl

2 words

Maximum length of the work memory part of a block in bytes
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33.10

SSL-ID W#16#xy19 - Status of the Module LEDs

Purpose
If you read the partial list with SSL-ID W#16#xy19, you obtain the status of the
module LEDs.

Note
If you want to read out the partial list W#16#16#xy19 for an H CPU, remember that
this is only possible in the non-redundant H operating modes.

Header
The header of partial list W#16#xy19 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial system status list
W#16#0019
Status of all LEDs
W#16#0119
Status of one LED

LENTHDR

W#16#0004: one data record is 2 words long (4 bytes)

N_DR

Number of data records
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Data Record
A data record of the partial list with SSL-ID W#16#xy19 has the following structure:
Name

Length

Meaning

Index

1 word

LED ID (only relevant for SSL-ID W#16#0119)
W#16#0001: SF (group error)
W#16#0002: INTF (internal error)
W#16#0003: EXTF (external error)
W#16#0004: RUN
W#16#0005: STOP
W#16#0006: FRCE (force)
W#16#0007: CRST (restart)
W#16#0008: BAF (battery fault/overload, short circuit of
battery voltage on bus)
W#16#0009: USR (user-defined)
W#16#000A: USR1 (user-defined)
W#16#000B: BUS1F (bus error interface 1)
W#16#000C: BUS2F (bus error interface 2)
W#16#000D: REDF (redundancy error)
W#16#000E: MSTR (master)
W#16#000F: RACK0 (rack number 0)
W#16#0010: RACK1 (rack number 1)
W#16#0011: RACK2 (rack number 2)
W#16#0012: IFM1F (interface error interface module 1)
W#16#0013: IFM2F (interface error interface module 2)

led_on

1 byte

Status of the LED:
0 : off
1 : on

led_blink

1 byte

Flashing status of the LED:
0: not flashing
1: flashing normally (2 Hz)
2: flashing slowly (0.5 Hz)
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33.11

SSL-ID W#16#xy1C - Component Identification

Purpose
If you read the partial list with SSL-ID W#16#xy1C, you can identify the CPU or the
PLC.

Header
The header of partial list W#16#xy1C is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract

INDEX

W#16#001C:

Identification of all components

W#16#011C:

Identification of one component

W#16#021C:

Identification of all components of a CPU in an H system

W#16#031C

Identification of one component of all redundant CPUs in an H
system

W#16#0F1C:

SSL partial list header information only

•

•

Identification of the component for the partial system status list with the SSL ID
W#16#011C and W#16#031C

-

W#16#0001: Name of the PLC

-

W#16#0002: Name of the module

-

W#16#0003: Plant identification of the module

-

W#16#0004: Copyright entry

-

W#16#0005: Serial number of the module

-

W#16#0007: Module type name

-

W#16#0008: Serial number of the memory card (only S7-300)
Modules unable to receive a memory card are supplied without data
record.

-

W#16#0009: Manufacturer and profile of a CPU module

-

W#16#000A: OEM ID of a module (only S7-300)

-

W#16#000B: Location designation of a module

Rack number for the partial list extract with the SSL ID W#16#021C (Byte0:
Rack No., Byte1: B#16#00)

LENTHDR

W#16#0022:

N_DR

Number of data records

33-16

A data record is 17 words long (34 bytes)
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Data Record
A data record of the partial list with SSL-ID W#16#xy1C has the following structure:
• INDEX = W#16#0001
Name

Length

Meaning

Index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0001

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU; bits 4
to 7: 1111
Byte 1: component ID: B#16#01

Name

12 words

Name of the PLC
(max. 24 characters; when using shorter names, the gaps are filled with
B#16#00)

Res

4 words

Reserved

• INDEX = W#16#0002
Name

Length

Meaning

Index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0002

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU;
bits 4 to 7: 1111
Byte 1: component ID: B#16#02

Name

12 words

Name of the module
(max. 24 characters; when using shorter names, the gaps are filled with
B#16#00)

Res

4 words

Reserved

• INDEX = W#16#0003
Name

Length

Meaning

Index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0003

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU;
bits 4 to 7: 1111
Byte 1: component ID: B#16#03

Tag

16 words

Plant identification of the module
(max. 32 characters; when using a shorter plant identification the gaps are
filled with B#16#00)
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• INDEX = W#16#0004
Name

Length

Meaning

Index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0004

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU;
bits 4 to 7: 1111
Byte 1: component ID: B#16#04

Copyright

13
words

Constant character sequence
"Original Siemens Equipment"

Res

3 words Reserved

• INDEX = W#16#0005
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0005

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU;
bits 4 to 7: 1111
Byte 1: component ID: B#16#05

serialn

12 words

Serial number of the module; character string with max. length of 24
characters. Shorter numbers are filled with B#16#00.
Note: This serial number is unique world-wide for SIMATIC components and
permanently associated to the CPU hardware, that is, it remains unchanged
when a firmware update is performed.

res

4 words

Reserved

• INDEX = W#16#0007
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract W#16#011C: component
ID: W#16#0007

•

For H CPUs and the partial list extracts W#16#021C and W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master CPU;
bits 4 to 7: 1111
Byte 1: component ID: B#16#07

Cputypname

33-18

16 words

Module type name; character string with a max. length of 32 characters.
Shorter names are filled with B#16#00.
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• INDEX = W#16#0008
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract W#16#011C:
component ID: W#16#0008

•

For H CPUs and the partial list extracts W#16#021C and
W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master
CPU; bits 4 to 7: 1111
Byte 1: component ID: B#16#08

sn_mc/mmc

16 words

Serial number of the Memory Card/Micro Memory Card; character string
with a max. length of 32 characters. Shorter names are filled with
B#16#00.
•

Siemens serial number: only serial number, no index

•

Product serial number (PSN) of an S7 Micro Memory Card: "MMC"
plus serial number (PSN)

•

Serial number of an S7 Memory Card: "MC" plus serial number

The character string ends immediately after "MMC" or "MC" if no
Memory Card is installed.

• INDEX = W#16#0009
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract W#16#011C:
component ID: W#16#0009

•

For H CPUs and the partial list extracts W#16#021C and
W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 =
master CPU; bits 4 to 7: 1111
Byte 1: component ID: B#16#09

manufacturer_id

1 word

See PROFIBUS Profile Guidelines Part 1, Identification &
Maintenance Functions

profile_id

1 word

See PROFIBUS Profile Guidelines Part 1, Identification &
Maintenance Functions

profile_specific_typ

1 word

See PROFIBUS Profile Guidelines Part 1, Identification &
Maintenance Functions

res

13 words

Reserved
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• INDEX = W#16#000A
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract
W#16#011C: component ID: W#16#000A

•

For H CPUs and the partial list extracts W#16#021C and
W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 =
master CPU; bits 4 to 7: 1111
Byte 1: component ID: B#16#0A

oem_copyright_string

13 words

OEM Copyright ID; character string with a max. length of 20
characters. Shorter names are filled with B#16#00.

oem_id

1 word

OEM ID; issued by Siemens.

oem_add_id

2 words

OEM additional ID; can be issued by user.

• INDEX = W#16#000B
Name

Length

Meaning

index

1 word

•

For a standard CPU and the partial list extract W#16#011C:
component ID: W#16#000B

•

For H CPUs and the partial list extracts W#16#021C and
W#16#031C:
Byte 0: bits 0 to 2: rack no.; bit 3: 0 = reserve CPU, 1 = master
CPU; bits 4 to 7: 1111
Byte 1: component ID: B#16#0B

loc_id

33-20

16 words

Location designation; character string with a max. length of 32
characters. Shorter names are filled with B#16#00.
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33.12

SSL-ID W#16#xy22 - Interrupt Status

Purpose
The partial list with SSL ID W#16#xy22 contains information about the current
status of interrupt processing and interrupt generation in the module.

Header
The header of the partial list with SSL-ID W#16#xy22 has the following structure:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:
W#16#0222

INDEX

Data record on the specified interrupt. The interrupt (OB no.) is
specified in the INDEX parameter.

OB no. or interrupt class (for SSL-ID W#16#0222)
W#16#0000:

Free cycle

W#16#000A:

Time-of-day interrupt

W#16#0014:

Time-delay interrupt

W#16#001E:

Cyclic interrupt

W#16#0028:

Hardware interrupt

W#16#0032

DP interrupt

W#16#003C

Multicomputing or synchronous cycle (isochrone) interrupt

W#16#0048:

Redundancy interrupt (on with S7-400H systems)

W#16#0050:

Asynchronous error interrupt

W#16#005A:

Background

W#16#0064

Startup

W#16#0078:

Synchronous error interrupt

LENTHDR

W#16#001C:

A data record is 14 words long (28 bytes)

N_DR

Number of data records
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Data Record
A data record of partial list extract SSL-ID W#16#xy22 has the following structure:
Name

Length

info

10 words

al 1

al 2

al 3

1 word

1 word

2 words

Meaning
Start info for the given OB, with following exceptions:
•

OB 1 provides the current minimum (in bytes 8 and 9) and maximum
cycle time (in bytes 10 and 11) (time base: ms, byte count begins at 0).

•

When a job is active for a time-delay interrupt, bytes 8 and 11 (byte count
begins at ) get the remaining time in ms left of the delay time set as a
parameter.

•

OB 80 contains the configured minimum (in bytes 8 and 9) and maximum
cycle time (in bytes 10 and 11) (time base: ms, byte count begins at 0).

•

Error interrupts without the current information

•

Interrupts contain the status info from the current parameter settings of
the interrupt source.

•

In the case of synchronous errors, the priority class entered is B#16#7F if
the OBs were not yet processed; otherwise, the priority class of the last
call.

•

If an OB has several start events and these have not yet occurred at the
information time, then event no. W#16#xyzz is returned with x: event
class, zz: smallest defined number in the group, y: undefined. Otherwise,
the number of the last start event that occurred is used.

Processing identifiers:
Bit 0:

Interrupt event is caused by parameters

= 0:

Enabled

= 1:

Disabled

Bit 1:

Interrupt event as per SFC 39 "DIS_IRT"

= 0:

Not locked

= 1:

Locked

Bit 2 = 1:

Interrupt source is active (generation job ready for
time interrupts, time-of-day OB started,
time-delay interrupt OB started,
cyclic interrupt OB was configured with STEP 7)

Bit 4:

Interrupt OB

= 0:

Is not loaded

= 1:

Is loaded

Bit 5:

Interrupt OB is by TIS

= 1:

Locked

Bit 6:

Entry in diagnostic buffer

= 1:

Locked

Reaction with not loaded/locked OB
Bit 0 = 1:

Lock interrupt source

Bit 1 = 1:

Generate interrupt event error

Bit 2 = 1:

CPU goes into STOP mode

Bit 3 = 1:

Interrupt only discarded

Discarded by TIS functions:
Bit no. x set means: the event number that is greater by x than the smallest
event number of the affected OB is discarded by the TIS function.
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33.13

SSL ID W#16#xy25 - Assignment of Process Image
Partitions to OBs

Purpose
The partial list with SSL ID W#16#xy25 shows you how process image partitions
are assigned to the OBs.
This list provides information about
• Process image partitions you have assigned to specific OBs for update by the
system
• Process image partitions you have assigned to specific clock synchronization
interrupt OBs (OBs 61 to 64). The process image partition is updated here by
calling SFCs 126 "SYNC_PI" and 127 "SYNC_PO".
The assignment between the DP master systems and clock synchronization
interrupt OBs is found in SSL W#16#xy95.

Header
The header of the partial list with the SSL ID W#16#xy25 has the following
structure:
Contents
SSL ID

INDEX

Meaning
The SSL ID of the partial list extract
•

W#16#0025: Assignment of the process image partition to the OBs in the CPU

•

W#16#0125: Assignment of a process image partition to the corresponding OB
Specify the process image partition ID in the parameter INDEX.

•

W#16#0225: Assignment of the OB to the process image partition
Specify the OB number in parameter INDEX.
Note: The clock synchronization interrupt OB (OBs 61 to 64) are the only ones you
can assign to multiple process image partitions.

•

W#16#0F25: Only info on the header SSL partial list

•

For SSL ID W#16#0025: irrelevant

•

For SSL ID W#16#0125: process image partition ID

•

For SSL ID W#16#0225: OB number.

•

For SSL ID W#16#0F25: irrelevant

LENTHDR

W#16#0004:

One data record has a length of 2 words (4 bytes)

N_DR

Number of data records
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Data Record
A data record of partial list extract SSL-ID W#16#xy25 has the following structure:
Name

Length

Meaning

tpa_nr

1 byte

Partial process image ID

tpa_use

1 byte

Type of assignment between process image partitions and the OB:
•

Bit 0 = 1: The process image partition of the inputs is assigned to the
specified OB for update by the system.

•

Bit 1 = 1: The process image partition of the outputs is assigned to
the specified OB for update by the system.

•

Bit 2 = 1: The process image partition of the inputs is assigned to the
specified clock synchronization interrupt OB. It can be updated in this
OB by calling SFC 126 "SYNC_PI".

•

Bit 3 = 1: The process image partition of the outputs is assigned to
the specified clock synchronization interrupt OB. It can be updated in
this OB by calling SFC 126 "SYNC_PO".

•

Bits 4 to 7: 0

ob_nr

1 byte

OB number

res

1 byte

Reserved

Partial list extracts
• Partial list extract with SSL ID = W#16#0025:
The data records of all process image partitions you have assigned to an OB in
your configuration are returned in ascending order. The value of this ob_nr
parameter is zero for process image partitions not assigned to any OB. In this
case a data record is not returned for process image partitions.
• Partial list extract with SSL ID = W#16#0125:
A data record is returned if you have assigned the addressed process image
partition to an OB in your configuration. No data record is returned if you have
not assigned an OB.
Note
OB 1 is permanently assigned to process image partition 0. Thus, you will always
receive a data record when you request information on process image partition 0.
• Partial list extract with SSL ID = W#16#0225:
A data record is returned for all process image partitions you have assigned to
the called OB. No data record is returned if you have not assigned a process
image partition to the called OB.
Note
Clock synchronization interrupt OBs can be assigned multiple process image
partitions. If this is the case, several data records will be returned.
• Partial list extract with SSL ID = W#16#0F25:
The maximum number of data records is returned.
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Example of the significance of data records
Call parameters of SFC Returned variables
51

Explanation

SZL_ID = W#16#0125,
INDEX = W#16#0008

tpa_nr = B#16#08,
tpa_use = B#16#03,
ob_nr = B#16#15

A data record is returned.
The input/output process images 8 are assigned to
OB 21 for the update of the process image by the
system.

SZL_ID = W#16#0125,
INDEX = W#16#0009

–

No data record is returned.
Thus: Process image partition 9 is not assigned to
any OB.

SZL_ID = W#16#0225,
INDEX = W#16#003D

tpa_nr = B#16#0A,
tpa_use = B#16#C0,
ob_nr = B#16#3D

Two data records are returned.
OB 61 is assigned the process images 10 and 16 for
the inputs and outputs. They can be updated in OB
61 by a call of SFCs 126 and 127.

tpa_nr = B#16#10,
tpa_use = B#16#C0,
ob_nr = B#16#3D
SZL_ID = W#16#0225,
INDEX = W#16#0001

tpa_nr = B#16#00,
tpa_use = B#16#03,
ob_nr = B#16#01

One data record is returned.
OB 1 is assigned process image 0 for the inputs and
outputs. They are updated by the system.
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33.14

SSL-ID W#16#xy32 - Communication Status Data

Purpose
If you read the partial list with SSL-ID W#16#xy32 you obtain the status data of
module communication.

Header
The header of partial list SSL-ID W#16#xy32 is structured as follows:
Contents

Meaning

SSL-ID

The SSL ID of the partial list extract
W#16#0132: Status data for one communication section of the CPU
(always one data record). You specify the communication section of the
CPU with the INDEX parameter.

•

•

INDEX

W#16#0232: Status data for one communication section (in an H
system in RUN-REDUNDANT mode, solo mode or stand-alone
operation, 2 data records are returned.). You specify the communication
section of the CPU with the INDEX parameter.

Communication section
•
For SSL ID W#16#0132:
W#16#0005
W#16#0008
W#16#000B
W#16#000C
•
For SSL ID W#16#0232:
W#16#0004

Diagnostics
Time system
Time system
Time system

CPU protection level, operator control
settings and version ID/checksums
W#16#0028: one data record has a length of 20 words (40 bytes)
Number of data records

LENTHDR
N_DR

Data Record
A data record of partial list SSL-ID W#16#0132 is always 20 words long. The data
records have different contents. The contents depend on the INDEX parameter, in
other words, on the communication section of the CPU to which the data record
belongs.

See also:
Data Record of the Partial List Extract with SSL-ID W#16#0132 Index W#16#0005
Data Record of the Partial List Extract with SSL-ID W#16#0132 Index W#16#0008
Data Record of the Partial List Extract with SSL-ID W#16#0132 Index W#16#000B
Data Record of the Partial List Extract with SSL-ID W#16#0132 Index W#16#000C
Data Record of the Partial List Extract with SSL-ID W#16#0232 Index W#16#0004
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33.15

Data Record of the Partial List Extract with SSL-ID
W#16#0132 Index W#16#0005

Contents
The partial list extract with SSL-ID W#16#0132 and index W#16#0005 contains
information about the status of the diagnostics on the module.

Data Record
A data record of partial list extract SSL-ID W#16#0132 with index W#16#0005 has
the following structure:
Name

Length

Meaning

Index

1 word

W#16#0005: Diagnostics

Erw

1 word

Extended functions
0:
no
1:
yes

Send

1 word

Automatic sending
0:
no
1:
yes

Moeg

1 word

Sending user-defined diagnostic messages currently possible
0:
no
1:
yes

Res

16 words

Reserved
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33.16

Data Record of the Partial List Extract with SSL-ID
W#16#0132 Index W#16#0008

Contents
The partial list extract with SSL-ID W#16#0132 and index W#16#0008 contains
information about the status of the time system on the module.

Data Record
A data record of partial list extract SSL-ID W#16#01032 with index W#16#0008
has the following structure:
Name

Length

Meaning

Index

1 word

W#16#0008: Time system status

Zykl

1 word

Cycle time of the synchronization frames

Korr

1 word

Correction factor for the time

clock 0

1 word

Run-time meter 0: time in hours

clock 1

1 word

Run-time meter 1: time in hours

clock 2

1 word

Run-time meter 2: time in hours

clock 3

1 word

Run-time meter 3: time in hours

clock 4

1 word

Run-time meter 4: time in hours

clock 5

1 word

Run-time meter 5: time in hours

clock 6

1 word

Run-time meter 6: time in hours

clock 7

1 word

Run-time meter 7: time in hours

Time

4 words

Current date and time (format:
DATE_AND_TIME)

bszl_0 to bszl_1

2 bytes

Run-time meter active (bit =1: run-time meter active)

bszl_0

1 byte

Bit x: run-time meter x, 0 < x < 7

bszl_1

1 byte

Reserved

bszü_0 to bszü_1

2 bytes

Run-time meter overflow (bit = 1: overflow)

bszü_0

1 byte

Bit x: run-time meter x, 0 < x < 7

bszü_1

1 byte

Reserved

Status

1 word

Time status (for bit assignment, see below)

Res

3 byte

Reserved

status_valid

1 byte

Validity of variable status:
B#16#01: status valid
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Status
Bit

Default Value

Description

15

0

Sign for the correction value
(0: positive, 1: negative)

14 to 10

00000

Correction value
This parameter allows the basic time in the frame to be corrected to
local time:
Local time = basic time ± correction value * 0.5 h
This correction takes into account the time zone and the time
difference in summer time (daylight savings time) and winter time
(standard time).

9

0

Reserved

8

0

Reserved

7

0

Notification hour
This parameter indicates whether the next time adjustment also
includes a switchover from summer (daylight savings time) to winter
time (standard time) or vice versa.
(0: no adjustment made, 1: adjustment made).

6

0

Summer (daylight savings time)/winter time (standard time) indicator
The parameter indicates whether the local time calculated using the
correction value is summer or winter time.
(0: winter time, 1: summer time)

5

0

Parameter not used by S7.

4 to 3

00

Time resolution
This parameter indicates the resolution of the transmitted clock time.
(00: 0.001 s, 01: 0.01 s, 10: 0.1 s, 11: 1 s)

2

0

Parameter not used by S7.

1

0

Parameter not used by S7.

0

0

Synchronization failure
This parameter indicates whether the time transmitted in the frame
from an external time master (e.g. SICLOCK) is synchronized
(0: synchronization failed, 1: synchronization occurred)
Note:
Evaluation of this bit in a CPU is only meaningful if there is continuous
external time synchronization.

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

33-29

System Status Lists (SSL)

33.17

Data Record of the Partial List Extract with SSL-ID
W#16#0132 Index W#16#000B

Contents
The partial list extract with SSL ID W#16#0132 and index W#16#000B contains
information about the status of the 32-bit run-time meters 0 … 7 of the module.

Note
The partial list extract with SSL ID W#16#0132 and index W#16#0008 displays
these run-time meters in 16-bit mode.
This allows you to use programs developed for CPUs that operate with 16-bit runtime meters and with partial list extract with SSL ID W#16#0132 and index
W#16#0008.

Data record
A data record of the partial list extract with SSL ID W#16#0132 and index
W#16#000B has the following structure:
Name

Length

Meaning

Index

1 word

W#16#000B: Time system status

bszl_0

1 byte

Bit x: Status of run-time meter x , 0 ≤ x ≤ 7 (Bit = 1: run-time meter is busy)

bszl_1

1 byte

Reserved

bszü_0

1 byte

Bit x: Overflow of run-time meter x, 0 ≤ x ≤ 7 (Bit = 1: Overflow)

bszü_1

1 byte

Reserved

clock 0

2 words

Run-time meter 0: time in hours

clock 1

2 words

Run-time meter 1: time in hours

clock 2

2 words

Run-time meter 2: time in hours

clock 3

2 words

Run-time meter 3: time in hours

clock 4

2 words

Run-time meter 4: time in hours

clock 5

2 words

Run-time meter 5: time in hours

clock 6

2 words

Run-time meter 6: time in hours

clock 7

2 words

Run-time meter 7: time in hours

Res

1 word

Reserved
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33.18

Data Record of the Partial List Extract with SSL-ID
W#16#0132 Index W#16#000C

Contents
The partial list extract with SSL ID W#16#0132 and index W#16#000C contains
information about the status of the 32-bit run-time meters 8 … 15 of the module.

Data record
A data record of the partial list extract with SSL ID W#16#0132 and index
W#16#000C has the following structure:
Name

Length

Meaning

Index

1 word

W#16#000C: Time system status

Bszl_0

1 byte

Bit x: Status of run-time meter (8+x) , 0 ≤ x ≤ 7 (Bit = 1: run-time meter is
busy)

Bszl_1

1 byte

Reserved

Bszü_0

1 byte

Bit x: Overflow of run-time meter (8+x), 0 ≤ x ≤ 7 (Bit = 1: Overflow)

Bszü_1

1 byte

Reserved

Clock 8

2 words

Run-time meter 8: time in hours

Clock 9

2 words

Run-time meter 9: time in hours

Clock 10

2 words

Run-time meter 10: time in hours

Clock 11

2 words

Run-time meter 11: time in hours

Clock 12

2 words

Run-time meter 12: time in hours

Clock 13

2 words

Run-time meter 13: time in hours

Clock 14

2 words

Run-time meter 14: time in hours

clock 15

2 words

Run-time meter 15: time in hours

Res

1 word

Reserved
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33.19

Data Record of the Partial List Extract with SSL-ID
W#16#0232 Index W#16#0004

Contents
The partial list extract with SSL-ID W#16#0232 and index W#16#0004 contains
information about the CPU protection level and the settings of the operator mode
switch and version identifications/checksums of the hardware configuration and the
user program.
In an H system in the RUN-REDUNDANT mode, one data record per redundant
CPU is returned.

Data Record
A data record of partial list extract SSL-ID W#16#0232 and index W#16#0004 has
the following structure:
Name

Length

Meaning

Index

1 word

•

Byte 1:
B#16#04: CPU protection level and operator control
settings and version identifications/checksums

•

Byte 0:
Standard CPU: B#16#00
H CPU: Bits 0 to 2: rack number
Bit 3: 0 = standby CPU, 1 = master CPU
Bits 4 to 7: 1111

sch_schal

1 word

Protection level set with the mode selector (1, 2, 3)

sch_par

1 word

Protection level set in parameters (0, 1, 2, 3; 0: no password,
protection level invalid)

sch_rel

1 word

Valid protection level of the CPU

bart_sch

1 word

Mode selector setting (1:RUN, 2:RUN-P, 3:STOP, 4:MRES,
0:undefined or cannot be determined)

anl_sch

1 word

Startup switch setting (1:CRST, 2:WRST, 0:undefined, does
not exist of cannot be determined)

ken_rel

1 word

ID for valid version identifications/checksums (0: invalid)

ken_ver1_hw

1 word

Version ID/checksum 1 of the hardware configuration (Intel
format)

ken_ver2_hw

1 word

Version ID/checksum 2 of the hardware configuration (Intel
format)

ken_ver1_awp

1 word

Version ID/checksum 1 of the user program (Intel format)

ken_ver2_awp

1 word

Version ID/checksum 2 of the user program (Intel format)

Res

8 words

Reserved
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33.20

SSL-ID W#16#xy37 - Ethernet - Details of a Module

Purpose
The partial list with SSL-ID W#16#xy37 contains information about the
configuration of the TCP/IP stack, the MAC address specified by the manufacturer
and the connection properties on layer 2.

Header
The header of the partial list with SSL-ID W#16#xy37 has the following structure:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:

INDEX

•

W#16#0037: Details of all Ethernet interfaces

•

W#16#0137: Details of 1 Ethernet interface

•

W#16#0F37: Only SSL partial list header info

•

W#16#0000, if the details of all Ethernet interfaces are requested (SSL-ID =
W#16#0037)

•

Logical base address of the Ethernet interface whose details are being requested
(SSL-ID = W#16#0137)

LENTHDR

W#16#0030: A data record is 24 words long (48 bytes)

N_DR

Number of data records
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Data Record
A data record of partial list with SSL-ID W#16#xy37 has the following structure:
Name

Length

Meaning

logaddr

2 bytes

Logical base address of the interface

ip_addr

4 bytes

IP address
The IP address is stored in the following format (example. a.b.c.d):
offset x: a, offset x+1: b, offset x+2: c, offset x+3: d

subnetmask

4 bytes

Subnet mask
The subnet mask is stored in the following format (example. a.b.c.d):
offset x: a, offset x+1: b, offset x+2: c, offset x+3: d

defaultrouter

4 bytes

IP address of the default router
If you have not configured a default router, the IP address of the interface is
entered here.

mac_addr

6 bytes

source

1 byte

MAC address
Origin of the IP address:
•

B#16#00: IP address not initialized

•

B#16#01: IP address was configured in STEP 7

•

B#16#02: IP address was set via DCP

•

B#16#03: IP address was obtained from a DHCP server

•

B#16#04 to B#16#FF: reserved

reserve

1 byte

Reserved

dcp_mod_
timestamp

8 bytes

Time stamp of the last change of the IP address via DCP

phys_mode1

1 byte

Note: The content of this field must only be evaluated if bit 1 is set in the
source.
Status of port 1:
•

Bit 0: Duplex mode (only relevant, if AUI mode = 0):
1: phys. layer functions full duplex, 0: phys. layer functions half duplex

•

Bit 1: Baud rate identifier (only relevant, if AUI mode = 0):
1: phys. layer works with 100 MBd, 0: phys. layer works with 10 MBd

•

Bit 2: Link status:
1: phys. layer has link pulse, 0: phys. layer has no link pulse

•

Bit 3: Auto mode:
1: phys. layer should automatically adjust itself to the LAN medium
0: phys. phys. layer should not automatically adjust itself to the LAN
medium

•

Bit 4: 0

•

Bit 5: 0

•

Bit 6: 0

•

Bit 7: Validity:
0: phys_mode1 contains no valid data, 1: phys_mode1 contains valid
data

The numbering of the ports is identical with the numbering in the
configuration. If the interface has only one port, its physical properties are
entered for port 1.
phys_mode2

1 byte

Status of port 2 (configured like phys_mode1)

phys_mode3

1 byte

Status of port 3 (configured like phys_mode1)

phys_mode4

1 byte

Status of port 4 (configured like phys_mode1)
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Name

Length

Meaning

phys_mode 5

1 byte

Status of port 5 (configured like phys_mode1)

phys_mode 6

1 byte

Status of port 6 (configured like phys_mode1)

phys_mode 7

1 byte

Status of port 7 (configured like phys_mode1)

phys_mode 8

1 byte

Status of port 8 (configured like phys_mode1)

phys_mode 9

1 byte

Status of port 9 (configured like phys_mode1)

phys_mode 10

1 byte

Status of port 10 (configured like phys_mode1)

phys_mode 11

1 byte

Status of port 11 (configured like phys_mode1)

phys_mode 12

1 byte

Status of port 12 (configured like phys_mode1)

phys_mode 13

1 byte

Status of port 13 (configured like phys_mode1)

phys_mode 14

1 byte

Status of port 14 (configured like phys_mode1)

phys_mode 15

1 byte

Status of port 15 (configured like phys_mode1)

phys_mode 16

1 byte

Status of port 16 (configured like phys_mode1)

reserve

2 bytes

Reserved

Note
If you have not yet completed the IP configuration, the ip_addr, subnetmask and
defaultrouter variables will each have the value zero.
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33.21

SSL-ID W#16#xy71 - H CPU Group Information

Purpose
The partial list extract with SSL-ID W#16#xy71 contains information about the
current status of the H system.

Header
The header of partial list SSL-ID W#16#xy71 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:
W#16#0071:
Information about the current status of the H system
W#16#0F71:
Only SSL partial list header information

INDEX

W#16#0000

LENTHDR

W#16#0010:

One data record is 8 words long (16 bytes)

N_DR

W#16#0001:

Number of data records

Data Record
A data record of partial list extract ID W#16#xy71 has the following structure:
Contents

Length

Meaning

Redinf

2 bytes

Information about redundancy
W#16#0011:
Single H CPU
W#16#0012:
1 of 2 H system

Mwstat1

1 byte

Status byte 1
Bit 0:
Bit 1:
Bit 2:
Bit 3:
Bit 4:

Bit 5:

Bit 6:
Bit 7:
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reserved
reserved
reserved
H status of CPU in rack 0
=0: standby CPU
=1: master CPU
H status of CPU in rack 1
=0: standby CPU
=1: master CPU
reserved
reserved
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Contents

Length

Meaning

Mwstat2

1 byte

Status byte 2
Bit 0:

Bit 1:
Bit 2:
Bit 3:
Bit 4:

Bit 5:

Bit 6:
Bit 7:

Status of the synchronization link-up 01:
Synchronization between CPU 0 and CPU 1
=0: not possible
=1: possible
0
0
reserved
=0: CPU not inserted in rack 0
=1: CPU inserted in rack 0
(in redundant mode: bit 4 = 0)
=0: CPU not inserted in rack 1
=1: CPU inserted in rack 1
(in redundant mode: bit 5 = 0)
reserved
Standby-master switchover since last
Re-enable
=0: no
=1: yes

Hsfcinfo

2 bytes

Info word for SFC 90 "H_CTRL"
Bit 0:
=0: Re-enable inactive
=1: Re-enable active
Bit 1:
=0: Updating of standby enabled
=1: Updating of standby disabled
Bit 2:
=0: Link-up to standby enabled
=1: Link-up to standby disabled
Bit 3:
reserved
Bit 4:
reserved
Bit 5:
reserved
Bit 6:
reserved
Bit 7:
reserved
Bit 8:
reserved

Samfehl

2 bytes

Reserved

Bz_cpu_0

2 bytes

Mode of CPU in rack 0
W#16#0001: STOP (update)
W#16#0002: STOP (reset memory)
W#16#0003: STOP (self-initialization)
W#16#0004: STOP (internal)
W#16#0005: STARTUP (cold restart)
W#16#0006: STARTUP (warm restart)
W#16#0007: STARTUP (hot restart)
W#16#0008: RUN (solo mode)
W#16#0009: RUN-R (redundant mode)
W#16#000A: HOLD
W#16#000B: LINK-UP
W#16#000C: UPDATE
W#16#000D: DEFECTIVE
W#16#000E: SELFTEST
W#16#000F: NO POWER

Bz_cpu_1

2 bytes

Mode of CPU in rack 1
(values as for bz_cpu_0)

Bz_cpu_2

2 bytes

Reserved

Cpu_valid

1 byte

Validity of the variables bz_cpu_0 and bz_cpu_1
B#16#01: bz_cpu_0 valid
B#16#02: bz_cpu_1 valid
B#16#03: bz_cpu_0 and bz_cpu_1 valid
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Contents

Length

hsync_f

1 byte

Meaning
Status of connection quality (only valid if bit 0 is set in mwstat2)
•

Bit 0: Fiber optics connection quality of the synchronization
modules in the upper receptacle is limited.

•

Bit 1: Fiber optics connection quality of the synchronization
modules in the lower receptacle is limited.

Bit 2 to 7: 0
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33.22

SSL-ID W#16#xy74 - Status of the Module LEDs

Purpose
If you read the partial list SSL-ID W#16#xy74, with standard CPUs (if present) and
with the H CPUs, you obtain the status of the module LEDs.
If the H CPUs are in a non-redundant H mode, you obtain the LED status of the
CPU addressed. If the H CPUs are in the RUN-REDUNDANT mode, the LED
status of all redundant H CPUs is returned.

Header
The header of partial list SSL-ID W#16#xy74 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0174
Status of an LED.
You select the LED with the INDEX parameter.

INDEX

LED ID (only relevant for SSL-ID W#16#0174)
W#16#0001: SF (group error)
W#16#0002: INTF (internal error)
W#16#0003: EXTF (external error)
W#16#0004: RUN
W#16#0005: STOP
W#16#0006: FRCE (force)
W#16#0007: CRST (cold restart)
W#16#0008: BAF (battery fault/overload,
short circuit of battery voltage on bus)
W#16#0009: USR (user-defined)
W#16#000A: USR1 (user-defined)
W#16#000B: BUS1F (bus error interface 1)
W#16#000C: BUS2F (bus error interface 2)
W#16#000D: REDF (redundancy error)
W#16#000E: MSTR (master)
W#16#000F: RACK0 (rack number 0)
W#16#0010: RACK1 (rack number 1)
W#16#0011: RACK2 (rack number 2)
W#16#0012: IFM1F (interface error interface module 1)
W#16#0013: IFM2F (interface error interface module 2)

LENTHDR

W#16#0004: one data record is 2 words long (4 bytes)

N_DR

Number of data records
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Data Record
A data record of partial list extract SSL-ID W#16#0074 has the following structure:
Name

Length

cpu_led_ID 1 word

Meaning
•

Byte 0

-

Standard CPU: B#16#00

-

H-CPU: Bits 0 to 2: rack number
Bit 3: 0=standby CPU, 1=master CPU
Bits 4 to 7: 1111
Byte 1: LED ID

led_on

1 byte

Status of the LED:
0: off
1: on

led_blink

1 byte

Flashing status of the LED:
0: not flashing
1: flashing normally (2 Hz)
2: flashing slowly (0.5 Hz))
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33.23

SSL-ID W#16#xy75 - Switched DP Slaves in the
H System

Purpose
If you read the partial list SSL-ID W#16#xy75, with CPUs of an H system in a
redundant H operating mode, you obtain the status information on the
communication between the H system and the switched DP slaves.
The partial list tells you in which rack the DP master system interface module
currently being used for communication with a DP slave is inserted.

Header
The header of partial list SSL-ID W#16#xy75 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0C75:

Communication status between the H system and a
switched DP slave. You select the DP slave with the INDEX
parameter.

INDEX

Diagnostic address of the DP slave interface module(s)

LENTHDR

W#16#0010: One data record is 8 words long (16 bytes)

N_DR

W#16#0001: Number of data records

Data Record
A data record of partial list ID SSL-ID W#16#xy75 has the following structure:
Name

Length

Meaning

adr1_bgt0

1 word

First address section of the DP slave interface module
whose
DP master interface module is inserted in rack 0:
DP master system ID and station number

adr2_bgt0

1 word

Second address section of the DP slave interface module
whose DP master interface module is inserted in rack 0:
Slot and submodule slot

adr1_bgt1

1 word

First address section of the DP slave interface module
whose
DP master interface module is inserted in rack 1:
DP master system ID and station number

adr2_bgt1

1 word

Second address section of the DP slave interface module
whose DP master interface module is inserted in rack 1:
Slot and submodule slot

Res

2 words

Reserved

Logadr

1 word

Diagnostic address of the DP slave interface module(s):
•

Bits 0 to 14: logical base address

•

Bit 15: I/O identifier (0 = input, 1 = output)
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Name

Length

Slavestatus

1 word

33-42

Meaning
Communication status:
•

Bit 0 = 1: No access to DP the slave interface module
whose DP master interface module is inserted in rack 0

•

Bit 1 = 1: No access to DP the slave interface module
whose DP master interface module is inserted in rack 1

•

Bits 2 to 7: Reserved (each = 0)

•

Bit 8 = 1: Both communication channels functioning
properly; communication currently taking place via the
DP master interface module in rack 0

•

Bit 9 = 1: Both communication channels functioning
properly; communication currently taking place via the
DP master interface module in rack 1

•

Bits 10 to 15: Reserved (each = 0)
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33.24

SSL-ID W#16#xy90 - DP Master System Information

Purpose
If you read the partial list SSL-ID W#16#xy90, you obtain the status information of
all DP master systems known to the CPU.

Header
The header of partial list SSL-ID W#16#xy90 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract

INDEX

W#16#0090:

Information of all DP master systems known to the CPU

W#16#0190:

Information of one DP master system

W#16#0F90:

SSL partial list header information only

•

For the partial list extract with the SSL-ID W#16#0190:

Low Byte: B#16#00
High Byte: DP master system ID
•

For the partial list extracts with the SSL-IDs W#16#0090 and W#16#0F90:

W#16#0000
LENTHDR
N_DR

W#16#000E:

A data record is 7 words long (14 bytes)

Number of data records
•

For the partial list extract with the SSL-ID W#16#0190:

0 to 1
•

For the partial list extract with the SSL-ID W#16#0090:

-

with a standard CPU:
0 to 14

-

with a H system:
0 to 12 (in all system states except redundant)
0 to 2 x 12 (in redundant system state)
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Data Record
A data record of partial list ID W#16#xy90 has the following structure:
Name

Length

Meaning

dp_m_id

1 byte

DP master system ID

rack_dp_m

1 byte

Rack number of the DP master
•

with a standard CPU: 0

•

with a H system: 0 or 1

Steckpl_dp_m

1 byte

Slot of the DP master or
slot of the CPU (with integrated DP interface)

Subm_dp_m

1 byte

•

•

with integrated DP interface: interface number of the
DP master:

-

1: X2

-

2: X1

-

3: IF1

-

4: IF2

with external DP interface: 0

Logadr

1 word

logic start address of the DP master

dp_m_sys_cpu

1 word

reserved

dp_m_sys_dpm

1 word

reserved

dp_m_state

1 byte

•

further properties of the DP master system

Bit 0:

Bit 1

Bit 2 to 6:
Bit 7:

Reserve

3 bytes

DP mode
•

0: S7 compatible

•

1: DPV1

DP cycle
•

0: not equidistant

•

1: equidistant

•

Reserved

DP master type
•

0: integrated DP master

•

1: external DP master

Reserved

Note on multicomputing (S7-400 only)
All the partial lists only supply information on modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all CPUs in order to
obtain the data of all connected modules.
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33.25

SSL-ID W#16#xy91 - Module Status Information

Purpose
If you read the partial list SSL-ID W#16#xy91, you obtain the status information of
modules assigned to the CPU.

Note
An evaluation of the SSL-ID W#16#xy91 is not possible for a submodule with
packed addresses (ET 200S).

Header
The header of partial list SSL-ID W#16#xy91 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
W#16#0091

Module status information of all plugged-in modules and
submodules (S7-400 only)

W#16#0191

Status information of all not-deactivated modules/racks with
wrong module identifier (S7-400 only)

W#16#0291

Module status information of all faulty and not-deactivated
modules (S7-400 only)

W#16#0391

Module status information of all unavailable modules (S7400 only)

W#16#0591

Module status information of all submodules of the host
module

W#16#0991

Module status information of a DP master system

W#16#0A91

Status information of all DP submodules and DP master
systems (only S7-300 without CPU 318-2 DP) or
PROFINET IO systems

W#16#0C91

Module status information of a module in the central rack or
of an integrated DP interface module or an integrated
PROFINET interface module via the logical base address

W#16#4C91

Module status information of a module connected to an
external DP interface module or an external PROFINET
interface module via the logical base address
If you use more than four external DP interfaces the result
by mistake can be RET_VAL W#16#80A4.

W#16#0D91

Module status information of all modules in the specified
rack/in the specified station (DP or PROFINET)

W#16#0E91

Module status information of all configured modules
(central, distributed, PROFIBUS DP or PROFINET IO
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Contents

Meaning

INDEX

•

For the partial list extract with SSL-ID W#16#0C91:

-

S7-400:bits 0 to 14: logical base address of the module
Bit 15: 0 = input, 1 = output

-

S7-300:bits 0 to 14: any logical base address of the module
Bit 15: 0 = input, 1 = output

•

For the partial list extract with SSL-ID W#16#4C91 (S7-400 only):
Bits 0 to 14 : logical base address of the module
Bit 15 : 0 = input, 1 = output

•

For the partial list extract with SSL-IDs W#16#0091,
W#16#0191,W#16#0291, W#16#0391, W#16#0491, W#16#0591,
W#16#0A91, W#16#0E91,W#16#0F91:
INDEX is irrelevant, all modules (in the rack and in the distributed I/Os)

•

For the partial list extract with SSL-IDs W#16#0991 (S7-400 only)

•

W#16#xx00: all modules of a DP master system (xx contains
the DP master system ID)

For the partial list extract with W#16#0D91:

-

W#16#00xx: all modules and interface modules of a rack (xx
contains the number of the rack)

-

W#16#xxyy: all modules of a DP station or all IO devices of a
PROFINET IO station (PROFIBUS DP: xx contains the DP
master system ID, yy the station number; PROFINET IO: bits
0 to 10: station number, bits 11 to 14: the last two places in
the PNIO subsystem ID, Bit 15: 1 (see third illustration below
for adr1)

LENTHDR

W#16#0010: One data record is 8 words long (16 bytes)

N_DR

Number of data records. Depending on the product the number of records
transferred in the SFC 51 can be lower

In the case of W#16#0091, W#16#0191 and W#16#0F91 two additional data
records are supplied per rack:
• A record for the power supply in as far as it exists and has been planned and
• A record for the rack.
• The sequence of the records in case of a centralized structure is: PS, Slot 1,
Slot 2, ..., Slot 18, rack.
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A data record of partial list ID W#16#xy91 has the following structure:
Name

Length

Meaning

Adr1

1 word

•

For a central configuration: number of the rack

•

For a distributed configuration with PROFIBUS DP: DP
master system ID, station number

•

For a distributed configuration with PROFINET IO: bit 15
= 1 (PROFINET IO identifier) the last two places in the
PROFINET IO system ID, station number
Note: A PROFINET interface is always handled as an
"interface module in the central configuration", regardless
of the use for PROFINET IO.

•

For a central configuration and a distributed configuration
with PROFIBUS DP: slot number and interface module
slot number

•

For a distributed configuration with PROFINET IO: slot
number
Note: A PROFINET interface is always handled as an
"interface module in the central configuration", regardless
of the use for PROFINET IO.

Adr2

1 word

Logadr

1 word

First assigned logical I/O address (base address)

solltyp

1 word

PROFINET IO: expected (configured ) type (see below)
otherwise reserved

isttyp

1 word

PROFINET IO: actual type (see below) otherwise reserved

reserviert

1 word

00xx=CPU-Nr.1-4 (only S7-400)
for PROFINET IO:
•

SSL ID=W#16#0C91: number of actually existing
interface modules (without interface module 0)

•

SSL ID=W#16#0D91: number of interface modules
(without interface module 0)

•

SSL ID=W#16#4C91: number of actually existing
interface modules (without interface module 0)

SSL ID=W#16#4D91: number of actually existing interface
modules (without interface module 0)
eastat

1 word

I/O status
Bit 0 = 1:

module error
(detected by diagnostic interrupt)

Bit 1 = 1:

module exists

Bit 2 = 1:

module does not exist

Bit 3 = 1:

module disabled

Bit 4 = 1:

station error (only representative slot)

Bit 5 = 1:

S7: A CiR event at this module /station is
busy or not yet completed

Bit 6 = 1:

reserved for S7-400

Bit 7 = 1:

module in local bus segment

Bit 8 to 15:

data ID for logical address
(input: B#16#B4, output: B#16#B5,
external DP interface: B#16#FF)
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Name

Length

Meaning

Ber_bgbr

1 word

Area ID/module width
Bit 0 to bit 2 : module width
Bit 3: reserved
Bit 4 to bit 6 : area ID
0 = S7-400
1 = S7-300
2 = ET area
3 = P area
4 = Q area
5 = IM3 area
6 = IM4 area
Bit 7: reserved

At certain modules the following values are indicated in the record:
Name

PS

CPU

IFM-CPU

Rack

(only S7-400)

(S7-300)

(only S7-400)

Adr1

Number of the rack Standard
information as
described above

Standard
information as
described above

Number of the rack

Adr2

W#16#01FF

W#16#0200

W#16#00FF

W#16#0200 or
W#16#0200 to
W#16#1800

Logadr

W#16#0000

W#16#7FFF

W#16#007C

W#16#0000

Solltyp

Standard
information as
described above

W#16#00C0 or

W#16#00C0

Standard
information as
described above

Eastat

W#16#0000

Standard
information as
described above

Standard
information as
described above

W#16#0000

Ber_bgbr

W#16#0000

W#16#0011 or
W#16#0001 or
W#16#0002

W#16#0011

W#16#0000

33-48
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Parameter adr1
The parameter adr1 contains:
• For a central configuration, the rack number (0-31).

• For a distributed configuration with PROFIBUS DP:
-

The DP master system ID (1-31)

-

The station number (0-127).

• For a distributed configuration with PROFINET IO
-

Identifier bit for PROFINET IO (bit 15)

-

The last two places of the PROFINET IO system ID (0-15). To obtain the
full PROFINET IO system ID, you have to add 100 (decimal) to it

-

The station number (0-2047).
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Parameter adr2
The parameter adr2 contains:
• For a central configuration and for distributed configuration with PROFIBUS DP,
the slot number and the submodule slot number.

• For a distributed configuration with PROFINET IO, the slot number.

Solltyp (expected type) and Isttyp (actual type) parameters for PROFINET IO
Type ID

Meaning

(W#16#...)
8100

Entered for expected (configured) type and actual type if no type check is possible

8101

Entered for expected (configured) type if a type check is possible

8101

Entered as actual type if expected = actual

8102

Entered as actual type if expected <> actual

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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33.26

SSL-ID W#16#xy92 - Rack / Station Status Information

Purpose
If you read the partial list SSL-ID W#16#xy92, you obtain information about the
expected and the current hardware configuration of centrally installed racks and
stations of a DP master system.

Reading out the SSL with SFC51 “RDSYSST” using a S7-400 CPU
If you read out the partial list with SFC51 you must see to the fact that the
parameters SSL_ID and INDEX of SFC51 match each other.
SSL_ID

INDEX

W#16#0092 or

DP master system ID of a DP master system which
is connected via an integrated DP switch.

W#16#0192 or
W#16#0292 or
W#16#0392 or
W#16#0492 or
W#16#0592 or
W#16#0692 or
W#16#4092 or
W#16#4292 or

DP master system ID of a DP master system which
is connected via an external DP switch.

W#16#4692 or
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Header
The header of partial list SSL-ID W#16#xy92 is structured as follows:
Contents
SZL-ID

Meaning
SSL-ID of the partial list extract:
•

W#16#0092: Expected status of the central racks/stations of a DP
master system connected via an integrated DP interface

•

W#16#4092: Expected status of the stations of a DP master system
connected via an external DP interface

•

W#16#0192: Actual status of the central racks/stations of a DP master
system connected via an integrated DP interface

•

W#16#0292: Actual status of the central racks/stations of a DP master
system connected via an integrated DP interface

•

W#16#0392: Status of battery powered buffering of a CPU rack/station
if at least one battery has failed

•

W#16#0492: Status of the entire battery powered buffering of all
racks/stations of a CPU

•

W#16#0592: Status of the 24 V supply of all racks/stations of a CPU

•

W#16#4292: Actual status of the stations of a DP master system
connected via an external DP interface

•

W#16#0692: Diagnostic status of the expansion racks in the
central configuration/of the stations of a DP master
system connected via an integrated DP interface

•

W#16#4692: Diagnostic status of the stations of a DP master system
connected via an external DP interface

INDEX

0/ DP master system ID

LENTHDR

W#16#0010:

N_DR

Number of data records
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Data Record
A data record of the partial list with the ID W#16#xy92 has the following structure:
Contents

Length

Meaning

status_0 to
status_15

16 bytes

Rack status/ station status or backup status. (The backup status is only
relevant for DP modules)
W#16#0092:
Bit=0:
rack/station not configured
Bit=1:
rack/station configured
W#16#4092
Bit=0:
station not configured
Bit=1:
station configured
W#16#0192:
Bit=0:
station is not configured or
configured and activated
W#16#0292:

Bit=1:

station is configured and activated

Bit=0:

rack/station failure, deactivated or not
configured
rack/station exists, activated and has not

Bit=1:
failed
W#16#4292:

Bit=0:
Bit=1:

W#16#0692:

Bit=0:

Bit=1:

W#16#4692:

Bit=0:

Bit=1:
status_0

1 byte

Bit 0:
Bit 1:

Bit 7:
status_1

1 byte

status_2

1 byte

Bit 0:

Bit 7:
Bit 0:

Bit 5:
Bit 6:
Bit 7:
status_3

1 byte

Bit 0:

Bit 5:
Bit 6:
Bit 7:

station failure, deactivated or not
configured
station exists, activated and has not failed
all modules of the expansion rack/
of a station exist, are available and no
problems and the station is activated
at least 1 module of the expansion rack/
of a station is not OK or the station is
deactivated
all modules of a station exist are available
and no problems, and the station is
activated
at least 1 module of a station is not ok or
the station is deactivated

Central rack (INDEX = 0) or
station 1 (INDEX tu0)
1.
Expansion rack or station 2
:
:
7.
Expansion rack or station 8
8.
:
:
15.
16.
:
:
21.
0
0
0
:
:
0

0

Expansion rack or station 9

Expansion rack or station 16
Expansion rack or station 17

Expansion rack or station 22
or station 23
or station 24
or station 25

or station 30
Expansion rack (SIMATIC S5 area)
or station 31
or station 32
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Contents

Length

Meaning

status_4

1 byte

Bit 0:

Bit 7:

0
:
:
0

or station 33

0
:
:
0

or station 121

or station 40

:
:
status_15

1 byte

Bit 0:

Bit 7:

or station 128

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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33.27

SSL-ID W#16#0x94 - Status Information for
Rack/Station

Purpose
The partial list with SSL-ID W#16#0x94 contains information about the expected
and actual configuration of module racks in central configurations and stations of a
PROFIBUS DP master system/PROFINET IO controller system.

Header
The header of the partial list with SSL-ID W#16#0y94 has the following structure:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:
•

W#16#0094:
Expected status of the rack in the central configuration/the stations of a DP master
system/IO controller system that is connected via an integrated DP/PN interface
module.
(status bit = 1: rack/station configured)

•

W#16#0294:
Actual status of the rack in the central configuration/the stations of a DP master
system/IO controller system that is connected via an integrated DP/PN interface
module.
(status bit = 1: rack/station available, activated and has not failed)

•

W#16#0694:
Status of the expansion racks in the central configuration/the stations of a DP
master system/IO controller system that is connected via an integrated DP/PN
interface module
(status bit = 1: at least one module in the rack/station is faulty or deactivated)

•

W#16#0F94:
Only header information

INDEX

0: central module
1-31: distributed module on PROFIBUS DP
100-115: distributed module on PROFINET IO

LENTHDR

Length of the following data records

N_DR

Number of data record
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Data Record
A data record of the partial list with ID W#16#0y94 has the following structure:
Contents

Length

Meaning

index

1 word

0: central module
1-31: distributed module on PROFIBUS DP
100-115: distributed module on PROFINET IO

status_0

BOOL

Group information
1: at least one of the following status bits has the value 1
0: all the following status bits have the value 0

status_1

BOOL

Status, station 1
1: station 1 faulty (only applies to 0694)
0: station 1 OK (only applies to 0694)

status_2

BOOL

Status, station 2
1: station 2 faulty (only applies to 0694)
0: station 2 OK (only applies to 0694)

..
status_2047

BOOL

Status, station 2047
1: station 2047 faulty (only applies to 0694)
0: station 2047 OK (only applies to 0694)

A status bit of non-configured racks/stations/devices has the value 0.

Note
Important difference to the previous SSL ID W#16#xy92
Compared to the previous SSL ID W#16#xy92, the data have been shifted by one
bit since bit status_0 is used for group information.
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33.28

SSL-ID W#16#xy95 - Extended DP Master System
Information

Purpose
The partial list with the SSL ID W#16#xy95 supplies you with extended status
information on all DP master systems known to the CPU. Compared to the partial
list with SSL ID W#16#xy90, this list contains additional information about the clock
synchronism of a DP master system.

Header
The header of partial list SSL ID W#16#xy95 is structured as follows:
Contents

Meaning

SSL-ID

The SSL ID of the partial list extract

INDEX

W#16#0195:

Extended information on a DP master system/PROFINET IO system

W#16#0F95:

Only info about the header of an SSL partial list

•

For the partial list extract with SSL ID W#16#0195:

Low byte: B#16#00
High byte: DP master system ID
•

For the partial list extract with SSL ID W#16#0F95:

W#16#0000
LENTHDR

W#16#0028:

N_DR

Number of data records:

One data records is 20 words long (40 byte)

For the partial list extract with SSL ID W#16#0195: 0 to 1
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Data record
A data record of the partial list with the ID W#16#xy95 is structured as follows:
Name

Length

Meaning

dp_m_id

1 byte

DP master system ID/PROFINET IO system ID

rack_dp_m

1 byte

Module rack number of the DP master
•

For standard CPU: 0

•

For H system: 0 or 1

steckpl_dp_m

1 byte

Slot of the DP master or
slot of the CPU (with integrated DP interface)

subm_dp_m

1 byte

•

•

with integrated DP interface: Interface ID of the DP master:

-

1: X2

-

2: X1

-

3: IF1

-

4: IF2

with external DP interface: 0

logadr

2 bytes

Logical start address of the DP master

dp_m_sys_cpu

2 bytes

Reserved

dp_m_sys_dpm

2 bytes

Reserved

dp_m_state

1 bytes

•

Further properties of the DP master system

Bit 0:

Bit 1:

DP mode
•

0: S7 compatible

•

1: DPV1

DP cycle
•

0: not equidistant

•

1: equidistant

Bit 2 to 6:

•

Reserved

Bit 7:

Type of DP master
•

0: integrated DP master

•

1: external DP master

dp_address

1 byte

DP node number (PROFIBUS address)

reserve

2 bytes

Reserved

tsal_ob

1 byte

Assigned clock synchronization interrupt OB (only relevant if the DP
cycle is equidistant)

reserve

1 byte

Reserved

baudrate

4 bytes

Transmission rate of the DP master system (hex value)

dp_iso_takt

4 bytes

Period of the equidistant DP cycle in ìs

reserve

16 bytes

Reserved

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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33.29

SSL-ID W#16#xy96 - PROFINET IO and PROFIBUS DP
Module Status Information

Purpose
The partial list with SSL-ID W#16#xy96 contains status information on all the
modules assigned to the CPU.
The information in the partial list with SSL-ID W#16#xy96 supplements SSL-ID
W#16#xy91 and provides additional status data on submodules and interface
modules.
It provides information specific to PROFINET IO as well as information on
PROFIBUS DP modules and central modules.

Header
The header of the partial list with SSL-ID W#16#xy96 has the following structure:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract
•

W#16#0C96
Module status information on a module/interface module centrally or at a
PROFIBUS DP/PROFINET interface module via the start address.

•

W#16#0696
Module status information on all interface modules in a specified module (with
PROFIBUS DP and central modules, the interface module level is not present).

INDEX

Bits 0 to 14: address of the module
Bit 15: 0 = input, 1 = output

LENTHDR

Length of the following data record

N_DR

Number of data records
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Data Record
A data record of the partial list with ID W#16#xy96 has the following structure:
Contents

Length

Meaning

logadr

1 word

Bits 0 to 14: address of the module
Bit 15: 0 = input, 1 = output

System

1 word

Identifier for the central module/DP master system ID
/PROFINET IO system ID:
0: central module
1-31: distributed module on PROFIBUS DP
100-115: distributed module on PROFINET IO

API

2 words

Configured application profile (Application Process Instance =
API) for a distributed PROFINET device.

Profiles are sector-specific or technology-specific specifications
that go beyond the PROFINET standard.
Profile 0 means that the data correspond to the specification in
the PROFINET standard.
Station

1 word

Rack no./station number/device number

Slot

1 word

Slot no.

Subslot

1 word

Interface module slot (if not interface module can be inserted,
than specify 0 here)

Offset

1 word

Offset in the user data address range of the associated module

Solltyp

7 words

Expected type
The expected type is has a hierarchical structure in
PROFINET IO

Soll_ungleic_Ist_typ

1 word

Word

PROFINET IO

PROFIBUS DP

1:

Manufacturer no. or profile
identification (e.g. W#16#FF00 for
PROFIBUS)

0000

2:

Device

0000

3:

Sequential number or profile index

0000

st

Type identifier

nd

0000

st

0000

nd

0000

4:

1 word of the double word for
submodule identification

5:

2 word of the double word for
submodule identification

6:

1 word of the double word for
interface module identification

7:

2 word of the double word for
interface module identification

Expected/actual identifier
Bit 0 = 0: expected same as actual
Bit 0 = 1: expected not same as actual
Bit 1 to 15: reserved

reserve
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Reserved
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Contents

Length

Eastat

1 word

Meaning
I/O status
Bit 0 = 1: module fault (recognized by diagnostic interrupt)
Bit 1 = 1: module available
Bit 2 = 1: module not available
Bit 3 = 1: module deactivated
Bit 4 = 1: fault in station (substitute slot only)
Bit 5 = 1: M7: module can be host module for interface module
S7: A CiR process is currently active or still not complete for this
module/station.
Bit 6 = 1: reserved for S7-400
Bit 7 = 1: module in local bus segment (on with S7-300)
Bit 8 to 15: reserved

Ber_bgbr

1 word

Area identification/module width
Bit 0 to 2: module width
Bit 3: reserved
Bit 4 to 6 : area identification
0 = S7-400
1 = S7-300
2 = PROFINET IO (distributed)
3 = P area
4 = Q area
5 = IM3 area
6 = IM4 area
Bit 7: reserved
Bit 7: reserved

reserve

5 words

Reserved

Partial List with SSL-ID W#16#0696 for Modules on PROFIBUS DP
This results in the error message "interface module level not present".
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33.30

SSL-ID W#16#xyA0 - Diagnostic Buffer

Purpose
If you read the partial list SSL-ID W#16#xyA0, you obtain the entries in the
diagnostic buffer of the module.

Note
S7-300-CPUs supply a maximum of 10 data records; S7-400-CPUs supply a
maximum of 21 data records.

Header
The header of partial list SSL-ID W#16#xyA0 is structured as follows:
Contents

Meaning

SSL-ID

The SSL-ID of the partial list extract:
W#16#00A0:
All entries possible in the current mode
W#16#01A0:
The most recent entries; you specify the number of most
recent entries with the INDEX parameter.
If the number of messages in the diagnostic buffer is
smaller than the configured maximum number of
messages, the SFC51 may provide invalid values using
this partial list extract. You therefore should avoid
a power loss which is not backed up!
W#16#0FA0:
Only partial list header information

INDEX

Only for SSL-ID W#16#01A0:
Number of most recent entries

LENTHDR

W#16#0014: one data record is 10 words long (20 bytes)

N_DR

Number of data records

Data Record
A data record of partial list SSL-ID W#16#xyA0 has the following structure:
Name

Length

Meaning

ID

1 word

Event ID

info

5 words

Information about the event and its consequences

time

4 words

Time stamp of the event

Diagnostic Buffer
You obtain more information about the events in the diagnostic buffer using
STEP 7.
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33.31

SSL-ID W#16#00B1 - Module Diagnostic Information

Purpose
If you read the partial list SSL-ID W#16#00B1, you obtain the first 4 diagnostic
bytes of a module with diagnostic capability.

Header
The header of partial list SSL-ID W#16#00B1 is structured as follows:
Meaning
SSL-ID

W#16#00B1

INDEX

Bit 0 to bit 14: logical base address
Bit 15: 0 = input, 1 = output

LENTHDR

W#16#0004: one data record is 2 words long (4 bytes)

N_DR

1

Data Record
A data record of partial list SSL-ID W#16#00B1 has the following structure:
Name

Length

Meaning

byte1

1 byte

Bit 0:
Bit 1:
Bit 2:
Bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:

Module fault/OK (group fault ID)
Internal fault
External fault
Channel error exists
No external auxiliary voltage
No front connector
Module not assigned parameters
Wrong parameters on module

byte2

1 byte

Bit 0 to bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:

Module class (CPU, FM, CP, IM, SM, ...)
Channel information exists
User information exists
Diagnostic interrupt from substitute
Reserve (initialized with 0)

byte3

1 byte

Bit 0:
Bit 1:
Bit 2:
Bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:

User module incorrect/does not exist
Communication fault
Mode RUN/STOP (0 = RUN, 1 = STOP)
Watchdog responded
Internal module power supply failed
Battery exhausted (BFS)
Entire buffer failed
Reserve (initialized with 0)
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Name

Length

Meaning

byte4

1 byte

Bit 0:
Bit 1:
Bit 2:
Bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:

Expansion rack failure (detected by IM)
Processor failure
EPROM error
RAM error
ADC/DAC error
Fuse blown
Hardware error lost
Reserve (initialized with 0)

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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33.32

SSL-ID W#16#00B2 - Diagnostic Data Record 1 with
Physical Address

Purpose
If you read the partial list with SSL-ID W#16#00B2, you obtain diagnostic data
record 1 of a module in a central rack (not for DP or submodules). You specify the
number using the rack and slot number.

Header
The header of partial list SSL-ID W#16#00B2 is structured as follows:
Contents

Meaning

SSL-ID

W#16#00B2

INDEX

W#16#xxyy:

LENTHDR

The length of the data record depends on the module.

N_DR

1

xx contains the number of the rack
yy contains the slot number

Data Record
The size of a data record of partial list SSL-ID W#16#00B2 and its contents depend
on the particular module. For further information refer to /70/, /101/ and to the
manual describing the module concerned.

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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33.33

SSL-ID W#16#00B3 - Module Diagnostic Data with
Logical Base Address

Purpose
If you read the partial list SSL-ID W#16#00B3, you obtain all the diagnostic data of
a module. You can also obtain this information for DP and submodules. You select
the module using its logical base address.

Header
The header of partial list SSL-ID W#16#00B3 is structured as follows:
Contents

Meaning

SSL-ID

W#16#00B3

INDEX

Bit 0 to bit 14: logical base address
Bit 15: 0 = input, 1 = output

LENTHDR

The length of the data record depends on the module.

N_DR

1

Data Record
The size of a data record of partial list SSL-ID W#16#00B3 and its contents depend
on the particular module. For further information refer to /70/Gloss.70., /101/ and to
the manual describing the module concerned.

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.

Note
With SFC51 you must read out the partial list with the SSL-ID W#16#00B3 only
outside OB82.
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33.34

SSL-ID W#16#00B4 - Diagnostic Data of a DP Slave

Purpose
If you read the partial list SSL-ID W#16#00B4, you obtain the diagnostic data of a
DP slave. This diagnostic data is structured in compliance with EN 50 170
Volume 2, PROFIBUS. You select the module using the diagnostic address you
configured.

Header
The header of partial list SSL-ID W#16#00B4 is structured as follows:
Contents

Meaning

SSL-ID

W#16#00B4

INDEX

Configured diagnostic address of the DP slave

LENTHDR

Length of a data record. The maximum length is 240 bytes. For standard
slaves which have a diagnostic data length of more than 240 bytes up to a
maximum of 244 bytes, the first 240 bytes are read and the overflow bit is set
in the data.

N_DR

1

Data Record
A data record of partial list SSL-ID W#16#00B4 has the following structure:
Name

Length

Meaning

status1

1 byte

Station status1

status2

1 byte

Station status2

status3

1 byte

Station status3

stat_nr

1 byte

Master station number

ken_hi

1 byte

Vendor ID (high byte)

ken_lo

1 byte

Vendor ID (low byte)

....

....

Further diagnostic data specific to the particular slave

Information on Multicomputing (only S7-400)
All the partial lists only supply information on the modules which are assigned to a
CPU. In multicomputing mode you must therefore sample all the CPUs in order to
obtain the data of all the connected modules.
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Events

34.1

Events and Event ID

Event
All events are numbered within the SIMATIC S7 programmable logic controller.
This allows you to relate a message text to an event.

Event ID
An event ID is assigned to every event. The event ID is structured as follows:

15 14 13 12 11 10

Event Class

9

8

IDs

7

6

5

4

3

2

1

0

Event Number

Structure of the Event ID.

Event Class
The event classes are as follows:
Number

Event Class

1

Standard OB events

2

Synchronous errors

3

Asynchronous errors

4

Mode transitions

5

Run-time events

6

Communication events

7

Events for fail-safe and fault-tolerant systems

8

Standardized diagnostic data on modules

9

Predefined user events

A, B

Freely definable events

C , D, E

Reserved

F

Events for modules other than CPUs (for example, CPs, FMs)

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

34-1

Events

Identifier
The identifier is used to distinguish the type of events. The four bits have the
following significance:
Bit No. in the Event ID

Meaning

8

=0
=1

Event leaving state
Event entering state

9

=1

Entry in diagnostic buffer

10

=1

Internal error

11

=1

External error

34-2
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34.2

Event Class 1 - Standard OB Events

Event ID

Event

W#16#113A

Start request for cyclic interrupt OB with special handling (S7-300 only)

W#16#1155

Status alarm for PROFIBUS DP

W#16#1156

Update interrupt for PROFIBUS DP

W#16#1157

Manufacturer interrupt for PROFIBUS DP

W#16#1158

Status interrupt for PROFINET IO

W#16#1159

Update interrupt for PROFINET IO

W#16#115A

Manufacturer interrupt for PROFINET IO

W#16#115B

IO: Profile-specific interrupt

W#16#116A

Technology synchronization interrupt

W#16#1381

Request for manual warm restart

W#16#1382

Request for automatic warm restart

W#16#1383

Request for manual hot restart

W#16#1384

Request for automatic hot restart

W#16#1385

Request for manual cold restart

W#16#1386

Request for automatic cold restart

W#16#1387

Master CPU: request for manual cold restart

W#16#1388

Master CPU: request for automatic cold restart

W#16#138A

Master CPU: request for manual warm restart

W#16#138B

Master CPU: request for automatic warm restart

W#16#138C

Standby CPU: request for manual hot restart

W#16#138D

Standby CPU: request for automatic hot restart
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34.3

Event Class 2 - Synchronous Errors

Event ID

Event

OB

W#16#2521

BCD conversion error

OB 121

W#16#2522

Area length error when reading

OB 121

W#16#2523

Area length error when writing

OB 121

W#16#2524

Area error when reading

OB 121

W#16#2525

Area error when writing

OB 121

W#16#2526

Timer number error

OB 121

W#16#2527

Counter number error

OB 121

W#16#2528

Alignment error when reading

OB 121

W#16#2529

Alignment error when writing

OB 121

W#16#2530

Write error when accessing the DB

OB 121

W#16#2531

Write error when accessing the DI

OB 121

W#16#2532

Block number error when opening a DB

OB 121

W#16#2533

Block number error when opening a DI

OB 121

W#16#2534

Block number error when calling an FC

OB 121

W#16#2535

Block number error when calling an FB

OB 121

W#16#253A

DB not loaded

OB 121

W#16#253C

FC not loaded

OB 121

W#16#253D

SFC not loaded

OB 121

W#16#253E

FB not loaded

OB 121

W#16#253F

SFB not loaded

OB 121

W#16#2942

I/O access error, reading

OB 122

W#16#2943

I/O access error, writing

OB 122

34-4

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Events

34.4

Event Class 3 - Asynchronous Errors

Event ID

Event

OB

W#16#3501

Cycle time exceeded.

OB 80

W#16#3502

User interface (OB or FRB) request error

OB 80

W#16#3503

Delay too long processing a priority class

-

W#16#3505

Time-of-day interrupt(s) skipped due to new clock setting

OB 80

W#16#3506

Time-of-day interrupt(s) skipped when changing to RUN after
HOLD

OB 80

W#16#3507

Multiple OB request errors caused internal buffer overflow

OB 80

W#16#3508

Synchronous cycle interrupt-timing error

OB 80

W#16#3509

Interrupt loss due to excess interrupt load

OB 80

W#16#350A

Resume RUN mode after CiR

OB 80

W#16#350B

Technology synchronization interrupt - timing error

OB 80

W#16#3921/3821

BATTF: failure on at least one backup battery of the central
rack/ problem eliminated

OB 81

Note: the event entering state only occurs if one of the backup
battery fails (if there are redundant backup batteries). If the
other backup battery should also happen to fail, the event will
not occur again.
W#16#3922/3822

BAF: failure of backup voltage on central rack/ problem
eliminated

OB 81

W#16#3923/3823

24 volt supply failure on central rack / problem eliminated

OB 81

W#16#3925/3825

BATTF: failure on at least one backup battery of the redundant OB 81
central rack/ problem eliminated

W#16#3926/3826

BAF: failure of backup voltage on redundant central rack/
problem eliminated

OB 81

W#16#3917/3827

24 volt supply failure on redundant central rack / problem
eliminated

OB 81

W#16#3931/3831

BATTF: failure of at least one backup battery of the expansion
rack/ problem eliminated

OB 81

W#16#3932/3832

BAF: failure of backup voltage on expansion rack/ problem
eliminated

OB 81

W#16#3933/3833

24 volt supply failure on at least one expansion rack/ problem
eliminated

OB 81

W#16#3942

Module error

OB 82

W#16#3842

Module OK

OB 82

W#16#3951

PROFINET IO submodule removed

OB 83

W#16#3954

PROFINET IO interface submodule/submodule removed

OB 83

W#16#3854

PROFINET IO interface submodule/submodule and matches
the configured interface submodule/submodule

OB 83

W#16#3855

PROFINET IO interface submodule/submodule inserted, but
does not match the configured interface
submodule/submodule

OB 83

W#16#3856

PROFINET IO interface submodule/submodule inserted, but
error in module parameter assignment

OB 83

W#16#3858

PROFINET IO interface submodule access error corrected

OB 83

W#16#3861

Module/interface module inserted, module type OK

OB 83
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Event ID

Event

OB

W#16#3961

Module/interface module removed, cannot be addressed

OB 83

W#16#3863

Module/interface module plugged in, but wrong module type

OB 83

W#16#3864

Module/interface module plugged in, but causing problem
(type ID unreadable)

OB 83

W#16#3865

Module plugged in, but error in module parameter assignment

OB 83

W#16#3866

Module can be addressed again, load voltage error removed

OB 83

W#16#3966

Module cannot be addressed, load voltage error

OB 83

W#16#3367

Start of module reconfiguration

OB 83

W#16#3267

End of module reconfiguration

OB 83

W#16#3968

Module reconfiguration has ended with error

OB 83

W#16#3571

Nesting depth too high in nesting levels

OB 88

W#16#3572

Nesting depth for Master Control Relays too high

OB 88

W#16#3573

Nesting depth too high after synchronous errors

OB 88

W#16#3574

Nesting depth for block calls (U stack) too high

OB 88

W#16#3575

Nesting depth for block calls (B stack) too high

OB 88

W#16#3576

Local data allocation error

OB 88

W#16#3578

Unknown instruction

OB 88

W#16#357A

Jump instruction to target outside of the block

OB 88

W#16#3884

Interface module plugged in

OB 83

W#16#3984

Interface module removed

OB 83

W#16#3981

Interface error entering state

OB 84

W#16#3881

Interface error leaving state

OB 84

W#16#3582

Memory error detected and corrected by operating system

OB 84

W#16#3583

Accumulation of detected and corrected memo errors

OB 84

W#16#3585

Error in the PC operating system (only for LC RTX)

OB 84

W#16#3986

Performance of an H-Sync link negatively affected

OB 84

W#16#3587

Multi-bit memory error detected and corrected

OB 84

W#16#35A1

User interface (OB or FRB) not found

OB 85

W#16#35A2

OB not loaded (started by SFC or operating system due to
configuration)

OB 85

W#16#35A3

Error when operating system accesses a block

OB 85

W#16#35A4

PROFInet Interface DB cannot be addressed

OB 85

W#16#34A4

PROFInet Interface DB can be addressed again

OB 85

W#16#39B1

I/O access error when updating the process image input table

OB 85

W#16#39B2

I/O access error when transferring the process image to the
output modules

OB 85

W#16#39B3/38B3

I/O access error when updating the process image input table

OB 85

W#16#39B4/38B4

I/O access error when transferring the process image to the
output modules

OB 85

W#16#38C1

Expansion rack operational again (1 to 21), leaving state

OB 86

W#16#39C1

Expansion rack failure (1 to 21), entering state

OB 86

W#16#38C2

Expansion rack operational again but mismatch between
setpoint and actual configuration

OB 86

W#16#39C3

Distributed I/Os: master system failure entering state

OB 86

W#16#39C4

Distributed I/Os: station failure, entering state

OB 86
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Event ID

Event

OB

W#16#38C4

Distributed I/Os: station failure, leaving state

OB 86

W#16#39C5

Distributed I/Os: station fault, entering state

OB 86

W#16#38C5

Distributed I/Os: station fault, leaving state

OB 86

W#16#38C6

Expansion rack operational again, but error(s) in module
parameter assignment

OB 86

W#16#38C7

DP: station operational again, but error(s) in module parameter OB 86
assignment

W#16#38C8

DP: station operational again, but mismatch between setpoint
and actual configuration

OB 86

W#16#39CA

PROFINET IO system failure

OB 86

W#16#39CB

PROFINET IO station failure

OB 86

W#16#38CB

PROFINET IO station operational again

OB 86

W#16#39CC

PROFINET IO station error

OB 86

W#16#38CC

PROFINET IO station error corrected

OB 86

W#16#39CD

PROFINET IO station operational again, but expected
configuration does not match actual configuration

OB 86

W#16#39CE

PROFINET IO station operational again, but error(s) in module OB 86
parameter assignment

W#16#35D2

Diagnostic entries cannot be sent at present

OB 87

W#16#35D3

Synchronization frames cannot be sent

OB 87

W#16#35D4

Illegal time jump resulting from synchronization

OB 87

W#16#35D5

Error adopting the synchronization time

OB 87

W#16#35E1

Incorrect frame ID in GD

OB 87

W#16#35E2

GD packet status cannot be entered in DB

OB 87

W#16#35E3

Frame length error in GD

OB 87

W#16#35E4

Illegal GD packet number received

OB 87

W#16#35E5

Error accessing DB in communication SFBs for configured S7
connections

OB 87

W#16#35E6

GD total status cannot be entered in DB

OB 87
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34.5

Event Class 4 - Stop Events and Other Mode Changes

Event ID

Event

W#16#4300
W#16#4301
W#16#4302
W#16#4303
W#16#4304
W#16#4305
W#16#4306
W#16#4307
W#16#4308
W#16#4309
W#16#430A
W#16#430D
W#16#430E
W#16#430F
W#16#4510
W#16#4318
W#16#4319
W#16#4520
W#16#4521
W#16#4522
W#16#4523
W#16#4524
W#16#4525
W#16#4926
W#16#4527
W#16#4528
W#16#4530
W#16#4931
W#16#4532
W#16#4933
W#16#4934
W#16#4935
W#16#4536
W#16#4540

Backed-up power on
Mode transition from STOP to STARTUP
Mode transition from STARTUP to RUN
STOP caused by stop switch being activated
STOP caused by PG STOP operation or by SFB 20 "STOP"
HOLD: breakpoint reached
HOLD: breakpoint exited
Memory reset started by PG operation
Memory reset started by switch setting
Memory reset started automatically (power on not backed up)
HOLD exited, transition to STOP
STOP caused by other CPU in multicomputing
Memory reset executed
STOP on the module due to STOP on a CPU
STOP violation of the CPU's data range
Start of CiR
CiR completed
DEFECTIVE: STOP not possible
DEFECTIVE: failure of instruction processing processor
DEFECTIVE: failure of clock chip
DEFECTIVE: failure of clock pulse generator
DEFECTIVE: failure of timer update function
DEFECTIVE: failure of multicomputing synchronization
DEFECTIVE: failure of the watchdog for I/O access
DEFECTIVE: failure of I/O access monitoring
DEFECTIVE: failure of scan time monitoring
DEFECTIVE: memory test error in internal memory
STOP or DEFECTIVE: memory test error in memory submodule
DEFECTIVE: failure of core resources
Checksum error
DEFECTIVE: memory not available
DEFECTIVE: cancelled by watchdog/processor exceptions
DEFECTIVE: switch defective
STOP: Memory expansion of the internal work memory has gaps. First
memory expansion too small or missing.
STOP caused by priority class system
STOP caused by object management system
STOP caused by test functions
STOP caused by diagnostic system
STOP caused by communication system
STOP caused by CPU memory management
STOP caused by process image management
STOP caused by I/O management
STOP caused by continuous hardware interrupt
STOP caused by configuration: an OB deselected with STEP 7 was being loaded into the
CPU during STARTUP
STOP caused by I/O error

W#16#4541
W#16#4542
W#16#4543
W#16#4544
W#16#4545
W#16#4546
W#16#4547
W#16#4548
W#16#4949
W#16#454A
W#16#494D
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Event ID

Event

W#16#494E
W#16#494F
W#16#4550
W#16#4555
W#16#4556
W#16#4357
W#16#4358
W#16#4959
W#16#4562
W#16#4563
W#16#4567
W#16#4568
W#16#456A
W#16#456B

STOP caused by power failure
STOP caused by configuration error
DEFECTIVE: internal system error
No restart possible, monitoring time elapsed
STOP: memory reset request from communication system / due to data inconsistency
Module watchdog started
All modules are ready for operation
One or more modules not ready for operation
STOP caused by programming error (OB not loaded or not possible
STOP caused by I/O access error (OB not loaded or not possible
STOP caused by H event
STOP caused by time error (OB not loaded or not possible)
STOP caused by diagnostic interrupt (OB not loaded or not possible)
STOP caused by removing/inserting module (OB not loaded or not
possible)
STOP caused by CPU hardware error (OB not loaded or not possible,
or no FRB)STOP
STOP caused by program sequence error (OB not loaded or not
possible)
STOP caused by communication error (OB not loaded or not possible)
STOP caused by rack failure OB (OB not loaded or not possible)
STOP caused by process interrupt (OB not loaded or not possible)
STOP caused by nesting stack error
STOP caused by master control relay stack error
STOP caused by exceeding the nesting depth for synchronous errors
STOP caused by exceeding interrupt stack nesting depth in the
priority class stack
STOP caused by exceeding block stack nesting depth in the priority
class stack
STOP caused by error when allocating the local data
STOP caused by unknown opcode
STOP caused by code length error
STOP caused by DB not being loaded on on-board I/Os
STOP caused by integrated technology
Reset/clear request because the version of the internal interface to the integrated
technology was changed.
STOP caused by STOP command
STOP: back-up buffer contents inconsistent (no transition to RUN)
STOP caused by overloading the internal functions
STOP caused by parameter assignment error or non-permissible
variation of setpoint and actual extension: Start-up blocked.
STOP caused by parameter assignment error: memory reset request
STOP caused by error in parameter modification: startup disabled
STOP caused by error in parameter modification: memory reset
request
STOP: inconsistency in configuration data
STOP: distributed I/Os: inconsistency in the loaded configuration
information
STOP: distributed I/Os: invalid configuration information
STOP: distributed I/Os: no configuration information
STOP: error indicated by the interface module for the distributed I/Os

W#16#456C
W#16#456D
W#16#456E
W#16#456F
W#16#4570
W#16#4571
W#16#4572
W#16#4573
W#16#4574
W#16#4575
W#16#4576
W#16#4578
W#16#457A
W#16#457B
W#16#497C
W#16#457D
W#16#457F
W#16#4580
W#16#4590
W#16#49A0
W#16#49A1
W#16#49A2
W#16#49A3
W#16#49A4
W#16#49A5
W#16#49A6
W#16#49A7
W#16#49A8
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Event ID

Event

W#16#43B0
W#16#49B1
W#16#49B2
W#16#49B3
W#16#43B4
W#16#43B6
W#16#49D0
W#16#49D1
W#16#49D2
W#16#43D3
W#16#49D4
W#16#45D5
W#16#45D6
W#16#49D7
W#16#45D8
W#16#45D9
W#16#45DA
W#16#43DC

Firmware update was successful
Firmware update data incorrect
Firmware update: hardware version does not match firmware
Firmware update: module type does not match firmware
Error in firmware fuse
Firmware updates canceled by redundant modules
LINK-UP aborted due to violation of coordination rules
LINK-UP/UPDATE sequence aborted
Standby CPU changed to STOP due to STOP on the master CPU during link-up
STOP on standby CPU
STOP on a master, since partner CPU is also a master (link-up error)
LINK-UP rejected due to mismatched CPU memory configuration of the sub-PLC
LINK-UP rejected due to mismatched system program of the sub-PLC
LINK-UP rejected due to change in user program or in configuration
DEFECTIVE: hardware fault detected due to other error
STOP due to SYNC module error
STOP due to synchronization error between H CPUs
Abort during link-up with switchover

W#16#45DD LINK-UP rejected due to running test or other online functions
W#16#43DE
W#16#43DF
W#16#43E0
W#16#43E1
W#16#43E2
W#16#43E3
W#16#43E4
W#16#43E5
W#16#43E6
W#16#43E7
W#16#43E8
W#16#43E9
W#16#43F1
W#16#43F2
W#16#42F3
W#16#42F4

34-10

Updating aborted due to monitoring time being exceeded during the n-th attempt, new
update attempt initiated
Updating aborted for final time due to monitoring time being exceeded after completing
the maximum amount of attempts. User intervention required.
Change from solo mode after link-up
Change from link-up after updating
Change from updating to redundant mode
Master CPU: change from redundant mode to solo mode
Standby CPU: change from redundant mode after error-search mode
Standby CPU: change from error-search mode after link-up or STOP
Link-up aborted on the standby CPU
Updating aborted on the standby CPU
Standby CPU: change from link-up after startup
Standby CPU: change from startup after updating
Reserve-master switchover
Coupling of incompatible H-CPUs blocked by system program
Checksum error detected and corrected by the operating system
Standby CPU: connection/update via SFC90 is locked in the master CPU
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34.6

Event Class 5 - Mode Run-time Events

Event ID

Event

W#16#530D

New startup information in the STOP mode

W#16#510F

A problem as occurred with WinLC. This problem has caused the CPU to go
into STOP mode or has caused a fault in the CPU.

W#16#5311

Startup despite Not Ready message from module(s)

W#16#5545

Start of System reconfiguration in RUN mode

W#16#5445

Start of System reconfiguration in RUN mode

W#16#5380

Diagnostic buffer entries of interrupt and asynchronous errors disabled

W#16#5395

Distributed I/Os: reset of a DP master

W#16#5481

All licenses for runtime software are complete again.

W#16#5498

No more inconsistency with DP master systems due to CiR

W#16#5581

One or several licenses for runtime software are missing.

W#16#558A

Difference between the MLFB of the configured and inserted CPU

W#16#558B

Difference in the firmware version of the configured and inserted CPU

W#16#5598

Start of possible inconsistency with DP master systems due to CiR

W#16#5960

Parameter assignment error when switching

W#16#5961

Parameter assignment error

W#16#5962

Parameter assignment error preventing startup

W#16#5963

Parameter assignment error with memory reset request

W#16#5966

Parameter assignment error when switching

W#16#5969

Parameter assignment error with startup blocked

W#16#596A

PROFINET IO: IP address of an IO device already present

W#16#596B

IP address of an Ethernet interface already exists

W#16#596C

Name of an Ethernet interface already exists

W#16#596D

The existing network configuration does not mach the system requirements
or configuration.

W#16#5371

Distributed I/Os: end of the synchronization with a DP master

W#16#5979/5879

Diagnostic message from DP interface: EXTF LED on/off

W#16#597C

DP Global Control command failed or moved

W#16#597C

DP command Global Control failure or moved

W#16#59A0

The interrupt can not be associated in the CPU

W#16#59A1

Configuration error in the integrated technology

W#16#53A2

Download of technology firmware successful

W#16#59A3

Error when downloading the integrated technology

W#16#53A4

Download of technology DB not successful

W#16#55A5

Version conflict: internal interface with integrated technology

W#16#55A6

The maximum number of technology objects has been exceeded.

W#16#55A7

A technology DB of this type is already present.

W#16#53FF

Reset to factory setting
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34.7

Event Class 6 - Communication Events

Event ID

Event

W#16#6316

Interface error when starting programmable controller

W#16#6390

Formatting of Micro Memory Card complete

W#16#6500

Connection ID exists twice on module

W#16#6501

Connection resources inadequate

W#16#6502

Error in the connection description

W#16#6510

CFB structure error detected in instance DB when evaluating EPROM

W#16#6514

GD packet number exists twice on the module

W#16#6515

Inconsistent length specifications in GD configuration information

W#16#6521

No memory submodule and no internal memory available

W#16#6522

Illegal memory submodule: replace submodule and reset memory

W#16#6523

Memory reset request due to error accessing submodule

W#16#6524

Memory reset request due to error in block header

W#16#6526

Memory reset request due to memory replacement

W#16#6527

Memory replaced, therefore restart not possible

W#16#6528

Object handling function in the STOP/HOLD mode, no restart possible

W#16#6529

No startup possible during the "load user program" function

W#16#652A

No startup because block exists twice in user memory

W#16#652B

No startup because block is too long for submodule - replace submodule

W#16#652C

No startup due to illegal OB on submodule

W#16#6532

No startup because illegal configuration information on submodule

W#16#6533

Memory reset request because of invalid submodule content

W#16#6534

No startup: block exists more than once on submodule

W#16#6535

No startup: not enough memory to transfer block from submodule

W#16#6536

No startup: submodule contains an illegal block number

W#16#6537

No startup: submodule contains a block with an illegal length

W#16#6538

Local data or write-protection ID (for DB) of a block illegal for CPU

W#16#6539

Illegal command in block (detected by compiler)

W#16#653A

Memory reset request because local OB data on submodule too short

W#16#6543

No startup: illegal block type

W#16#6544

No startup: attribute "relevant for processing" illegal

W#16#6545

Source language illegal

W#16#6546

Maximum amount of configuration information reached

W#16#6547

Parameter assignment error assigning parameters to modules (not on P bus,
cancel download)

W#16#6548

Plausibility error during block check

W#16#6549

Structure error in block

W#16#6550

A block has an error in the CRC

W#16#6551

A block has no CRC

W#16#6353

Firmware update: Start of firmware download over the network

W#16#6253

Firmware update: End of firmware download over the network

W#16#6560

SCAN overflow

W#16#6881

Interface error leaving state

W#16#6905/6805

Resource problem on configured connections/eliminated

W#16#6981

Interface error entering state

34-12
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34.8

Event Class 7 - H/F Events

Event ID

Event

OB

W#16#72A2

Failure of a DP master or a DP master system

OB 70

W#16#72A3

Redundancy restored on the DP slave

OB 70

W#16#7301

Loss of redundancy (1 of 2) due to failure of a CPU

OB 72

W#16#7302

Loss of redundancy (1 of 2) due to STOP on the standby
triggered by user

OB 72

W#16#7303

H system (1 of 2) changed to redundant mode

OB 72

W#16#7323

Discrepancy found in operating system data

OB 72

W#16#7331

Standby-master switchover due to master failure

OB 72

W#16#7333

Standby-master switchover due to system modification during
runtime

OB 72

W#16#7334

Standby-master switchover due to communication error at the
synchronization module

OB 72

W#16#7340

Synchronization error in user program due to elapsed wait
time

OB 72

W#16#7341

Synchronization error in user program due to waiting at different
synchronization points

OB 72

W#16#7342

Synchronization error in operating system due to waiting at
different synchronization points

OB 72

W#16#7343

Synchronization error in operating system due to elapsed wait
time

OB 72

W#16#7344

Synchronization error in operating system due to incorrect data

OB 72

W#16#734A

The "Re-enable" job triggered by SFC 90 "H_CTRL" was
executed.

OB 72

W#16#73A3

Loss of redundancy on the DP slave

OB 70

W#16#73D8

Safety mode disabled

W#16#73E0/72E0

Loss of redundancy in communication/ problem eliminated

OB 73

W#16#7520

Error in RAM comparison

OB 72

W#16#7521

Error in comparison of process image output value

OB 72

W#16#7522

Error in comparison of memory bits, timers, or counters

OB 72

W#16#73C1

Update process canceled

OB 72

W#16#73C2

Updating aborted due to monitoring time being exceeded during
the n-th attempt (1 ≤ n ≤ max. possible number of update
attempts after abort due to excessive monitoring time)

OB 72

W#16#75D1

Safety program: Internal CPU error

W#16#75D2

Safety program error: Cycle time time-out

W#16#75D6

Data corrupted in safety program prior to the output to F I/O

W#16#75D7

Data corrupted in safety program prior to the output to partner F
CPU

W#16#75D9

Invalid REAL number in a DB

W#16#75DA

Safety program: Error in safety data format

W#16#73DB/72DB

Safety program: safety mode enabled/disabled

W#16#75DC

Runtime group, internal protocol error

W#16#75DD/74DD

Safety program: Shutdown of a fail-save runtime group
enabled/disabled

W#16#75DE/74DE

Safety program: Shutdown of the F program enabled/disabled
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Event ID

Event

OB

W#16#75DF/74DF

Start / end of F program initialization

-

W#16#75E1

Safety program: Error in FB "F_PLK" or "F_PLK_O" or
F_CYC_CO" or "F_TEST" or "F_TESTC"

W#16#7934

Standby-master switchover due to connection problem at the
SYNC module

OB 72

W#16#7950

Synchronization module missing

OB 72

W#16#7951

Change at the SYNC module without Power On

OB 72

W#16#7952/7852

SYNC module removed/inserted

OB 72

W#16#7953

Change at the SYNC-module without reset

OB 72

W#16#7954

SYNC module: rack number assigned twice

OB 72

W#16#7955/7855

SYNC module error/eliminated

OB 72

W#16#7956

Illegal rack number set on SYNC module

OB 72

W#16#7960

Redundant I/O: Time-out of discrepancy time at digital input, error
is not yet localized

W#16#7961

Redundant I/O, digital input error: Signal change after expiration
of the discrepancy time

W#16#7962

Redundant I/O: Digital input error

-

W#16#796F

Redundant I/O: The I/O was globally disabled

-

W#16#7970

Redundant I/O: Digital output error

-

W#16#7980

Redundant I/O: Time-out of discrepancy time at analog input

-

W#16#7981

Redundant I/O: Analog input error

-

W#16#7990

Redundant I/O: Analog output error

-

W#16#79D3/78D3

Communication error between PROFIsafe and F I/O

-

W#16#79D4/78D4

Error in safety relevant communication between F CPUs

-

W#16#79D5/78D5

Error in safety relevant communication between F CPUs

-

W#16#75E2

Safety program: Area length error

-

W#16#79E3

F-I/O device input channel passivated

-

W#16#78E3

F-I/O device input channel depassivated

-

W#16#79E4

F-I/O device output channel passivated

-

W#16#78E4

F-I/O device output channel depassivated

-

W#16#79E5

F-I/O device passivated

-

W#16#78E5

F-I/O device depassivated

-

W#16#79E6

Inconsistent safety program

-

W#16#79E7

Simulation block (F system block) loaded

-
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34.9

Event Class 8 - Diagnostic Events for Modules

Event ID

Event

Module type

W#16#8x00

Module fault/OK

Any

W#16#8x01

Internal error

W#16#8x02

External error

W#16#8x03

Channel error

W#16#8x04

No external auxiliary voltage

W#16#8x05

No front connector

W#16#8x06

No parameter assignment

W#16#8x07

Incorrect parameters in module

W#16#8x30

User submodule incorrect/not found

W#16#8x31

Communication problem

W#16#8x32

Operating mode: RUN/STOP (STOP: entering state, RUN:
leaving state)

W#16#8x33

Time monitoring responded (watchdog)

W#16#8x34

Internal module power failure

W#16#8x35

BATTF: battery exhausted

W#16#8x36

Total backup failed

W#16#8x40

Expansion rack failed

W#16#8x41

Processor failure

W#16#8x42

EPROM error

W#16#8x43

RAM error

W#16#8x44

ADC/DAC error

W#16#8x45

Fuse blown

W#16#8x46

Hardware interrupt lost

W#16#8x50

Configuration/parameter assignment error

W#16#8x51

Common mode error

W#16#8x52

Short circuit to phase

W#16#8x53

Short circuit to ground

W#16#8x54

Wire break

W#16#8x55

Reference channel error

W#16#8x56

Below measuring range

W#16#8x57

Above measuring range

W#16#8x60

Configuration/parameter assignment error

W#16#8x61

Common mode error

W#16#8x62

Short circuit to phase

W#16#8x63

Short circuit to ground

W#16#8x64

Wire break

W#16#8x66

No load voltage
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Event ID

Event

Module type

W#16#8x70

Configuration/parameter assignment error

Digital input

W#16#8x71

Chassis ground fault

W#16#8x72

Short circuit to phase (sensor)

W#16#8x73

Short circuit to ground (sensor)

W#16#8x74

Wire break

W#16#8x75

No sensor power supply

W#16#8x80

Configuration/parameter assignment error

W#16#8x81

Chassis ground fault

W#16#8x82

Short circuit to phase

W#16#8x83

Short circuit to ground

W#16#8x84

Wire break

W#16#8x85

Fuse tripped

W#16#8x86

No load voltage

W#16#8x87

Excess temperature

W#16#8xB0

Counter module, signal A faulty

W#16#8xB1

Counter module, signal B faulty

W#16#8xB2

Counter module, signal N faulty

W#16#8xB3

Counter module, incorrect value passed between the channels

W#16#8xB4

Counter module, 5.2 V sensor supply faulty

W#16#8xB5

Counter module, 24 V sensor supply faulty

34-16

Digital output

FM
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34.10
Event ID

Event Class 9 - Standard User Events
Event

W#16#9001

Automatic mode

W#16#9101

Manual mode

W#16#9x02

OPEN/CLOSED, ON/OFF

W#16#9x03

Manual command enable

W#16#9x04

Unit protective command (OPEN/CLOSED)

W#16#9x05

Process enable

W#16#9x06

System protection command

W#16#9x07

Process value monitoring responded

W#16#9x08

Manipulated variable monitoring responded

W#16#9x09

System deviation greater than permitted

W#16#9x0A

Limit position error

W#16#9x0B

Runtime error

W#16#9x0C

Command execution error (sequencer)

W#16#9x0D

Operating status running > OPEN

W#16#9x0E

Operating status running > CLOSED

W#16#9x0F

Command blocking

W#16#9x11

Process status OPEN/ON

W#16#9x12

Process status CLOSED/OFF

W#16#9x13

Process status intermediate position

W#16#9x14

Process status ON via AUTO

W#16#9x15

Process status ON via manual

W#16#9x16

Process status ON via protective command

W#16#9x17

Process status OFF via AUTO

W#16#9x18

Process status OFF via manual

W#16#9x19

Process status OFF via protective command

W#16#9x21

Function error on approach

W#16#9x22

Function error on leaving

W#16#9x31

Actuator (DE/WE) limit position OPEN

W#16#9x32

Actuator (DE/WE) limit position not OPEN

W#16#9x33

Actuator (DE/WE) limit position CLOSED

W#16#9x34

Actuator (DE/WE) limit position not CLOSED

W#16#9x41

Illegal status, tolerance time elapsed

W#16#9x42

Illegal status, tolerance time not elapsed

W#16#9x43

Interlock error, tolerance time = 0

W#16#9x44

Interlock error, tolerance time > 0

W#16#9x45

No reaction

W#16#9x46

Final status exited illegally, tolerance time = 0

W#16#9x47

Final status exited illegally, tolerance time > 0

W#16#9x50

Upper limit of signal range USR

W#16#9x51

Upper limit of measuring range UMR

W#16#9x52

Lower limit of signal range LSR
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Event ID

Event

W#16#9x53

Lower limit of measuring range LMR

W#16#9x54

Upper alarm limit UAL

W#16#9x55

Upper warning limit UWL

W#16#9x56

Upper tolerance limit UTL

W#16#9x57

Lower tolerance limit LTL

W#16#9x58

Lower warning limit LWL

W#16#9x59

Lower alarm limit LAL

W#16#9x60

GRAPH7 step entering/leaving

W#16#9x61

GRAPH7 interlock error

W#16#9x62

GRAPH7 execution error

W#16#9x63

GRAPH7 error noted

W#16#9x64

GRAPH7 error acknowledged

W#16#9x70

Trend exceeded in positive direction

W#16#9x71

Trend exceeded in negative direction

W#16#9x72

No reaction

W#16#9x73

Final state exited illegally

W#16#9x80

Limit value exceeded, tolerance time = 0

W#16#9x81

Limit value exceeded, tolerance time > 0

W#16#9x82

Below limit value, tolerance time = 0

W#16#9x83

Below limit value, tolerance time > 0

W#16#9x84

Gradient exceeded, tolerance time = 0

W#16#9x85

Gradient exceeded, tolerance time > 0

W#16#9x86

Below gradient, tolerance time = 0

W#16#9x87

Below gradient, tolerance time > 0

W#16#9190/9090

User parameter assignment error entering/leaving

W#16#91F0

Overflow

W#16#91F1

Underflow

W#16#91F2

Division by 0

W#16#91F3

Illegal calculation operation

34-18

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Events

34.11

Event Classes A and B - Free User Events

Event ID

Event

W#16#Axyz

Events available for user

W#16#Bxyz

34.12

Reserved Event Classes

Reserved
The following event classes are reserved for later expansions:
• C
• D
• E
• F

Reserved for modules not in central rack (for example, CPs or FMs)
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List of SFCs, and SFBs

35.1

List of SFCs, Sorted Numerically

No.

Short Name

Function

SFC 0

SET_CLK

Set System Clock

SFC 1

READ_CLK

Read System Clock

SFC 2

SET_RTM

Set Run-time Meter

SFC 3

CTRL_RTM

Start/Stop Run-time Meter

SFC 4

READ_RTM

Read Run-time Meter

SFC 5

GADR_LGC

Query Logical Address of a Channel

SFC 6

RD_SINFO

Read OB Start Information

SFC 7

DP_PRAL

Trigger a Hardware Interrupt on the DP Master

SFC 9

EN_MSG

Enable Block-Related, Symbol-Related and Group Status Messages

SFC 10

DIS_MSG

Disable Block-Related, Symbol-Related and Group Status Messages

SFC 11

DPSYC_FR

Synchronize Groups of DP Slaves

SFC 12

D_ACT_DP

Deactivation and activation of DP slaves

SFC 13

DPNRM_DG

Read Diagnostic Data of a DP Slave (Slave Diagnostics)

SFC 14

DPRD_DAT

Read Consistent Data of a Standard DP Slave

SFC 15

DPWR_DAT

Write Consistent Data to a DP Standard Slave

SFC 17

ALARM_SQ

Generate Acknowledgeable Block-Related Messages

SFC 18

ALARM_S

Generate Permanently Acknowledged Block-Related Messages

SFC 19

ALARM_SC

Query the Acknowledgment Status of the last ALARM_SQ Entering State
Message

SFC 20

BLKMOV

Copy Variables

SFC 21

FILL

Initialize a Memory Area

SFC 22

CREAT_DB

Create Data Block

SFC 23

DEL_DB

Delete Data Block

SFC 24

TEST_DB

Test Data Block

SFC 25

COMPRESS

Compress the User Memory

SFC 26

UPDAT_PI

Update the Process Image Update Table

SFC 27

UPDAT_PO

Update the Process Image Output Table

SFC 28

SET_TINT

Set Time-of-Day Interrupt

SFC 29

CAN_TINT

Cancel Time-of-Day Interrupt

SFC 30

ACT_TINT

Activate Time-of-Day Interrupt

SFC 31

QRY_TINT

Query Time-of-Day Interrupt

SFC 32

SRT_DINT

Start Time-Delay Interrupt

SFC 33

CAN_DINT

Cancel Time-Delay Interrupt
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List of SFCs, and SFBs

No.

Short Name

Function

SFC 34

QRY_DINT

Query Time-Delay Interrupt

SFC 35

MP_ALM

Trigger Multicomputing Interrupt

SFC 36

MSK_FLT

Mask Synchronous Errors

SFC 37

DMSK_FLT

Unmask Synchronous Errors

SFC 38

READ_ERR

Read Error Register

SFC 39

DIS_IRT

Disable New Interrupts and Asynchronous Errors

SFC 40

EN_IRT

Enable New Interrupts and Asynchronous Errors

SFC 41

DIS_AIRT

Delay Higher Priority Interrupts and Asynchronous Errors

SFC 42

EN_AIRT

Enable Higher Priority Interrupts and Asynchronous Errors

SFC 43

RE_TRIGR

Re-trigger Cycle Time Monitoring

SFC 44

REPL_VAL

Transfer Substitute Value to Accumulator 1

SFC 46

STP

Change the CPU to STOP

SFC 47

WAIT

Delay Execution of the User Program

SFC 48

SNC_RTCB

Synchronize Slave Clocks

SFC 49

LGC_GADR

Query the Module Slot Belonging to a Logical Address

SFC 50

RD_LGADR

Query all Logical Addresses of a Module

SFC 51

RDSYSST

Read a System Status List or Partial List

SFC 52

WR_USMSG

Write a User-Defined Diagnostic Event to the Diagnostic Buffer

SFC 54

RD_PARM

Read Defined Parameters

SFC 55

WR_PARM

Write Dynamic Parameters

SFC 56

WR_DPARM

Write Default Parameters

SFC 57

PARM_MOD

Assign Parameters to a Module

SFC 58

WR_REC

Write a Data Record

SFC 59

RD_REC

Read a Data Record

SFC 60

GD_SND

Send a GD Packet

SFC 61

GD_RCV

Fetch a Received GD Packet

SFC 62

CONTROL

Query the Status of a Connection Belonging to a Communication SFB
Instance

SFC 63

AB_CALL

Assembly Code Block

SFC 64

TIME_TCK

Read the System Time

SFC 65

X_SEND

Send Data to a Communication Partner outside the Local S7 Station

SFC 66

X_RCV

Receive Data from a Communication Partner outside the Local S7 Station

SFC 67

X_GET

Read Data from a Communication Partner outside the Local S7 Station

SFC 68

X_PUT

Write Data to a Communication Partner outside the Local S7 Station

SFC 69

X_ABORT

Abort an Existing Connection to a Communication Partner outside the Local
S7 Station

SFC 70

GEO_LOG

Determine Start Address of a Module

SFC 71

LOG_GEO

Determine the Slot Belonging to a Logical Address

SFC 72

I_GET

Read Data from a Communication Partner within the Local S7 Station

SFC 73

I_PUT

Write Data to a Communication Partner within the Local S7 Station

SFC 74

I_ABORT

Abort an Existing Connection to a Communication Partner within the Local
S7 Station

SFC 78

OB_RT

Determine OB program runtime

SFC 79

SET

Set a Range of Outputs
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No.

Short Name

Function

SFC 80

RSET

Reset a Range of Outputs

SFC 81

UBLKMOV

Uninterruptible Block Move

SFC 82

CREA_DBL

Create a Data Block in the Load Memory

SFC 83

READ_DBL

Read from a Data Block in Load Memory

SFC 84

WRIT_DBL

Write from a Data Block in Load Memory

SFC 85

CREA_DB

Create a Data Block

SFC 87

C_DIAG

Diagnosis of the Actual Connection Status

SFC 90

H_CTRL

Control Operation in H Systems

SFC 100

SET_CLKS

Setting the Time-of-Day and the TOD Status

SFC 101

RTM

Handling runtime meters

SFC 102

RD_DPARA

Redefined Parameters

SFC 103

DP_TOPOL

Identifying the bus topology in a DP master system

SFC 104

CiR

Controlling CiR

SFC 105

READ_SI

Reading Dynamic System Resources

SFC 106

DEL_SI

Deleting Dynamic System Resources

SFC 107

ALARM_DQ

Generating Always Acknowledgeable and Block-Related Messages

SFC 108

ALARM_D

Generating Always Acknowledgeable and Block-Related Messages

SFC 112

PN_IN

Update inputs in the user program interface of PROFInet components

SFC 113

PN_OUT

Update outputs in the user program interface of PROFInet components

SFC 114

PN_DP

Update DP interconnections

SFC 126

SYNC_PI

Update process image partition input table in synchronous cycle

SFC 127

SYNC_PO

Update process image partition output table in synchronous cycle

*

SFC 63 "AB_CALL" only exists for CPU 614. For a detailed description, refer to the
corresponding manual.
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35.2
Short Name

List of SFCs, Sorted Alphabetically
No.

Function

AB_CALL

SFC 63

Assembly Code Block

ACT_TINT

SFC 30

Activate Time-of-Day Interrupt

ALARM_D

SFC 108

Generating Permanently Acknowledgeable and Block-Related Messages

ALARM_DQ

SFC 107

Generating Permanently Acknowledgeable and Block-Related Messages

ALARM_S

SFC 18

Generate Permanently Acknowledged Block-Related Messages

ALARM_SC

SFC 19

Query the Acknowledgment Status of the last ALARM_SQ Entering State
Message

ALARM_SQ

SFC 17

Generate Acknowledgeable Block-Related Messages

BLKMOV

SFC 20

Copy Variables

C_DIAG

SFC 87

Diagnosis of the Actual Connection Status

CAN_DINT

SFC 33

Cancel Time-Delay Interrupt

CAN_TINT

SFC 29

Cancel Time-of-Day Interrupt

CiR

SFC 104

Controlling CiR

COMPRESS

SFC 25

Compress the User Memory

CONTROL

SFC 62

Query the Status of a Connection Belonging to a Communication SFB
Instance

CREA_DB

SFC 85

Create Data a Block

CREA_DBL

SFC 82

Generating a Data Block in the Load Memory

CREAT_DB

SFC 22

Create Data Block

CTRL_RTM

SFC 3

Start/Stop Run-time Meter

D_ACT_DP

SFC 12

Deactivation and activation of DP slaves

DEL_DB

SFC 23

Delete Data Block

DEL_SI

SFC 106

Deleting Dynamically Occupied System Resources

DIS_AIRT

SFC 41

Delay Higher Priority Interrupts and Asynchronous Errors

DIS_IRT

SFC 39

Disable New Interrupts and Asynchronous Errors

DIS_MSG

SFC 10

Disable Block-Related, Symbol-Related and Group Status Messages

DMSK_FLT

SFC 37

Unmask Synchronous Errors

DP_PRAL

SFC 7

Trigger a Hardware Interrupt on the DP Master

DP_TOPOL

SFC 103

Identify the bus topology in DP master system

DPNRM_DG

SFC 13

Read Diagnostic Data of a DP Slave (Slave Diagnostics)

DPRD_DAT

SFC 14

Read Consistent Data of a Standard DP Slave

DPSYC_FR

SFC 11

Synchronize Groups of DP Slaves

DPWR_DAT

SFC 15

Write Consistent Data to a DP Standard Slave

EN_AIRT

SFC 42

Enable Higher Priority Interrupts and Asynchronous Errors

EN_IRT

SFC 40

Enable New Interrupts and Asynchronous Errors

EN_MSG

SFC 9

Enable Block-Related, Symbol-Related and Group Status Messages

FILL

SFC 21

Initialize a Memory Area

GADR_LGC

SFC 5

Query Logical Address of a Channel

GD_RCV

SFC 61

Fetch a Received GD Packet

GEO_LOG

SFC 70

Determine Start Address of a Module

GD_SND

SFC 60

Send a GD Packet
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Short Name

No.

Function

H_CTRL

SFC 90

Control Operation in H Systems

I_ABORT

SFC 74

Abort an Existing Connection to a Communication Partner within the Local
S7 Station

I_GET

SFC 72

Read Data from a Communication Partner within the Local S7 Station

I_PUT

SFC 73

Write Data to a Communication Partner within the Local S7 Station

LOG_GEO

SFC 71

Determine the Slot Belonging to a Logical Address

LGC_GADR

SFC 49

Query the Module Slot Belonging to a Logical Address

MP_ALM

SFC 35

Trigger Multicomputing Interrupt

MSK_FLT

SFC 36

Mask Synchronous Errors

PARM_MOD

SFC 57

Assign Parameters to a Module

PN_DP

SFC 114

Update DP interconnections

PN_IN

SFC 112

Update inputs in the user program interface of PROFInet components

PN_OUT

SFC 113

Update outputs in the user program interface of PROFInet components

QRY_DINT

SFC 34

Query Time-Delay Interrupt

QRY_TINT

SFC 31

Query Time-of-Day Interrupt

RD_DPARA

SFC 102

Redefined Parameters

RD_LGADR

SFC 50

Query all Logical Addresses of a Module

RD_PARM

SFC 54

Read Defined Parameters

RD_REC

SFC 59

Read a Data Record

RD_SINFO

SFC 6

Read OB Start Information

RDSYSST

SFC 51

Read a System Status List or Partial List

RE_TRIGR

SFC 43

Re-trigger Cycle Time Monitoring

READ_CLK

SFC 1

Read System Clock

READ_DBL

SFC 83

Reading from a data block in the load memory

READ_ERR

SFC 38

Read Error Register

READ_RTM

SFC 4

Read Run-time Meter

READ_SI

SFC 105

Reading Dynamically Occupied System Resources

REPL_VAL

SFC 44

Transfer Substitute Value to Accumulator 1

RSET

SFC 80

Reset a Range of Outputs

RTM

SFC 101

Handling the runtime meter

SET

SFC 79

Set a Range of Outputs

SET_CLK

SFC 0

Set System Clock

SET_CLKS

SFC 100

Setting the Time-of-Day and the TOD Status

SET_RTM

SFC 2

Set Run-time Meter

SET_TINT

SFC 28

Set Time-of-Day Interrupt

SNC_RTCB

SFC 48

Synchronize Slave Clocks

SRT_DINT

SFC 32

Start Time-Delay Interrupt

STP

SFC 46

Change the CPU to STOP

SYNC_PI

SFC 126

Update process image partition input table in synchronous cycle

SYNC_PO

SFC 127

Update process image partition output table in synchronous cycle

TEST_DB

SFC 24

Test Data Block

TIME_TCK

SFC 64

Read the System Time

UBLKMOV

SFC 81

Uninterruptible Block Move

UPDAT_PI

SFC 26

Update the Process Image Update Table
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Short Name

No.

Function

UPDAT_PO

SFC 27

Update the Process Image Output Table

WAIT

SFC 47

Delay Execution of the User Program

WR_DPARM

SFC 56

Write Default Parameters

WR_PARM

SFC 55

Write Dynamic Parameters

WR_REC

SFC 58

Write a Data Record

WR_USMSG

SFC 52

Write a User-Defined Diagnostic Event to the Diagnostic Buffer

WRIT_DBL

SFC 84

Writing from a Data Block in Load Memory

X_ABORT

SFC 69

Abort an Existing Connection to a Communication Partner outside the Local
S7 Station

X_GET

SFC 67

Read Data from a Communication Partner outside the Local S7 Station

X_PUT

SFC 68

Write Data to a Communication Partner outside the Local S7 Station

X_RCV

SFC 66

Receive Data from a Communication Partner outside the Local S7 Station

X_SEND

SFC 65

Send Data to a Communication Partner outside the Local S7 Station

*
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SFC 63 "AB_CALL" only exists for CPU 614. For a detailed description, refer to
the corresponding manual.
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List of SFBs, Sorted Numerically

No.

Short Name

Function

SFB 0

CTU

Count Up

SFB 1

CTD

Count Down

SFB 2

CTUD

Count Up/Down

SFB 3

TP

Generate a Pulse

SFB 4

TON

Generate an On Delay

SFB 5

TOF

Generate an Off Delay

SFB 8

USEND

Uncoordinated Sending of Data

SFB 9

URCV

Uncoordinated Receiving of Data

SFB 12

BSEND

Sending Segmented Data

SFB 13

BRCV

Receiving Segmented Data

SFB 14

GET

Read Data from a Remote CPU

SFB 15

PUT

Write Data to a Remote CPU

SFB 16

PRINT

Send Data to Printer

SFB 19

START

Initiate a Warm or Cold Restart on a Remote Device

SFB 20

STOP

Changing a Remote Device to the STOP State

SFB 21

RESUME

Initiate a Hot Restart on a Remote Device

SFB 22

STATUS

Query the Status of a Remote Partner

SFB 23

USTATUS

Receive the Status of a Remote Device

SFB 29

HS_COUNT

*

Counter (high-speed counter, integrated function)

FREQ_MES

*

Frequency Meter (frequency meter, integrated function

SFB 30
SFB 31

NOTIFY_8P

Generating block related messages without acknowledgement indication

SFB 32

DRUM

Implement a Sequencer

SFB 33

ALARM

Generate Block-Related Messages with Acknowledgment Display

SFB 34

ALARM_8

Generate Block-Related Messages without Values for 8 Signals

SFB 35

ALARM_8P

Generate Block-Related Messages with Values for 8 Signals

SFB 36

NOTIFY

Generate Block-Related Messages without Acknowledgment Display

SFB 37

AR_SEND

SFB 38

HSC_A_B

SFB 39

*

POS

SFB 41

CONT_C

SFB 42

CONT_S

1)

ANALOG

SFB 46

DIGITAL

SFB 48

Continuous Control
Step Control
1)

PULSEGEN

SFB 44
SFB 47

Counter A/B (integrated function)
Position (integrated function)

1)

SFB 43

Send Archive Data

*

2)

Positioning with Analog Output

2)

Positioning with Digital Output

2)

COUNT

Pulse Generation

Controlling the Counter

FREQUENC

2)

2)

Controlling the Frequency Measurement

SFB 49

PULSE

SFB 52

RDREC

Reading a Data Record

SFB 53

WRREC

Writing a Data Record

SFB 54

RALRM

SFB 60

SEND_PTP

Controlling Pulse Width Modulation

Receiving an Interrupt
2)

Sending Data (ASCII, 3964(R))
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No.

Short Name

Function

SFB 61

RECV_PTP

2)

SFB 62

RES_RECV

2)

SFB 63

SEND_RK

2)

Receiving Data (ASCII, 3964(R))
Deleting the Receive Buffer (ASCII, 3964(R))
Sending Data (RK 512)

SFB 64

FETCH_RK

2)

SFB 65

SERVE_RK

2)

SFB 75

SALRM

Send interrupt to DP master

SFB 81

RD_DPAR

Read Predefined Parameter

*

Fetching Data (RK 512)
Receiving and Providing Data (RK 512)

SFB 29 "HS_COUNT" and SFB 30 "FREQ_MES" only exist on the CPU 312
IFM and CPU 314 IFM. SFBs 38 "HSC_A_B" and 39 "POS" only exist on the
CPU 314 IFM. For a detailed description, refer to /73/.

1) SFBs 41 "CONT_C," 42 "CONT_S" and 43 "PULSEGEN" only exist on the
CPU 314 IFM.
2) SFBs 44 to 49 and 60 to 65 only exist on the S7-300C CPUs.
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List of SFBs, Sorted Alphabetically

Short Name

No.

Function

ALARM

SFB 33

Generate Block-Related Messages with Acknowledgment

ALARM_8

SFB 34

Generate Block-Related Messages without Values for 8 Signals

ALARM_8P

SFB 35

Generate Block-Related Messages with Values for 8 Signals

ANALOG

SFB 44

Positioning with Analog Output

AR_SEND

SFB 37

Send Archive Data

BRCV

SFB 13

Receiving Segmented Data

BSEND

SFB 12

Sending Segmented Data

CONT_C

1)

SFB 41

Continuous Control

CONT_S

1)

SFB 42

Step Control

COUNT

SFB 47

Controlling the Counter

CTD

SFB 1

Count Down

CTU

SFB 0

Count Up

CTUD

SFB 2

Count Up/Down

DIGITAL

SFB 46

Positioning With Digital Output

DRUM

SFB 32

Implement a Sequencer

SFB 64

Receiving Data (RK 512)

FETCH_RK
*

SFB 30

Frequency Meter (frequency meter, integrated function)

FREQUENC

SFB 48

Controlling the Frequency Measurement

GET

SFB 14

Read Data from a Remote CPU

SFB 38

Counter A/B (integrated function)

FREQ_MES

HSC_A_B

*

HS_COUNT

*

SFB 29

Counter (high-speed counter, integrated function)

NOTIFY

SFB 36

Generate block-related messages without acknowledgment display

NOTIFY_8P

SFB 31

Generate block-related messages without acknowledgment indication

*

POS

SFB 39

Position (integrated function)

PRINT

SFB 16

Send Data to Printer

SFB 49

Controlling Pulse Width Modulation

PULSE
PULSEGEN

1)

SFB 43

Pulse Generation

PUT

SFB 15

Write Data to a Remote CPU

RALRM

SFB 54

Receiving an Interrupt

RD_DPAR

SFB 81

Reading Predefined Parameters

RDREC

SFB 52

Reading a Data Record

RECV_PTP

SFB 61

Receiving Data (ASCII, 3964(R))

RES_RECV

SFB 62

Deleting the Receive Buffer (ASCII, 3964(R))

RESUME

SFB 21

Initiate a Hot Restart on a Remote Device

SALRM

SFB 75

Send interrupt to DP master

SEND_PTP

SFB 60

Sending Data (ASCII, 3964(R))

SEND_RK

SFB 63

Sending Data (RK 512)

SERVE_RK

SFB 65

Receiving and Providing Data (RK 512)

START

SFB 19

Initiate a Warm or Cold Restart on a Remote Device

STATUS

SFB 22

Query the Status of a Remote Partner

STOP

SFB 20

Changing a Remote Device to the STOP State
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Short Name

No.

Function

TOF

SFB 5

Generate an Off Delay

TON

SFB 4

Generate an On Delay

TP

SFB 3

Generate a Pulse

URCV

SFB 9

Uncoordinated Receiving of Data

USEND

SFB 8

Uncoordinated Sending of Data

USTATUS

SFB 23

Receive the Status of a Remote Device

WRREC

SFB 53

Write Data Record

*

SFB 29 "HS_COUNT" and SFB 30 "FREQ_MES" only exist for CPU 312 IFM
and CPU 314 IFM. SFBs 38 "HSC_A_B" and 39 "POS" only exist on the
CPU 314 IFM. For more information please refer to /73/.

1) SFBs 41 "CONT_C," 42 "CONT_S" and 43 "PULSEGEN" only exist on the
CPU 314 IFM.
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Glossary
Accompanying Value
A value that can be output along with a message and provided information about
the status of a variable or and address at the time the message was generated.

ACCU (Accumulator)
Accumulators are registers in the CPU and serve as buffers for load and transfer
operations, as well as for comparison, math, and conversion operations.

Actual Parameter
Actual parameters replace formal parameters when a function block (FB) or
function (FC) is called, for example, the formal parameter "REQ" is replaced by the
actual parameter "I 3.6."

Address
The address is the identifier given to a memory location or range of memory
locations, for example: input I 12.1; bit memory MW25; data block DB3.

Addressing
Assigning an address in the user program. Addresses can be assigned to a
memory location or range of memory locations (for example: input I 12.1; bit
memory MW25).

Bit Memory
This is a 1 bit memory location. Bit memory allows write and read access with
STEP 7 basic operations (addressing using bits, bytes, words, and double words).
The user can use the bit memory address area to save interim results.
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Glossary

Blending Control
Blending control involves a controller structure in which the setpoint for the total
amount SP is converted to percentages of the individual components. The total of
the blending factors FAC must be 1 (= 100 %).

SP1

SP1
FAC1

LMN1

Controller 1

PV1

Process 1

-

SP4

LMN4

PV4
Process 4

Controller 4

FAC4
-

Block-Related Message
A message that is configured for a message-capable block (FB or DB).

Cascade Control
Cascade control involves a series of interconnected controllers, in which the
master controller adjusts the setpoint for the secondary (slave) controllers
according to the instantaneous error signal of the main process variable.
A cascade control system can be improved by including additional process
variables. A secondary process variable PV2 is measured at a suitable point and
controlled to the reference setpoint (output of the master controller SP2). The
master controller controls the process variable PV1 to the fixed setpoint SP1 and
sets SP2 so that the target is achieved as quickly as possible without overshoot.

Master controller

Slave controller

Disturbance variable

SP1
Controller 1

SP2
Controller 2

LMN

Process 2

PV2

Process 1

Secondary loop
Main loop
Control

Glossary-2

PV1

Process
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Closed-Loop Controller
A closed-loop controller is a device in which the error signal is continuously
calculated and an actuating signal generated with the aim of eliminating the error
signal quickly and without overshoot.

Communication, Bilateral
When using communication SFBs for data exchange, a distinction is made
between unilateral and bilateral communication. Communication is bilateral when
there is a SFB on the local and the remote module, for example, the
communication SFBs "USEND" and "URCV."

Communication SFBs for Configured Connections
Communication SFBs are system function blocks for data exchange and program
management.
Examples of data exchange: SEND, RECEIVE, GET.
Examples of program management: setting the CPU of a communication partner to
the STOP state, querying the STATUS of the CPU of a communication partner.

Communication SFCs for Non-Configured Connections
Communication SFCs are system functions for data exchange and for aborting
existing connections established by the communication SFCs.

Communication, Unilateral
When using communication SFBs for data exchange, a distinction is made
between unilateral and bilateral communication. Communication is unilateral when
there is a SFB only on the local module, for example, the SFB "GET."

Complete Restart
When a CPU starts up (for example, when the mode selector is moved from STOP
to RUN or when power is turned on), before cyclic program processing starts
(OB1), either the organization block OB101 (restart; only in the S7-400) or OB100
(complete restart) is processed first. In a complete restart the process-image input
table is read in and the STEP 7 user program processed starting with the first
statement in OB1.

Constant
"Constants" are token values for constant values in logic blocks. Constants are
used to improve the legibility of a program. For example, instead of entering a
value directly (for example, 10), the token value "Max_iteration_count" is entered in
a function block. The value of the constant (for example, 10) is then entered when
the block is called.
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Continuous Controller
A continuous controller is a controller in which every change in the error signal
produces a change in the manipulated variable. This can adopt any value within
the range of the manipulated variable.

Control Device
The entire device used to determine the process variable. It consists of a controller,
a controlled device (i.e. actuator), and a sensor (measuring device).

Control Loop
The control loop is the connection between the process output (process variable)
and the controller input and between the controller output (manipulated variable)
and the process input, so that the controller and process form a closed loop.

Control System Group Message
A group message generated by the CPU operating system when a standard
diagnostic event is entered into the diagnostic buffer.

Controller Parameters
Controller parameters are characteristic values for the static and dynamic
adaptation of the controller response to the given loop or process characteristics.

CPU Operating System
The CPU operating system organizes all functions and processes of the CPU that
are not linked to a special control task.

Data Block (DB)
Data blocks are areas in the user program which contain user data. There are
shared data blocks which can be accessed by all logic blocks, and there are
instance data blocks which are associated with a particular function block (FB) call.

Diagnostic Buffer
The diagnostic buffer is a memory area in the CPU in which all diagnostic events
are stored in the order in which they occurred.

Diagnostic Data
Diagnostic data is information contained in an error message (diagnostic event,
time stamp).

Glossary-4
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Diagnostic Entry
A diagnostic event is described in the diagnostic buffer using a diagnostic entry.

Diagnostic Interrupt
Diagnostic modules report recognized system errors using diagnostic interrupts to
the CPU.

Diagnostic Message
The diagnostic message consists of a processed diagnostic event and is sent from
the CPU to the display unit.

Diagnostics
Diagnostic functions incorporate all the system diagnostics and include the
recognition, interpretation and reporting of errors within the PLC.

Display Device
A device used to display the results of a process.

Error, Asynchronous
Asynchronous errors are run time errors which are not assigned to any particular
place in the user program (for example, power supply error, scan time overrun).
When these errors occur, the operating system calls the corresponding
organization blocks in which the user can program a reaction.

Error Handling with OBs
If the system program recognizes a particular error (for example, access error in
S7), it will call the designated organization block in which the CPU’s response to
the error can be set by the user program.

Error OB
Error OBs are organization blocks which the user can use to program the reaction
to an error. However, a programmed reaction to an error is only possible if the error
does not cause the PLC to stop. There is an error OB for each type of error. (For
example, error OB for addressing error, error OB for access error in S7.)

Error Reaction
Reaction to a run-time error. The operating system can react in the following ways:
by changing the PLC to the STOP status, by calling an organization block in which
the user can program a reaction, or by displaying the error.
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Error, Synchronous
Synchronous errors are run-time errors assigned to a particular place in the user
program (for example, error accessing an I/O module). When these errors occur,
the operating system calls the corresponding organization blocks in which the user
can program a reaction.

Error, System Error
System errors are errors which may occur within a PLC (not in the process).
System errors can be, for example program errors in the CPU and faults in
modules.

Formal Parameter
A formal parameter is a placeholder for the actual parameter in logic blocks that
can be assigned parameters. In FBs and FCs, the formal parameters are declared
by the user; in SFBs and SFCs, they already exist. When a block is called, an
actual parameter is assigned to the formal parameter so that the called block works
with the latest value. The formal parameters belong to the local data of the block
and are declared as input, output, and in/out parameters.

Group Error
Error message indicated by a LED display on the front panel of modules (only) in
S7-300. The LED lights up whenever there is an error in the module concerned
(internal errors and external errors).

Hardware Interrupt
A hardware interrupt is triggered by modules with interrupt capability as a result of
a specific event in the process. The hardware interrupt is reported to the CPU. The
assigned organization block is then processed according to the priority of this
interrupt.

Input Parameter
Input parameters only exist in functions and function blocks. With the help of the
input parameters, data are transferred to the called block for processing.

Instruction
An instruction (STEP 5 or STEP 7) is the smallest part of a program created in a
textual language. It represents a command for the processor.
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Integral Component
Integral component of the controller.
After a step change in the process variable (or error signal) the output variable
changes with a ramp function over time at a rate of change proportional to the
integral-action factor KI (= 1/TI). The integral component in a closed control loop
has the effect of correcting the controller output variable until the error signal
becomes zero.

Integrated Controller
An integrated controller is a ready programmed controller block available in the
operating system and containing the most important functions of a closed-loop
control application. The user can select and deselect functions using software
switches.

Complete Restart
CPU startup mode. The following applies to complete restart mode: Data blocks
generated by SFCs will be deleted from work memory, all other data blocks are
assigned their default values as in load memory. The process image, times,
counters and memory bits will also be reset - irrespective of a remanent memory
configuration. During the complete restart, the CPU executes OB 102, reads the
process image input table and then continues to process the user program, starting
at the first OB 1 instruction.

Interrupt
The SIMATIC S7 priority class system recognizes 10 different priority classes,
which regulate the processing of the user program. Interrupts belong to these
priority classes, for example, hardware interrupts. When an interrupt occurs, the
operating system automatically calls an organization block in which the user can
program the required reaction (for example, in a function block).

Interrupt, Time-of-Day
The time-of-day interrupt belongs to one of the priority classes in SIMATIC S7
program execution. It is generated at a specific date (or day) and time (for
example, 9:50 or every hour or every minute). A corresponding organization block
is then executed.

Interrupt, Time-Delay
The time-delay interrupt belongs to one of the priority classes in SIMATIC S7
program execution. It is generated when a timer has expired in the user program. A
corresponding organization block is then executed.
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Logic Block
In SIMATIC S7, a logic block is a block that contains part of the STEP 7 user
program. The other type of block is a data block which contains only data. The
following list shows the types of logic blocks:
• Organization block (OB)
• Function block (FB)
• Function (FC)
• System function block (SFB)
• System function (SFC)

Message
The report of the occurrence of a event. A message can be output to a suitably
configured display device and contains information such as priority, location, and
time of the message event as well as information about the state transition
(entering the state/leaving the state).

Message Configuration
Message configuration refers to the creation and editing of message and message
templates with their texts and attributes and concerns such messages as blockrelated messages, symbol-related messages, and diagnostic messages.

Message Number
A unique number assigned to a message and used to identify it, such as for
acknowledgement.

Module Parameter
Module parameters are values with which the behavior of the module can be set.
Depending on the particular module, some of these parameters can be modified in
the user program.

OB1
The organization block OB1 is the user interface for the system program for cyclic
program processing.

Glossary-8

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Glossary

OB Priority
The operating system of the CPU differentiates between various priority classes,
for example, cyclic program processing, hardware interrupt- controlled program
processing. Organization blocks (OB) are assigned to each priority class, in which
the S7 user can program a reaction. The OBs have different priorities, which allow
them to be processed in the correct sequence when two occur at the same time
and allow OBs with higher priority to interrupt those with lower priority. The S7 user
can change the standard priorities.

Organization Block (OB)
Organization blocks form the interface between the CPU operating system and the
user program. The sequence in which the user program is processed is specified in
the organization blocks.

Parallel Structure
The parallel structure is a special type of signal processing in the controller
(mathematical processing). The P, I and D components are calculated parallel to
each other with no interaction and then totaled.
LMN_P
GAIN
INT

SP
-

Linear
combination

GAIN = 0
LMN_I

X

+
PID_OUTV

TI = 0

PV
DIF

LMN_D
TD = 0

Parameter
1. A parameter is a variable of an S7 logic block
(see block parameter actual parameter formal parameter)
2. A variable for setting the behavior of a module
(one or more per module)
Every configurable module has a basic parameter setting when it is supplied
from the factory, but this can be changed using STEP 7.
(one or more per module).
There are two types of parameter:
static and dynamic parameters parameter, static/ parameter, dynamic).
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Parameter, Dynamic
Dynamic parameters of modules, in contrast to static parameters, can be changed
by the user program during operation by calling an SFC, for example, limit values
of an analog module.

Parameter, Static
Static parameters of modules, in contrast to dynamic parameters, cannot be
changed by the user program, but only using STEP 7, for example, the input delay
of a digital input module.

P Algorithm
Algorithm for calculating an output signal in which there is a proportional
relationship between the error signal and manipulated variable change.
Characteristics: steady-state error signal, not to be used with processes including
dead time.

PI Algorithm
Algorithm for calculating an output signal in which the change in the manipulated
variable is made up of a component proportional to the error signal and an I
component proportional to the error signal and time. Characteristics: no steadystate error signal, faster compensation than with an I algorithm, suitable for all
processes.

PID Algorithm
Algorithm for calculating an output signal formed by multiplication, integration and
differentiation of the error signal. The PID algorithm is a parallel structure.
Characteristics: high degree of control quality can be achieved providing the dead
time of the process is not greater than the other time constants.

Adaptation
Process
model

Controller
design
GAIN, TI, TD
SP

Identification

LMN
-

Controller

Process

PV
Control loop
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Priority
When you assign a priority to an organization block, you determine the interrupt
ability of the currently active user program so that high-priority events interrupt
lower-priority events.

Priority Class
The operating system of a CPU has a maximum of 28 priority classes, to which the
various organization blocks are assigned. The priority classes decide which OBs
can interrupt other OBs. If a priority class includes more than one OB, these do not
interrupt each other but are executed sequentially.

Process
The process is the part of the system in which the process variable is influenced by
the manipulated variable (by changing the level of energy or mass). The process
can be divided into the actuator and the actual process being controlled.

PV

LMN
t

LMN

t
Process

PV

Program Execution, Event-Controlled
With event-controlled program execution, the running of the cyclic user program is
interrupted by start events (priority classes). If a start event occurs, the block
currently being executed is interrupted before the next instruction and an assigned
organization block called and executed. Cyclic program execution then continues
from the point of interruption.

Proportional Actuator
Pulse duration modulation

Pulse Duration Modulation
Pulse duration modulation is a method of influencing the manipulated variable at a
discontinuous output. The calculated manipulated value as a percentage is
converted to a proportional signal pulse time Tp at the manipulated variable output,
for example, 100 % Tp = TA or = CYCLE.
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Ratio Control
• Single loop ratio controller
A single loop ratio controller is used when the ratio of two process variables is
more important than the absolute values of the variables.
SP
Controller

LMN

Process

Ratio

PV1
PV2
Quotient

• Multi-loop ratio controller
In a multi-loop ratio controller, the ratio of the two process variables PV1 and
PV2 must be kept constant. To do this, the setpoint of the 2nd control loop is
calculated from the process variable of the 1st control loop. Even if the process
variable PV1 changes dynamically, the ratio is maintained.
SP

LMN1
Controller 1

PV1
Process 1

-

Factor
LMN2
Controller 2

PV2
Process 2

-

Remote Device
Remote devices are devices, for example, printers or computers that are
obtainable on a network. In contrast to local devices, they must be assigned a
network address when they are installed.

Restart
When a CPU starts up (for example, when the mode selector is moved from STOP
to RUN or when the power is turned on), before cyclic program processing starts
(OB1), either the organization block OB100 (restart) or the organization block
OB101 (restart; only in the S7-400) or the organization block OB 102 (complete
restart) (complete restart) is processed first. In a restart the process-image input
table is read in and the STEP 7 user program processing is restarted at the point
where it was interrupted by the last stop (STOP, power off).

Result of Logic Operation (RLO)
The result of logic operation (RLO) is the current signal state in the processor
which is used for further binary signal processing. The signal state of the last RLO
decides whether or not certain operations are executed.
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Run-time Error
Errors which occur during execution of the user program in the PLC (not in the
process).

SCAN
An operating system function integrated in the CPU that is used to scan for and
detect a signal at set intervals in order to determine if a signal change has
occurred.

Standard Function
Standard functions are function blocks available from SIEMENS for implementing
complex tasks.

Standard Function Block
Standard function blocks are function blocks available from SIEMENS for
implementing complex tasks.

Start Event
Start events are defined events such as errors or interrupts which prompt the
operating system to call the appropriate organization block.

Start Event Information
The start event information is part of an organization block (OB). Start event
information provides the S7 user with detailed information about the event which
triggered the call for the OB. The start event information contains the event number
(consisting of event classes and event IDs), an event time stamp, and additional
information (for example, the address of the interrupt-activating signal module).

Start Information
When the operating system calls an organization block, the operating system
transfers start information which can be interpreted in the user program.

Startup OB
Depending on the setting of the startup mode selector (only S7-400), the reason for
the startup (return of power after outage, manual switch from STOP to RUN with
the mode selector or command from the programming device) either the startup
organization block "Complete restart" or "Restart" (only exists on the S7-400) is
called by the operating system. In the startup OB, the SIMATIC S7 user can, for
example, program how the system will start up again after a power outage.
An instruction (STEP 5 or STEP 7) is the smallest part of a program created in a
textual language. It represents a command for the processor.
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Statement List
The Statement List is the assembly language of STEP 7. When a program is
processed in STL, the individual instructions correspond to the sequence with
which the CPU processes the program.

STEP 7
Programming software for creating user programs for SIMATIC S7 controllers.

STEP 7 Programming Language
Programming language for SIMATIC S7 controllers. The S7 programmer can use
STEP 7 in different representation types: a) Statement List, b) Control System
Flowchart, c) Ladder Logic.

Step Controller
A step controller is a quasi continuous controller with a discontinuous output (and
motor-driven actuator with an I action). The actuator has a three-step response, for
example, up - stop - down (or open - hold – close).
(Three-step controller).

STL
Statement List.

Subnumber
The number of the signal to be monitored if a message block can monitor more
than one signal.

Symbol-Related Message
A message used in configuring messages for a symbol (input, output, bit memory,
data block) in the symbol table. During configuration, the time interval must be set
for the SCAN function used to monitor the signal.

Symbolic Programming
The STEP 7 programming language allows the use of symbolic names instead of
STEP 7 addresses. For example, a STEP 7 address "Q 1.1" can be replaced with
"Valve 17."
The symbol list in STEP 7 also creates the link between the address and the
assigned symbolic name.

System Diagnostics
The detection and evaluation of system diagnostic events.

Glossary-14

System Software for S7-300/400 System and Standard Functions - Volume 2/2
A5E00739858-01

Glossary

System Diagnostic Event
An entry which is made in the diagnostic buffer of the CPU and is used to initialize
operating system.

System Function (SFC)
A system function (SFC) is a function which is integrated in the CPU operating
system and can be called in the STEP 7 user program as required.

System Function Block (SFB)
A system function block (SFB) is a function block integrated in the CPU operating
system which can be called in the STEP 7 user program when required.

Three-Step Controller
A controller that can only adopt three discrete states; for example, "heat - off cool"
or "right - stop - left" (step controller).

Time-Delay Interrupt
The time-delay interrupt belongs to one of the priority classes used in SIMATIC S7
program processing. This interrupt is generated in the user program after a
specified time has elapsed and is processed in the associated organization block.

Tool
A software feature used for configuring and programming.

Two-step Controller
A two-step controller is a controller that can only set two states for the manipulated
variable (for example, on - off).

User-Defined Diagnostics
The detection and evaluation of user-defined diagnostic events.

User-Defined Diagnostic Event
A diagnostic event detected by the user which can be placed into the diagnostic
buffer (with SFC 52).

User-Defined Diagnostic Message
A message reporting the occurrence of a user-defined diagnostic event.
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User Program
The user program contains all the statements and declarations and the data for
signal processing with which a system or process can be controlled. It is assigned
to a programmable module (module, programmable) and can be structured in
smaller units known as blocks.

User Program Error
Errors which may occur during the processing of the user program in a
SIMATIC S7 PLC (in contrast to process errors). The operating system handles
errors using error OBs (priority class system), the status word and output
parameters from system functions.

Variable
A variable defines a data with variable contents that can be used in the STEP 7
user program. A variable consists of an address (for example, M 3.1) and a data
type (for example, BOOL) and is represented by a symbol (for example,
MOTOR_ON).

Variable Declaration
The variable declaration incorporates the entry of a symbolic name, a data type
and possibly a default value, address and comment.
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LOGO! 8
Simply ingenious. Simply more.
The logic module

Answers for industry.

LOGO! 8

LOGO! 8 – the new LOGO! generation
LOGO! has long been known as an intelligent logic
module for the implementation of switching and
control solutions in small-scale automation projects –
thanks to easy mounting, minimal wiring requirements, convenient programming, and last but not least
its small size. Using LOGO! Soft Comfort provides for
numerous solutions which can easily be implemented
in simple machines or systems, in building automation,
or in a wide variety of applications in many sectors.

2

With LOGO! 8, the successful Siemens logic module
has launched the next generation. This new module
accommodates virtually every demand of customers
with simplified handling, a new display, and full communication options via Ethernet. And the web server
application makes everything very simple. A communications module provides for remote communications
via cellular phone network, rounding out the range of
new ways to use LOGO!

LOGO! Soft Comfort V8

LOGO! Soft Comfort V8 – new software
with new features
For years LOGO Soft Comfort has stood for extremely
simple and fast configuration. Program creation,
project simulation, and documentation are all easy
to accomplish using drag & drop – for the ultimate in
user-friendliness. Forty-three function blocks come as
standard, making programming easy. The software’s
user-friendly design is still unrivaled on the market,
and it is one of the primary reasons why LOGO! has
been used in millions of applications.

And now it’s even better. In addition to the familiar
operation in single mode, LOGO! Soft Comfort V8 now
has a brand new feature – brilliantly simple operation
in network mode. Automatic configuration of communication with a display in the network view, the ability
to open as many as three programs at once, and the
use of drag & drop to easily transfer a signal from one
program to another – these are just a few of the many
new and convenient options.
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LOGO! 8 –
integrated functions

Constants
Digital
• Input
• Cursor key
• LOGO! TD Function key
• Shift register bit

LOGO! 8

• Status 0 (low)
• Status 1 (high)
• Output
• Open connector
• Flag
Analog
• Analog input
• Analog output
• Analog flag
Network
• Network input

Display with a new look and feel
• A new 6-line display with 16 characters per line means twice
as many characters per message, making it possible to
clearly formulate message texts
• Display with clear operator information and fewer abbreviations for message texts as well as status information that is
easier to read, easily understood menu options for operations, and more sophisticated diagnostic options via the
display
• Selectable white, orange, and red backlighting for many
new options, such as the ability to optically emphasize
alarm and alert status

• Network analog input
• Network output
• Network analog output

Basic functions
• AND
• AND (Edge)
• NAND
• NAND (Edge)
• OR
• NOR
• XOR
• NOT

Data-Log-Profile
• Data Log
LOGO! 8

3

The new generation of logic
modules
• Eight basic units for all voltages, with or without display
• All units come with an Ethernet interface, narrow like
LOGO! 6 (4TE), and connections are compatible with
previous versions
• Integrated web server in all basic units
• Display features a new look and feel
• Seven digital modules and three analog modules
• Digital outputs increased to 20 and analog outputs to eight

Remote communications via
cellular phone network
• And completely new – text message communications for
alerts and remote control via cell phone using the LOGO!
CMR module
• Text messaging for active automatic alerts regarding system
status
• Position recognition and tracking via GPS, e.g. for costeffective container tracking and position reporting via text
message to a central office
• CMR2020 can exchange data with LOGO! 8, send text messages independently, and read control commands from text
messages, introduce them to LOGO! 8, and even synchronize to local time worldwide

Ethernet for all – the new standard
with LOGO! 8
• Integrated Ethernet interface for the entire LOGO! 8 product
family. This makes it possible for LOGO! modules to communicate with each other and with all SIMATIC S7 systems via
Ethernet
• The Ethernet interface eliminates the need for additional
cables for programming or for TDE; only the standard
Ethernet cable is required
• With the LOGO! CSM add-on module as an Ethernet 4-port
switch expanding the Ethernet interfaces, cost-effective
small local Ethernet networks can be implemented

4

Integrated web server –
it couldn’t be easier
• Integrated web server in all basic units for monitoring and
control with LOGO! via WLAN and the Internet; passwordprotected and suitable for all conventional browsers
• The web server is easy to configure via mouse click in the
software; no HTML programming knowledge required
• Users can freely select the desired display options to match
the LOGO! display or the TDE display. Check a box for the
web server – done! LOGO! 8 can be operated via smartphone, tablet, or PC with the same look and feel as the
LOGO! 8 or TDE display; LOGO! 8 router connection required

LOGO! Soft Comfort V8

A world of applications …
• Ideal for implementing simple automation requirements in
industry and buildings as well as for countless special applications in many different areas of life
• In infrastructure, LOGO! can be used in heating/ventilation/
air-conditioning; in building technology in light control,
shade, irrigation; and in monitoring equipment, such as in
alarm systems and the controlling of critical values
• In industry, LOGO! is used in transport equipment ranging
from conveyor belts to automatic feeders; in special
solutions such as solar plants, display panels, and traffic
signboards; and in machine controls, pumps, filtering
installations, and many more

LOGO! CMR2020

New text display
• The new LOGO! TDE with two Ethernet interfaces
• Same mounting dimensions as before
• Thanks to the Ethernet connection, there is no longer a
10 m limitation to LOGO!
• Improved display with six lines and 20 characters per line
now has more than twice as many characters as before for
messages in plain text
• As in the LOGO! display, the new TDE offers selectable
white, orange, and red backlighting for optical emphasis,
etc.
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New software in a new design
• Familiar, easy operation in single mode and – brand new –
incredibly simple configuration in network mode
• Intuitive program creation and configuration of the many
features, quick and easy connection with a mouse click

Special functions
Timer
• ON-Delay

• Automatic configuration of communication and display in the
network view

• OFF-Delay

• Up to three programs can be displayed side-by-side; drag and
drop can be used to easily drag signals from one program to
another

• Retentive ON-Delay

• Smooth and easy migration of programs from previous
versions

• ON-/OFF-Delay
• Wiping relay/pulse output
• Edge-triggered wiping relay
• Asynchronous Pulse Generator
• Random Generator
• Stairway lighting switch
• Multiple function switch
• Weekly Timer
• Yearly Timer
• Astronomical clock
• Stopwatch
Counter
• Up/Down counter
• Hours Counter
• Threshold trigger
Analog
• Mathematic instruction
• Analog Comparator
• Analog threshold trigger
• Analog Amplifier
• Analog watchdog
• Analog differential trigger
• Analog-MUX

… LOGO! everywhere
• Surprising and fascinating, again and again: Our customers
continue to discover completely new solutions using LOGO!,
such as a mobile henhouse as an alternate way to raise freerange chickens, or milk vending machines for providing fresh
milk for self-service consumers
• Interested in learning more? Take a look in our Siemens customer magazine, GO! – Automation with LOGO! and SIMATIC
S7-1200, to read about many interesting customer applications, discover the latest about LOGO!, and learn numerous
tips and tricks

• Analog Ramp
• PI controller
• PWM
• Analog filter
• Max/Min
• Average value
Others
• Latching relay
• Pulse relay
• Message text

• siemens.com/industry-magazines

• Softkey

• Here you can also subscribe to the GO! customer magazine
free of charge

• Shift register
• Mathematic instruction error detector
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Discover more:
siemens.com/logo
Discover LOGO! 8
• LOGO! product portfolio
• LOGO! references
• LOGO! app
• GO! customer magazine
•…

LOGO! 8 –
at a glance!
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Editorial
Editorial
We are proud to present the new SIPROTEC 5 Compact device –
a universal SIPROTEC protection device with a clear focus on
medium-voltage, industry, and infrastructure applications.
Generations of Siemens protection experts have been designing
and manufacturing SIPROTEC from before the dawn of the
digital age, with each device packed full of technology and
passion. All this experience has been incorporated into the
development of our new SIPROTEC 5 Compact series.
As before, we will continue to be a trustworthy partner for you
in the future.
The new SIPROTEC 5 Compact – SIPROTEC 7SX800 – stands for
highest manufacturing and developing quality from Siemens. It
expands the portfolio of the SIPROTEC 5 generation and inherits
all the system features and benefits of SIPROTEC 5.
The universal approach of SIPROTEC 5 Compact makes sure that
it fits exactly to your application.
[ph_SIPROTEC 5 Compact, 1, --_--]

Figure /1 SIPROTEC 5 Compact

Whether you need an overcurrent device for a feeder, you want
to protect a motor, or whether you need a device for grid decouplings. Your protection device has always one name: SIPROTEC
7SX800!
With SIPROTEC 5 Compact, you are ideally equipped to meet the
requirements in terms of economic efficiency and availability of
your grids.
Our guiding principle for the development of this new device
type:
SIPROTEC 5 Compact
| From Siemens | For the Future | For You
Smart Infrastructure
Digital Grid
Energy Automation
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SIPROTEC 5 Compact
Introduction
∣ From Siemens

1.1

SIPROTEC has been the synonym for reliable protection for more
than 100 years.
For generations, Siemens protection experts have been developing and manufacturing the devices with a great deal of expertise and passion.

• Experienced with more than 2’2 Mio SIPROTEC devices
• Certified and proven developing and production process
ensures highest quality

• Inherits SIPROTEC 5 algorithms and benefits in a compact
design
∣ For the Future
SIPROTEC 5 Compact is already equipped for future challenges.

• Virtual testing with SIPROTEC DigitalTwin shortens testing and
efforts

• IoT connectivity for faster response times and increased grid
availability

• Embedded cybersecurity protects your device to ensure
highest availability of your grid

∣ For You
From beginners and professionals SIPROTEC 5 Compact has
something for you. Even for seasoned protection experts, we
added some functionality just for you.

• Universal device for diverse applications and low number of
type variants

• Color display with single line as a fast and clear user interface
• High I/O density for small and compact switchgears

[ph_SIPROTEC5_C_W9, 1, --_--]

Figure 1.1/1 SIPROTEC 5 Compact – Rear View
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SIPROTEC 5 Compact
Universal Protection Device 7SX800

1.2

[dw_sip5compact_anwendung, 1, en_US]

Figure 1.2/1 Fields of Application for SIPROTEC 5 and SIPROTEC 5 Compact Devices

The figure gives a simplified overview of the use of SIPROTEC 5
and SIPROTEC 5 Compact devices in the power system. With
renewable energy producers, in particular, there is power infeed
into the grid at all voltage levels. Protected objects are busbars,
overhead lines or cables, and transformers. The corresponding
protection devices are assigned to these objects.
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SIPROTEC 5 Compact
Universal Protection Device 7SX800
Description

1.2

SIPROTEC 7SX800 is a universal, compact protection device that
is part of the SIPROTEC 5 device series. As a universal device it
helps you in optimizing your device variants and the associated
training and spare-parts costs.
It has been specifically developed for the efficient and compact
protection of feeders, lines, and motors in medium-voltage
systems. It covers the most diverse protection, automation, and
monitoring applications with its modular functional scope. Its
high levels of performance and the comprehensive library of
functions enhance the field of application up to high-voltage
applications.
The new universal device provides the possibility to connect a
large number of inputs and outputs within a very small space
and has a comprehensive library of protection functions that
you can easily activate for your application using function
points.
SIPROTEC 7SX800 already features future-proof functions today.
Virtual testing with SIPROTEC DigitalTwin considerably cuts the
testing and fault analysis times. IoT connectivity is required to
provide simple access to your device data and quick response
times. The integrated cybersecurity functions comprehensively
protect your device and support the maximum availability of
your power system.
The functional scope and thus application possibilities of
SIPROTEC 7SX800 are continuously enhanced as a result of its
modular structure and the powerful DIGSI 5 engineering tool.
Future-proof system solutions, high investment security, and
low operating costs – this is what SIPROTEC 7SX800 stands for.
Main function

•
•
•

Feeder and overcurrent protection for all
voltage levels
Motor protection for small to medium-sized
motors (100 kW to 2 MW)
Voltage and frequency protection

Inputs and outputs

4 current transformers, 4 voltage transformers
(optional), 4 or 14 binary inputs, 5 or 11 binary
outputs

Housing width

1/6 × 19 inches

Benefits

• Compact and cost-efficient, universal protection device
• Safety thanks to powerful as well as tried-and-tested protection functions

• One universal device for a wide range of applications
• Simple operation thanks to graphical color display including
single-line representation

• Intuitive device operation using Web UI

• Cybersecurity in accordance with NERC CIP and BDEW Whitepaper requirements (for example, logging security-related
events and alarms) available as standard

• Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1
Functions
DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.
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[ph_SIPROTEC 5 Compact, 1, --_--]

Figure 1.2/2 SIPROTEC 5 Compact – Universal Protection Device

• Directional and non-directional overcurrent protection with
additional functions

• Motor protection functions: Startup time supervision, thermal
overload protection for stator and rotor, restart inhibit, unbalanced-load protection, load-jam protection

• Stator and bearing-temperature monitoring via temperature
sensors with external RTD unit.

• Sensitive ground-fault protection (directional, non-directional)
to detect stator ground faults

• Optimized operate times thanks to directional comparison

• Detection of ground faults of any type in compensated or

isolated electrical power systems using the following functions: 3I0>, V0>, transient ground fault, cos φ, sinφ, harmonic
detection, dir. detection of intermittent ground faults, and
admittance

• Ground-fault detection using the pulse-detection method
• Overvoltage and undervoltage protection
• Frequency protection and rate of frequency change protection for load-shedding applications

• Underfrequency load shedding in case of underfrequency,

taking into consideration changed infeed conditions thanks to
decentralized power generation

• Power protection, configurable as active or reactive-power
protection

• PQ – Basic: Voltage unbalance; voltage changes: Overvoltage,
dip, interruptions; TDD, THD, and harmonics

• Directional reactive-power undervoltage protection (QU
protection)

• Control, synchrocheck, and switchgear interlocking protection

• Circuit-breaker failure protection
• Circuit-breaker reignition monitoring
• Graphical logic editor to create high-performance automation
functions in the device

SIPROTEC 5 Compact
Universal Protection Device 7SX800

• Single-line display
• Integrated Ethernet interface can be used for different and

redundant protocols (IEC 61850, Modbus TCP, PROFINET IO).
IEC 60870-5-104 and DNP3 TCP under development

• Reverse-power protection
• Load-shedding applications
• Automatic switchover

• Integrated electrical serial interface can be used for different

1.2

protocols (IEC 60870-5-103, DNP3 serial) or for time synchronization using IRIG B (under development)

• Reliable data transmission via PRP and HSR redundancy protocols

• Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events, or
signed firmware

• Simple, fast, and secure access to the device via a standard
Web browser – without additional software

• Detecting operational measured variables and protectionfunction measured values to evaluate the systems, to support
commissioning, and to analyze faults

• Phasor Measurement Unit (PMU) 1 for synchrophasor measured values and IEEE C37.118 protocol

• Time synchronization using IEEE 15881
• High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

• Auxiliary functions for simple tests and commissioning
Applications

• Detection and selective 3-pole tripping of short circuits in

electrical equipment of star networks, lines with infeed at one
or two ends, parallel lines and open-circuited or closed ring
systems of all voltage levels

• Detection of ground faults in isolated or arc-suppression-coilground power systems in star, ring, or meshed arrangement

• Backup protection for differential protection devices of all

kind for lines, transformers, generators, motors, and busbars

• Protection and monitoring of capacitor banks
• Protection and interfacing of regenerative infeeds
• Protection against thermal overload of the stator from overcurrent, cooling problems, or pollution

• Protection against thermal overload of the rotor during

startup due to frequent startups, excessively long startups, or
blocked rotor

• Monitoring for voltage unbalance or phase outage
• Monitoring the thermal state and the storage temperatures
with temperature measurement

• Detection of idling drives of pumps and compressors, for
example

• Detection of ground faults in the motor
• Protection against motor short circuits
• Protection against instability due to undervoltage.
• Detection and recording of power-quality data in the mediumvoltage and subordinate low-voltage power system

• Phasor Measurement Unit (PMU) 1
1

Under development
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SIPROTEC 5 Compact
Application Examples – Overcurrent Protection
Overcurrent Protection

1.3

[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 1.3/1 Application Example – Overcurrent Protection

Properties

• Preconfigured devices with application templates
• Easy addition of additional functions via the library
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SIPROTEC 5 Compact
Application Examples – Directional Comparison Protection
Directional Comparison Protection via Protection Interfaces
for Power Line with an Infeed at Both Ends
With the direction determination of the directional overcurrent
protection, you can implement directional comparison protection for power line with an infeed at both ends (Figure 1.3/2).
Directional comparison protection is used for the selective isola-

tion of a faulty line section (for example, subsections of closed
rings). Sections are isolated quickly, that is, they do not suffer
the disadvantage of long grading times. This technique requires
that directional information can be exchanged between the individual protection stations. This information exchange can, for
example, be implemented via IEC 61850 GOOSE or via pilot
wires for signal transmission, with an auxiliary-voltage loop.
1.3

[dw_DwDOCP07, 1, en_US]

Figure 1.3/2 Principle of Directional Comparison Protection for Power Line with Infeed at 2 Ends
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SIPROTEC 5 Compact
Application Examples – Induction Motor
Induction Motor: Protection and Control

1.3

[dw_Motor-Sip5C, 1, en_US]

Figure 1.3/3 Induction Motor: Protection and Control

Properties

• Reduced investment due to protection and control in one
device

• Thermal motor protection functions for safe monitoring of the
motor

• Thermal motor protection functions due to connection to an
RTD unit
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SIPROTEC 5 Compact
Overview of Functions
Application Templates

ANSI

Function

Protection functions for 3-pole tripping
14

Abbr.

V/f

Locked rotor

Available

Application templates are available in DIGSI 5 for standard applications. They contain basic configurations and default settings.

1

2

3

4

5

6

■

■

24

Overexcitation protection

I>+I<

■

Synchrocheck, synchronization function

Sync

■

Undervoltage protection

V<

■

Directional reactive power undervoltage protection (undervoltage-controlled reactive power protection)

Q>/V<

■

32R

Reverse-power protection

P<>, Q<>

■

37

Undercurrent protection, minimum power

I<, P<

■

38

Temperature supervision

θ>

■

46

Negative-sequence system overcurrent protection

I2>

■

46

Unbalanced-load protection (thermal)

I2² t>

■

46

Negative-sequence overcurrent protection with direction

I2>, ∠(V2,
I2)

■

47

Overvoltage protection "Negative-sequence system V2" or
"negative-sequence system V1/positive-sequence system V1"

U2>;
U2/U1>

■

■

■

■

■

■

48

Starting time monitoring for motors

I²start

■

■

■

49

Thermal overload protection

θ, I2t

■

■

■

49

Thermal overload protection, user-defined characteristic curve

θ, I2t

■

49

Overload protection for RLC filter circuit elements of a capacitor θ, I2t
bank

■

49R

Thermal overload protection, rotor (motor)

θR

■

50N/51N
TD

Overcurrent protection, ground

IN>

■

■

■

■

50/51 TD

Overcurrent protection, phases

SOTF

■

■

■

■

Instantaneous tripping at switch onto error

INS>

■

50HS

Instantaneous high-current tripping

I>>>

■

50/51 TD

Overcurrent protection with positive-sequence current I1

I1>

■

50N/51N
TD

Overcurrent protection, 1-phase

Ip, INp

■

50Ns/
51Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) admittance Y0>, c) 3I0-harm>

INs>

■

Sensitive ground-fault detection via pulse detection; hint: This
stage also requires the function 50Ns/51Ns or 67Ns "sensitive
ground-fault detection for grounded arc suppression coils and
isolated power systems"

IN pulse

■

Intermittent ground-fault protection

IIE>

50/51 TD

Overcurrent protection for RLC filter circuit elements of a capac- I>
itor bank

7

■
■

25
27

Application Templates (Template)

■

■

■

■

■

■

■

1.4

■

■
■

50BF

Circuit-breaker failure protection, 3-pole

CBFP

■

50RS

Circuit breaker reignition monitoring

CBRM

■

51V

Voltage-dependent overcurrent protection

t=f(I, V)

■

59N

Overvoltage protection, zero-sequence system

V0>

■

59R, 27R

Peak overvoltage protection, 3-phase, for capacitors

V> cap.

59, 59N

Overvoltage protection "3-phase" or "zero-sequence system V0" V>
or "positive-sequence system V1" or "universal Vx"

■
■

60

Voltage-comparison supervision

ΔV>

■

60C

Current-unbalance protection for capacitor banks

Iunbal>

■

66

Restart inhibit for motors

I²t

■

■

■

■
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SIPROTEC 5 Compact
ANSI

Function

Abbr.

Available

Overview of Functions
Application Templates (Template)
1

2

3

4
■

67

Directional overcurrent protection, phases

I>, ∠(V, I)

■

■

67N

Directional overcurrent protection, ground

IN>, ∠(V,
I)

■

■

67Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) V0>, c)
cos/sine Phi, d) transient ground fault, e) Phi(V, I), f) admittance
Directional tripping stage with one harmonic; hint: this stage
also requires the function "67Ns sensitive ground-fault detection for grounded arc suppression coils and isolated power
systems"

1.4

74TC

■

∠(U0h,
I0h)

Directional intermittent ground-fault protection

IIEdir>

■

Trip-circuit supervision

AKU

■

74CC

Single circuit monitoring
Automatic reclosing

AREC

■

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; df/
dt<>

■

Underfrequency load shedding

df/dt

■

Vector-Jump Protection

Δφ>

■

■

87N T

Restricted Ground-fault Protection

ΔIN

FL

Fault locator

FO

■

PMU2

Synchrophasor measurement

PMU

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

PQ – Basic measured values: THD (Total Harmonic Distortion)
and harmonic component and THD voltage average values

■

PQ – Basic measured values: Voltage unbalance

■

PQ – Basic measured values: Voltage changes – monitoring of
voltage dips, overvoltages and voltage interruptions

■

PQ – Basic measured values: TDD - Total demand distortion

■

Measured values, standard

■

Measured values, extended: Min, max, average

■

Basis PQ measured values: TDH and harmonic

■

Switching statistics counter

■
ΣIx, I²t, 2P

■

■

Lockout

■

CFC (standard, control)

■

CFC arithmetic

■

Switching sequence function

■

Inrush-current detection

■

External trip initiation

■

Control

■

■

■

■

■

■

■

■

Fault recording of analog and binary signals

■

■

■

■

■

■

■

■

Monitoring

■

■

■

■

■

■

■

■

Circuit breaker

■

■

■

■

■

■

■

■

Disconnector/grounding conductor

■

Temperature recording via communication protocol

■

Cybersecurity: Role-based access control

■

Table 1.4/1 SIPROTEC 7SX800 Functions, Application Templates (Templates)

(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I
(2) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I, 4*V
(3) Directional definite-time overcurrent protection/inverse-time overcurrent protection – grounded power system

2

7

■

86

Circuit-breaker wear monitoring

■

6

■

79

81U

5

Under development
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SIPROTEC 5 Compact
Overview of Functions
(4) Directional definite-time overcurrent protection/inverse-time overcurrent protection - grounded arc suppression coils/isolated power
system
(5) Motor: Current measurement
(6) Motor: Current and voltage measurement
(7) System decoupling

1.4
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SIPROTEC 5 Compact – System
Functional Integration
Due to the modular design of the software, as well as the
functional integration, SIPROTEC 5 Compact devices are
suited for all tasks in the energy sector.
The devices include:

• Protection
• Control and automation
• Supervision and monitoring
• Data acquisition and logging
• Communication and cybersecurity
• Test and diagnostics
2.1

Due to the modular design of the of the software and the highperformance engineering tool DIGSI 5, SIPROTEC 5 Compact is
ideally suitable for protection, automation, measurement, and
monitoring tasks for the operation and monitoring of modern
power systems.
The devices are not only protection and electronic control units;
their performance enables them to assure functional integration
of desired depth. For example, they can also perform monitoring, synchrophasor measurement (phasor measurement)3,
powerful fault recording, a wide range of measuring functions,
and much more, in parallel, and they have been designed to
facilitate future extensions.
SIPROTEC 5 provides extensive, precise data acquisition and data
logging on bay level for these functions. In connection with its
communication flexibility, this expands the field of application
and opens up a wide variety of possibilities in meeting requirements for present and future power systems. With SIPROTEC 5,
you are on the safe side for your application. The following
figure shows the possible functional expansion of a SIPROTEC 5
Compact device.

[dw_funktionale-Integration SIP5 C, 1, en_US]

Figure 2.1/1 Possible Functional Expansion of SIPROTEC 5 Compact
Devices

Faster results with application templates
A common function library provides all protection, automation,
monitoring, and auxiliary functions for the SIPROTEC 5 Compact
devices. The same functions are the same for all devices. Once
established, configurations can be transmitted from device to
device. This results in substantially reduced engineering effort.
DIGSI 5 provides predefined application templates for every
device type. These contain basic configurations, required functions, and default settings. In addition, you can save a device as
a master template in a user-defined library and reuse it as a
template for your typical applications. This saves time and
money. Saving user-defined application templates is possible.
Figure 2.1/2 shows an example of a line feeder in a system
configuration in which the functions in the application template
are combined into function groups (FGs). The function groups
correspond to the primary components (protected objects:
feeder "V-I-3ph", motor, switching devices, circuit breakers)
thereby simplifying the direct reference to the actual system.

3

Under development
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[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 2.1/2 Feeder Protection

Instrument and Protection-Class Current Transformers
The flexibility of the SIPROTEC 5 family enables even greater
functional integration and parallel processing of an wide range
of functions. If you also want to use the Synchrophasor measurement function, that is, the high-precision acquisition of
current and voltage phasors and the variables derived from
them such as power and frequency, this function can be
assigned to the measuring input. Another possible application is
monitoring power quality characteristic key values.

The modular, flexible structure of the software ensures
perfectly customized solutions for all your requirements in
the power system.
With SIPROTEC 5, you have flexibility throughout the entire
product lifecycle and your investment is thus protected.

The high-precision measured values and status information
provided by the SIPROTEC 5 devices can be transmitted to automation systems such as a SICAM substation automation technology and power systems control or central analysis systems
(for example, SIGUARD PDP) via the high-performance communications system. In particular, the control and monitoring of
intelligent power systems require information from power
generators (conventional or renewable energy) and from
consumers (line feeders). The required information may be
measured values, switching states, or messages from protection
and monitoring functions. In addition to performing local
protection, control, and monitoring tasks, the
SIPROTEC 5 devices are an excellent data source. The flexible
communication among the devices enables them to be
combined in various communication topologies. In this context,
the widely used Ethernet-based communications standard
IEC 61850 offers many advantages.
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SIPROTEC 5 Compact – System
Protection – Functions
Protection

Synchrocheck, Synchronization Function (ANSI 25)
When 2 subsystems or a live equipment are connected to the
power system, the systems must be synchronous with one
another at the moment of connection. The synchronization
function monitors this requirement.
The synchronization function can be used for synchronous
power systems (galvanically coupled, no frequency difference)
as well as for asynchronous power systems (galvanically separated, frequency difference present).
It has 3 operating modes:

• Synchrocheck (monitoring of voltage difference, frequency
difference, and phase-angle difference)

• Switching of synchronous power systems (control of equality
of frequency, voltage difference, and phase-angle difference
and continuity over a time frame)

2.2

• Switching of asynchronous power systems (voltage and

frequency difference, connection to the synchronization point
considering the circuit-breaker closing time).

[dw_schutz_SIP5C, 1, en_US]

Figure 2.2/1 SIPROTEC 5 Compact – Functional Integration – Protection

SIPROTEC 5 provides all the necessary protection functions to
address reliability and security of power systems and their
components. The functions are based on decades of experience
in using systems, including suggestions from the Siemens
customers.

Evaluation of the frequency difference causes the function to
switch automatically between the synchronous and asynchronous power system functions. The synchrocheck function can be
used for pure monitoring.
The relative parameters for synchronization are derived from
voltage transformers (arranged to the left and right on the
circuit breaker). Depending on the available number of voltagetransformer inputs, 1 or 2 synchronizing points (circuit breakers)
can be processed.

The modular, functional structure of SIPROTEC 5 allows exceptional flexibility and a perfect adaptation of the protection functionality to the conditions of the system and is still capable of
further changes in the future.

Several functions can be used per device. For these functions,
up to 2 parameter sets (stages) can be used for the synchrocheck and up to 6 parameter sets (stages) for the synchronization function. This enables the device to always react to
different power system or plant conditions with the correct
synchronization parameters.

The available device functions are described in the following
sections.

Undervoltage Protection (ANSI 27)

Overexcitation Protection (ANSI 24)
The overexcitation protection is used for detecting high induction values in generators and transformers. It protects the equipment from excessive thermal loads.
The induction is recorded indirectly by the evaluation of the
V/Hz ratio. Overvoltage leads to excessive magnetizing currents,
while underfrequency leads to higher losses when resetting the
magnetization.
There is a danger of overexcitation if the power system is
disconnected and the voltage and frequency control function in
the remaining system does not react quickly or the power unbalance is excessive.
Within this function, the following maximum number of stages
can be operated simultaneously: 1 dependent stage with userdefined characteristics and 2 independent stages.
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The undervoltage protection monitors the permissible voltage
range or protects equipment from subsequent damage due to
undervoltage. It can be used in the power system for decoupling
or load-shedding tasks.
Various undervoltage protection functions are available. By
default, 2 stages are preconfigured. Up to 3 identical stages are
possible. The undervoltage protection functions can be blocked
by means of a current criterion.

SIPROTEC 5 Compact – System
Protection – Functions
The following functions are available:

• Undervoltage protection with 3-phase voltage
– Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages
– Methods of measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Undervoltage protection with positive-sequence voltage
– 2-phase short circuits or ground faults lead to an unbalanced voltage collapse. In comparison to phase-related
measuring systems, such events have no noticeable impact
on the positive-sequence voltage. Therefore, this function
particularly suitable for the assessment of stability problems.
– Methods of Measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

• Undervoltage protection with any voltage
– Detection of any 1-phase undervoltage for special applications

The power protection can be integrated into any automation
solution, for example, to monitor very specific power limits
(further logical processing in CFC).
The power protection function comes with a factory-set stage
each for the active power and the reactive power. A maximum
of 4 active-power stages and 4 reactive-power stages can be
operated simultaneously in the function. The stages have an
identical structure.
You can define thresholds for exceedance or underrunning of
the power lines. The combination of the different stages via CFC
result in various applications.
Application Examples

• Detection of negative active power. In this case, the reverse-

power protection can be applied using the CFC to link power
protection outputs to the "direct tripping" function.

• Detection of capacitive reactive power. If overvoltage is
detected due to long lines under no-load conditions, it is
possible to select the lines where capacitive reactive power is
measured.

– Methods of Measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Rate-of-voltage change protection dV/dt
– Detects system states that are not secure caused by an
unbalance between generated and consumed active power
– Can be used as a criterion for load-shedding applications
Reactive-Power Undervoltage Protection (QU Protection)
The reactive-power undervoltage protection (QU protection)
represents a system protection for power-system disconnection.
To avoid a voltage collapse in energy systems, the energy
producing side, for example a generator, should be provided
with voltage and frequency protection devices. An undervoltage-controlled reactive power direction protection (QU
protection) is required at the power-system interconnection
point. The QU protection detects critical power-system situations and ensures that the power-generation system is disconnected from the power system. It also ensures that reconnection
only takes place if the network conditions are stable. The criteria
for this are parameterizable and can be found in the document
Technical directive for generating plants on the mediumvoltage power system (BDEW, June 2008) and in the "FNN
requirement specification reactive power direction undervoltage
protection (FNN, Feb 2010)".
Power Protection (ANSI 32, 37)
The power protection works on a 3-phase basis and detects
exceedance or underrunning of the set active-power or reactivepower thresholds (Figure 2.2/2). Predefined power limits are
monitored and corresponding warning indications are issued.
The power direction can be determined by measuring the angle
of the active power. Thus, for example, reverse energization in
the power systems or at electric machines can be detected.
Machines in idle state (motors, generators) are detected and can
be shut down via a message.

[dw_Wirk_Blind_KL, 1, en_US]

Figure 2.2/2 Active-Power Characteristic Curve and Reactive-Power
Characteristic Curve
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Reverse-Power Protection (ANSI 32R)
The reverse-power protection is used in generators and power
units. If the mechanical energy (for example, steam supply at
the turbine) fails, the generator obtains the driving energy from
the power system. In this operating state, the turbine can be
damaged, which is prevented by tripping of the reverse-power
protection. In order to react quicker if there is a steam outage,
the position of the quick-stop valve is coupled additionally via
binary input. It is used to switch between 2 time delays of the
trip command. Furthermore, the function is used for operational
disconnection (sequential circuit) of generators.
For other applications, the universal power protection
(ANSI 32, 37) is recommended.

2.2

The reverse-power protection works on a 3-phase basis and
monitors the absorbed active power (negative threshold value).
By evaluating the positive-sequence system power and selecting
a long measuring window, the function is insensitive to disturbance variables and very precise (minimum setting threshold:
-0.3 % P/Srated). The measuring accuracy is substantially affected
by the angle error. Because the SIPROTEC 5 devices are compensated, the primary transformers affect the measuring accuracy.
The function can correct the angle error: You can find the angle
error in the test report of the transformer or it can be measured
using the primary system.
Undercurrent Protection (ANSI 37)
Undercurrent protection detects the falling edge or decreasing
current flow. This may be due to switching operations, for
example, from a higher-level circuit breaker, or by decreasing
loads, for example, pumps running empty.
In both situations, it may be necessary to open the local circuit
breaker in order to prevent consequential damage. The undercurrent protection handles this task.

3-phase current machines. It operates on the basis of symmetric
components. The protection function evaluates the negativesequence current and prevents thermal overloading of the rotor
of electric machines (generators, motors). The thermal behavior
is modeled using the integral method.
The following equation forms the basis of the protection function.

[fo_Schieflastschutz, 1, en_US]

With
K

Constant of the machine (5 s to 40 s)

I2

Negative-sequence current

I N, M

Rated current of the machine

An inverse-time characteristic curve results as the operate curve.
Small unbalanced load currents result in longer tripping times.
To prevent overfunction in case of large unbalanced load
currents (for example, with asymmetrical short circuits), large
negative-sequence currents (approx. 10*I permissible) are
limited. In addition, the continuous additional unbalanced load
is monitored, and if the threshold is exceeded, an alarm indication is issued after a time delay.
Negative-Sequence System Overcurrent Protection (ANSI 46)
The protection function determines the negative-sequence
current from the phase currents. It can be related to the rated
object current or to the positive-sequence current (advantageous for conductor break monitoring).

Optionally, the auxiliary contacts of the local circuit breaker are
evaluated in order to prevent overfunction.

The negative-sequence system overcurrent protection can be
used with the transformer as a responsive backup protection on
the supply side for detecting low-current 1-pole and 2-pole
errors. Also low-voltage side, 1-phase errors can be detected
here, which create no zero-sequence system in the current on
the upper-voltage side (for example, in vector group Dyn).

Temperature Supervision (ANSI 38)

With the negative-sequence overcurrent protection system,
various monitoring and protection tasks can be realized:

The function consists of an undercurrent stage with a currentindependent time delay. A maximum of 2 stages can be operated in parallel.

The temperatures (for example winding or oil temperatures) are
recorded via an external temperature-supervision device. Typical
sensors are Pt 100, Ni 100, and Ni 120. The temperatures are
transmitted via serial or Ethernet interfaces for protection and
monitored in the temperature-supervision function to ensure
that they do not exceed set limiting values. There are
2 threshold values per temperature measuring point. The function is designed so that the temperatures from up to 12 measuring points can be processed. The integrated broken-wire
detection sends an alarm indication depending on the measuring point.
Unbalanced-Load Protection (ANSI 46)
Asymmetrical current loading of the 3 windings of a generator
result in heat buildup in the rotor because of the developing
reverse field. The protection detects an asymmetrical loading of
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• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection (setting under rated object current).

• Detection of phase-conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

The function comes factory-set with 1 stage. A maximum of
6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

SIPROTEC 5 Compact – System
Protection – Functions
Overcurrent Protection, Negative-Sequence System with
Direction (ANSI 46, 67)

Overvoltage protection with negative-sequence voltage
(ANSI 47)

The function overcurrent protection, negative-sequence system
with direction serves as the backup short-circuit protection for
unbalanced faults.

• Monitoring the power system and electric machines for

With the negative-sequence system, various monitoring and
protection tasks can be realized:

• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection.

• Detection of phase conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

voltage unbalance

• Method of measurement: Calculation of negative-sequence
voltage from the measured phase-to-ground voltages

Overvoltage protection with zero-sequence system/residual
voltage (ANSI 59N/64)

• Detection of ground faults in isolated or arc-suppression-coil-

ground systems, as well as in electric equipment (for example
machines)

• Detection of the faulty phase (optional)
• Method of measurement: Measurement of the residual

voltage directly at the broken-delta winding or calculation of
the zero-sequence voltage from the phase-to-ground voltages

• Measuring methods: Optionally, measurement of the funda-

mental component (standard or with especially strong attenuation of harmonics and transients) or of the RMS value

The function comes factory-set with 1 stage. A maximum
of 6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

Overvoltage protection with any voltage (ANSI 59)

Overvoltage Protection Functions (ANSI 59, 47, 59N)

Starting Time Supervision (ANSI 48)

Overvoltages occur in long lines with little or no load, for
example. The overvoltage protection monitors the permissible
voltage range, protects equipment from subsequent damage
through overvoltages, and serves to decouple systems (for
example wind-energy infeeds).

The starting time supervision protects the motor from too long
startup procedures. In particular, rotor-critical high-voltage
motors can quickly be heated above their limiting temperature
when multiple starting attempts occur in a short period of time.
If the durations of these starting attempts are prolonged for
example by excessive voltage surges during motor switching, by
excessive load torque, or by blocked rotor conditions, a trip
signal will be initiated by the protection device. Figure 2.2/3
shows the thermal characteristic curve of the function. Different
maximum starting times can be taken into account for starting
with the motor cold or hot.

Various overvoltage protection functions are available. By
default, 2 stages are configured. Up to 3 identical stages are
possible.
The following functions are available:
Overvoltage protection with 3-phase voltage (ANSI 59)

• Detection of any 1-phase overvoltage for special applications
• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value)

• Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages

• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value).
Overvoltage protection with positive-sequence voltage
(ANSI 59)

• Detecting symmetrical, stationary overvoltages with positivesequence voltage

• Method of measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

Overvoltage protection with positive-sequence voltage and
compounding in line protection (ANSI 59)

• Capacitive line impedances can lead to stationary overvoltages at the opposite end of the line (Ferranti effect).
• Method of measurement: The positive-sequence system of

the voltage is calculated at the other end of the line by means
of the local, measured voltages and current using the equivalent circuit of the line.

[dwtherms-200712-03.tif, 1, en_US]

Figure 2.2/3 Thermal Characteristic Curve of the Starting Time Monitoring

Circuit-Breaker Failure Protection (ANSI 50BF)
The circuit-breaker failure protection consists of 2 stages and
provides phase and ground backup protection if the main circuit
breaker fails to clear a power-system incident. If the fault
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current is not interrupted after a time delay has expired, a retrip
command or the busbar trip command will be generated. The
correct circuit-breaker operation is monitored via current measurement and via circuit-breaker position contacts. The current
detection logic is phase-segregated and can therefore also be
used in 1-pole tripping schemes.

for example, the stage of an overcurrent protection, and then
trips with switching to a short circuit. Typically, such protection
stages are configured that themselves trip with a delay. Actual
closure detection takes place in the switch-position recognition.

The circuit-breaker failure protection can be initiated by all integrated protection functions as well as by external devices via
binary input signals or by serial communication via GOOSE
messages in IEC 61850 systems. To increase operational reliability, an external start can be applied with 2 binary inputs in
parallel. Various delays may take place for 1-pole and 3-pole
starting.

The load-jam protection function serves to protect the motor
during sudden rotor blocking. Damage to drives, bearings, and
other mechanic motor components can be avoided and reduced
by means of quick motor shutdown.

External Trip Initiations

The thermal overload protection can also pick up as soon as the
configured threshold values of the thermal replica are exceeded.
The load-jam protection, however, is able to detect a blocked
rotor more quickly, thus reducing possible damage to the motor
and powered equipment.

Any signals from external protection and monitoring devices can
be coupled in via binary inputs or serial communication. These
signals can then be included in message and trigger processing
or used to start a fault record. The trip initiation acts like a
protection function. The trip command may be delayed. 1-pole
tripping is available if the device and switch are capable of
1-pole disconnection. Thus the integration of mechanical
protection equipment (for example, pressure or oil-level monitors or Buchholz protection) as well as protection devices
working in parallel is possible with no problems. Depending on
the application, you can select the required number of trip initiations.
Instantaneous High-Current Tripping (ANSI 50HS)
When switching on a faulty line, immediate tripping is possible.
In the case of high fault currents, this overcurrent protection
with instantaneous tripping leads to a very fast tripping when
switching onto faults.
The function comes factory-set with 1 stage. A maximum of
2 stages can be operated simultaneously within the function.
The stages have an identical structure. Actual closure detection
takes place in the switch-position recognition. It activates
directly in case of manual closure or is automatically determined
from the measured values (current, voltage) or by means of the
circuit-breaker auxiliary contacts.
When used in the transformer, the current stage must be set
above the maximum short-circuit current or inrush current
flowing through.
Circuit-Breaker Restrike Protection (ANSI 50RS)
The circuit-breaker restrike protection function monitors the
circuit breaker for arc reignition, which may be triggered by
overvoltage at the circuit-breaker poles after disconnection of
the capacitor bank, for example. The function generates an
auxiliary trip signal in the event of a circuit-breaker reignition.
Instantaneous Tripping at Switch-onto Fault (SOTF)
This function is available for applications in which overcurrent
protection (50HS) is not sufficient or not used. It enables instantaneous tripping even with low fault currents. The function has
no measuring function of its own. It is linked on the input side
with the pickup (measurement) of another protection function,
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Load-Jam Protection (ANSI 50L)

The rotor blocking results in a current jump in the phases. The
current jump is detected by the function as a recognition characteristic.

Overcurrent Protection, Phases and Ground
(ANSI 50/51, 50N/51N)
The overcurrent protection functions for phases and ground
detect short circuits on electric equipment. The non-directional
overcurrent protection is suitable as main protection for singleside infeed radial power systems or open ring systems. As a
backup or emergency overcurrent protection, it can be used
additionally to the main protection, for example, on lines or
transformers. With transformers, the preferred application is the
backup protection for downstream parts of the electrical power
system.
2 definite-time overcurrent protection stages and an inversetime overcurrent protection stage are preconfigured. Additional definite-time overcurrent protection stages, and 1 stage
with a user-defined characteristic curve can be configured
within this function.
All the usual characteristic curves according to IEC and ANSI/IEEE
are available for the inverse-time overcurrent protection stages,
see for example Figure 2.2/4.
Apart from the characteristic, the stages of the overcurrent
protection are structured identically.

• They can be blocked individually via binary input or by other
functions (for example, inrush-current detection, automatic
reclosing, cold-load pickup detection)

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• Each stage can be operated as an alarm stage (no operate
indication)

• You can select either the measurement of the fundamental
component and the measurement of the RMS value for the
method of measurement
• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Dropout delays can be set individually.

SIPROTEC 5 Compact – System
Protection – Functions
Intermittent Ground-Fault Protection
Intermittent (reigniting) faults occur due to insulation weaknesses in cables or due to the ingress of water into cable joints.
The faults will eventually go off by themselves or expand to
permanent short-circuits. During intermittent operation,
neutral-point resistors can be thermally overloaded in the case
of low-impedance grounded power systems. The normal
ground-fault protection cannot reliably detect and switch off the
current pulses that are sometimes very brief.
The necessary selectivity of protection in the case of intermittent ground faults is achieved by adding up the single pulses
over time and tripping after a reached (adjustable) total time.
The pickup threshold IIE > evaluates RMS values in relation to a
system period.
2.2

Transformer Inrush-Current Detection
When the device is used on a power transformer, large magnetizing inrush currents will flow when the transformer is switched
on. These inrush currents may be several times the rated transformer current, and, depending on the transformer size and
type of construction, may last from several tens of milliseconds
to several seconds. The inrush-current detection function
detects a transformer switch-on process and generates a
blocking signal for protection functions that are affected in
undesirable ways when transformers are switched on. This
enables a sensitive setting of these protection functions.

[dw_IEC-kennlinie, 1, en_US]

Figure 2.2/4 IEC Characteristic Curves of the “Normal Inverse" Type

Overcurrent Protection, 1-Phase (ANSI 50N/51N)
With transformers, the preferred application is the backup
protection for the parts of the electrical power system
connected to the grounded star winding. The neutral-point
current of the transformer is thus processed directly. Alternatively, the function can also be used as high-impedance
restricted ground-fault protection.
Tank leakage protection for insulated transformers is another
application.

In order to record the switch-on processes securely, the function
uses the Harmonic Analysis method of measurement and the
CWA method (current wave shape analysis). Both methods
work in parallel and link the results through logical OR. This
means that a 1-out-of-2 decision is made which increases the
availability of the electrical plant.
Voltage-Controlled Overcurrent Protection (ANSI 51V)
Short circuit and backup protection are also integrated here. It is
used where power system protection operates with currentdependent protection equipment.
There are 3 different forms of the function (stage types):

• Controlled
• Voltage-dependent
• Undervoltage stability

The modular design and scope of the protection function are
identical to the overcurrent protection ground function
(ANSI 50N/51N).

The current function can be controlled via an evaluation of the
machine voltage. The controlled variant triggers the sensitively
set current stage. In the voltage-dependent variant, the current
pickup value drops in a linear relationship with dropping
voltage. The fuse-failure monitor prevents overfunction.

Sensitive Ground-Current Protection (ANSI 50Ns/51Ns)

IEC and ANSI characteristics are supported, see Table 2.2/1.

The sensitive ground-current protection function detects
ground-fault currents in isolated and arc-suppression-coilground systems. It can also be used for special applications
where a highly sensitive current measurement is required.
Responses of protection devices and trippings can be saved in
the separate ground-fault log.

Supported inverse-time characteristic curves
ANSI/IEEE

IEEE/IEC 60255-3

Inverse

Characteristic curve

•

•

Moderately inverse

•

Very inverse

•

•
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Measuring-Voltage Failure Detection (ANSI 60FL)

Supported inverse-time characteristic curves
Extremely inverse

•

Fully inverse

•

•

Table 2.2/1 IEC and ANSI Characteristic

2.2

For generator protection applications, the function undervoltage stability is frequently used. If the exciting transformer
is connected directly to the generator lead and a short circuit
occurs, the excitation voltage drops. As a result, the synchronous generated voltage and with it the short-circuit current are
reduced and can drop below the pickup value. With the undervoltage stability feature, the pickup is maintained. If an external
error is cleared according to protective grading, the voltage
recovery results in the dropout of the pickup maintenance. If the
voltage fails due to an error in the voltage-transformer circuit,
this does not result in an overfunction. A pickup additionally
causes an overcurrent.

This function monitors the voltage-transformer secondary
circuits:

• For non-connected transformers
• For pick up of the voltage-transformer circuit breaker (in the
event of short circuits in the secondary circuit)

• For broken conductor in one or more measuring loops.
All these events cause a voltage of 0 in the voltage-transformer
secondary circuits. This can lead to failures of the protection
functions.
The following protection functions are automatically blocked in
the case of a measuring-voltage failure:

• Distance protection
• Directional negative-sequence protection
• Ground-fault protection for high-impedance faults in
grounded systems.

Current-Unbalance Protection for Capacitor Banks (ANSI 60C)
Capacitor banks are often implemented in so-called H-bridge
configurations (see Figure 2.2/5). In a variant of this kind, the
outage of a single C-element generates an unbalance in the
bank and subsequently leads to a low unbalance current via the
cross-connection.
The function measures the unbalanced current in the crossconnection in a phase-segregated manner. The overcurrentprotection stage is activated when a threshold value is
exceeded, and is triggered after a time delay. The counter stage
generates an alarm or a tripping when a certain number of
defective C-elements has been detected.
In order to detect even the smallest unbalance currents – as a
result of a defective C-element –, operational unbalances, which
also cause unbalance currents must be compensated. The function allows both static and dynamic compensation. The latter
must be used if dynamic environmental influences such as
temperature fluctuations already generate relevant operational
unbalances.

Restart Inhibit (ANSI 66)
The restart inhibit prevents restarting of the motor if the permissible temperature limit would be exceeded as a result.
In normal operation, and also under increased load conditions,
the rotor temperature of a motor is far below the permissible
temperature limit. The high starting currents required during
motor startup increase the risk of the rotor being damaged by
overheating instead of the stator. This is related to the short
thermal constant of the rotor. To prevent the circuit breaker
being tripped by several attempts to start the motor, the motor
must be prevented from restarting if it is obvious that the
temperature limit of the rotor would be exceeded during the
start attempt (Figure 2.2/6).

In addition, the measured unbalance can optionally be normalized using the current of the capacitor bank in order to ensure a
constant responsivity even with different power.

[Dw_PrReLo_02, 1, en_US]

Figure 2.2/6 Temperature Curve of the Rotor and Repeated Attempts to
Start the Motor
[dw_CapBank_SLE_vereinfacht, 2, en_US]

Figure 2.2/5 Protection of an H-Bridge Capacitor Bank

Directional Overcurrent Protection, Phases and Ground
(ANSI 67, 67N)
The directional overcurrent protection functions for phases and
ground detect short circuits on electric equipment. The directional overcurrent protection allows the application of devices
also in systems where selectivity of protection depends on
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knowing both the magnitude of the fault current and the direction of energy flow to the fault location. This is the case with
parallel lines fed from one side, in lines fed from 2 sides, or in
lines connected in rings.
2 definite-time overcurrent protection stages and an inversetime overcurrent protection stage are preconfigured. Additional definite-time overcurrent protection stages and 1 stage
with a user-defined characteristic curve can be configured
within this function.
For the inverse-time overcurrent protection stages, all usual
characteristic curves according to IEC and ANSI/IEEE are available.
Figure 2.2/7 shows the free configurability of the directivity of
the ground function. The characteristic can be rotated for the
phase function.

• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Logarithmic-inverse characteristics are also available for the
ground stages.

Directional Sensitive Ground-Fault Detection (ANSI 67Ns,
ANSI 51Ns, 59N)
The directional sensitive ground-fault detection function detects
ground faults in isolated and arc-suppression-coil-ground
systems. Various function stages are available for this purpose
that can also be used in parallel. Thus, the working method of
the function can be perfectly adapted to the conditions of the
power system, the user philosophy, and different manifestations
of the error:
Overvoltage protection stage with zero-sequence system/
residual voltage
The zero-sequence voltage (residual voltage) is evaluated in
relation to threshold-value violation. In addition, the faulty
phase can be determined when the phase-to-ground voltages
are connected.
Directional ground-current stage with direction determination
using cos φ and sin φ measurement
This is the "classical" watt-metric (cos φ, in the arc-suppressioncoil-ground system) or var-metric (sin φ, in the isolated power
system) method of measurement for the direction determination of static ground faults. For direction determination, the
current component which is perpendicular to the set directioncharacteristic curve (= axis of symmetry) is decisive (3I0dir.), see
Figure 2.2/8. The stage can be adapted to the power-system
conditions by a corresponding setting (position of the directioncharacteristic curve). Therefore, highly sensitive and precise
measurements are possible.

[dw_DwDirRot, 1, en_US]

Figure 2.2/7 Directivity of the Ground Function

Apart from the characteristics, the stages are structured identically.

• Blocking options for the stage: in the event of measuring-

voltage failure, via binary input signal or by means of other
functions (automatic reclosing, cold-load pickup detection).

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• The directional mode can be set for each stage.
• The stage can optionally be used for directional comparison
protection. Hence both a release procedure and a blocking
method can be implemented.

• Each stage can be operated as an alarm stage (no operate
indication)

• You can select either the measurement of the fundamental
component or the measurement of the RMS value for the
method of measurement.

[dwcosphi-171012-01.tif, 3, en_US]

Figure 2.2/8 Direction Determination with cos φ Measurement

Directional sensitive ground-fault detection via harmonics
The function is used for fault localization in stationary ground
faults, particularly in connection with restriction circuits in
circuited medium-voltage rings. It is based on a continuous
measurement with direction determination. This is determined
by means of the phasors of the 3rd, 5th, or 7th harmonic of the
zero-sequence voltage V0 and of the zero-sequence
current 3I0 (Figure 2.2/9).
The advantages of this method are the simple difference
between "faulty" and "healthy" in the directional areas and the
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reliable directional result independent of the measuring tolerances.

Non-directional ground-current stage
If necessary, a simple, non-directional ground-current stage can
be configured.
Stabilization in the event of intermittent ground faults
Functions for the detection of stationary ground faults (for
example, cosφ function) can react adversely in the event of
intermittent ground faults: Message and fault-record flooding is
possible. This can be effectively avoided by automatic blocking
of these functions in the event of intermittent ground faults.
Trip-Circuit Supervision (ANSI 74TC)
The circuit-breaker coil and its feed lines are monitored via 2
binary inputs. If the trip circuit is interrupted, and alarm indication is generated.

2.2

Automatic Reclosing (ANSI 79)

[dw_dir-sens-gnd-fault-detect_harm, 1, en_US]

Figure 2.2/9 Sensitive Ground-Fault Detection via Harmonics

Directional ground-current stage with direction determination
using φ (V, I) measurement
This method can be applied as an alternative to the cos φ or sin
φ method if this is desired because of user philosophy. The
direction is determined by determining the phase angle
between the angle-error compensated ground current and the
rotated zero-sequence voltage V0. To take different system
conditions and applications into account, the reference voltage
can be rotated via an adjustable angle. This moves the vector of
the rotated reference voltage close to the vector of the ground
current 3I0com. Consequently, the result of direction determination is as reliable as possible (see also Figure 2.2/7).
Sensitive ground-fault detection via pulse-pattern detection
The pulse-pattern detection function is used when a pulsating
ground-fault current is generated for fault localization by
connecting and disconnecting a capacitor arranged in parallel to
the arc-suppression coil. The function then detects a faulty
feeder using the pulse pattern during a stationary ground fault
in overcompensated systems.
Transient ground-fault method
This transient method operates only during the
first 1 to 2 periods after fault inception. It determines the direction via the evaluation of the active energy of the transient
process. It is especially appropriate if direction information is
required for errors that expire again very quickly (after 0.5 to a
few periods). Thus, parallel use to the stage with cos φ measurement or harmonic methods is appropriate.
This method can also be operated in meshed power systems. It
is also especially well-suited for closed rings because circulating
zero-sequence currents are eliminated. Due to additional logic,
the function can also optionally clear a static error.
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About 85 % of the arc faults on overhead lines are extinguished
automatically after being tripped by the protection function. The
overhead line can therefore be put back into operation. Reclosure is performed by an automatic reclosing function (AR). Each
protection function can be configured to start or block the automatic reclosing function.
Basic features and operating modes

• Tripping-controlled start with or without action time
• Pickup-controlled start with or without action time
• 3-pole automatic reclosing for all types of faults; different
dead times are available depending on the type of fault

• Multiple-shot automatic reclosing
• Cooperation with external devices via binary inputs and

outputs or via serial communication with GOOSE message in
IEC 61850 systems

• Control of the integrated automatic reclosing function by an
external protection

• Cooperation with the internal or external synchrocheck
• Monitoring of the circuit-breaker auxiliary contacts
• Dynamic change of the settings of the overcurrent protection
functions depending on the automatic reclosing status

Voltage-dependent supplementary functions
The integration of automatic reclosing in the feeder protection
allows evaluation of the line side voltages.

SIPROTEC 5 Compact – System
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A number of voltage-dependent supplementary functions are
thus available:

• Dead-line check (DLC)

By means of a dead-line check, reclosure is triggered only
when the line is de-energized (prevention of asynchronous
pickup), if no synchrocheck can be used

• Adaptive dead time (ADT)

The adaptive dead time is used only if automatic reclosing at
the opposite end was successful (reduction of stress on equipment).

• Reduced dead time (RDT)

Reduced dead time is used together with the automatic
reclosing function where no teleprotection scheme is used:
When faults within the overreach zone, but outside the
protected line, are switched off for short-time interruption,
the RDT function decides on the basis of the measured of the
reverse polarity voltage from the opposite end which has not
tripped whether to reduce the dead time.

Frequency Protection (ANSI 81)
Frequency deviations are caused by an unbalance between
generated and the consumed active power. This is caused by,
for example, load shedding, network disconnections, increased
need for active power, generator failures, or faulty functioning
of the load-frequency control. The frequency protection detects
frequency deviations in the power system or in electric
machines.
It monitors the frequency band and outputs alarm indications. In
case of critical power frequency, entire power units can be
isolated or networks can be decoupled. To ensure network
stability, load shedding can be initiated.

between the generated and the consumed active power. For
this purpose, it is integrated into power-system decoupling and
load-shedding measures.
The function offers 2 stage types:

• df/dt rising
• df/dt falling
A maximum of 5 stages of each stage type can be applied in the
function.
Either the measuring accuracy or the pickup time can be optimized for the specific application by defining the measuringwindow length.
The function is automatically blocked in the event of undervoltages, in order to rule out imprecise or incorrect measurements.
Restricted Ground-Fault Protection (on the Transformer)
(ANSI 87N T)
The longitudinal differential protection can detect ground faults
close to the neutral point of a grounded star winding only to a
limited extent. The restricted ground-fault protection assists you
with this. The neutral-point current and the calculated zerosequence current of the phase currents are evaluated according
to Figure 2.2/10 and Figure 2.2/11. Overfunction in response to
external ground faults is prevented by stabilizing measures. In
addition to the differential and restraint currents, based on the
zero-sequence variables, the phase angles of the zero-sequence
currents are monitored between each other. The tripping variable is the zero-sequence current in the neutral point.

Different frequency-measuring elements with high accuracy and
short pickup times are available. Tripping by frequency-measuring elements can be triggered either at the local circuit
breaker or at the opposite end by automatic remote tripping.
The following measuring elements are available:

• Overfrequency protection (ANSI 81O)

Two-stage designs can be increased up to 3 stages. All stages
are of identical design.

• Underfrequency protection (ANSI 81U)

Three-stage design (default), can be increased up to 5 stages.
All stages are of identical design.

[dwgrdpri-170712-01.tif, 2, en_US]

Figure 2.2/10 Restricted Ground-Fault Protection Basic Principle

Each frequency-measuring element provides 2 different
methods of measurement:

• Angle difference method: Angle change of the voltage phasor
over a time interval

• Filter method of measurement: Evaluation of instantaneous
voltage values with special filters

The DIGSI 5 library provides the corresponding protection function for every method of measurement.
Rate-of-Frequency Change Protection (ANSI 81R)
With the rate-of-frequency change protection, frequency
changes can be detected quickly. The function can prevent
system states that are not secure, caused by an unbalance

SIPROTEC 5 Compact ⋅ Catalog – Edition 1 27

2.2

SIPROTEC 5 Compact – System
Protection – Functions

2.2
[dw_fault_M1 side, 2, en_US]

Figure 2.2/12 Measuring-Point Selection for Multiple Infeeds on the
Neutral Side

Fault Locator (FL)
Single ended fault locator
[dwausken-170712-01.tif, 2, en_US]

Figure 2.2/11 Operate Curve

For use in auto transformers, an additional measure was
adopted in order to prevent a failure in response to external
ground faults. The protection function independently determines the side of the auto winding that is necessary for reliable
operation of the protection function. A measuring point is
selected that results in the greatest restraint current (see also
Figure 2.2/12).
This method is also used if multiple 3-phase current measuring
points are present on the neutral side, such as in breaker-and-ahalf layouts (see Figure 2.2/10 and Figure 2.2/11).
In the differential protection devices, other protection functions
are available that can be used as supplemental protection and
monitoring functions and backup protection for the upstream
and downstream power system. It is also possible to monitor
limiting values.

The integrated fault locator calculates the fault impedance and
the fault distance. The result is displayed in ohms, miles, kilometers, or in percent of the line length. The influence of parallel
lines and of load currents can also be compensated.
Phasor Measurement Unit (PMU)
(Under development)
Phasor Measurement Units (PMUs) make a valuable contribution
to the dynamic monitoring of transient processes in energysupply systems. On the one hand, the advantage over standard
RMS values is that the phasor values of current and voltage are
transmitted. On the other hand, each measured value includes
the exact time stamp and therefore should be assigned within
the transmission path in which it originates independent of the
time delay. The phasors and analog values are transmitted by
the PMU with a configurable repetition rate (reporting rate).
Due to the high-precision time synchronization (via GPS), the
measured values from different substations that are far away
from each other are compared, and conclusions about the
system state and dynamic events, such as power fluctuations,
are drawn from the phase angles and dynamic curves.
The PMU function transmits its data via an integrated Ethernet
module using the standardized protocol IEEE C37.118. The evaluation can be done with a Wide Area Monitoring System (Figure
2.2/13) for example SIGUARD PDP (Phasor Data Processor).
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[dw_struct_WAM_SIP5C, 1, en_US]

Figure 2.2/13 Use of SIPROTEC 5 Devices as Phasor Measurement Units on a SIGUARD PDP Evaluation System
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[dw_steuerung_SIP5C, 1, en_US]

Figure 2.3/1 SIPROTEC 5 Compact – Functional Integration – Control

SIPROTEC 5 Compact includes all bay level control and supervision functions that are required for efficient operation of the
switchgear.
The , freely configurable, color graphics display for control
diagrams is available for convenient local control. Frequent
operating actions, such as starting switching sequences or
displaying the indication list, can be called up via one of
the 9 function keys.
The application templates supplied provide the full functionality
that you need for your application. Protection and control functions access the same logical elements. From the perspective of
switching devices, protection and control are treated with equal
priority.
A new level of quality in control is achieved with the application
of the communication standard IEC 61850. For example, binary
information from the bay can be processed very elegantly and
data (such as for interlocking across multiple fields) can be
exchanged between the devices. Cross communications via
GOOSE enable efficient solutions, since here, the wiring is
replaced with data telegrams.
All devices already have up to 4 switching objects (switches,
disconnectors, or grounding conductors) via the base control
package. Optionally, additional switching objects and switching
sequence blocks (CFC switching sequences) can be activated.
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Figure 2.4/1 SIPROTEC 5 Compact – Functional Integration – Automation

The integrated CFC (Continuous Function Chart) graphical automation editor enables you to create logic diagrams clearly and
simply. DIGSI 5 supports this with powerful logic blocks based
on the standard IEC 61131-3. All devices already have a
powerful base automation package. This makes it easy to
provide specific functions for automation of a switchgear.
With the function chart (CFC), you can link all internal digital
information graphically, such as internal protection signals or
operating states, directly to the logic blocks and process them in
real time. You can also link measured values or monitor them
regarding to limiting values.
Examples of automation applications are:

• Interlocking checks
• Switching sequences
• Message derivations or the tripping of switching operations
• Messages or alarms by linking available information
• Load shedding in a feeder
• Administration of decentralized energy infeeds
• System switchovers depending on the network status
• Automatic grid separations in the event of grid stability problems

Of course, SIPROTEC 5 provides a substation automation system,
such as SICAM PAS/PQS, with all necessary information, thus
ensuring consistent, integrated, and efficient solutions for
further automation.
Using macros makes it possible to reuse CFC subplans simply
and clearly, in the device, project, or in other projects. CFC
online monitoring makes it possible to track and check the
sequence of the plans in the device. Corrections can therefore
be made in a fast and efficient way.
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Monitoring power quality
Besides availability, the ultimate consumers demand also a high
quality concerning the electrical energy (power quality). This is
dependent on process management and the responsibility of
the power utilities and consumers among other factors. The
increasing use of power electronic components (for example,
nonlinear motor drives, renewable infeeds) can have loading
effects on power quality. Switching operations in the electrical
power system can result in brief voltage dips. An inadequate
power quality can lead to interruptions of supply, damages,
production outages, and high follow-up costs. Consequently, a
reliable measurement of the appropriate power quality features
becomes more and more important.
SIPROTEC 5 Compact offers basic detection and recording of
some power quality data with PQ Basic:

• Voltage changes (overvoltage, dips, interruption) and voltage
unbalance according to IEC 61000-4-30 Class S

• Harmonic component voltages and currents up to the 20th
harmonic, THD and TDD

2.5
[dw_Monitoring_SIP5C, 1, en_US]

Figure 2.5/1 SIPROTEC 5 Compact – Functional Integration – Monitoring

SIPROTEC 5 Compact devices can take on a wide variety of monitoring tasks.
These can be divided into the following groups:

• Self monitoring
• Monitoring power-system stability
• Monitoring power quality
Self-Monitoring
SIPROTEC 5 devices are equipped with many monitoring procedures. These procedures detect faults, internal as well as
external, in secondary circuits, store them in logs, and report
them. This information is used to record the device fault and
helps to determine the cause of the error in order to take appropriate corrective actions.
Monitoring power-system stability
Grid Monitoring combines all of the monitoring systems that are
necessary to assure power-system stability during normal operation. SIPROTEC 5 provides all necessary functionalities, such as
fault recorders, continuous recorders, fault locators, and
synchrophasor measurement (Phasor Measurement Unit
(PMU*)) for Grid Monitoring. This functionality allows to
monitor power system limit violations (for example, stability
monitoring via load-angle control) and to trigger the appropriate
responses actively. This data in the network control systems can
also be used as input variables for online power-flow calculation
and enable a significantly faster response in case of status
changes in the power system.
* Under development
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Many applications do not require detections according to the
most stringent PQ standards. PQ-Basic offers a cost-effective,
simple solution without having to install and operate additional
power-quality devices. In this way, you can quickly get an overview of your PQ status for the entire power system since all the
installed SIPROTEC 5 devices can simply be upgraded via a firmware update without having to install additional hardware. You
can then, for example, perceive trends and be warned if the
power quality has reached problematic limits at sensitive points.
This can be used to detect weak points early so that corrective
measures can be taken.
If a detection and evaluation of the power-system quantities is
necessary as per the entire scope of grid codes, such as the
EN 50160 standard, SIPROTEC 5 provides appropriate power
quality recorders such as the SIPROTEC 7KE85. A SICAM PQS
system provides centralized data archiving and an elegant evaluation of the weekly reports as per, for example, EN 50160,
among others.
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precision, time-stamped phasors indicate power frequency and
the change in the power frequency. They can be transmitted to
central analysis systems via the high-performance communication systems.
Measured values are displayed as primary and secondary values
and as reference values. These values are also available for other
applications, for example, transmission to the systems control or
automation tasks.
Up to 8 analog inputs can be supplied for each device.
All analog inputs are factory-calibrated and thereby ensure
maximum accuracy.
Separate measuring transducers (analog inputs) are therefore
unnecessary. The high-precision measured data enables
extended energy management and makes commissioning much
easier.
SIPROTEC 5 thus provides the following measured values for
analysis and further processing:

• The basic measured values with high dynamic range and high
accuracy (protection-class current transformer)

• The basic measured values with very high accuracy (instrument transformer)
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Figure 2.6/1 SIPROTEC 5 Compact – Functional Integration – Data
Acquisition and Logging

The recorded and logged bay data is comprehensive. It represents the image and history of the bay. It is also used by the
functions in the SIPROTEC 5 device for monitoring, substation
automation, and multibay automation tasks. Thus, they represent the basis both for the functions available today and for
future applications.
Measurement and

PMU4

A large number of measured values is derived from the analog
input variables, which supply a current image of the process.
Depending on the device type, the following basic measured
values are available:

• Operational measured values
• Fundamental phasor and symmetrical components
• Protection-specific measured values, such as differential and
restraint current for differential protection

• Mean values
• Minimum values and maximum values
• Energy measured values
• Statistical values
• Limiting values
Besides the basic measured values, synchrophasor measured
values can also be activated in the devices (application as PMU,
Phase Measurement Unit)
Synchrophasor measured values support a range of applications
for monitoring grid stability. For this purpose,
SIPROTEC 5 devices acquire the necessary PMU data. These high-

4

• Synchrophasor measured values with high-precision time

stamping for subsequent tasks such as grid stability monitoring.

• Detection of current and voltage signals up to the 50 th

harmonic with a high accuracy for selected protection functions (for example thermal overload protection, peak overvoltage protection for capacitors) and operational measured
values.

Recorder
In SIPROTEC 5 Compact devices, recorders are able to record
large volumes of data. They feature a large number of analog
and binary inputs, and a high sampling frequency. An extremely
wide range of records can be converted, either continuously or
via various trigger criteria.
Besides storing the data on internal mass storage, a transmission to central analysis systems is possible. Consequently, you
are able to monitor systems regarding typical characteristics.
Fault Recorder
The fault recording in protection devices stores analog and
binary data during a fault event, for example, in case of short
circuits or ground faults, and preserves the records, including
high-precision time stamps for subsequent analysis. Calculated
measurands such as power or frequency can also be incorporated into the fault recording function. Analysis takes place after
the data is read out from the device by DIGSI using SIGRA.
Recorded data is archived to prevent data loss in the case of
supply voltage failure. Analog and binary signal traces to be
recorded are freely configurable, and pre-trigger and posttrigger record duration can be programmed within a very wide
range. SIPROTEC 5 fault recording provides long recording times
with outstanding accuracy.

Under development
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Features of the fault recorders:

• Recording of all analog channels
• Sampling frequencies from 1 kHz to 8 kHz
• High recording capacity for individual records of 20 s
for 24 channels at an 8 kHz sampling frequency

• Storage capacity for up to 128 fault records
• The recording duration for all records is limited by the available storage capacity of the device, and depends on the
number of configured channels and sampling frequency.
Example
- Line protection with 8 analog channels (4 I, 4 V),
- Sampling frequency 1 kHz, 6 measured-value channels,
and 20 binary channels: resulting recording capacity of the
device about 890 s!

• Up to 100 freely configurable binary tracks and 50 additional
measured-value tracks

[Time_settings, 1, --_--]

Time synchronization
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To be able to compare the measured values and recordings of
the devices at different locations to each other, a very exact
time synchronization of all devices is necessary. Thus, the time
synchronization is an important property and must be done with
a high degree of accuracy. In particular, the use of the Phasor
Measurement Unit (PMU) (under development) function and the
applications with the process bus require a precise time
stamping, Figure 2.6/2.
The time synchronization can be done using 1 or 2 timers.
Depending on the time source, an accuracy from 1 ms to 1 μs is
achieved. Events are logged with a date and time with 1-ms
resolution.
The time synchronization is optionally realized via:

• DCF77 signal
• IRIG-B signal
• SNTP protocol
• Substation automation protocol (for example,
IEC 60870-5-103, IEC 61850)

• IEEE 1588 protocol (accuracy: 1 μs)
• Seconds pulse (for special high-precision applications)
• DIGSI 5 protocol (not cyclical)
• Timing master of a protection communication
• Internal time with integrated quartz crystal
Time synchronization in the device has a battery-buffered. Thus,
the internal clock continues to run with the quartz accuracy of
the device even in case of an auxiliary-voltage failure.

Figure 2.6/2 Time Settings in DIGSI 5

GPS time signal receiver for IRIG-B, DCF77(Under development)
The recommended GPS receiver from Meinberg synchronizes
the internal time of all connected protection devices. The
internal clock of the protection devices are updated using the
respective telegram (IRIG-B, DCF77). SIPROTEC 5 devices generally support redundant time synchronization. The time information can be provided by 2 external timers. One timer functions
as the primary time source. If it fails, a switchover to the second
(secondary) timer is performed.
Event-log buffer
Event-log buffers mark important events with a time stamp
(accurate to 1 ms) for subsequent analysis.
The long recording length is achieved with large event-log
buffers and separate logs for different event categories. The
events to be logged are freely configurable and provide
improved manageability. Configuration of user-specific eventlog buffers for cyclical or event-driven recording is also
supported.
Convenient, complete analysis
Event-log buffers of different categories enable easier, targeted
analysis. Changes to parameters and configuration data are
recorded.
Maintainability
Hardware and software are constantly monitored and irregularities are detected immediately. In this way, extremely high levels
of security, reliability, and availability are achieved at the same
time. Important information about essential maintenance activities (for example, battery supervision), hardware defects
detected by internal monitoring, or compatibility problems are
recorded separately in the device-diagnosis log. All entries
include specific instructions. The following table provides an
overview of the typical logs.
The log entries and fault records are retained even in case of an
auxiliary-voltage and battery-voltage failure.
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Type of Log

Number of
Messages

Property

Operational log

2000 messages

Cyclical logging of operational
indications (for example,
control processes)

Fault log

1000 messages per Event-driven recording of
fault
faults. A maximum
of 128 faults can be stored. A
maximum of 1000 messages
can be recorded for each
fault.

User-specific
buffer

200 messages

Option of cyclical or eventdriven recording of userdefined signals

Ground-fault log

100 messages per
ground fault

Event-driven recording of
ground faults. A maximum
of 10 ground faults can be
stored. A maximum
of 100 messages can be
recorded for each ground
fault.

Parameterization
history log
(cannot be
deleted)

200 messages

Logging of all parameter
changes and configuration
downloads

Communication
log

500 messages

Logging the status of all
configured communication
links (such as disturbances
that arise, testing and diagnostic operation, and communication loads)

Security log
(cannot be
deleted)

500 messages

Logging the successful and
unsuccessful attempts to
access restricted areas of the
device

Device-diagnosis
log

500 messages

Logging and display of
specific instructions in case of
necessary maintenance (for
example, battery supervision),
detected hardware defects, or
compatibility problems

2.6

Table 2.6/1 Overview of Typical Logs
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Figure 2.7/1 SIPROTEC 5 Compact – Functional Integration – Communication

SIPROTEC 5 devices are equipped with high-performance
communication interfaces . These are integrated interfaces that
provide a high level of security and flexibility. The interface is
independent of the protocol used. This can be loaded according
to the application.
Particular importance was given to the realization of full
communication redundancy:

• Large number of serial5 and Ethernet-based protocols (for

example DNP3 TCP, Modbus TCP, IEC 60870-5-104, PROFINET,
and IEC 61850 Ed1 and Ed2)5

• IoT interface via OPC UA PubSub protocol for integration in
cloud systems such as MindSphere

• PRP and HSR Ethernet redundancy protocols, in particular for
process-bus and high-availability station communication

5

Under development
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Communication Interfaces of the Device
The protection device features 2 communication interfaces on
the rear panel. A redundant Ethernet interface with optical and
electrical design and a serial interface6.
Serial Electrical RS485 Interface6
SIPROTEC 5 Compact features an RS485 interface as standard. It
can be used for asynchronous serial protocols, for example,
IEC 60870-5-103, DNP3. Alternatively, this interface can also be
used for time synchronization via IRIG B.
Ethernet Interface
The Ethernet interface is used for Ethernet-based protocol applications, for example, IEC 61850, IEC 60870-5-1046, DNP3 TCP7,
PROFINET, time synchronization via SNTP, network management
via SNMP, DIGSI 5 via TCP etc. Several applications can run in
parallel, whereby unused applications can be switched off for
security reasons.
Electrical Ethernet Interface6
The electrical Ethernet interface has 2 RJ45 interfaces. It can be
configured with or without an integrated switch. The maximum
electrically permitted distance via CAT 5 patch cables is 20 m.
Optical Ethernet Interface
The optical Ethernet interface has 2 optical duplex LC 1300-nm
interfaces. It can be configured with or without an integrated
switch. The maximum optically permitted distance via 50/125µm or 62.5/125-µm multimode optical fibers is 2 km. The optical
transmission and receiving level is measured in the module and
can be displayed with DIGSI 5.

2.7

[ph_SIPROTEC5_Compact_W11, 1, --_--]

Figure 2.7/2 Rear Panel with Optical Interface

6

Under development

7
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Ethernet Interface

Optical

Ethernet Interface8

Electrical

Time Synchronization8

Serial Interface or

Port or Plug-In Module

Front Interface

Plug-In Modules for the Communication

Physical connection
USB

■

1 x electrical serial RS485, RJ45

■

2 x electrical Ethernet 10/100 Mbit/s, RJ45, 20 m

■

2 x optical Ethernet 100 Mbit/s, 1300 nm, LC connector, 2 km via 50/125 μm or 62.5/125 μm multimode optical fiber

■

Applications
DIGSI 5 protocol

■

■

■

■

■

■

DNP3 TCP8

■

■

Modbus TCP

■

■

Synchrophasor (IEEE C37.118 - PMU8)

■

■

■

■

SUP Ethernet SUP (Slave Unit Protocol) for connecting external temperature or 20-mA measuring
devices

■

■

Diagnostics homepage

■

■

DHCP, DCP (automatic IP configuration)

■

■

Line Mode

■

■

PRP (Ethernet ring redundancy)

■

■

HSR (Ethernet ring redundancy)

■

■

RSTP (Ethernet ring redundancy)

■

■

SNTP (time synchronization via Ethernet)

■

■

SNMP V3 (network management protocol)

■

■

IEEE 1588v28 (PTP protocol via Ethernet – ms accuracy)

■

■

IEEE 802.1q (VLAN)

■

■

IRIG-B, DCF77,

PPS8

■
■

IEC 61850-8-1 server (including GOOSE, reporting to 6 clients)
IEC 60870-5-1038

■

IEC 60870-5-1048
DNP3 serial8
2.7

■

PROFINET IO
SUP serial (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices8

■

Additional Ethernet protocols and services

Table 2.7/1 Communication Applications and Plug-In Modules

8

Under development
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Ethernet Interface

Optical

Ethernet Interface9

Electrical

Time Synchronization9

Interfaces

Serial Interface or

Plug-In Modules for Communication

Physical connector
1 x electrical serial RS485, RJ45

■

2 x electrical Ethernet 100 Mbit/s, RJ45, 20 m

■

2 x optical Ethernet 100 Mbit/s, 1300 nm, LC connector, 2 km via 50/125 μm or 62.5/125 μm multimode
optical fiber

■

Application
DIGSI 5 protocol
IEC

61850-8-1-server10

IEC

60870-5-1039

■

■

■

■

■

■

IEC 60870-5-1049
DNP3 serial9

■

■

DNP3 TCP9

■

■

Modbus TCP

■

■

Synchrophasor (IEEE C37.118 – PMU9)

■

■

PROFINET IO

■

■

SUP serial (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices9

■

SUP Ethernet (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices

■

■

Diagnosis: Ethernet module homepage (http)

■

■

Measuring transducer, 4 inputs, DC ±20 mA
Additional Ethernet protocols and services
DHCP, DCP (automatic IP configuration)

■

■

Line Mode

■

■

PRP (Ethernet ring redundancy)

■

■

HSR (Ethernet ring redundancy)

■

■

RSTP (Ethernet ring redundancy)

■

■

SNTP (time synchronization via Ethernet)

■

■

SNMP V3 (network management protocol)

■

■

IEEE 1588v29 (PTP protocol via Ethernet – ms accuracy)

■

■

IEEE 802.1q (VLAN)

■

■

Table 2.7/2 Plug-In Modules for Applications with the Protection Interface and for Other Applications

9
10

Under development
You can find more information (whether GOOSE or MMS reporting) in the Communication protocols manual chapter IEC 61850.
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Protocols
Communication interfaces are delivered without a protocol
application. According to the tables and , a module can be
initialized via DIGSI 5 with a protocol application. Every interface
is assigned the desired application via DIGSI 5. Assignments can
be removed and reconfigured. This enables a high degree of
flexibility when configuring the modules.
DIGSI 5 Protocol
The DIGSI 5 protocol works with TCP services, which can be
routed via IP networks. Worldwide remote access to devices via
secure connections is an integral component of the communication concept. The protocol is available on the USB interface and
all Ethernet interfaces. Optionally, DIGSI 5 can also be operated
via its own Ethernet module if substation controller functions
and access for operation and maintenance are to be kept strictly
separate.
IEC 61850-8-1 Client-Server Communication
Ethernet Plug-In Module

2.7

Messages, measured and metered values can be transferred to a
maximum of 6 clients (substation controllers) via the clientserver communication in static and dynamic reports. Dynamic
reports are created and read by the client without changing the
parameters of the device. The static reports are created via
the IEC 61850 System Configurator and are permanently saved
in the device as indication lists. Fault records can also be
retrieved in binary COMTRADE format. Extensive control functions are available from the client, for example, for the safe
switching of a circuit breaker. The setting parameters of the
device can be read and also changed via the IEC 61850 protocol.
The devices can be integrated in interoperable, intelligent Smart
Grids without difficulty. Changing the device parameterization
during operation is possible through substation-controller equipment in order to adapt selected setting parameters to the operating conditions. Redundant solutions can be realized with 2
Ethernet modules.
IEC 61850-8-1 GOOSE
GOOSE has been established as a worldwide standard for cross
communication between devices in order to transmit messages
and measured values between devices. In addition to GOOSE
between devices within switchgear, GOOSE is also supported
between devices in different switchgears. The exchanged information is described in data terms via standard-conforming SCL
files, which were defined in Edition 2 of IEC 61850. The
exchange itself occurs via high-performance IP network connections or Ethernet network connections. This data exchange can
also be realized via an Ethernet module used exclusively for this
purpose.
GOOSE messages can be used to exchange time-critical information that must be transmitted in a few milliseconds. In this case,
GOOSE connections replace transmission via contacts and
binary inputs; for protection signals, transmission times
under 10 ms are required, and under 20 ms for switch positions
and interlockings. Measured and metered values are transmitted
in less than 100 ms. GOOSE applications are generated in the
system configurator for this purpose. This data is exchanged by
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the devices in a high-performance manner via GOOSE
messages.
Receivers of GOOSE messages can constantly monitor the
receipt of indications and measured values for an outage of the
connection. The state of missing indications is automatically
updated at the receiver in order to attain a secure state. This
allows a constant, high-quality monitoring of GOOSE communication to be realized. GOOSE messages transmitted during the
test mode of a device are ignored by the receivers if these are in
normal operation. A test of a device can be performed without
disconnection from the communication network.
IEC 60870-5-103
Under development

The serial protocol is transmitted via the RS485 interface.
Compatible and specifically extended for Siemens, it is the
IEC 60870-5-103 protocol that is supported. . The implementation is compatible with existing solutions, for example with
SIPROTEC 4 or SIPROTEC 5 devices, which will enable a troublefree exchange and extension of devices even in the very long
term. In addition to indications, measured values, and fault
records, metered values, and customer-specific defined indications of systems control are also available in protocol extensions. Control commands for switching devices can also be
transmitted via the protocol. Setting values in the device can
also be read or changed via the generic services of the protocol.
Information about the device can be routed to the protocol
interface by the user with DIGSI 5. Information types and function numbers can be freely configured here. This enables adaptation to existing solutions and the interchangeability of devices
without changes in the systems control. This is an important
contribution to investment security.
IEC 60870-5-104
Under development

The station and network control protocol IEC 60870-5-104 is
supported via the electrical and optical Ethernet module.
Besides the transmission of messages (single-point and doublepoint indications), measured values, metered values to 1 master
or 2 (redundant) masters, 3 masters (controlling stations) which
are sent the same information are also possible. Furthermore,
IEC 60870-5-104 data transmission is supported and fault
records can be read from the device in the COMTRADE format.
In command direction, secure switching of switching objects is
possible via the protocol. Time synchronization can take place
via the IEC 60870-5-104 master or via SNTP via the network,
redundant time servers being supported.
SUP – Slave Unit Protocol
This Siemens-specific protocol is used temperature measuring
devices (RTD unit 7XV5662-_AD10) in series* or via Ethernet.
These devices are available as accessories for extension of
SIPROTEC 5 devices with analog interfaces. The measured values
of these devices can be further processed in the
SIPROTEC 5 device or are used for protection functions such as
overload protection or transformer hotspot calculation.
*Under development
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Serial DNP3 or DNP3 TCP
Under development

DNP3 is supported as a serial protocol via RS485 or an
optical 820-nm interface and as an Ethernet-based TCP variant
via the electrical or optical Ethernet module. A redundant optical
or electrical ring can be implemented simply by means of the
switch integrated in the Ethernet module. Information about a
device and the fault records of the device can be routed and
transmitted using the DNP3 protocol. Switching commands can
be executed in control direction. DNP3 TCP can support up
to 2 masters (Figure 2.7/3).
Setting values in the device cannot be read or changed via the
protocol.
For DNP3, the network topologies shown in to can also be used
for Ethernet-based or serial communication.

[dw_COM_PRO_IO, 2, en_US]

Figure 2.7/4 Communication Paths for PROFINET IO

The following device classes are defined for PROFINET IO:

• PROFINET IO controller

A PROFINET IO controller is typically the programmable logic
controller (PLC) on which the automation program runs. The
PROFINET IO controller provides output data to the configured
IO devices in its role as provider and is the consumer of input
data of IO devices.

• PROFINET IO supervisor

A PROFINET IO supervisor can be a Programming Device (PD),
a personal computer (PC), or a human-machine interface
(HMI). It serves for commissioning or diagnostic purposes and
corresponds to a class-2 master in PROFIBUS.

[dw_SIP5C-0057, 1, en_US]

Figure 2.7/3 DNP3 TCP/IEC 60870-5-104 Communication with Further
Serial Connection with an IEC 60870-5-103 Master

Modbus TCP
The Modbus TCP communication protocol is supported via the
electrical and optical Ethernet module. Modbus TCP and
Modbus RTU are very similar to one another. However, Modbus
TCP uses TCP/IP packets for data transmission.
Modbus TCP can be used to transmit messages (single-point and
double-point indications), measured values, metered values to
1 or 2 (redundant) masters. In command direction, switching of
switching objects is possible via the protocol.
Time synchronization can take place via SNTP or IEEE 1588 11via
the network, redundant time servers being supported.

• PROFINET IO device

A PROFINET IO device is a distributed IO field device that is
connected to one or more IO controllers via PROFINET IO. It is
comparable to the function of a slave in PROFIBUS. The
PROFINET IO device is the provider of input data and the
consumer of output data. The SIPROTEC 5 device works as the
IO device.

PROFINET IO S2 Redundancy and SOE (Sequence of Events)
The integrated Ethernet interface supports the redundancy on
the system level for the PROFINET IO protocol. System redundancy is the redundancy of the IO controller or of the communication interface of the input/output device. Figure 2.7/5 shows
an example in which 1 input/output device is connected to
2 different IO controllers. The input/output device maintains the
active communication with one of the IO controllers as the
primary controller and with the other as the standby controller.

PROFINET IO
PROFINET IO is an Ethernet-based communication protocol that
can be used in all areas of communication automation.
The data exchange of PROFINET IO follows the Provider/
Consumer model. A configured PROFINET IO system has the
same look and feel as in PROFIBUS.

11

Under development
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[dw_Profinet-IO-S2-redundancy, 1, en_US]

Figure 2.7/5 Connection of an Input/Output Device to 2 Different IO
Controllers

The Ethernet interface also supports SOE functionality in which
the digital signals can be queried from the input/output device
(SIPROTEC 5 or SIPROTEC 5 Compact) and can be relayed to the
IO controller with accurate time stamps and a FIFO buffer
having a capacity of 500 signals.
VLAN according to IEEE 802.1q

2.7

VLAN according to IEEE 802.1q is the standard in which various
applications on the same physical Ethernet network can be
disconnected or isolated. This improves the security, availability
and performance in the network and, at the same time, ensures
cost efficiency.
In a VLAN-capable network, you mark the Ethernet frames that
belong to the different application domains so that the other
switches or receivers either transmit a package with the desired
priority or discard the package due to security policy.
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[dw_SIP5_ IEEE802-1q_VLAN, 1, en_US]

Figure 2.7/6 1 Physical Medium for 3 Applications

The SIPROTEC 5 family supports VLAN only with ETH-BD-2FO
modules. As shown in the example figure above, the SIPROTEC 5
device uses only one single physical medium for 3 different
applications with 3 different IP interfaces. The switches control
the telegrams to be transmitted in accordance with their setting.
Devices can only receive those telegrams for which they are
configured.
IEEE C37.118 (Synchrophasor)
Under development

SIPROTEC 5 devices optionally calculate synchrophasors and
work as a Phasor Measurement Unit (PMU). These measured
values, which are synchronized across large geographic areas
with high precision, allow for assessment of power system
stability. These values are transmitted via an Ethernet network
with the IEEE C37.118 protocol to a data concentrator. The
transmission occurs via an optical or electrical Ethernet module
(Figure 2.7/7).

SIPROTEC 5 Compact – System
Communication – Protocols

2.7
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Figure 2.7/7 Central Evaluation of Fault Records and Phasors

Further Ethernet-based Protocols and Services
Besides the actual protocol application, these services can run in
parallel on an Ethernet module. They can be switched on and off
by the user with DIGSI 5.
Ethernet redundancy with RSTP, PRP, HSR
The electrical and optical Ethernet module supports the building
of redundant ring structures in Ethernet with the redundancy
protocol (RSTP, HSR). With HSR, an uninterrupted ring redundancy is achieved with up to 50 devices in the ring. PRP can be
used to communicate without interruption via parallel networks.
These procedures can be activated by means of parameters.
They are independent of the substation automation protocol or
the selected additional services.
Time Synchronization with SNTP Protocol
The device can poll the absolute time from 1 or 2 time servers
via an SNTP server. In redundant operation, both servers are
read and the time of the 1st server is used for setting the device
clock with an accuracy of 1 ms. If this server fails, the time is
synchronized by the 2nd server. In addition to Ethernet
modules, SNTP can also be used via the integrated Ethernet
interface (Port J).
Time Synchronization using IEEE 1588
The IEEE 1588 protocol is available for greater time-synchronization accuracy via Ethernet 12. High accuracy of 1 µs is required

12

to synchronize measured values for process-bus applications,
PMU data synchronization, and to stabilize unbalanced protection communications for line differential protection applications.
It can be activated on electrical or optical Ethernet modules. A
prerequisite is that the power-system components (for example,
switches) also support the protocol and special IEEE 1588 time
servers are available in the network. With IEEE 1588, a runtime
measurement is carried out for the time-synchronous telegrams
in the Ethernet network so that the terminal devices (for
example, SIPROTEC 5) receive time information corrected by the
runtime, which is more precise than with SNTP. Both the Power
Utility Profile (IEC 61850-9-3) and the Power Profile
IEEE C37.238 are supported with the devices working as ordinary slave clocks (terminal devices) in the network.
For the high-precision time synchronization via Ethernet
IEEE 1588, the ETH-BD-2FO Ethernet module and a suitable
router, for example, from Ruggedcom, are used.
Network Monitoring with SNMP
The device can be integrated in network monitoring or powermanagement systems via the SNMP protocol V3. Extensive
monitoring variables, for example the state of the Ethernet
interfaces, their data throughput etc. can be made known to the
monitoring system via MIB (Management Information Base)
files. These variables are described in data-specific terms in MIB
files and can be cyclically read out and monitored by the monitoring system. No values can be changed in the device via
SNMP. It serves exclusively as a diagnosis interface.

Under development
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Regardless of the selected protocol (IEC 61850, DNP3 TCP), the
electrical and optical Ethernet modules support different
network topologies.
If such a module operates without an integrated switch that can
be switched off via DIGSI 5, it is connected to external switches
individually or redundantly. In the case of a double connection,
only one interface processes the protocol applications (for
example, IEC 61850). The second interface works in hot standby
and the connection to the switch is monitored. In case of an
outage of interface 1, a switch is made to interface 2 within just
a few milliseconds ().

[dw_SIP5C-0032, 1, en_US]

Figure 2.7/9 Ring Operation with Integrated Switch and Ring Redundancy

Seamless Redundancy with PRP and HSR
New technologies decisively shorten the time for the reconfiguration of communication networks in the event of interruptions.
These technologies include:

• PRP = Parallel Redundancy Protocol
• HSR = High Available Seamless Ring Redundancy

2.7

Both systems operate according to the same principle and
conform to the standard IEC 62439-3.
[dw_SIP5C-0031, 1, en_US]

Figure 2.7/8 Single or Redundant Connection to External Switches

Electrical or optical ring with a maximum of 40 devices can be
established with an integrated switch (RSTP) (Figure 2.7/9). Both
interfaces of the module transmit and receive simultaneously.
Mixed operation with SIPROTEC 4 devices is possible in the ring
with a maximum of 30 devices. A special ring redundancy
process, based on RSTP, ensures short recovery times in case of
an outage of a device, so that the protocol applications continue
running nearly interruption-free. This configuration is also independent of the protocol application that runs on the Ethernet
module.

The same information (Ethernet telegram) is thus transmitted
via 2 different information routes. The receiver uses the 1st telegram that arrives and discards the 2nd. If the 1st telegram does
not arrive, the 2nd one is still available and is used. This mechanism is based on the Ethernet stack, which assigns the same
MAC address to the 2 telegrams.

• The PRP protocol uses 2 physically separated networks to

transmit the 2 identical telegrams. Although this doubles the
effort and cost for the network equipment, the PRP protocol
provides greater availability of the Ethernet system compared
to the HSR protocol.

• HSR operates according to the same principle, but the 2 iden-

tical telegrams are distributed in 2 directions on one Ethernet
ring. The cost for the Ethernet network infrastructure is less,
but HSR handles N-1 errors – however, evolving faults result
in a communication failure in parts of the HSR ring.

The procedures can be activated via setting parameters and do
not have any other parameters. They are therefore easy to set
up. The number of network users is limited in both procedures
to a maximum of 512.
HSR and PRP can be combined using so-called RedBoxes (redundancy boxes).
This cost-efficient solution according to IEC 62439-3 can be
designed in the following manner:

• 2 switches in the control center
• 2 switches in the bay
• 2 RedBoxes (RB) per HSR ring
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• Up to 50 devices per HSR ring
• Easy extension using 2 additional PRP switches

selection of the respective permissible protocols/applications.
The protocol parameters are set (for example baud rate, IP
address). Then the module is initialized with the protocol application and, for example, a serial module with the
IEC 60870-5-103 protocol and the communication settings are
loaded.
For an application template of a device, there is an appropriate
communication mapping (Figure 2.7/11). In a communication
matrix, the user modifies this mapping and deletes and adds his
own information. This mapping file is finally loaded into the
device with DIGSI 5, and determines the scope of information
that is provided via the protocol. Protocol mappings can be
copied between devices, if they contain the same functions, and
can be exported into substation control applications.

2.7

[dw_SIP5C_stossfreie-n-1-struktur, 1, en_US]

Figure 2.7/10 Economical Seamless n-1 Structure with 1 Time Source

Integrated Setting of Communication in DIGSI 5
A communication protocol is configured with DIGSI 5.
Depending on the module type, DIGSI 5 offers the user the

[Kom_Communication Mapping_en-US_W, 1, --_--]

Figure 2.7/11 Communication Assignment with DIGSI 5 for the Protocol
IEC 60870-5-103
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[dw_example protection_substation_com_SIP5C, 1, en_US]

Figure 2.7/12 Communication Protocols in the Substation Automation Technology and in Network Control Systems

Design to communicate means:

• Adaptation to the topology of your communications
structure using settings (ring, star, or network)

• Extensive routines for testing connections, functions,
and operating workflows
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Safety for personnel and equipment are first priority, but
availability is also critically important. As the plant landscape becomes more open and complex, conventional
security mechanisms are no longer adequate.

implement a comprehensive cybersecurity concept lies with the
operator of the system. The concept must consider all system
components regarding to all technical aspects of cybersecurity.
Safety in the hardware design

For this reason, a security concept has been implemented
in the SIPROTEC 5 device architecture that is designed to
address the multidimensional aspects of security in a
holistic approach.

• The hardware design with intelligent cooling system, reduces

Multilayer safety mechanisms in all links of the system
security chain provide you with the highest possible level
of safety and availability.

concept. Central wide-range supply ensures the provision of a
common voltage to all components. Individually required
voltage levels are created in the modules concerned.

thermal load, prolongs service life, and allows error-free operation in a wide ambient temperature range.

• High availability is achieved with the auxiliary power supply

Safety and cybersecurity includes:

• Storage of calibration data in the analog acquisition modules

• Security concept in device design
• Information security against IT attacks (IT threats from

• Fully pluggable terminals mean that a wiring test is no longer

outside)

allows completely safe exchange or extensions within the
module unit.
necessary when when devices are replaced.

• Now that the current transformer is integrated in the terminal
Safety
Multilayer safety mechanisms
Safety comprises all aspects of protection for personnel and
primary equipment installations. The devices and
DIGSI 5 support this from the functional point of view. Cybersecurity ensure secure operations in networks. The manufacturer
can support the user with these measures. The responsibility to

block (Safety CT-Plug), open secondary current circuits cannot
occur anymore during replacement of a device or a module.
When the terminal is pulled out, the transformer is always
opened on the safe, secondary circuit.

• The device does not need to be opened to adjust binary-input
thresholds or to adapt to the rated current of the transformer
(1 A, 5 A). The device does not need to be opened to replace
the battery.

2.8

[dw_safety-security, 1, en_US]

Figure 2.8/1 Differentiation of Safety/Security

Monitoring functions
Comprehensive monitoring functions ensure secure operation
by fast detection of irregularities and automatic initiation of
appropriate measures to avert incorrect responses. Depending
on the severity of the irregularity detected, a warning may be
issued, the functions concerned be blocked, or the entire device
may be isolated by disconnecting the life contact. In all cases,
the device-diagnosis log shows the cause and issues an appropriate instruction.
Hardware monitoring
All hardware in the device is continuously monitored.
This includes, for example, the CPU, the auxiliary voltage, the
battery status, the internal clock, the storage modules, the

analog inputs, the bus connections, the expansion and communication modules.
Monitoring the analog inputs
As a data source for the protection functions, monitoring of the
analog inputs is assured in multiple stages. Some monitoring
functions are primarily dedicated to the commissioning (incorrect or missing connections) and only generate a warning indication.
These include:

• Current and voltage balance
• Current and voltage sum
• Phase-rotation supervision
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Other monitoring functions detect outages during operation
and initiate blocking of the affected functions rapidly:

and IEC 61850 GOOSE messages. But it applies equally for signal
processing in the function charts (CFC).

• Measuring-voltage failure detection (loss of voltage)
• Fast current-sum supervision and broken-wire detection for

Cybersecurity

the power circuits.

In addition, the proper working method of all analog/digital
transformers is assured by a plausibility check at the sampling
level.
Trip-circuit supervision (ANSI 74TC)
The circuit-breaker coil and its lines are monitored via 2 binary
inputs. If the trip circuit is interrupted, and alarm indication is
generated.
Communication links
Telegrams are monitored for correct transmission. Faults are
reported via warning messages. Data associated with protection
and control is transmitted via protection interfaces and
IEC 61850 GOOSE messages. The transmitted information is also
monitored constantly on the receiving side.
Monitoring of protection interfaces

• 32-bit CRC checksum monitoring compliant with CCITT/ITU for
detecting corrupted telegrams

• Invalid telegrams are flagged and not used by the protection
system

2.8

• Sporadic interference is ignored, persistent interference triggers blocking of the affected protection (differential protection) and control functions.

• Propagation times are measured and taken into account for

purposes of differential protection and protection communication.

• The topology of the protected area is monitored. Outages in

the communication links lead to an automatic trigger
switching to other communication paths (ring to chain operation or hot standby), or to blocking the entire protected area.
The same applies if an outage of a device in the topology is
detected.

Monitoring of IEC 61850 GOOSE messages

• Cyclic redundancy check checksum monitoring, sequence
number monitoring and repetition time monitoring, for
detecting wrong or missing telegrams

• Applications detect corrupt GOOSE messages or GOOSE

messages transmitted under test conditions and switch to
safe operating mode.

Load Management
The free configurability of protection functions and function
charts (CFC) allows them to be adapted to different applications.
During engineering with DIGSI 5, the integrated load model
calculates the resulting device load. This ensures that only viable
configurations can be loaded into the device.
Consistent Administration of Device Modes
Test modes and the health state of information are forwarded
and handled uniformly and consistently throughout the entire
system. Analysis functions consider the modes and warrant
secure operation. This is particularly critical when data related to
protection and control is transmitted via protection interfaces
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[dw_cyber-security_SIP5C, 1, en_US]

Figure 2.8/2 SIPROTEC 5 Compact – Functional Integration – Cybersecurity

With the increasing integration of bay devices in Ethernet-based
communication networks, communication must be secured
against internal disturbances and attacks from outside. Standards and directives such as IEC 62443, IEC 62351, NERC CIP
(North American Electric Reliability Corporation – Critical Infrastructure Protection), and the BDEW Whitepaper (Requirements
for Secure Control and Telecommunications Systems of the
Bundesverband der Energie- und Wasserwirtschaft e.V) contain
requirements for the secure operation of devices in the critical
communications infrastructure, and are addressed to at both
manufacturers and operators.
Cybersecurity must be incorporated into the design of devices
right from the start. This has been carried out systematically in
the case of SIPROTEC 5. Measures in the hardware ensure that
key material for protecting the communication and datasets of a
device is stored in absolute security. Communication stacks that
are hardened against cyberattacks, a multistage role-based
access concept in operation, and logging of events relevant to
cybersecurity provide the operator with a high degree of cybersecurity when the devices are integrated in the network of the
operator.
By default only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deactivated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.

SIPROTEC 5 Compact – System
Safety and Security Concept – Cybersecurity
Cybersecurity at communication level

Logging of events relevant to cybersecurity

Secure authentication takes place between the device and the
communication partner (for example DIGSI 5, Web monitor or
cloud). This prevents an unauthorized program accessing the
devices and reading or writing data there. Through this transmission protocol secured by Transport Layer Security (TLS), the
integrity and confidentiality of the transmitted data are ensured.
This prevents manipulation and unauthorized access of the data.
TLS security is the basis for future communication routes and
certificate management, both across stations (for example
IEC 61850-MMS) and in the direction of cloud systems (for
example, IoT connectivity to MindSphere).

Events relevant to cybersecurity, such as login attempts or
device restarts, are recorded and optionally transmitted to a
central server via the standardized Syslog UDP protocol. The
device-internal log entries are secured to prevent deletion and
protected against anonymous access with the RBAC option. The
events can additionally be transmitted to the substation automation unit and archived there.

More operational security (safety) by means of confirmation ID
If Role-Based Access Control (or RBAC) is not activated, confirmation ID entering the confirmation ID is required for safety-critical actions (safety), such as changing parameters, in order to
obtain write access to the device. These confirmation IDs can be
configured by the user and may be different for different fields
of application.
Establishing connection after password verification
Optionally, if RBAC is not activated, a connection password can
be set up on the device. Remote access via the Ethernet does
not take place until the user enters the predefined password.
The user has read and write access to the device only after the
connection has been established. This connection password
conforms to the cybersecurity requirements for assigning passwords defined in NERC CIP. It has 8 to 30 characters and must
include upper-case and lower-case letters, digits, and special
characters. Through this secure transmission protocol, the integrity and confidentiality of the transmitted data are ensured. This
prevents manipulation and unauthorized access of the data.
Establishing of the connection after central authentication and
authorization of the user
As a new option, the device supports role-based access control
(RBAC). With this option, the device can authenticate and
authorize the users by means of centrally managed login data
and user accounts. Authentication means that the device checks
with the central user management system whether the user
name and password combination entered by the user is valid.
After successful authentication, the device tests the permitted
roles of the user (authorization). Depending on the role
assigned to the user, he can only perform authorized operations
on the device.

Integrity assurance of firmware and cybersecurity settings
SIPROTEC 5 device-firmware files are digitally signed. In this
way, corruption from outside by viruses or trojans, for example
by manipulated firmware files, is reliably prevented. In addition,
the cybersecurity settings of a device configured with
DIGSI 5 are stored in an encrypted way and thus protected
against manipulation and disclosure.
Secure standard configuration
By default, only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deactivated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.
It is generally not desirable to have to enter login data, connection passwords, or confirmation IDs during the configuration
and testing phase. During operation, however, the focus is on
the reading of data. Complete access protection can be deactivated in the device until commissioning has been completed
and can then be activated again for operation.
Differentiation of the various network accesses
In SIPROTEC 5, the IP attack interface of the SIPROTEC 5 devices
can be reduced effectively.

• Setting the IP-based access per device port (mainboard RJ45,
slot F/E/P/N)

• Setting options: Full access, read access, or no access
• Adjustable for DIGSI 5 engineering, IEC 61850-MMS process
communication, or Web monitor access

These settings function independently of RBAC.

The main advantages of this option for power utilities are:

• Central maintenance of user accounts and roles in RADIUS/
Microsoft Active Directory Server

• Protection against unauthorized access to the device via

DIGSI 5, Web browser, and on-site operation thanks to built-in
RADIUS authentication and authorization option

• Support for standard roles and rights according to standards
and directives such as IEC 62351-8, IEEE 1686, and BDEW
Whitepaper

• Emergency-access options in the case of a RADIUS server
connection outage
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[dw_SIP5C_cyber-security_syslog_protocol, 1, en_US]

Figure 2.8/3 Role-Based Access Control (RBAC) with Central User
Management

(1) User requests device access (with user name & password)
(2) Authentication request via RADIUS
(3) Authentication & authorization (role) by RADIUS
(4) Success/rejection response from device to user
(5) Role-based user session initiated or rejected
[dw_SIP5C_schaltanlage-mit-remote-zugriff, 1, en_US]

Figure 2.8/5 Secure Operation of Devices within a Switchgear with
Remote Access from an External Network

The systems-control network and the network for remote access
can also be separated entirely by selection of an independent
Ethernet port for communication between the device and
DIGSI 5. This falls within the scope of the philosophy of the
operator. With their concept of pluggable modules, the devices
also allow solutions with separate power systems. An extensive
range of cybersecurity features have been integrated in
SIPROTEC 5 and DIGSI 5.

2.8

Security-Patch Management (Security Updates) for
SIPROTEC 5 and DIGSI 5
[sc_onlyRSTP_de, 1, en_US]

Figure 2.8/4 Isolatable Communication Services during Access via
Ethernet Networks

Product Security Blueprint
You can find valuable hints on the integration and on secure
operation of devices in your network in the Product Security
Blueprint and in the Application Note – SIP5-APP-009 for
SIPROTEC 5 devices. An overall security concept should be
drawn up and maintained in a Spanning Security Blueprint.
This documents typical network configurations, the services
used, and their ports. Measures for updating the components
that are critical for cybersecurity, password protection, and antivirus protection are also described.
shows a recommendation of this kind for protecting switchgear.
The SIPROTEC 5 devices are integrated in optical Ethernet rings
via switches. In these rings, each Ethernet-based substation
automation protocol, for example, IEC 61850 or DNP3 TCP, runs
together with the systems control without loss of performance.
Accesses from a non-secure external network are allowed via a
gateway that is responsible for safeguarding the network. The
accessing party is authenticated, for example, by DIGSI 5, in the
gateway and the communication is encrypted via VPN. This is
fully supported by the communication services of DIGSI 5.
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According to the requirements for protecting power plants,
patch management was introduced for SIPROTEC 5 and
DIGSI 5. This means that regular security updates for the software components from third-party vendors integrated into
SIPROTEC 5/DIGSI 5 or used by SIPROTEC 5/DIGSI 5 are tested for
compatibility with SIPROTEC 5 and DIGSI 5. A corresponding list
with the last Microsoft Windows Security Updates tested and
hints on the compatibility with DIGSI 5 is provided for downloading from the Internet and is updated every month.
Device Authentication Using IEEE 802.1x
IEEE 802.1x is the standard protocol that can be used to connect
only to cryptographically authorized network devices as
members of the IEEE 802.1x network. The standard defines
2 main roles where the terminal devices that are to be members
of a network act as Supplicants and the basic network responsible for the switching procedure acts as the Authenticator.
In IEEE 802.1x-capable networks, supplicants (SIPROTEC 5 or
other terminal devices) must provide their cryptographic identity which is then reported to the authenticators (normally
switching devices). Then, the authenticator compares the
requested login data to the centralized user directory (in this
case, this is the RADIUS server) and activates or deactivates the

SIPROTEC 5 Compact – System
Safety and Security Concept – Cybersecurity
access to this port according to the validity of the login data of
the supplicant.
If you use IEEE 802.1x in your OT network, you can individually
control which devices should be part of the network and block
all undesired third-party devices through the use of certificate
authorities or user certificates in the SIPROTEC 5 family.
Safety and Cybersecurity means:

• Long-lasting, rugged hardware with regarding EMC

immunity and resistance to weather and mechanical
loads

• Sophisticated self-monitoring routines identify and
report device faults immediately and reliably

• Compliant with the strict cybersecurity requirements in
accordance with international cybersecurity standards
and directives

• Effective and efficient role-based access control (RBAC)

with central user management in the SIPROTEC 5 device

• Automatic logging of cybersecurity-critical events
• Reduction of the IP attack interface of the device

2.8
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Test and Diagnostics
SIPROTEC 5 devices are equipped with extensive test and
diagnostic functions. These are available to users in
SIPROTEC 5 together with DIGSI 5, and they shorten the
testing and commissioning phase significantly.
The DIGSI 5 Test Suite offers:

• Simulation of binary signals and analog sequences by
integrated test equipment

• Hardware and wiring test
• Testing device functionality and protection functions
• Circuit-breaker test and automatic reclosing test functions

• Communication test including loop test
• Analysis of function charts

from an integrated test equipment. For this, the analog and
binary inputs are decoupled from the process and connected to
the integrated test sequencer.
The tester uses DIGSI 5 to create a test sequence, for example, a
short-circuit sequence, loads it into the device, and runs it in
simulation mode. The test sequencer in DIGSI 5 is capable of
combining up to 6 test items in one test sequence. When loaded
into the device, this test sequence is run in real time and simulates the functions of the device like a real process at binary and
analog inputs. Protection functions, control, logic functions, and
communication can thus be tested in real time without secondary test equipment.
The test sequence is started manually from DIGSI 5 or controlled
via a binary input. This also makes it possible to test the interaction between several devices.
Hardware and Wiring Test

DIGSI 5 Test Suite
The objective of the extensive test and diagnostic functions that
are provided to the user with SIPROTEC 5 together with
DIGSI 5 is to shorten testing and commissioning times. All test
functions are integrated in DIGSI 5. This enables engineering
including the device test to be carried out with one tool. The
most important functions are listed as examples here. There are
also other specific test functions depending on the device type.

2.9

In the hardware test, the state of the binary inputs can be read
out by DIGSI 5 and contacts and LEDs can be switched or set
through DIGSI 5 for test purposes.
The parameters measured at voltage and current inputs are
represented in phasor diagrams – divided according to absolute
value and phase angle (Figure 2.9/2). Thus it is easy to detect
and check if the connections in the measurand wiring are
inverted, as well as the vector group or the direction between
current and voltage. In devices that are connected via operative
connections, even analog measuring points of remote phasor
ends can be represented as vectors. This makes it easy to check
the stability of a differential protection.
In the wiring test, the wiring connections between devices are
tested. If the devices are connected to a network via Ethernet,
this test can be carried out with unprecedented ease. For this,
the contact on a device is closed with the aid of DIGSI 5. This
contact is connected to a binary input of one or more
SIPROTEC 5 devices via a wire connection. These automatically
send a report to DIGSI 5 to the effect that the binary input has
been picked up by the closing operation of the contact. The
tester can then log this test and check the wiring between the
devices.

[dw_test_and_diagnosis, 3, en_US]

Figure 2.9/1 SIPROTEC 5 – Functional Integration – Test

Integrated test sequencer
The integrated test sequencer enables functions to be tested via
the test sequencer integrated in the device. Normally, the device
receives analog and binary signals from the process or from an
external secondary test equipment.Until now, the protection
functions and communication were tested with variables such
as these. With SIPROTEC 5 devices, in the simulation mode,
these variables can now be substituted with values supplied
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[sc_Analog_Inputs, 1, en_US]

Figure 2.9/2 Display of Analog Measuring Points in Phasor Diagrams

SIPROTEC 5 Compact – System
Test and Diagnostics
Testing Device Functionality and Protection Functions
The graphical representation of characteristic curves or
diagrams of protection functions helps not only the engineer
who parameterizes the test functions, but also the engineer
who tests them (Figure 2.9/3). In this test, the operating point
of a protection function is represented graphically in the
diagrams, for example the calculated impedance of a distance
protection in the zone diagram. Additionally, messages relating
to the protection function are logged, for example pickup or
tripping. This test can be carried out with signals from the
process or with the test equipment integrated in the device.

from the transmitting side Tx of an interface, and these are
measured again at the receiving Rx interface. The user thus has
the capability to insert loops at various points in the communication network and to test the connection of the loop. The
number of telegrams sent, received, and corrupted is displayed
continuously in DIGSI 5, so that the quality of the connection
can be monitored.

[dw_loop-test, 2, en_US]

Figure 2.9/4 Loop Test for Operative Connections (Loop Test)

Online monitoring of communication links
The data flow at communication interfaces can be monitored
constantly. To do this, the number of telegrams that are sent,
received, and corrupted per time unit for serial connections and
Ethernet interfaces during operation is measured and displayed
constantly . If faults occur, an alarm can be issued. A network
management and monitoring system performs detailed monitoring of Ethernet modules via the SNMP protocol.

[sc_Schutzfunktionspr, 1, en_US]

Figure 2.9/3 Test of Protection Function with Operating Point of the
Protection Function in the Pickup Characteristic

Circuit-breaker testing and automatic reclosing test function
Switching sequences can be initiated via DIGSI 5 to test the
automatic reclosing (AREC). However, this is only possible if
remote switching via the key switch is permitted. In addition, a
security prompt (confirmation ID) must be entered for switching
authorization via DIGSI 5. There are additional security prompts
for non-interlocked switching. This provides protection against
unauthorized use or inadvertent actuation during operation.
The test logs the closing operation of the switch including the
interlocking and feedback signals at the binary inputs. A circuitbreaker test can also be deactivated and activated without an
interlocking check.
Communication Testing

For operative connections, the transmission time of the signals
is also monitored, and it is calculated during synchronization by
means of a high-precision second pulse in the transmit and
receive directions. Additionally, the communication topology is
also monitored constantly there and displayed in DIGSI 5.
GOOSE connections can be monitored permanently at the
receiving site during operation. This means that an outage is
detected within a few seconds.
Protocol test
For the protocol test, specific signal values are set and reset
using DIGSI 5 (Figure 2.9/5). The test mode itself is configurable.
The device sends the selected value to the client using the
configured communication protocol, for example IEC 61850. In
this case, a report is generated or a GOOSE message is sent
automatically when this information is routed correspondingly.
The device can be used to test systems control information for
all protocols (for example, IEC 61850, IEC 60870-5-103, serial
DNP3, DNP3 TCP) without the effortful generation of signal
states with test equipment. Signals that are transmitted across
operative connections can also be tested.

Since communication is an integral component of the devices
and they are connected either directly or via systems control,
they must be thoroughly tested at commissioning and monitored continuously during operation. The integrated test tools
support the user in the testing and monitoring of communication routes.
Loop test for communication links (loop test)
This test is launched by DIGSI 5 for a communication module
and a selected interface if a protection communication is configured at a remote line end. It is used to detect disturbances in
subsections when inspecting the physical connection of the
communication paths (Figure 2.9/4). Test telegrams are sent
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Function charts (CFC) can thus be created offline in the office
and tested without needing a device.

[sc_Protokolltest, 1, en_US]

Figure 2.9/5 Protocol Test for Substation Automation Technology or for
GOOSE and Operative Connections

Test and Display of External Timers
If the system time of the device is set externally using
1 or 2 timers, this time can be read out in the device or with
DIGSI 5. When the time protocol returns these values, it indicates which timer is setting the system time and issues a statement regarding the quality of the time source. Synchronization
via external clocks can thus be monitored and displayed during
operation (Figure 2.9/6).
2.9

[sc_Interlocking, 1, en_US]

Figure 2.9/7 Easy Analysis of Function Charts

Using the DIGSI 5 Test Suite means:

• Considerably shorter testing and commissioning time
• Having commissioning support personnel in the adjacent
substation is not absolutely necessary

• All test routines performed are documented.
• Testing using secondary test equipment is for the most
part dispensable.

• With the innovative SIPROTEC DigitalTwin solution, a

virtual digital twin of a real SIPROTEC 5 Compact device,
it is possible to use the full functionality of the DIGSI 5
Test Suite at any time, from anywhere, and also without
any hardware.

[sc_DIGSI5_TimeSynch, 1, en_US]

Figure 2.9/6 Test of External Timers

Analysis of Function Charts (CFC Debugging)
Function charts generated in the form of function charts (CFCs)
can be tested offline in DIGSI 5. To this end, test sequences can
be generated with the DIGSI 5 sequencer that act on logical
inputs of the function chart or on the analog and binary inputs
of the device. This makes it possible to test not only the function
chart but also its interaction with upstream and downstream
functions. During this test, the values of variables are displayed
and their changes over time are logged in records that can be
analyzed at a later date, for example, with SIGRA. This enables
even complex temporal dependencies to be analyzed with ease.
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Hardware
SIPROTEC 5 Compact Hardware

Operation Panel

The SIPROTEC 5 Compact hardware provides the entire experience of Siemens for digital protection devices.
SIPROTEC 5 Compact hardware provides:

• Durability and reliability
– Robust housing
– Excellent EMC shielding in compliance with the most recent
standards and IEC 61000-4
– Expanded temperature range: -25 °C to +70 °C

• User-friendly operation panel
– 9 freely assignable function keys for frequently required
operator control actions
– Separate control keys for switching commands
– Simple switchover of the switching authority
– Context-sensitive keys with labeling in the display
– Complete numerical keypad for simple input of setting
values and easy navigation in the menu
– 8 2-colored LEDs for signaling

• User-friendly design
– No opening of device necessary for installation and servicing
– Easy battery replacement on the bottom of the device
– Integrated communication interfaces as standard
– Electronically settable threshold for binary inputs
– Rated current (1 A/5 A) of the current-transformer inputs
configurable electronically
– Removable terminal blocks
– Prewiring of terminals is possible
– Simple replacement of current transformers, for example
with sensitive ground-current transformers in case of
network conversions
– Increased safety, since open current-transformer circuits
are no longer possible (safety CT plug).
SIPROTEC 5 Compact Design
The SIPROTEC 5 Compact device is 1/6 x 19 inches wide. The onsite operation panel features a graphical color display, keyboard,
and 8 dual color LEDs.

[le_SIP5C_operation panel, 1, --_--]

Figure 3.1/1 SIPROTEC 5 Compact Operation Panel

(1) Graphic display
(2) LEDs (green or red, configurable)
(3) Display of LED labels
(4) USB interface
(5) Numerical keys and function keys
(6) Control/command keys
(7) Context-sensitive keys
(8) Navigation keys
On-site operation panel elements
The central element is the color display for text and graphics.
With its high resolution, it provides ample space for icons in
graphical representations.
Below the display there is a 12-key block. In combination
with 4 navigation keys and 2 option keys, you have everything
you need to navigate conveniently and quickly through all information that is shown in the display. 2 LEDs on the upper border
of the operation panel inform you about the current device
operating state.
8 additional LEDs, to the left of the keypad, ensure quick,
targeted process feedback. The LED labeling is directly shown on
the display. The USB interface enables fast data transmission. It
is easily accessible from the front and well protected with a
plastic cover.
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A surface-mounting device with integrated on-site operation
panel
A surface-mounting frame for the SIPROTEC 5 Compact device
can be ordered as an accessory to install it on the wall. Thanks
to a new concept, these devices thus have terminal diagrams
that are identical to the corresponding flush-mounting devices.
This is achieved by installing the devices using the principle
"with the face to the wall" and then attaching the operation
panels to the terminal side. With the distance frames that are
used, sufficient space remains for the wiring, which can be
routed away upward and downward.

[sc_SIPROTEC 5 Compact Display v2, 1, --_--]

Figure 3.1/2 Display – Control Display

The operation panel enables the illustration of a control display
and provides space for measured values and to display event
lists.
The O and I keys (red and green) for the direct control of equipment, a reset key for the LEDs, and the CTRL key for activating
the system diagram complete the operation panel.
You can order any SIPROTEC 5 Compact device in 2 different
installation variants:

• As a flush-mounting device
• As a surface-mounting device with integrated on-site opera3.1

[ph_SIP5_C_Surface, 1, --_--]

Figure 3.1/3 SIPROTEC 5 Compact with Surface-Mounting Frame

tion panel

The design of flush-mounting devices has already been illustrated in the previous sections. You will briefly be introduced to
the surface-mounting version here.

Hardware Properties
Hardware expandable (modular)

7SX800
No

Binary inputs

4/14

Binary outputs

5/11

Current inputs

4

Voltage inputs

4/0

Housing (x 19")

1/6

Flush-mounting device

Yes

Surface-mounting device with integrated on-site operation panel

Yes, with assembly frame

Display (pixels)

320x240

Function keys

9

LEDs
Power supply

8
DC 24 to 250 V/AC 115 to 230 V (Under development)
DC 60 to 250 V/AC 115 to 230 V

Table 3.1/1 Hardware Properties
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Integrated Interfaces
USB Connections on the Front
The device can be accessed with the DIGSI 5 operating program
by plugging a standard USB cable into the USB-B socket on the
front side of the base module. The complete configuration and
setting of the device can be done via this connection.
Integrated Interfaces on the Rear Panel of the Base Module
The base module offers 2 permanently installed interfaces on
the rear panel. For this, please observe the connection plans in
the Attachment chapter.

The time telegram IRIG-B005 (007) of a GPS receiver can be fed
with the 5-V or 24-V levels. In addition, the Central European
DCF77 format with changes between daylight saving time and
standard time is supported. An additional, second pulse input
enables microsecond-precise synchronization of the device from
a highly precise time source, for example a special GPS receiver.
This accuracy is needed for special protection and measuring
tasks. In this way, devices can be precisely synchronized to the
microsecond across stations. For this purpose, Siemens provides
a prefabricated complete solution with time receiver, FO
converters, and appropriate connecting cables.

[ph_SIPROTEC5_C_W9, 1, --_--]

Figure 3.2/1 Rear View of the Device with Integrated Interfaces

Integrated Redundant Ethernet Interface (Port F)
3.2

The integrated Ethernet interface is available as an optical (2 x
Duplex-LC 1300 nm) and electrical (2 x RJ45) 13 variant and can
be configured with or without integrated switch. It can be used
for Ethernet-based protocol applications, for example,
IEC 61850, IEC 60870-5-10413, DNP3 TCP13, PROFINET, time
synchronization via SNTP, network management via SNMP,
DIGSI 5 via TCP. Several applications can run in parallel, whereby
unused applications can be switched off for security reasons.
The maximum electrically permitted distance via CAT 5 patch
cables is 20 m. The maximum optically permitted distance
via 50/125-µm or 62.5/125-µm multimode optical fibers is 2 km.
The optical transmission and receiving level is measured in the
module and can be displayed with DIGSI 5.
Serial Electrical RS485 Interface/Time-Synchronized Interface
(Port E) (Under Development)
The serial RS485 interface features an RJ45 socket. It can be
used for asynchronous serial protocols, for example,
IEC 60870-5-103, DNP3. Alternatively, with this interface, the
time in the device can be synchronized using IRIG B.

13

Under development
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Terminals
SIPROTEC 5 Terminals
Innovative terminals were developed for the SIPROTEC 5 family.
All terminals are individually removable (Figure 3.3/1). This
enables prewiring of the systems as well as simple device
replacement without costly rewiring.

[terminal blocks, 1, --_--]

Figure 3.3/2 Voltage and Current Terminal Block with Jumpers

[E_CC_Close_up_AB-03_sRGB, 1, --_--]

Figure 3.3/1 Removed Current Terminal Block

Current terminals
The 8-pole current terminal with 4 integrated current transformers is available in 2 variants:

• 4 protection-class current transformers
• 3 protection-class current transformers + 1 sensitive protection-class current transformer

The terminal design provides the following advantages for the
connection of currents:

• Exchange of the current-transformer type also possible retro3.3

actively on-site (for example, sensitive to normal groundcurrent transformers in case of network conversions)

• Additional safety during tests or device replacement since the
secondary current-transformer circuits always remain closed.

Voltage terminal
The voltage transformers and the binary input and output
signals are connected via the 14-pole voltage terminal. The
cable route away from the device enables clear terminal wiring.
Jumpers precisely matching the current and voltage terminals
are available for connection to common potential of contacts
(see spare parts and accessories, chapter Attachment).
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Standard Variants
SIPROTEC 7SX800 Standard Variants
V1

1/6, 4 BI, 5 BO, 4 I, 4 V
Housing width 1/6 x 19”
4 binary inputs
5 binary outputs (1 life contact, 4 fast)
4 current-transformer inputs
4 voltage-transformer inputs

V2

1/6, 14 BI, 11 BO, 4 I, 4 V
Housing width 1/6 x 19”
14 binary inputs
11 binary outputs (1 life contact, 10 fast)
4 current-transformer inputs
4 voltage-transformer inputs

Table 3.4/1 SIPROTEC 7SX800 Standard Variants

3.4
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SIPROTEC 5 Compact – Engineering
In project engineering with SIPROTEC 5 Compact, your
workflow is in the center of interest – beginning with the
single-line diagram of the primary system on to ordering,
engineering, and parameter setting all the way through to
testing and commissioning. For you, this means: less
errors, higher quality, and higher efficiency.
Holistic workflow means optimal, integrated support for all
project phases:

• Project specification
• Device engineering
• System engineering
• Commissioning
• Operation and service
All Functions from the Library
SIPROTEC 5 Compact devices always have a basic functionality,
depending on the device type. You can extend this functionality
flexibly with any desired functions from the library. Additional
functions are paid with your credit balance, which is reflected in
function points.
In the SIPROTEC 5 system, the main function is defined by the
device-type selection. This means that the functionality does not
have to be fixed in detail during product selection. In the later
engineering phase, you can select any optional additional function from the device-specific function library. You must simply
ensure that your balance of function-point credit ordered for the
device is not exceeded. Extra function points can simply be reordered at any time.

4
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Operation Using the Web UI
Apart from the use of an engineering tool such as DIGSI 5 or
SICAM TOOLBOX II for configuration and maintenance,
SIPROTEC 5 devices provide a Web front end that can be used
with a standard Web browser. The browser-based user interface is a comprehensive commissioning and monitoring tool
that provides an easy-to-understand display of the most important measured data. You can operate the device remotely or
locally using the browser-based user interface and a Web
browser.
The browser-based user interface can be used via a communication network:

• During commissioning

[scwebmonitor1, 5, en_US]

Figure 4.1/1 Buttons for the Browser-Based User Interface

– Checking and adjusting the values of a specific setting
– Comparing the values of 2 or more devices
– Checking a setting value against a user-defined setting to
verify whether the setting value differs from the default
value specified by Siemens

• During an inspection
– Querying a value in order to adjust a test case, for example
to preset the tripping current
– Viewing all types of measured values, for example functional measured values and derived values such as the
minimum/maximum and mean values

[scwebmonitor2, 2, en_US]

Figure 4.1/2 Device Information

– Displaying the deviation of the expected measured-value
quality.

• While operating the device
The browser-based user interface is especially optimized for
the protection system and provides comprehensive support
during testing and commissioning from the PC or laptop
computer.

[sc_faultrec-ke, 1, en_US]

Figure 4.1/3 Additional Buttons on the 7KE85

All relevant device information and setting options are displayed
graphically on the screen.
Application Options
You can also use the browser-based user interface for the
following applications, for example:

• Checking and adjusting the values of a specific setting
• Comparing the values of 2 or more devices
• Checking a setting value against a user-defined setting as to

whether the setting value differs from the default value specified by Siemens

• Querying a value to adjust a test case, for example, to preset
the tripping current

• Viewing all types of measured values, for example functional
measured values and derived values such as the minimum/
maximum and mean values

• Displaying the deviation of the expected measured value

4.1

[scAlarmAndWarningList, 1, en_US]

Figure 4.1/4 Alarm List

Additional Information
For more information on Operation with a browser-based user
interface, please refer to the latest device manual for
SIPROTEC 5 Operation – C53000-G5000-C003 under SIOS.

quality.
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Description
DIGSI 5 is the versatile engineering tool for parameterization,
commissioning, and operating all SIPROTEC 5 devices. Its innovative user interface includes context-sensitive user instructions.
Simple connection to the device via USB enables you to work
with a device easily and efficiently. The full capabilities of
DIGSI 5 are revealed when you connect it to a network of
protection devices: Then you can work with all of the devices in
a substation in one project. DIGSI 5 offers superior usability and
is optimized for your work processes. Only the information you
actually need to carry out your tasks is shown. This can be
reduced further via expanded filter mechanisms. Consistent use
of sophisticated and standardized mechanisms in the user interfaces requires less training.
Functions
Using a PC or laptop computer, you can set parameters for the
devices using the interfaces and export the fault data.
DIGSI 5 is available in different variants (Compact, Standard, and
Premium) with various functionalities:

• Using the Single-Line Editor, you can visually define a substation and the primary equipment. Connect these elements
with the protection function of your protection devices.

• The visual display of the SIPROTEC devices can be configured

and edited with the Display Editor or with a graphics program.
Take your single-line diagram and convert it into a display
image. You can also define your own icons.

• You can configure additional functions like interlocking of the
devices graphically with the function block diagrams editor
(CFC).

• Using the Siemens IEC 61850 System Configurator, you can

configure and set parameters for IEC 61850 stations. Using
this tool, you can administer subnetworks, network users and
their IP addresses and link the information of various participants.

• The DIGSI 5 test suite provides extensive test tools, which

accelerate commissioning and support you with operation.
One of the test functions enables you to compile and execute
test sequences, to test devices without external test equipment.

• SIGRA for simple, fast, and convenient analysis of fault

records, such as those recorded during faults in power plants
by fault recorders.

4.2

Languages: English, German, French, Italian, Portuguese,
Spanish, Turkish, Czech, Polish, and Russian (selectable)

[sc_DIGSI 5_SplashScreen, 2, --_--]

DIGSI 5 is available in 3 different functional scopes:

• DIGSI 5 Compact
Software for configuration and operation of smaller projects
with up to 8 SIPROTEC 5 Compact (7xx800) or non-modular
SIPROTEC 5 devices (7xx82). Includes graphical editors for
Continuous Function Charts (CFC) and device display pages.
Integrated test and commissioning functions, including the
possibility of creating test sequences and their execution in
the protection device without external test equipment. Projects may only contain a single SIPROTEC 5 protection device.

• DIGSI 5 Standard
Like DIGSI 5 Compact, but without constraint with regard to
the number of supported SIPROTEC 5 devices per project, incl.
IEC 61850 System Configurator. Contains additional graphical
editors for single-line diagrams and the network topology.
SIGRA for professional fault-record analysis is available as an
option.

• DIGSI 5 Premium with SIGRA
Same as DIGSI 5 Standard, but with enhanced functionality
for IEC 61850, for example, flexible engineering and functional naming. Contains SIGRA for a professional analysis of
fault records.

• DIGSI 5 for SIPROTEC 5 Compact
– For purely SIPROTEC 5 Compact projects
– Prospective scope equivalent to Premium with SIGRA
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[dw_digsi-bo, 1, en_US]

Figure 4.2/1 Structure of the DIGSI 5 User Interface

MLFB Number
The device MLFB number can be adopted directly into the engineering program DIGSI 5. In this way, you create your selected
devices directly in DIGSI 5. Since all device characteristics are
unambiguously specified via the MLFB number, engineering
work with DIGSI 5 starts on a consistent basis without the need
to reenter the device characteristics which would take much
time.
From Planning to Engineering up to Testing – DIGSI 5
The engineering tool DIGSI 5 assists you in your workflow from
planning to operation of your systems with SIPROTEC 5 devices.
With DIGSI 5, you have full control over the engineering. The
functional scope of the tool covers all tasks – from device
configuration and device setting to commissioning and evaluation of fault data.
This is how a modern, efficient engineering process looks in
short form:
In the rough planning, the system layout is documented using
CAD. This system layout is prepared as the basis for the detail
planning in the Single-Line Editor. Depending on the application, the required functionality (protection functions, control
and automation scope as well as auxiliary functions) is defined
and a device is selected. In the next step, the device is assigned
an appropriate application template. You can use your own
personally created, exactly matching application templates or

standard application templates here. Function adaptations are
possible at any time after the selection of the application
template. The high-performance copy functions with consistency checks allow fast project engineering. Then, you must
configure the system (routings, implementation of corresponding logic into function charts (CFC)) and set the parameters.
The new program structure of DIGSI 5 is designed to support the
required work steps during a project optimally. The applicationoriented engineering approach guarantees that you are always
aware of the workflow. DIGSI 5 makes you more productive –
from design to engineering and even with installation, commissioning, and operation.
The Project View Guides You Through the Entire Workflow
In DIGSI 5, processing and maintenance of all components of
IEDs and of all associated data is carried out in a project-oriented
way. This means that the topology, devices, parameter values,
communication settings, process data, and much more are
stored in one project.
All devices are available in one central location. Just open the
device in the project tree and the entire content is provided.
When you begin with a device, you can edit your tasks in a
simple and intuitive way.
The user interface of DIGSI 5 is divided into several sections
(Figure 4.2/1). The project tree on the left displays everything
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that belongs to your project, for example, devices and global
settings. Double-clicking an entry opens an Editor in the main
window section. This can be, for example, an editor for
changing protection parameters, for configuring communication mappings, or for creating function charts (CFC).
In the lower section of the screen view, you can access the properties of all elements (for example, for circuit breakers or
signals) quickly and conveniently. This section also contains lists
with warnings and errors.
The libraries are particularly important in DIGSI 5. They are
located on the right and contain everything that is used in the
editors. Here, you select the required scope and insert it into
your project. When configuring the hardware, you can select
different hardware components, for example, a communication
module. On the other hand, if you are working with function
charts (CFC), you select the corresponding logical building
blocks and select the required functionality while configuring
the protection scope. For this purpose, you drag the elements to
the position of the editor where you need them.
Visual Definition of the Primary Topology in Single Lines
The single-line diagram describes the primary topology of your
system (Figure 4.2/2). For this, simply select the correct singleline template from the library. Further processing, for example,
an extension, is possible without difficulty. DIGSI 5 contains a
library with elements that are familiar to you from the ANSI and
ISO standards.

configuration is continually checked. Finally, you can connect
the application template with the primary elements of the
single-line diagram (voltage and current transformers as well as
circuit breakers) graphically. Thus, a topological reference is
created. Setting values of the transformers (primary and secondary rated values, as well as the neutral-point formation for
current transformers) can then be adopted from the single-line
diagram.
If you have created a suitable device type, you can save it as
your own application template and use it in other devices of the
same device family. To do this, export the application template
with DIGSI 5 in UAT format (User-defined Application Template).
Design of User-Defined Control Displays
With the Display Editor, you can create or change the factory-set
displays, known as control displays. The editor assists you in a
typical workflow. You simply decide which fields of the singleline diagram your already created are to be used for the display
pages – and that is all. Of course, the displays can also be
completely newly created or imported. To do this, drag a signal
from the library to a dynamic element in the display and the
connection is created. Besides the use of icons in accordance
with the IEC and ANSI standards, you can create your own static
or dynamic icons in an icon editor.
Routing and Assignment
The routing matrix is one of the most important functionalities
of DIGSI 5. It is conveniently divided between 2 editors: Information routing and Communication mapping. Both views are
designed in such a way that you can complete your task quickly.
With pre-defined or user-defined filters, you reduce the
displayed information to a minimum. As in Excel, you can select
which information is to be displayed for each column (Figure
4.2/4).
In the matrix, all signals are sorted according to function and
function groups. Sources and targets are displayed as columns.
The scope reaches from the compressed form of representation
to a detailed representation of information in which you can
view and change each piece of information (routing to binary
inputs and outputs, LEDs, buffers, etc.) in different columns. In
this way, all information can be configured very simply.
For communication mapping, all necessary settings are already
predefined for the selected protocol. You can adapt these to
your needs in a fast and simple way.

[sc_SLE_two_bays, 1, en_US]
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Figure 4.2/2 Graphical Definition of the Topology of a Substation in the
Single-Line

From the Application to the Solution: Application Templates
and Their Modification
After the topology has been defined, the next step is to add the
required device. You simply use the ordering code from the
configurator in DIGSI 5 and your device specification is already
known. In the next step, you select the application template
appropriate for your application and adapt it according to your
requirements. Remove functions that are not needed and add
the desired functions. The library offers you an extensive selection that you can use for this. The consistency of the device
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With a large selection of filters and the option to open and close
rows and columns, you will find it easy to display only the information you need.
Saving time is a priority with DIGSI 5. All table-based data
displays provide the functionality to fill adjacent cells with a
single mouse-click – in the same way you know from Excel.
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tives. This improves the readability of the function-chart (CFC)
decisively. New display modes also increase clarity. The new
modes offer you a compressed view of the building blocks and
connection points, so that you can see all the information you
need without having to scroll through it.
Use macros (chart in chart) to reuse recurring tasks clearly and
in a pre-checked manner.
Even the use of signals in a function-chart (CFC) is designed to
be simpler. Drag a signal via drag and drop from the signal
library to the input or output port of a building block – and you
are finished. Created logic plans can be tested even without
devices (offline) with DIGSI 5. This ensures the necessary quality
for commissioning and saves time.
The logic sequence with DIGSI 5 can be monitored and analyzed
online in the device as well.

[sc_change CT ratio, 1, en_US]

Figure 4.2/3 Graphical Linkage of Primary and Secondary Equipment

[sc_CFC, 1, en_US]

Figure 4.2/5 Simple Creation of Automations with the CFC Editor

Setting the Parameters of the Device
[sc_Information_routing_long, 1, en_US]

Figure 4.2/4 The Entire Flexibility of the Information Routing Editor

Automation and Switchgear Interlocking Protection
A PLC (Programmable Logic Controller) is integrated in
SIPROTEC 5 devices. In this PLC, automation functions, logic for
switchgear interlocking protection, and lots more can be
executed. If you want to change or adapt these, use the function-chart (CFC) editor that is included as a component in
DIGSI 5 Standard and Premium. Thanks to the fully graphical
user interface, even users without programming knowledge can
fully utilize the functional scope and thus adapt the functionality
of the device (Figure 4.2/5) flexibly.
For this, an entire library is available to you with building blocks
that are compatible with IEC 61131-3. This library contains
simple logical operators, such as AND, but also complex functions such as timers, command chains for switching sequences,
and much more.

All parameter settings are represented in the same way. This
occurs in the parameter editor, which displays all parameters of
a function. Here, you can select between different views of the
settings. On the one hand, there is a primary view where you
can directly enter the primary setting values.
In this way, you can avoid using transformer ratios which can
lead to setting errors. The same applies for the "per unit" view
where setting parameters refer to object rated values. If you opt
for the secondary view, the setting parameters must be
converted to secondary values.
For setting special protection characteristics, the graphical
representation of the characteristics is advantageous. In the
parameter editor, all characteristic variants of the function are
represented. In this way, you can check the effects of changes in
the settings immediately in the graphic. Setting values of
different settings groups can be compared in a common
window in a fast and easy way, differences can be detected and
compensated (Figure 4.2/6).

The use of the editor is more efficient than ever before. You
thus need less building blocks in order to achieve your objec-
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that are recorded in the relay in case of a disturbance of the
protected object are listed in DIGSI 5 and can be displayed,
saved, and printed for documentation purposes.
The new testing options are an innovation. Multi-level test
sequences can be defined (even for phasor factors) via a
sequence functionality. These are loaded into the device with
DIGSI 5 and simulate the physical inputs there. These are then
executed in the device via the integrated test sequencer, which
simulates the analog process values. In this way, you can define
and execute complex checks for testing your project engineering and logic at an early stage.

[sc_Function Settings_with_diagram, 1, en_US]

Figure 4.2/6 Easy Parameter Setting

Frequently used parameters can be marked as favorites. These
favorites are displayed in a transparent favorites view so that
you always keep an overview of everything essential (Figure
4.2/7)

With the test and diagnostic functions, extensive test equipment
is no longer necessary or its tests are reduced to a minimum.
You can find processes that were developed for testing special
protection principles, for example, for line differential protection, in the appropriate device manual. The function-chart (CFC)
editor also offers new analysis functions. DIGSI 5 thus allows
offline debugging of logic plans as well as tracing of measured
values – both in the representation of the logic chart and in the
representation of lists. This reduces overall testing effort during
commissioning. The results of the function-chart (CFC) analysis
can also be represented after completion of the test sequence,
for example, with SIGRA. Thus, even complex runtime relations
can easily be analyzed.

[sc_Favorite_Settings, 1, en_US]

Figure 4.2/7 Favorites View

Cooperating in Teams
4.2

Improve your engineering performance by cooperating in
teams. Using extensive export and import functions, one team
can define the protection parameters and work on the routing
settings while others set system-interface parameters. The individual sections can be updated at any time with the new input
of colleagues. For example, when the protection-parameter
crew has updated its data, this data can be adopted into the
project.
Comprehensive Testing Support During Commissioning and
Operation
The testing and diagnostic functions support you in the commissioning phase. You can thus quickly and simply test the wiring
or observe the effect that a message transmitted via the system
interface has in the superordinate station. The error messages
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Figure 4.2/8 Definition of Test Sequences for Comprehensive Tests of
Device Configurations
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Besides transmitting the device configuration to individual
devices, you can also transmit all device configurations to your
devices automatically.
Besides online access, in addition to reading fault records and
logs, you can also display measured values and messages. You
can save snapshots of measured values and messages in
archives for subsequent analysis or for documenting tests of
temporary operating states or commissioning.
Openness Through Import and Export
DIGSI 5 offers a broad spectrum of exchange formats. These
include the standard formats of IEC 61850 as well as the
uniform data exchange format TEA-X of Siemens tools. This
XML-based format is the basis for all import-export scenarios
and ensures efficient workflows in the engineering process.
Since data must only be entered once, engineering effort is
reduced and you profit from consistent data quality at all levels
of automation.
[sc_Grafische_Konfiguration, 1, en_US]

Figure 4.2/9 Graphical Configuration of Network Connections between
Devices

Direct Online Access of all Accessible Devices
DIGSI 5 also assists you in your workflow if your devices engineered offline are connected to the devices in your plant in your
system. In DIGSI 5, all devices accessible via communication
interfaces are displayed immediately next to your offline
devices. The preferred communication in networks is Ethernet.
Of course, you can individually access devices via a USB interface. In order to work with a physical device, connect the online
device and offline configuration via drag and drop, and you are
done.

Besides efficient data exchange for the levels of power automation, the XML data format also supports easy exchange of data
with other applications.
Via the import interface, you can read data from other applications into DIGSI 5. Thus, this enables external project engineering of the devices. Similarly, you can export the settings
data to other applications for further processing. It is therefore
easy to exchange data with other power-distribution applications: for example, network calculation, protection-data administration/evaluation, and data for the protection-function test.

4.2

[dw_engineering_appl, 2, en_US]

Figure 4.2/10 Open Exchange Formats Allow Reuse of Data at all Tiers
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Overview of Functions

Compact

Standard

Premium

Project processing
Maximum number of devices per project

8 or 114

Unlimited

Unlimited

Copy and paste

■

■

■

Multilingualism is supported

■

■

■

Single-Line Editor with ANSI and IEC standard icons available

–

■

■

Device display editor permits creation of user-defined displays and icons

■

■

■

Single-line diagrams and device displays

Setting parameters and routing
Information routing including filtering and sorting

■

■

■

Graphical visualization of protection parameters

–

■

■

Comparison of devices (offline/offline – offline/online)

■

■

■

■

■

■

Continuous function charts (CFC)
Graphic continuous function chart editor (CFC) available
Communication
Assignment of communications to system interface

■

■

■

Assignment of communications to various protocols

■

■

■

Graphical network view of devices

–

■

■

Inter-device communication (via IEC 61850 System Configurator)

–

■

■

IEC 61850 Edition 2 is fully supported

–

■

■

IEC 61850 structure editor for flexible engineering and functional naming

–

–

■

IEC 61850

Access and communication
Via USB and Ethernet

■

■

■

Access to communication partners via system interface

■

■

■

Measured values (current values, minimum, maximum, average values) and storage in
the project as snapshots

■

■

■

Messages (and storage in the project as snapshots)

■

■

■

Protocols and records

■

■

■

Display fault records

■

■

■

COMTRADE Viewer

COMTRADE Viewer

SIGRA

Online

15

Loading settings for the selected device

■

■

■

Creating and running multistage test sequences, no external equipment necessary

■

■

■

Test views for testing the device configuration

■

■

■

Analysis/debugging of continuous function charts (CFCs) in offline and online mode

■

■

■

Commissioning and testing

Export and import
4.2

SCL formats (IEC 61850– ICD/IID/MICS)

–

■

■

Device configurations (full and partial)

■

■

■

Single-line diagrams/topology

■

■ 16

■

Display pages

■

■

■

Test object definition (RIO)

■

■

■

Printing and exporting project documentation

■

■

■

Creation of user-defined print formats

■

■

■

■

■

■

Documentation

Safeguarding and security
Authorization of access to devices with NERC CIP-compatible password

14
15
16

8 SIPROTEC 5 Compact (7xx800) or non-modular SIPROTEC 5 devices (7xx82). Alternatively 1 modular SIPROTEC 5 device.
SIGRA available as optional package
WMF export only
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Compact

Standard

Premium

Secure connection to the device

■

■

■

Configuration data protected from alteration

■

■

■

Confirmation IDs for safeguarding critical activities (for example, switching)

■

■

■

4.2

SIPROTEC 5 Compact ⋅ Catalog – Edition 1 69

SIPROTEC 5 Compact – Engineering
DIGSI 5
DIGSI 5 Order Variants

Description

DIGSI 5 Compact

DIGSI 5 Standard

DIGSI 5 Premium with SIGRA

• Software for the configuration and

• Like DIGSI 5 Compact, but without

• Same as DIGSI 5 Standard, but with

•
•

•

operation of smaller projects
including transmission of process data
from the device
Includes graphical editors for Continuous Function Charts (CFC) and
device display pages.
Integrated test and commissioning
functions, including the possibility of
creating test sequences and executing
them in the protection device without
external test equipment
Projects can contain up to 8
SIPROTEC 5 Compact (7xx800) or
non-modular SIPROTEC 5 devices
(7xx82).
Alternatively, it is also possible to
create 1 individual modular
SIPROTEC 5 device.

Product features
Authorization

•
•

constraint with regard to the number
of supported SIPROTEC 5 devices per
project, incl. IEC 61850 System
Configurator
Contains additional graphical editors
for single-line diagrams, device
display pages, and the network
topology
SIGRA for professional fault-record
analysis is available as an option

•

enhanced functionality for IEC 61850,
for example, flexible engineering and
functional naming
Contains SIGRA for a professional
analysis of fault records

All features are listed in the Overview of Functions, Page 68 table.
No license key necessary

Authorization required using the license key;
can be used on one computer per license.

Available interface
languages
Contained in the scope
of delivery of the DVD
version

German, English, Portuguese, Spanish, Italian, French, Russian, Polish, Czech, and Turkish (selectable)

• Program, device drivers, and online

• Program, device drivers, and online

• Program, device drivers, and online

•

•

• USB stick with the number of licenses

•
•

documentation on DVD-ROM
USB stick including a 30-day test
license for a free test of
DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

•
•
•

documentation on DVD-ROM
USB stick with the number of licenses
ordered. The program can be used on
one computer per license.
Includes a 30-day test license for a
free test of DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

documentation on DVD-ROM

•
•

ordered. The program can be used on
one computer per license.
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

DIGSI 5 can also be ordered and delivered via online software delivery (OSD). The delivery of the DVD and USB cable is unnecessary.
The program is offered for downloading. The license can be loaded online on the Automation License Manager.

4.2
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Selection and Ordering Data

Variants

Amount of Licenses

DIGSI 5 Compact

Unlimited

7XX8002-0CA00

DIGSI 5 Standard without SIGRA (with COMTRADE Viewer)

1 single license

7XX8002-0SA01

DIGSI 5 Standard with SIGRA

DIGSI 5 Premium with SIGRA

Order No.

5 single licenses

7XX8002-0SA05

10 single licenses

7XX8002-0SA10

1 single license

7XX8002-1SA01

5 single licenses

7XX8002-1SA05

10 single licenses

7XX8002-1SA10

1 single license

7XX8002-1PA01

5 single licenses

7XX8002-1PA05

10 single licenses

7XX8002-1PA10

DIGSI 5 Premium Trial (Premium full version for 30 days)

Unlimited

7XX8002-1PT00

DIGSI 5 Premium Scientific (for technical colleges only)

10 single licenses

7XX8002-1PC10

DIGSI 5 Premium Sales (for Siemens Sales and Distribution department only)

10 single licenses

Upgrade from DIGSI 5 Standard to Premium

Upgrade from DIGSI 4 Professional to DIGSI 5 Standard

7XX8002-1PS10

1 single license

7XX8002-1UP01

5 single licenses

7X80002-1UP05

10 single licenses

7XX8002-1UP10

10 single licenses

7XX8002-0US10

Upgrade from DIGSI 4 Professional to DIGSI 5 Premium

10 single licenses

7XX8002-1US10

Upgrade from DIGSI 4 Professional + IEC 61850 to DIGSI 5 Standard

10 single licenses

7XX8002-0UC10

Upgrade from DIGSI 4 Professional + IEC 61850 to DIGSI 5 Premium

10 single licenses

7XX8002-1UC10

SIGRA option package for DIGSI 5 Standard

1 single license

7XS5412-2AA00

DVD copy with the latest DIGSI 5 and SIGRA version

5 single licenses

7XS5413-2AA00

10 single licenses

7XS5414-2AA00
7XX8002-1DD00

Table 4.2/1 DIGSI 5 Selection and Ordering Data
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Description
The IEC 61850 System Configurator is the manufacturer-independent solution for the interoperable engineering of
IEC 61850 products and systems. It supports all devices with
IEC 61850, not just Siemens products – like SIPROTEC 5,
SIPROTEC 4, SIPROTEC Compact, Reyrolle, SICAM RTUs, SICAM
IO/AI/P85x/Q200 – but also devices from other Siemens divisions
(such as SITRAS PRO) or from third parties.
The IEC 61850 System Configurator supports the SCL configuration files (substation configuration language) from the
IEC 61850-6 through import or export of all formats
(ICD/IID/CID/SCD/SSD/SED). Thus, IEC 61850 devices can be
added and a complete IEC 61850 station is available for substation automation technology.
IEDs from the IEC 61850 standard of Edition 1, 2.0, or 2.1 are
supported. The possible engineering therefore includes not only
GOOSE communication and client-server configuration via MMS
reporting, but also system topology, process bus communication with SMV (sampled measured values) and
IEC 60870-5-104 addresses for the gateway to the network
control center via IEC 61850-8-1.
Simple engineering thanks to customer-friendly workflows and
the universal display of IEC 61850 addresses as well as customer
description texts. Users with basic or expert IEC 61850 knowledge find the desired level of detail. For documentation
purposes, the engineering can be displayed in the Web browser
in a customer-friendly form. Harmonized interfaces of the tool,
such with DIGSI 4 and DIGSI 5, reduce the engineering effort for
Siemens plants even more.
Benefits

• Comprehensive – one tool for configuring all digital
IEC 61850 devices

• Simple extension and adaptation of plants by using
IEC 61850 Edition 1 and 2 in a project

• Customer-specific IEC 61850 structures (flexible engineering)
permit the implementation of customer standards

• Easy to understand by using application-oriented signal

names instead of the specific IEC 61850 language (logical
nodes, etc.)

4.3
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[sc_IEC 61850 SysConf, 2, --_--]

Figure 4.3/1 Splash Screen for the IEC 61850 System Configurator

• Proven by experience from worldwide standardization activities and engineering of more than 500 000 devices

• Facilitated engineering by means of integrated interfaces to
DIGSI, SICAM SCC, SICAM PAS, SICAM protocol test system
and IEC 6150 browser

Applications

• Interoperable engineering of IEC 61850 (MMS; GOOSE; SMV)
• Import and export of all SCL formats, such as ICD, IID, CID,
SCD, SSD or SED

• Supporting of Editions 1, 2.0, and 2.1 of IEC 61850
• Engineering with IEC 61850-80-1
• Engineering independent from manufacturers

SIPROTEC 5 Compact – Engineering
IEC 61850 System Configurator

[One IEC 61850, 3, --_--]

Figure 4.3/2 One IEC 61850 System Configurator for all Devices in the Station

IEC 61850 – Ethernet-Based Substation Automation Protocol
IEC 61850 is more than just a substation automation protocol.
The standard comprehensively defines data types, functions,
and communication in station networks. In Edition 2, the influence of the standard is extended to more sectors of the energysupply industry. Siemens actively participated in designing the
process of adapting Edition 1 to Edition 2 for the purposes of
the standardization framework. Edition 2 fills in certain omissions and defines additional applications. As a global market
leader with Edition 1 SIPROTEC 4 devices, Siemens has resolved
the issues of interoperability, flexibility, and compatibility
between Editions 1 and 2: Cooperation with Edition 1 devices is
possible without difficulties.

The internal structure of SIPROTEC 5 devices conforms to
IEC 61850. The result is that for the first time, an integrated,
consistent system and device engineering, from the single line
of the plant o device parameterization, conforming to the
guiding principles of IEC 61850 is possible.

• Converting the complexity of the IEC 61850 data model into
your familiar user language

4.3

• Integrated, consistent system and device engineering (from

the single line of the plant to device parameterization on the
basis of the IEC 61850 data model)

• Flexible object modeling, freedom in addressing objects, and

flexible communication services warrant the highest possible
degree of interoperability and effective exchange and expansion concepts.

• Full compatibility and interoperability with IEC 61850 Editions
1, 2.0, and 2.1
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SIPROTEC 5 Compact – Engineering
IEC 61850 System Configurator
ices warrant the highest possible degree of interoperability and
effective exchange and expansion concepts.
The name of the logical device (ldName) is freely editable. For
example, the standard-conforming name CTRL can be changed
to CONTROL. Structural changes can also be made by changing
the logical device (LD), so that the interface structure can be
adapted flexibly to the requirements of the user. Rigid manufacturer specifications are a thing of the past. Prefix and instance
(inst) of the logical node (LN) can also be edited.
The standard defines the length and rules that are checked by
DIGSI 5 when they are entered.

[IEC_Change_CT_ratio, 1, --_--]

Figure 4.3/3 System Specification and Configuration in DIGSI 5 – the
Complexity of IEC 61850 is Transparent

DIGSI 5 with integrated IEC 61850 engineering covers the
complexity of the standard with a sophisticated user interface.
In standard engineering, you as the user will not be required to
deal with the details of IEC 61850; you get to use your user
language.
In the user language, distance protection is distance protection
with zones and dependent functions, not a collection of logical
nodes. Reports are message lists in which information about the
systems control is configured. In the system configurator,
GOOSE connections are simply configured in a table with source
and target information. You work in your language, with functions and messages associated with a device. If you wish, you
can view the assigned IEC 61850 objects in the
IEC 61850 protocol language. This bilingualism is supported
throughout the user interface by DIGSI 5 and the export files on
the systems control. As the user, you can even add helpful notes
to the data points you define in your language and then export
them for data purposes in the ICD and SCD description.

4.3

[sc_DIGSI_catalog, 1, en_US]

Figure 4.3/4 Creating an IEC 61850 Station

Flexible engineering offers IEC 61850 experts a wide range of
freedom to design their own IEC 61850 structure, including with
user-defined functions and objects. Flexible object modeling,
freedom in addressing objects, and flexible communication serv-
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Stages of functions of a device, which the standard maps to
logical nodes (LN), can be deleted, copied, and extended with
objects of the user. Messages can be added to a switching
object such as the LN XCBR, for example, monitoring messages
for a circuit breaker that have not been defined in the original
LN. You as a user, you can route all of the information associated with a given switching object into a logical node (LN).
Logical nodes (LN) can be added from a library. These instructions can be supplemented with your own objects. You can also
define and create generic nodes. For example, there are logical
nodes (LN) whose functionality you as the user create for yourself through logic functions. These user-defined functions can
be loaded into the device and run there. Monitoring functions
can be created and expanded as required.
A high degree of flexibility in communication is offered for
configuration of GOOSE messages and reports.
Addresses, dataset names, etc. can be set by you, the user.
Flexible engineering offers a high degree of design freedom on
many levels, enhancing interoperability for more complete
communication interchangeability. This in turn safeguards
investments in model devices in accordance with IEC 61850.
With the single-line diagram, you as the user can view the topological structure of the system. DIGSI 5 has been prepared so
that it can export this topological structure of a system to the
SSD file conforming to the standard. This description, as an
extension of the SCD file, represents the primary system for
technical data purposes. In the future, the objects of the device
with which processes of the primary system are controlled can
be adapted flexibly to reflect the specifications of the customer.
Flexible engineering is the key to bringing the system view into
harmony with the IEC 61850 structure of the device.

SIPROTEC 5 Compact – Engineering
IEC 61850 System Configurator

[structure_editor, 1, --_--]

Figure 4.3/5 Editor for Adapting the IEC 61850 Structure in the
SIPROTEC 5 View

4.3
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SIPROTEC 5 Compact – Engineering
SIPROTEC DigitalTwin
Description
The SIPROTEC DigitalTwin is the virtual, digital twin of a real
SIPROTEC 5 device, including the algorithms, functions, and
communication interfaces.
The new, innovative, cloud-based SIPROTEC DigitalTwin offers a
comprehensive test of your SIPROTEC 5 devices as part of the
power automation system with high levels of efficiency, power,
security, and 24/7 availability from anywhere and without any
hardware.
Application Areas

• Visualization and operation of the device (navigation, function keys, etc.)

• Infeed of currents, voltages, binary inputs, etc. to simulate
setting values

• Testing the protection functions, the automation logics, and
the customer-specific applications

• Integration into SICAM A8000, SICAM PAS/SCC substation

automation systems, and SCADA third party systems with the
Ethernet protocols IEC 61850, DNP3, Modbus TCP,
IEC 60870-5-104

• PMU and power-quality systems, such as SICAM PQS,
SIGUARD PDP, or PQ Advisor Compact

• SICAM GridEdge, SIPROTEC Dashboard, or PQ Advisor
Premium IoT applications

• IEC 61850 GOOSE communication between devices, for
example, for interlocking

• Error analysis, for example, fault-record playback
• Cybersecurity functions (Syslog, RADIUS)
• Individual and intuitive SIPROTEC 5 training
Customer Benefit
Saves time and boosts the quality throughout your systems
entire lifecycle.

• Testing the power-automation system in minutes 24/7

without any hardware, without any additional expenditure,
and regardless of location.

• The new systems can be added more quickly due to shorter
project lead times.

• Reduced OPEX with shorter downtimes ensure high availability due to improved pretesting (incl. patches)

• Reduced investment costs (CAPEX) in test devices
• Quick and realistic error analysis due to easy reproducibility of
the product and system behavior

• Flexible, continuous, and personalized training in a virtual
testing environment based on real system conditions

4.4
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[sc_SIPROTEC DigitalTwin energy aut, 1, en_US]

Figure 4.4/1 SIPROTEC DigitalTwin within the Power Automation
System

SIPROTEC 5 Compact – Engineering
SIPROTEC DigitalTwin –
Testing the Device

• Infeed of static currents and voltages
• Simulation of binary inputs and analog values
• Device operation (display, LED)

[sc_SIPROTEC-DigitalTwin-Binary-Inputs, 1, --_--]

Figure 4.4/4 SIPROTEC DigitalTwin – Binary Input

IEC 61850 communication

[sc_SIPROTEC-DigitalTwin-Analog-Values, 1, --_--]

Figure 4.4/2 SIPROTEC DigitalTwin – Analog Value

• GOOSE, MMS, and interlocking
• SCADA systems
• Process bus

Testing the Protection Function

• With static values
• With COMTRADE output
• With State Sequencer

[sc_SIPROTEC-DigitalTwin-Binary-Outputs, 1, --_--]

Figure 4.4/5 SIPROTEC DigitalTwin – Binary Output

[sc_SIPROTEC-DigitalTwin-Analog-Values-Vector, 1, --_--]

Figure 4.4/3 SIPROTEC DigitalTwin – Vector Analog Values

Cybersecurity

• Windows Server
• Security Logs
• Role-based access control (RBAC)
Communication

• SCADA systems
• Ethernet-based station protocols
• Protection-data transfer
• Telecontrol interfaces
• Web-based interfaces (SIPROTEC 5 Web UI)
• IoT connectivity/GridEdge

4.4
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SIPROTEC Dashboard
Transparency Increases Efficiency
Protection relays sit at the very heart of our power grid infrastructure. They operate silently inside substations and listen to
the AC 50 Hz or AC 60 Hz heartbeat of the power lines. Once
they come into action however, literally every millisecond
counts to initiate switching operations to avert disaster and alert
the grid operator about a specific fault situation. This is where
the SIPROTEC Dashboard comes into play.
As part of our Grid Diagnostic Suite, the cloud-based SIPROTEC
Dashboard application benefits from a new communication
architecture. SIPROTEC 5 devices communicate not only to the
substation automation level but also to the new SICAM GridEdge
node, and from there to the MindSphere cloud. This way we can
unlock the best of two worlds: Full data transparency on the
Edge level and a grid-wide data overview in the cloud while
adhering to state-of-the-art cyber security standards through the
decoupling of field devices from the cloud.
Empowerment of Maintenance Crews
The SIPROTEC Dashboard empowers operational crews in their
task to troubleshoot faults in the power grid. Instead of waiting
for information from the control center they can now directly
access key data like fault logs and fault records of a given
protection relay that initiated a trip – even before going on-site.
The new SIPROTEC Dashboard enables different views for all
relays in the grid, including a map view, station view and device
view.

Figure 4.5/1 Grid Diagnostic Suite

Multiple Views

• Map view, substation view, device and measurement data
views

• Drill down option for each event

Furthermore, the Dashboard offers additional insights into
compact condition monitoring parameters like the switched
fault current (I2t) or temperature hotspots of transformers or
switchgear – all very helpful indications for an early assessment
of the situation on the ground.

Fault Analysis

One source of complexity when troubleshooting the behavior of
protection relays is related to firmware versions. Are all devices
on the same version? Is the latest version deployed everywhere?
Through our new firmware cross-check functionality, firmware
versions can be analyzed at a glance within the context of a
substation or even across the entire grid.

• Firmware cross-check on station and grid-level
• Settings monitoring on station and grid-level

In summary the SIPROTEC Dashboard is an innovative new
offering for our SIPROTEC devices and offers insightful views on
your protection fleet at a glance.
Advantages at a Glance

• Simplifies workflows for faster response times
• Increases grid availability and service quality
• Full support for SIPROTEC and Reyrolle relays as well as crossvendor support for IEC 61850 enabled protection devices

• Compliant with industry cyber-security standards
Main Features
4.5

[IoT, 1, --_--]

Monitor the status of your protection relay fleet:
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• Automated fault record and fault log retrieval
• Fault record visualization
Device Management

SICAM GridEdge

• Full data transparency via direct device access
• Cross-vendor compatible for IEC 61850 enabled protection
relays

• Modular extensible functionality via containerized applications

• Secure decoupling from relays to the cloud
Condition Monitoring Views

• Circuit breaker I2t statistics
• Hotspot measurements for transformers and switchgear
• Transformer tap position statistics

SIPROTEC 5 Compact – Engineering
SIPROTEC Dashboard

[sc_SIPROTEC_Dashboard, 1, --_--]

Figure 4.5/2 IoT Architecture for Power Automation Systems

4.5
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SIGRA
Description
The SIGRA user program supports you in analyzing failures in
your electrical power system. The program graphically analyzes
data recorded during the failure and calculates additional
supplemental quantities such as impedances, powers, or RMS
values, from the supplied measured values, making evaluation
of the fault record easier.
The quantities can be shown as desired in the diagrams of the
following views: time signals, phasor diagrams, locus
diagrams, and harmonic components and fault locators and
represented in the table view.
After a system incident, it is especially important to quickly and
completely analyze the error, so that the respective measures
can be derived immediately from the cause analysis. This will
enable the original network status to be recovered and the
down time to be reduced to an absolute minimum.
As well as the usual time signal display of the recorded measured quantity, the current version is also set up to display
vector, pie and bar charts to show the harmonics and data
tables. From the measured values recorded in the fault records,
SIGRA calculates further values, for instance missing quantities
in the 3-phase electrical power system, impedances, outputs,
symmetrical components, etc. Using 2 measurement cursors,
the fault current can be easily and conveniently evaluated. With
the aid of SIGRA however, further fault record can also be
added. The signals from another fault record (for example, from
the opposite end of the line) are added to the current signal
pattern using drag and drop.
SIGRA facilitates the display of signals from various fault records
in one diagram as well as a fully automated synchronization of
these signals on a common time base. As well as the precise
determination of the individual factors of the line fault, the fault
location is also of particular interest.
A precise determination of the fault location saves time which
the user can use for an on-site inspection of the error. This function is also supported by SIGRA using the offline fault location
function. SIGRA can be used for all fault records in COMTRADE
file format.
The functions and advantages of SIGRA can only be optimally
displayed directly on the product. Consequently, SIGRA is available as a 30-day test version.

• Calculation of additional values, such as positive-sequence

impedances, RMS values, symmetrical components, phasors

• 2 measuring cursors that are synchronized in all views
• High-performance panning and zoom functions (for example,
section enlargement)

• User-friendly project engineering via drag and drop
• Innovative signal routing in a clearly structured matrix
• Time-saving user profiles, which can be assigned to individual
relay types or series

• Addition of further fault records and synchronization of
multiple fault records with a common time base

• Simple documentation through copying of the diagrams for
example, into MS Office programs

• Offline fault-location determination
• Commenting of fault records, and commenting of individual
measuring points in diagrams and free placement of these
comments in diagrams

• Application of mathematical operations to signals.

Functions

Hardware requirements

• Evaluation of fault records
• One-sided and two-sided offline fault location
• Synchronized display of various diagram types, such as time

• Pentium 4 with 1-GHz processor or similar
• 1 GB RAM (2 GB recommended)
• Graphic display with resolution of 1024 × 768

• 6 diagram types:
– Time-signal representation (standard)

• 50 MB available hard-disk space
• Keyboard and mouse

– Locus diagram (for example for RX)

Software requirements

– Vector diagram (reading of angles)

• MS Windows 7 Ultimate, Enterprise, and Professional
• MS Windows 8.1 Enterprise
• MS Windows Server 2008 R2

signal display, locus diagrams, bar charts

4.6

[sc_SIGRA_Splash, 1, --_--]

Figure 4.6/1 Fault-Record Analysis with SIGRA

– Bar chart (for example for visualizing harmonics)
– Table (with values of several signals at the same point in
time)
– Fault-location determination (display of fault location)
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pixels (1280 × 1024 recommended)
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[sc_TimeSignalsDiagram, 1, en_US]

[sc_Oberschwingung, 1, en_US]

Figure 4.6/2 SIGRA Time Signals

Figure 4.6/5 SIGRA Harmonics

DIGSI 5, IEC 61850, and SIGRA support you in an optimal
and holistic manner for your SIPROTEC 5 project:

• Powerful and effective analysis of fault records
• Integrated system and device engineering
• Graphical user interface simplifies and accelerates
project engineering

• Application templates and function groups as images of

the primary application and the primary objects, such as
the line or circuit breaker, warrant a user-oriented
working method and perspective

[sc_VectorDiagram, 1, en_US]

• Test and simulations tools offer optimal plausibility
checks

Figure 4.6/3 SIGRA Phasor Diagram

[sc_circle diagram, 1, en_US]

Figure 4.6/4 SIGRA Locus Diagrams

4.6
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Selection and Ordering Data
Selection and Ordering Data

5.1

Description

Variants

Order no.
1

Universal device

2

3

4

5

6

7

8

9

10

Binary inputs/outputs

14

15

16

1 ☐ A

0

▲

│ │

│

│

A │

│

│

14 BI, 11 BO (10 F, 1 life contact)

B │

│

│

│

│

│

4 x Ip, 4 x V

A

│

│

3 x Ip, 1 x lee, 4 x V

B

│

│

│

│

Standard

0

│

US

1

Front view

Ethernet interface (port F)

│
│

Ethernet electrical17

B

Ethernet optical

C

Table 5.1/1 SIPROTEC 7SX800 Selection and Ordering Data
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▲

13

4 BI, 5 BO (4 F, 1 life contact)
Measuring inputs

Under development

12

7 S X 8 0 0 0 - 3 ☐ ☐ 5 ☐ ▲ ▲

17

11

Appendix
Accessories
Group

Accessories

Article per packaging unit

Order no. (Short designation)

Terminal

Voltage terminal, terminal block, 14-pole

8

7XX8400-0VA00

Terminal

Current terminal, 4 x protection

1

7XX8400-0CF00

Terminal

Current terminal, 3 x protection and 1 x measurement

1

7XX8400-0CG00

Terminal

2-pole cross connector for current terminal

3

7XX8400-0XA00

Terminal

Terminals for expansion module

2

7XX8400-0TE00

Terminal

2-pole cross connector for voltage terminal

6

7XX8400-0XB00

Terminal

Cover for current terminal block

1

7XX8400-0XC00

Terminal

Cover for voltage terminal block

8

7XX8400-0XD00

Terminal

Transport safety, current terminal

2

7XX8400-0XE00

Terminal

Transport safety, voltage terminal

10

7XX8400-0XF00

Terminal

Terminal set for direct connection to 400 V low voltage

4

7XX8400-0TD00

Accessories

USB cover

10

7XX8300-0MK00

Accessories

Set of angle rails

2

7XX8300-0MH00

Accessories

Panel surface mounting assembly frame (for mounting a device in
the panel surface mounting)

1

7XX8300-0MG00

Accessories

DIGSI 5 USB cable 2.0

1

7XX8300-0CE00

Accessories

SFP RJ45, 10 units

10

7XX8300-0EB00

Table 5.2/1 Accessories
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Appendix
Connection Diagrams
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[dw_AZ_IO060, 1, en_US]

Figure 5.3/1 IO060 Connection Diagram

[dw_AZ_PS050, 1, en_US]

Figure 5.3/2 PS050 Connection Diagram
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Appendix
Assembly Dimensions
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[dw_SIP5-compact_dimensional_drawing, 1, en_US]
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Appendix
Grouping Measured Values
Measured Value

Description

Grouping of Base Measured Values
Operational measured values

RMS value calculation and power calculation as per the definition
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG

5.5

Frequency f
Power P, Q, S (3-phase and phase-specific)
Power factor f
Fundamental and symmetrical components

Calculation of phasor variables with Fourier filter or according to transformation rule
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG
Symmetrical components I0, I1, I2, V0, V1, V2

Energy values

Metered values are determined for active and reactive energy. Restore time, restore interval, and
counting mode are adjustable. Restoring can also be initiated via a binary input. The following
metered values are available:
Active energy Wp+ (release), Wp– (uptake)
Reactive energy Wq+ (release), Wq– (uptake)

Statistical values

The following statistical values are formed as follows:
Total sum of primary breaking currents
Total number of initiated trippings of the circuit breaker

Grouping of Advanced Measured Values
Mean values

Mean values can be calculated on the basis of the operational measured values and the symmetrical
components. The time slot for mean-value calculation and the output interval are parameterizable.

Minimum values and maximum values

The minimum/maximum values can be generated on the basis of operational measured values,
symmetrical components, and selected measured values (for example, from mean values). The
display of minimum and maximum values contains the time of their occurrence. The calculation is
stabilized against smaller value fluctuations in currents and voltages.

86 SIPROTEC 5 Compact ⋅ Catalog – Edition 1

Appendix
Technical Data
The following is an extract from the technical data for
SIPROTEC 5 Compact. For more information, refer to the current
SIPROTEC 5 Compact manual under www.siemens.com/
siprotec.

Standard Binary Input
Dropout time18

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Measuring range

0 V to 200 V

Burden

< 0.1 VA

Thermal rating

230 V continuously

Control voltage

Capacitive load
(supply-line capacitance)

Dropout time

< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in
the device to the control voltage.
Range 1 for 24 V,
48 V, and 60 V
Control voltage

Power Supply via Integrated Power Supply

Range 3 for 220 V and Vlow ≤ DC 88 V
250 V
Vhigh ≥ DC 176 V
Control voltage

DC 19 V to DC 300 V
AC 80 V to AC 265 V, 50/60
Hz

Auxiliary rated voltage VH

DC 24 V/DC 48 V/DC 60
V/DC 110 V/ DC 220 V/DC
250 V or AC 100 V/AC
115V/AC 230 V 50 Hz/60 Hz

Superimposed alternating voltage, peakto-peak, IEC 60255-11, IEC61000-4-17

≤ 15 % of the DC auxiliary
rated voltage (applies to
direct voltage only)

Maximum admissible
voltage

≤ 18 A

Relay Outputs

Recommended external protection

Miniature circuit breaker 6
A, characteristic C
according to IEC 60898

Fast relay (type F)

Internal fuse

Making capacity

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≤ 0.35, 50 Hz to
60 Hz)

DC 24 V to DC 250 V
AC 115 V to AC 230 V

Breaking capacity

2 A time-lag, AC 250 V, DC 300 V, UL recognized
Power consumption (life relay active)
DC

AC 230 V/
50 Hz

Stored-energy time for
auxiliary voltage outage or
short circuit, non-modular
devices

AC 115 V/50 Hz

For V ≥ DC 24 V ≥ 20 ms
For V ≥ DC 60 V ≥ 50 ms
For V ≥ AC 115 V ≥ 200 ms

AC and DC contact
voltage

IEC 61000-4-29

250 V

Permissible current per 5 A
contact (continuous)
Permissible current per 30 A for 1 s (make contact)
contact (switching on
and holding)
Short-time current
across closed contact

IEC 61000-4-11

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≤ 0.35, 50 Hz to
60 Hz)

SIBA type 179200 or Schurter type SPT 5x20

250 A for 30 ms

Total permissible
5A
current for contacts
connected to common
potential

Binary Input
Standard Binary Input
Rated voltage range

DC 24 V to 250 V

Current consumption,
picked up

Approx. DC 0.6 mA to DC 2.5 mA (independent
of the control voltage)

Power consumption,
max.

0.6 W

Pickup time

Approx. 3 ms

18

DC 300 V

The binary inputs contain interference suppression capacitors. To
ensure EMC immunity, use the terminals shown in the terminal
diagrams/connection diagrams to connect the binary inputs to the
common potential.

Inrush current

–

Vhigh ≥ DC 19 V

Range 2 for 110 V and Vlow ≤ DC 44 V
125 V
Vhigh ≥ DC 88 V
Control voltage

Power Supply

Permissible voltage ranges

Vlow ≤ DC 10 V

Switching time OOT
(Output Operating
Time)

Make time: typical: 4 ms; maximum: 5 ms
Break time: typical: 2 ms; maximum: 5 ms

Additional delay of the
output medium used

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of the binary input
(for example, a resistor in parallel to the binary input or using a change-over contact).
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Technical Data
Fast relay (type F)
Rated data of the
output contacts in
accordance with UL
certification

Interface
DC 24 V, 5 A, General Purpose

Integrated electrical Ethernet interface19

Connection

DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 120 V, 5 A, General Purpose
AC 250 V, 5 A, General Purpose
AC 250 V, 0.5 hp
B300
R300

5.6

Interference suppression capacitors across
the contacts

4.7 nF, ± 20 %, AC 250 V

Monitoring

2-channel activation with cyclic testing (only
for make contact)

(2) LED 2: Green

Light-Emitting Diodes in the On-Site Operation Panel
Status

Color

Quantity

RUN

Green

1

ERROR

Red

1

Routable (adjustable
2-colored: red or green 8
with DIGSI 5) Only the
defined color can be
used in operation.

User Interface, Front Side
You can find a USB connection of type B for the connection to a
laptop computer or to a PC on the front side of the device. A
protection cover protects this USB connection against pollution
and humidity.
USB

User interface

Connection

USB type B

Insulation class

PELV (Protective Extra Low Voltage) (according
to IEC 60255-27)

Integrated Ethernet Interface (Port F)
This terminal is used to load the device with DIGSI 5 using
Ethernet. This terminal also enables IEC 61850 Ethernet communication or communication with another protocol via Ethernet,
for example, for connecting an external RTD unit.

19

(1) LED 1 Yellow

Under development
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Connector type

2 x RJ45

Baud rate

100 Mbit/s

Max. line length

20 m with Ethernet patch cable CAT 6 S/FTP, F/
FTP, or SF/FTP

Insulation class

SELV (acc. to IEC 60255-27)

Interface design

Corresponds to IEEE 802.3, 100Base-TX

Interface

Integrated optical Ethernet interface

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

Max. line length

2 km via 62.5/125-μm multimode optical fiber

Appendix
Legal Notices
Indication of Conformity
This product complies with the directive of the Council of
the European Communities on harmonization of the laws
of the Member States concerning electromagnetic
compatibility (EMC Directive 2014/30/EU), restriction on
usage of hazardous substances in electrical and electronic equipment (RoHS Directive 2011/65/EU), and electrical equipment for use within specified voltage limits
(Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed
according to the Council Directive in accordance with the
product standard EN 60255-26 (for EMC directive), the
standard EN 50581 (for RoHS directive), and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens.
The device is designed and manufactured for application
in an industrial environment.

5.7

The product conforms with the international standards
of IEC 60255 and the German standard VDE 0435.

Disclaimer of Liability
Subject to changes and errors. The information given in this
document only contains general descriptions and/or performance features which may not always specifically reflect those
described, or which may undergo modification in the course of
further development of the products. The requested performance features are binding only when they are expressly agreed
upon in the concluded contract.
Document version: 01
Release status: 12.2020
Version of the product: V1
Copyright
Copyright © Siemens AG 2020. All rights reserved.
The disclosure, duplication, distribution and editing of this document, or utilization and communication of the content are not
permitted, unless authorized in writing. All rights, including
rights created by patent grant or registration of a utility model
or a design, are reserved.
Trademarks
SIPROTEC, DIGSI, SIGRA, SIGUARD, SIMEAS SAFIR, SICAM, and
MindSphere are trademarks of Siemens. Any unauthorized use is
prohibited.
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Siemens AG
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For all products using security features of OpenSSL the
following shall apply:
This product includes software developed by the
OpenSSL Project for use in the OpenSSL Toolkit.
(http://www.openssl.org)
This product includes cryptographic software written
by Eric Young (eay@cryptsoft.com )
This product includes software written
by Tim Hudson (tjh@cryptsoft.com)
This product includes software developed
by Bodo Moeller.
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Editorial
Editorial
We are proud to show you the new SIPROTEC 5 Compact device
– a universal SIPROTEC protection device with clear focus on
medium voltage, industrial and infrastructure applications, but
which can also be used in high voltage applications.
Generations of Siemens protection experts have developed and
produced SIPROTEC, placing vast specialist knowledge and
passion in every device even before the start of the digital era.
All of this experience has been incorporated into the development of our new SIPROTEC 5 Compact series.
As before, we will continue to be a faithful partner for you.
The new SIPROTEC 5 Compact – SIPROTEC 7SX800 – stands for
the highest production and development quality from Siemens.
It is an extension of the SIPROTEC 5 generation range and
adopts all system properties and benefits of SIPROTEC 5.

[ph_SIPROTEC 5 Compact, 2, --_--]

Figure /1 SIPROTEC 5 Compact

Whether you need an overcurrent device for a feeder, want to
protect a motor or need a device for power system decoupling,
the universal approach of SIPROTEC 5 Compact ensures that it is
just right for your application.
Your protection device will always be the same – SIPROTEC
7SX800!
With SIPROTEC 5 Compact, you are well equipped to meet the
growing economic and availability requirements imposed on
your power systems.
Our guiding theme for the development of this new device type:
SIPROTEC 5 Compact
| From Siemens | For the Future | For You
Smart Infrastructure
Digital Grid
Energy Automation
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SIPROTEC 5 Compact
Overview
∣ From Siemens
SIPROTEC has stood for reliable protection for over 100 years.
1.1

For generations, Siemens protection experts have used expert
knowledge and passion to develop and produce the devices.

• Experience from over 2.2 million SIPROTEC devices.
• Certified and proven development and production process
• Algorithms and benefits of SIPROTEC 5 in a compact housing
∣ For the Future
SIPROTEC 5 Compact is already prepared for the challenges of
the future.

• Virtual tests with SIPROTEC DigitalTwin for shorter test times
and less work

• IoT connectivity for quicker response times and greater power
system availability

• Integrated cybersecurity to protect your device and guarantee
the optimum power system availability

∣ For You
For both novices and professionals
SIPROTEC 5 Compact offers the right application for everyone.
We have added special functions even for experienced protection experts.

• Universal device for various uses and a low number of models
• Single-line color display as quick and clear user interface
• High density of inputs/outputs for small and compact switchgears

[ph_SIPROTEC5_C_W9, 2, --_--]

Figure 1.1/1 SIPROTEC 5 Compact – Rear View
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7SX800 Universal Protection Device

1.2

[dw_sip5compact_anwendung, 2, en_US]

Figure 1.2/1 Field of application for SIPROTEC 5 and SIPROTEC 5 Compact devices

The graphic gives an simplified overview of the utilization of
SIPROTEC 5 and SIPROTEC 5 Compact devices in the power
system. With renewable energy producers, in particular, there is
power infeed into the grid at all voltage levels. Protected objects
are busbars, overhead lines or cables, and transformers. These
objects have the corresponding protection device allocated.
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SIPROTEC 5 Compact
7SX800 Universal Protection Device
Description

1.2

SIPROTEC 7SX800 is a universal, compact protection device
forming part of the SIPROTEC 5 device series. As a universal
device it helps you in optimizing your device variants and the
associated training and spare parts costs.
It has been specifically developed for the efficient and compact
protection of feeders, lines and motors in medium-voltage
systems, but can also be used in the high voltage area. It covers
the most diverse protection, automation, and monitoring applications with its modular functional scope. Its high levels of
performance and the comprehensive library of functions
enhance the field of application up to high voltage applications.
The new universal device enables the connection of a large
number of inputs and outputs within a very small space and
boasts a comprehensive library of protection functions that you
can easily activate for your application using function points.
SIPROTEC 7SX800 already features future-proof functions today.
Virtual testing with SIPROTEC DigitalTwin considerably cuts the
testing and fault analysis times. IoT connectivity is required to
provide simple access to your device data and guarantee quick
response times. The integrated cybersecurity functions comprehensively protect your device and support your power system's
maximum availability.
The functional scope and thus applications of SIPROTEC 7SX800
are continuously enhanced as a result of its modular structure
and the powerful DIGSI 5 engineering tool. Future-proof system
solutions, high investment security and low operating costs –
this is what SIPROTEC 7SX800 stands for.
Main function

•
•
•

Feeder and overcurrent protection for all
voltage levels
Motor protection for small to medium-sized
motors (100 kW to 2 MW)
Voltage and frequency protection

Inputs and outputs

4 current transformers, 4 voltage transformers
(optional), 4 or 14 binary inputs, 5 or 11 binary
outputs

Width of housing

1/6 × 19 inches

Benefits

• Compact and cost-efficient universal protection device
• Safety thanks to powerful as well as tried-and-tested protection functions

• One universal device for the most different applications
• Easy to use thanks to the graphic color display with single line
display

• Intuitive device operation using web UI
• Cybersecurity as per NERC CIP and BDEW white paper requirements (for example, logging security-related events and
alarms) available as standard

• Full compatibility between IEC 61850 Editions 1, 2.0 and 2.1
Functions
DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

[ph_SIPROTEC 5 Compact, 2, --_--]

Figure 1.2/2 SIPROTEC 5 Compact – Universal Protection Device

• Directional and non-directional overcurrent protection with
additional functions

• Motor protection functions: Startup time monitoring, thermal

overload protection for stator and rotor, restart inhibit, unbalanced-load protection, load-jam protection

• Stator and bearing temperature monitoring via temperature
sensors with external RTD unit.

• Sensitive ground-fault protection (non-directional, directional)
to detect stator ground faults
• Optimized tripping times thanks to directional comparison
• Detection of ground faults of any type in isolated and arc-

suppression-coil-ground power systems using the following
functions: 3I0>, U0>, fleeting contact, cos φ, sin φ, harmonic,
pulse detection, dir. Detection of intermittent ground faults
and admittance

• Targeted automatic reclosing (AREC) of overhead line sections
• Overvoltage and undervoltage protection
• Frequency protection and frequency change protection for
load shedding applications

• Underfrequency load shedding in case of underfrequency,

taking into consideration changed infeed conditions thanks to
decentralized power generation

• Power protection, configurable as active or reactive power
protection

• PQ – Basic: Voltage unbalance; voltage changes: Overvoltage,
dip, open circuit; TDD, THD and harmonic component

• Directional reactive power undervoltage protection (undervoltage-controlled reactive power protection)

• Control, synchrocheck and switchgear interlocking protection

• Circuit-Breaker Failure Protection
• Circuit breaker reignition monitoring
• Graphical logic editor to create powerful automation functions in the device
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SIPROTEC 5 Compact
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• Single line display
• Integrated Ethernet interface can be used for different and

redundant logs (IEC 61850, Modbus TCP, PROFINET IO). IEC
60870-5-104 and DNP3 TCP under development

• Integrated electrical serial interface can be used for different

1.2

logs (IEC 60870-5-103, DNP3 serial) or for time synchronization using IRIG-B (under development)

• Reliable data transmission via PRP and HSR redundancy logs
• Extensive cybersecurity functionality, such as role-based

access control (RBAC), protocoling security-related events or
signed firmware

• Simple, quick and secure access to device data via a standard
Web browser – without additional software

• Capturing operational measured variables and protection

function measured values for the evaluation of the systems,
to support commissioning, and to analyze faults

• Time synchronization with IEEE 15881
• Powerful fault recording (buffer for a max. record time of
80 sec. at 8 kHz or 320 sec. at 2 kHz)

• Auxiliary functions for simple tests and commissioning
Applications

• Detection and selective 3-pole tripping of short circuits in

electrical equipment of star networks, lines with infeed at one
or two ends, parallel lines and open-circuited or closed ring
systems of all voltage levels

• Detection of ground faults in isolated or arc-suppression-coilground power systems in star, ring, or meshed arrangement

• Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars
• Protection and monitoring of capacitor banks
• Protection and interfacing of regenerative infeeds
• Protection against thermal overload of the stator due to overcurrent, cooling problems or pollution

• Protection against thermal overload of the rotor during

startup due to frequent startups, excessively long startups or
blocked rotor

• Monitoring for voltage unbalance or phase outage
• Monitoring the thermal state and the bearing temperatures
with temperature measurement

• Detection of idling drives of pumps and compressors, for
example

• Detection of ground faults in the motor
• Protection against motor short circuits
• Protection against instability due to undervoltage.
• Detection and recording of power quality data in the mediumvoltage and subordinate low-voltage power system

• Reverse-power protection
• Load shedding applications

1

Under development
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SIPROTEC 5 Compact
Application Examples – Overcurrent protection
Overcurrent Protection

1.3

[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 1.3/1 Application Example – Overcurrent Protection

Properties

• Preconfigured devices with application templates
• Easy addition of additional functions via the library
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SIPROTEC 5 Compact
Application Examples – Directional comparison protection
Directional Comparison Protection for Power Line Runs with
Infeed at Two Ends
Using the direction determination of the directional overcurrent
protection, you can implement directional comparison protection for power line runs with an infeed at both ends (Figure
1.3/2). Directional comparison protection is used for the selective isolation of a faulty line section (subsections of closed ring
feeders, for example). Sections are isolated in fast time, that is,
they do not suffer the disadvantage of long grading times. This
technique requires that directional information can be
exchanged between the individual protection stations. You can
implement this information exchange using, for example,
IEC 61850 GOOSE or with pilot wires for signal transmission via
an auxiliary voltage loop.

1.3

[dw_DwDOCP07_SIP5C, 1, en_US]

Figure 1.3/2 Principle of directional comparison protection for power
line runs with infeed at two ends
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SIPROTEC 5 Compact
Application Examples – Induction Motor
Induction Motor: Protection and Control

1.3

[dw_Motor-Sip5C, 1, en_US]

Figure 1.3/3 Induction Motor: Protection and Control

Properties

• Reduced investment due to protection and control in one
device

• Thermal motor protection functions for safe monitoring of the
motor

• Thermal motor protection functions due to connection to an
RTD unit
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Overview of functions
Application Templates

ANSI

14

Function

Abbr.

Available

Application templates are available in DIGSI 5 for standard applications. They contain basic configurations and default settings.

Protection functions for 3-pole tripping

■

Locked rotor

■

24

Overexcitation protection

V/f

■

25

Synchrocheck, synchronization function

Sync

■

27

Undervoltage protection

V<

■

Directional reactive power undervoltage protection (undervoltage-controlled reactive power protection)

Q>/V<

■

32

Power protection active/reactive power

P<>, Q<>

■

32R

Reverse-power protection

-P<

■

37

Undercurrent protection, minimum power

I<, P<

■

38

Temperature supervision

θ>

■

46

Negative-sequence system overcurrent protection

I2>

■

46

Unbalanced-load protection (thermal)

I2² t>

■

46

Negative-sequence overcurrent protection with direction

I2>, ∠(V2,
I2)

■

47

Overvoltage protection: "Negative-sequence system V2" or
"negative-sequence system V1/positive-sequence system V1"

U2>;
U2/U1>

■

Application templates (template)
1

2

3

4

5

6

■

■

■

■

■

■

■

48

Starting time monitoring for motors

I²start

■

■

■

49

Thermal overload protection

θ, I2t

■

■

■

49

Thermal overload protection, user-defined characteristic curve

θ, I2t

■

49

Overload protection for RLC filter circuit elements of a capacitor θ, I2t
bank

■

49R

Thermal overload protection, rotor (motor)

θR

■

50N/51N
TD

Overcurrent protection, ground

IN>

■

■

■

■

Overcurrent protection, phases

I>

■

■

■

■

Instantaneous tripping at switch onto error

SOTF

■

50/51 TD
50HS

Instantaneous high-current tripping

I>>>

■

50/51 TD

Overcurrent protection with positive-sequence current I1

I1>

■

50N/51N
TD

Overcurrent protection, 1-phase

Ip, INp

■

50Ns/
51Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) admittance Y0>, c) 3I0-harm>

INs>

■

Sensitive ground-fault detection via pulse detection; hint: This
stage also requires the function 50Ns/51Ns or 67Ns "sensitive
ground-fault detection for grounded arc suppression coils and
isolated power systems"

IN pulse

■

Intermittent ground-fault protection

IIE>

50/51 TD

Overcurrent protection for RLC filter circuit elements of a capac- I>
itor bank

■

■

■

■

■

■

■

■

■

7
1.4

■

■
■

50BF

Circuit-breaker failure protection, 3-pole

CBFP

■

50L

Load-jam protection

I>L

■

50RS

Circuit breaker reignition monitoring

CBRM

■

51V

Voltage-dependent overcurrent protection

t=f(I, V)

■

59C

Peak overvoltage protection, 3-phase, for capacitors

V> cap.

■

59N

Overvoltage protection, zero-sequence system

V0>

■

59R, 27R

Peak overvoltage protection, 3-phase, for capacitors

V> cap.

■

59, 59N

Overvoltage protection: "3-phase" or "zero-sequence system V0" V>
or "positive-sequence system V1" or "universal Vx"

■

■
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1.4

Function

Abbr.

Available

Overview of functions

60

Voltage-comparison supervision

ΔV>

■

60C

Current-unbalance protection for capacitor banks

Iunbal>

■

Application templates (template)
1

2

3

4

■

66

Restart inhibit for motors

I²t

■

67

Directional overcurrent protection, phases

I>, ∠(V, I)

■

■

67N

Directional overcurrent protection, ground

IN>, ∠(V,
I)

■

■

67Ns

Sensitive ground-fault detection for grounded arc suppression
coils and isolated power systems including a) 3I0> b) V0>, c)
cos/sine Phi, d) transient ground fault, e) Phi(V, I), f) admittance
Directional tripping stage with one harmonic; hint: this stage
also requires the function "67Ns sensitive ground-fault detection for grounded arc suppression coils and isolated power
systems"

74TC

■

∠(U0h,
I0h)

Directional intermittent ground-fault protection

IIEdir>

■

Trip-circuit supervision

AKU

■

74CC

Single circuit monitoring
Automatic reclosing

AREC

■

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; df/
dt<>

■

Underfrequency load shedding

df/dt

■

Vector-Jump Protection

Δφ>

■

■

■

7

■

■

86

Lockout

87N T

Restricted Ground-fault Protection

ΔIN

FL

Fault locator

FO

■

■
■

PQ – Basic measured values: THD (Total Harmonic Distortion)
and harmonic component and THD voltage average values

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■
■
■

PQ – Basic measured values: Voltage unbalance

■

PQ – Basic measured values: Voltage changes – monitoring of
voltage dips, overvoltages and voltage interruptions

■

PQ – Basic measured values: TDD - Total demand distortion

■

Measured values, standard

■

Measured values, extended: Min, max, average

■

Basis PQ measured values: TDH and harmonic

■

Switching statistics counter

■

Circuit-breaker wear monitoring

6

■

79

81U

5

ΣIx, I²t, 2P

■

CFC (standard, control)

■

CFC arithmetic

■

Switching sequence function

■

Inrush-current detection

■

External trip initiation

■

Control

■

■

■

■

■

■

■

■

Fault recording of analog and binary signals

■

■

■

■

■

■

■

■

Monitoring

■

■

■

■

■

■

■

■

Circuit breaker

■

■

■

■

■

■

■

■

Disconnector/grounding conductor

■

Temperature recording via communication protocol

■

Cybersecurity: Role-based access control

■

Table 1.4/1 SIPROTEC 7SX800 Functions, Application Templates (Templates)

(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I
(2) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection 4*I, 4*V
(3) Directional definite-time overcurrent protection/inverse-time overcurrent protection – grounded power system
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Overview of functions
(4) Directional definite-time overcurrent protection/inverse-time overcurrent protection - grounded arc suppression coils/isolated Power
system
(5) Motor: Current measurement
(6) Motor: Current and voltage measurement
(7) Decoupling

1.4

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 15

SIPROTEC 5 Compact – System
Functional Integration
Thanks to the modular design of the software as well as
the functional integration, SIPROTEC 5 Compact devices
are well suited for all tasks in the energy sector.
The devices include:

2.1

• Protection
• Control and automation
• Supervision and monitoring
• Data acquisition and logging for data analysis
• Communication and Internet of Things (IoT)
• Cybersecurity
• Test and diagnostics
Due to the modular design of the software and the highperformance engineering tool DIGSI 5, SIPROTEC 5 Compact is
perfectly suitable for protection, automation, measurement, and
monitoring tasks for the operation and monitoring of modern
power systems.
The devices are not only protection and electronic control units;
their performance enables them to assure functional integration
of the desired depth and scope. For example, they can perform
monitoring, efficient fault recording, a wide range of measuring
functions, and much more, in parallel, and they have been
designed to facilitate future extensions.
SIPROTEC 5 Compact provides extensive, precise data acquisition and data logging on bay level for these functions. In
connection with its communication flexibility, this expands the
field of application and opens up a wide variety of possibilities in
meeting requirements for present and future power systems.
With SIPROTEC 5 Compact, you are on the safe side for your
application. The following figure shows the possible functional
expansion of a SIPROTEC 5 Compact device.

[dw_funktionale-Integration SIP5 C, 1, en_US]

Figure 2.1/1 Possible Functional Expansion of SIPROTEC 5 Compact
Devices

Faster results with application templates
A common function library provides all protection, automation,
monitoring, and auxiliary functions for the SIPROTEC 5 Compact
devices. The same functions are truly the same for all devices.
Once established, configurations can be transferred from device
to device. This results in substantially reduced engineering
effort.
Predefined application templates are available in DIGSI 5 for
every device type. These contain basic configurations, required
functions, and default settings. In addition, you can save a
device as a master template in a user-defined library and reuse it
as a template for your typical applications. This saves time and
money. Saving user-defined application templates is possible.
Figure 2.1/2 shows an example of a line feeder in a system
configuration in which the functions in the application template
are combined into function groups (FGs). The function groups
correspond to the primary components (protected objects:
feeder "V-I-3ph", motor, switching devices, circuit breakers)
thereby simplifying the direct reference to the actual system.
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[dw_7SX800_ SimpleFeeder, 1, en_US]

Figure 2.1/2 Feeder Protection

Instrument and Protection-Class Current Transformers
The flexibility of the SIPROTEC 5 family enables even greater
functional integration and parallel processing of an wide range
of functions. If you also want to use the Synchrophasor measurement function, that is, the high-precision acquisition of
current and voltage phasors and the variables derived from
them such as power and frequency, this function can be
assigned to the measuring input. Another possible application is
monitoring power quality characteristic key values.

The modular, flexible structure of the software ensures
perfectly customized solutions for all your requirements in
the power system.
With SIPROTEC 5, you have flexibility throughout the entire
product lifecycle and your investment is thus protected.

The high-precision measured values and status information
provided by the SIPROTEC 5 devices can be transmitted to automation systems such as a SICAM substation automation technology and power systems control or central analysis systems
(for example, SIGUARD PDP) via the high-performance communications system. In particular, the control and monitoring of
intelligent power systems require information from power
generators (conventional or renewable energy) and from
consumers (line feeders). The required information may be
measured values, switching states, or messages from protection
and monitoring functions. In addition to performing local
protection, control, and monitoring tasks, the
SIPROTEC 5 devices are an excellent data source. The flexible
communication among the devices enables them to be
combined in various communication topologies. In this context,
the widely used Ethernet-based communications standard
IEC 61850 offers many advantages.
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Protection – Functions
Protection

Synchrocheck, Synchronization Function (ANSI 25)
When two subsystems or live equipment are connected to the
power system, the voltage must be synchronous with one
another at the moment of connection. The synchronization
function monitors this requirement.
The synchronization function can be used for synchronous
power systems (galvanically coupled, no frequency difference)
as well as asynchronous networks (galvanically separated,
frequency difference present).
It has 3 operating modes:

• For galvanically coupled power systems (delta_f =0):
– Synchrocheck (monitoring of voltage, frequency, and
phase-angle difference)

• For non-galvanically coupled power systems:

2.2

– Switching of synchronous power systems (control of
equality of frequency, voltage and phase-angle difference
and continuity over a time frame)
– Switching of asynchronous power systems (voltage and
frequency difference, connection to the synchronization
point taking into consideration the make time of the circuit
breaker).
[dw_schutz_SIP5C, 1, en_US]

Figure 2.2/1 SIPROTEC 5 Compact – Functional Integration – Protection

SIPROTEC 5 provides all the necessary protection functions to
address reliability and security of power systems and their
components. The functions are based on decades of experience
in using systems, including suggestions from the Siemens
customers.
The modular, functional structure of SIPROTEC 5 allows exceptional flexibility and a perfect adaptation of the protection functionality to the conditions of the system and is still capable of
further changes in the future.

Evaluation of the frequency difference causes the function to
switch automatically between the synchronous and asynchronous power system functions. The synchrocheck function can be
utilized for pure monitoring.
The relative parameters for synchronization are derived from
voltage transformers (arranged to the left and right on the
circuit breaker). Depending on the available number of voltage
transformer inputs, one or two synchronizing locations (circuit
breakers) can be applied in one device.

The available device functions are described in the following
sections.

Several functions can be used with up to 2 parameter sets
(stages) for the synchrocheck and up to 6 parameter sets
(stages) for the synchronization function per device. This
enables the device to always react to different power system or
plant conditions with the correct synchronization parameters.

Overexcitation Protection (ANSI 24)

Undervoltage Protection (ANSI 27)

The overexcitation protection is used for detecting high induction values in generators and transformers. It protects the equipment from excessive thermal loads.

The undervoltage protection monitors the permissible voltage
range or protects equipment from subsequent damage due to
undervoltage. It can be used in the power system for decoupling
or load-shedding tasks.

The induction is recorded indirectly by the evaluation of the
V/Hz ratio. Overvoltage leads to excessive magnetizing currents,
while underfrequency leads to higher losses when resetting the
magnetization.
There is a danger of overexcitation if the power system is
disconnected and the voltage and frequency control function in
the remaining system does not react quickly or the power unbalance is excessive.
Within this function, the following maximum number of stages
can be operated simultaneously: 1 dependent stage with userdefined characteristics and 2 independent stages.
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Various undervoltage protection functions are available. By
default, 2 stages are preconfigured. Up to 3 identical stages are
possible. The undervoltage protection functions can be blocked
by means of a current criterion.

SIPROTEC 5 Compact – System
Protection – Functions
The following functions are available:

• Undervoltage protection with 3-phase voltage
– Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages
– Methods of measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Undervoltage protection with positive-sequence voltage
– 2-phase short circuits or ground faults lead to an unbalanced voltage collapse. In comparison to phase-related
measuring systems, such events have no noticeable impact
on the positive-sequence voltage. Therefore, this function
particularly suitable for the assessment of stability problems.
– Methods of Measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

• Undervoltage protection with any voltage
– Detection of any 1-phase undervoltage for special applications

The power protection can be integrated into any automation
solution, for example, to monitor very specific power limits
(further logical processing in CFC).
The power protection function comes with a factory-set stage
each for the active power and the reactive power. A maximum
of 4 active-power stages and 4 reactive-power stages can be
operated simultaneously in the function. The stages have an
identical structure.
You can define thresholds for exceedance or underrunning of
the power lines. The combination of the different stages via CFC
result in various applications.
Application Examples

• Detection of negative active power. In this case, the reverse-

power protection can be applied using the CFC to link power
protection outputs to the "direct tripping" function.

• Detection of capacitive reactive power. If overvoltage is
detected due to long lines under no-load conditions, it is
possible to select the lines where capacitive reactive power is
measured.

– Methods of Measurement: optionally, measurement of the
fundamental component or of the RMS value (true RMS
value).

• Rate-of-voltage change protection dV/dt
– Detects system states that are not secure caused by an
unbalance between generated and consumed active power
– Can be used as a criterion for load-shedding applications
Reactive-Power Undervoltage Protection (QU Protection)
The reactive-power undervoltage protection (QU protection)
represents a system protection for power-system disconnection.
To avoid a voltage collapse in energy systems, the energy
producing side, for example a generator, should be provided
with voltage and frequency protection devices. An undervoltage-controlled reactive power direction protection (QU
protection) is required at the power-system interconnection
point. The QU protection detects critical power-system situations and ensures that the power-generation system is disconnected from the power system. It also ensures that reconnection
only takes place if the network conditions are stable. The criteria
for this are parameterizable and can be found in the document
Technical directive for generating plants on the mediumvoltage power system (BDEW, June 2008) and in the "FNN
requirement specification reactive power direction undervoltage
protection (FNN, Feb 2010)".
Power Protection (ANSI 32, 37)
The power protection works on a 3-phase basis and detects
exceedance or underrunning of the set active-power or reactivepower thresholds (Figure 2.2/2). Predefined power limits are
monitored and corresponding warning indications are issued.
The power direction can be determined by measuring the angle
of the active power. Thus, for example, reverse energization in
the power systems or at electric machines can be detected.
Machines in idle state (motors, generators) are detected and can
be shut down via a message.

[dw_Wirk_Blind_KL, 1, en_US]

Figure 2.2/2 Active-Power Characteristic Curve and Reactive-Power
Characteristic Curve
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Reverse-Power Protection (ANSI 32R)
The reverse-power protection is used in generators and power
units. If the mechanical energy (for example, steam supply at
the turbine) fails, the generator obtains the driving energy from
the power system. In this operating state, the turbine can be
damaged, which is prevented by tripping of the reverse-power
protection. In order to react quicker if there is a steam outage,
the position of the quick-stop valve is coupled additionally via
binary input. It is used to switch between 2 time delays of the
trip command. Furthermore, the function is used for operational
disconnection (sequential circuit) of generators.
For other applications, the universal power protection
(ANSI 32, 37) is recommended.

2.2

The reverse-power protection works on a 3-phase basis and
monitors the absorbed active power (negative threshold value).
By evaluating the positive-sequence system power and selecting
a long measuring window, the function is insensitive to disturbance variables and very precise (minimum setting threshold:
-0.3 % P/Srated). The measuring accuracy is substantially affected
by the angle error. Because the SIPROTEC 5 devices are compensated, the primary transformers affect the measuring accuracy.
The function can correct the angle error: You can find the angle
error in the test report of the transformer or it can be measured
using the primary system.
Undercurrent Protection (ANSI 37)
Undercurrent protection detects the falling edge or decreasing
current flow. This may be due to switching operations, for
example, from a higher-level circuit breaker, or by decreasing
loads, for example, pumps running empty.
In both situations, it may be necessary to open the local circuit
breaker in order to prevent consequential damage. The undercurrent protection handles this task.

3-phase current machines. It operates on the basis of symmetric
components. The protection function evaluates the negativesequence current and prevents thermal overloading of the rotor
of electric machines (generators, motors). The thermal behavior
is modeled using the integral method.
The following equation forms the basis of the protection function.

[fo_Schieflastschutz, 1, en_US]

With
K

Constant of the machine (5 s to 40 s)

I2

Negative-sequence current

I N, M

Rated current of the machine

An inverse-time characteristic curve results as the operate curve.
Small unbalanced load currents result in longer tripping times.
To prevent overfunction in case of large unbalanced load
currents (for example, with asymmetrical short circuits), large
negative-sequence currents (approx. 10*I permissible) are
limited. In addition, the continuous additional unbalanced load
is monitored, and if the threshold is exceeded, an alarm indication is issued after a time delay.
Negative-Sequence System Overcurrent Protection (ANSI 46)
The protection function determines the negative-sequence
current from the phase currents. It can be related to the rated
object current or to the positive-sequence current (advantageous for conductor break monitoring).

Optionally, the auxiliary contacts of the local circuit breaker are
evaluated in order to prevent overfunction.

The negative-sequence system overcurrent protection can be
used with the transformer as a responsive backup protection on
the supply side for detecting low-current 1-pole and 2-pole
errors. Also low-voltage side, 1-phase errors can be detected
here, which create no zero-sequence system in the current on
the upper-voltage side (for example, in vector group Dyn).

Temperature Supervision (ANSI 38)

With the negative-sequence overcurrent protection system,
various monitoring and protection tasks can be realized:

The function consists of an undercurrent stage with a currentindependent time delay. A maximum of 2 stages can be operated in parallel.

The temperatures (for example winding or oil temperatures) are
recorded via an external temperature-supervision device. Typical
sensors are Pt 100, Ni 100, and Ni 120. The temperatures are
transmitted via serial or Ethernet interfaces for protection and
monitored in the temperature-supervision function to ensure
that they do not exceed set limiting values. There are
2 threshold values per temperature measuring point. The function is designed so that the temperatures from up to 12 measuring points can be processed. The integrated broken-wire
detection sends an alarm indication depending on the measuring point.
Unbalanced-Load Protection (ANSI 46)
Asymmetrical current loading of the 3 windings of a generator
result in heat buildup in the rotor because of the developing
reverse field. The protection detects an asymmetrical loading of
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• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection (setting under rated object current).

• Detection of phase-conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

The function comes factory-set with 1 stage. A maximum of
6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

SIPROTEC 5 Compact – System
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Overcurrent Protection, Negative-Sequence System with
Direction (ANSI 46, 67)

Overvoltage protection with negative-sequence voltage
(ANSI 47)

The function overcurrent protection, negative-sequence system
with direction serves as the backup short-circuit protection for
unbalanced faults.

• Monitoring the power system and electric machines for

With the negative-sequence system, various monitoring and
protection tasks can be realized:

• Detection of 1-pole or 2-pole short circuits in the power

system with a higher responsivity than in classic overcurrent
protection.

• Detection of phase conductor interruptions in the primary
system and in the current-transformer secondary circuits

• Location of short circuits or reversals in the connections to the
current transformers

• Indication of unbalanced states in the energy system
• Protection of electrical machines following unbalanced loads

that are caused by unbalanced voltages or conductor interruptions (for example, through a defective fuse)

voltage unbalance

• Method of measurement: Calculation of negative-sequence
voltage from the measured phase-to-ground voltages

Overvoltage protection with zero-sequence system/residual
voltage (ANSI 59N/64)

• Detection of ground faults in isolated or arc-suppression-coil-

ground systems, as well as in electric equipment (for example
machines)

• Detection of the faulty phase (optional)
• Method of measurement: Measurement of the residual

voltage directly at the broken-delta winding or calculation of
the zero-sequence voltage from the phase-to-ground voltages

• Measuring methods: Optionally, measurement of the funda-

mental component (standard or with especially strong attenuation of harmonics and transients) or of the RMS value

The function comes factory-set with 1 stage. A maximum
of 6 stages can be operated simultaneously. If the device is
equipped with the inrush-current detection function, the stages
can be stabilized against tripping due to transformer inrush
currents.

Overvoltage protection with any voltage (ANSI 59)

Overvoltage Protection Functions (ANSI 59, 47, 59N)

Starting Time Supervision (ANSI 48)

Overvoltages occur in long lines with little or no load, for
example. The overvoltage protection monitors the permissible
voltage range, protects equipment from subsequent damage
through overvoltages, and serves to decouple systems (for
example wind-energy infeeds).

The starting time supervision protects the motor from too long
startup procedures. In particular, rotor-critical high-voltage
motors can quickly be heated above their limiting temperature
when multiple starting attempts occur in a short period of time.
If the durations of these starting attempts are prolonged for
example by excessive voltage surges during motor switching, by
excessive load torque, or by blocked rotor conditions, a trip
signal will be initiated by the protection device. Figure 2.2/3
shows the thermal characteristic curve of the function. Different
maximum starting times can be taken into account for starting
with the motor cold or hot.

Various overvoltage protection functions are available. By
default, 2 stages are configured. Up to 3 identical stages are
possible.
The following functions are available:
Overvoltage protection with 3-phase voltage (ANSI 59)

• Detection of any 1-phase overvoltage for special applications
• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value)

• Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages

• Measuring methods: optionally, measurement of the fundamental component or of the RMS value (true RMS value).
Overvoltage protection with positive-sequence voltage
(ANSI 59)

• Detecting symmetrical, stationary overvoltages with positivesequence voltage

• Method of measurement: Calculation of positive-sequence
voltage from the measured phase-to-ground voltages.

Overvoltage protection with positive-sequence voltage and
compounding in line protection (ANSI 59)

• Capacitive line impedances can lead to stationary overvoltages at the opposite end of the line (Ferranti effect).
• Method of measurement: The positive-sequence system of

the voltage is calculated at the other end of the line by means
of the local, measured voltages and current using the equivalent circuit of the line.

[dwtherms-200712-03.tif, 1, en_US]

Figure 2.2/3 Thermal Characteristic Curve of the Starting Time Monitoring

Circuit-Breaker Failure Protection (ANSI 50BF)
The circuit-breaker failure protection consists of 2 stages and
provides phase and ground backup protection if the main circuit
breaker fails to clear a power-system incident. If the fault
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current is not interrupted after a time delay has expired, a retrip
command or the busbar trip command will be generated. The
correct circuit-breaker operation is monitored via current measurement and via circuit-breaker position contacts. The current
detection logic is phase-segregated and can therefore also be
used in 1-pole tripping schemes.

for example, the stage of an overcurrent protection, and then
trips with switching to a short circuit. Typically, such protection
stages are configured that themselves trip with a delay. Actual
closure detection takes place in the switch-position recognition.

The circuit-breaker failure protection can be initiated by all integrated protection functions as well as by external devices via
binary input signals or by serial communication via GOOSE
messages in IEC 61850 systems. To increase operational reliability, an external start can be applied with 2 binary inputs in
parallel. Various delays may take place for 1-pole and 3-pole
starting.

The load-jam protection function serves to protect the motor
during sudden rotor blocking. Damage to drives, bearings, and
other mechanic motor components can be avoided and reduced
by means of quick motor shutdown.

External Trip Initiations

The thermal overload protection can also pick up as soon as the
configured threshold values of the thermal replica are exceeded.
The load-jam protection, however, is able to detect a blocked
rotor more quickly, thus reducing possible damage to the motor
and powered equipment.

Any signals from external protection and monitoring devices can
be coupled in via binary inputs or serial communication. These
signals can then be included in message and trigger processing
or used to start a fault record. The trip initiation acts like a
protection function. The trip command may be delayed. 1-pole
tripping is available if the device and switch are capable of
1-pole disconnection. Thus the integration of mechanical
protection equipment (for example, pressure or oil-level monitors or Buchholz protection) as well as protection devices
working in parallel is possible with no problems. Depending on
the application, you can select the required number of trip initiations.
Instantaneous High-Current Tripping (ANSI 50HS)
When switching on a faulty line, immediate tripping is possible.
In the case of high fault currents, this overcurrent protection
with instantaneous tripping leads to a very fast tripping when
switching onto faults.
The function comes factory-set with 1 stage. A maximum of
2 stages can be operated simultaneously within the function.
The stages have an identical structure. Actual closure detection
takes place in the switch-position recognition. It activates
directly in case of manual closure or is automatically determined
from the measured values (current, voltage) or by means of the
circuit-breaker auxiliary contacts.
When used in the transformer, the current stage must be set
above the maximum short-circuit current or inrush current
flowing through.
Circuit-Breaker Restrike Protection (ANSI 50RS)
The circuit-breaker restrike protection function monitors the
circuit breaker for arc reignition, which may be triggered by
overvoltage at the circuit-breaker poles after disconnection of
the capacitor bank, for example. The function generates an
auxiliary trip signal in the event of a circuit-breaker reignition.
Instantaneous Tripping at Switch-onto Fault (SOTF)
This function is available for applications in which overcurrent
protection (50HS) is not sufficient or not used. It enables instantaneous tripping even with low fault currents. The function has
no measuring function of its own. It is linked on the input side
with the pickup (measurement) of another protection function,
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Load-Jam Protection (ANSI 50L)

The rotor blocking results in a current jump in the phases. The
current jump is detected by the function as a recognition characteristic.

Overcurrent Protection, Phases and Ground
(ANSI 50/51, 50N/51N)
The overcurrent protection functions for phases and ground
detect short circuits on electric equipment. The non-directional
overcurrent protection is suitable as main protection for singleside infeed radial power systems or open ring systems. As a
backup or emergency overcurrent protection, it can be used
additionally to the main protection, for example, on lines or
transformers. With transformers, the preferred application is the
backup protection for downstream parts of the electrical power
system.
2 definite-time overcurrent protection stages and an inversetime overcurrent protection stage are preconfigured. Additional definite-time overcurrent protection stages, and 1 stage
with a user-defined characteristic curve can be configured
within this function.
All the usual characteristic curves according to IEC and ANSI/IEEE
are available for the inverse-time overcurrent protection stages,
see for example Figure 2.2/4.
Apart from the characteristic, the stages of the overcurrent
protection are structured identically.

• They can be blocked individually via binary input or by other
functions (for example, inrush-current detection, automatic
reclosing, cold-load pickup detection)

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• Each stage can be operated as an alarm stage (no operate
indication)

• You can select either the measurement of the fundamental
component and the measurement of the RMS value for the
method of measurement
• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Dropout delays can be set individually.

SIPROTEC 5 Compact – System
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Intermittent Ground-Fault Protection
Intermittent (reigniting) faults occur due to insulation weaknesses in cables or due to the ingress of water into cable joints.
The faults will eventually go off by themselves or expand to
permanent short-circuits. During intermittent operation,
neutral-point resistors can be thermally overloaded in the case
of low-impedance grounded power systems. The normal
ground-fault protection cannot reliably detect and switch off the
current pulses that are sometimes very brief.
The necessary selectivity of protection in the case of intermittent ground faults is achieved by adding up the single pulses
over time and tripping after a reached (adjustable) total time.
The pickup threshold IIE > evaluates RMS values in relation to a
system period.
2.2

Transformer Inrush-Current Detection
When the device is used on a power transformer, large magnetizing inrush currents will flow when the transformer is switched
on. These inrush currents may be several times the rated
current, and, depending on the transformer size and type of
construction, may last from several tens of milliseconds to
several seconds. The inrush-current detection function detects a
transformer switch-on process and generates a blocking signal
for protection functions that are affected in undesirable ways
when transformers are switched on. This enables a sensitive
setting of these protection functions.

Figure 2.2/4 IEC Characteristic Curves of the “Normal Inverse" Type

In order to securely record the inrush processes, the function
uses the Harmonic Analysis method of measurement and the
CWA method (current wave shape analysis). The two processes
can optionally be activated individually or work in parallel and
link the result through logical OR. This means that a 1-outof-2 decision is made which increases the availability of the
electrical plant.

Overcurrent Protection, 1-Phase (ANSI 50N/51N)

Voltage-Controlled Overcurrent Protection (ANSI 51V)

With transformers, the preferred application is the backup
protection for the parts of the electrical power system
connected to the grounded star winding. The neutral-point
current of the transformer is thus processed directly. Alternatively, the function can also be used as high-impedance
restricted ground-fault protection.

Short circuit and backup protection are also integrated here. It is
used where power system protection operates with currentdependent protection equipment.

[dw_IEC-kennlinie, 1, en_US]

Tank leakage protection for insulated transformers is another
application.
The modular design and scope of the protection function are
identical to the overcurrent protection ground function
(ANSI 50N/51N).
Sensitive Ground-Current Protection (ANSI 50Ns/51Ns)
The sensitive ground-current protection function detects
ground-fault currents in isolated and arc-suppression-coilground systems. It can also be used for special applications
where a highly sensitive current measurement is required.
Responses of protection devices and trippings can be saved in
the separate ground-fault log.

There are 3 different forms of the function (stage types):

• Controlled
• Voltage-dependent
• Undervoltage stability
The current function can be controlled via an evaluation of the
machine voltage. The controlled variant triggers the sensitively
set current stage. In the voltage-dependent variant, the current
pickup value drops in a linear relationship with dropping
voltage. The fuse-failure monitor prevents overfunction.
IEC and ANSI characteristics are supported, see Table 2.2/1.
Supported inverse-time characteristic curves
ANSI/IEEE

IEEE/IEC 60255-3

Inverse

Characteristic curve

•

•

Moderately inverse

•

Very inverse

•

•
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Supported inverse-time characteristic curves
Extremely inverse

•

Fully inverse

•

•

Table 2.2/1 IEC and ANSI Characteristic

2.2

For generator protection applications, the function undervoltage stability is frequently used. If the exciting transformer
is connected directly to the generator lead and a short circuit
occurs, the excitation voltage drops. As a result, the synchronous generated voltage and with it the short-circuit current are
reduced and can drop below the pickup value. With the undervoltage stability feature, the pickup is maintained. If an external
error is cleared according to protective grading, the voltage
recovery results in the dropout of the pickup maintenance. If the
voltage fails due to an error in the voltage-transformer circuit,
this does not result in an overfunction. A pickup additionally
causes an overcurrent.
Peak Overvoltage Protection for Capacitors (ANSI 59C)
The dielectric medium of a capacitor is stressed by the applied
peak voltage. Hence excessively high peak voltages may lead to
destruction of the dielectric medium. IEC and IEEE standards
define how long capacitors should withstand which overvoltages.

All these events cause a voltage of 0 in the voltage transformer
secondary circuits. Which can lead to failures of the protection
functions.
The following protection functions are automatically blocked in
the case of a measuring-voltage failure:

• Directional negative-sequence protection
• Ground-fault protection for high-impedance faults in
grounded-neutral power systems.

Restart Inhibit (ANSI 66)
The restart inhibit prevents restarting of the motor if the permissible temperature limit would be exceeded as a result.
In normal operation, and also under increased load conditions,
the rotor temperature of a motor is far below the permissible
temperature limit. The high starting currents required during
motor startup increase the risk of the rotor being damaged by
overheating instead of the stator. This is related to the short
thermal constant of the rotor. To prevent the circuit breaker
being tripped by several attempts to start the motor, the motor
must be prevented from restarting if it is obvious that the
temperature limit of the rotor would be exceeded during the
start attempt (Figure 2.2/5).

The function calculates the peak voltage in a phase-segregated
way from the fundamental component and superimposed
harmonics. Integration of the phase currents then yields the
peak voltage.
The function offers different stage types with regard to the time
delay:

• Stage with inverse-time characteristic according to IEC and
IEEE standards

• Stage with user-defined characteristic curve
• Stage with independent characteristic curve
A maximum of 4 stages with independent characteristic curve
can be applied in parallel.
1-Phase Current-unbalance Protection for Capacitor Banks
(ANSI 60C)
The 1-phase current-unbalance protection for capacitors
provides protection in the event of errors in capacitor elements
(C elements) of a double neutral point capacitor bank. It
provides very sensitive monitoring of the unbalanced current
between the two neutral points and allows for the counting of
individual defective C-elements.
Measuring-voltage Failure Detection (ANSI 60FL)
This function monitors the voltage transformer secondary
circuits for:

• Non-connected transformers
• Pick up of the voltage-transformer circuit breaker (in the event
of short circuits in the secondary circuit)

• Broken conductor in one or more measuring loops

24 SIPROTEC 5 Compact ⋅ Catalog – Edition 2

[Dw_PrReLo_02, 1, en_US]

Figure 2.2/5 Temperature Curve of the Rotor and Repeated Attempts to
Start the Motor

Directional Overcurrent Protection, Phases and Ground
(ANSI 67, 67N)
The directional overcurrent protection functions for phases and
ground detect short circuits on electrical equipment. The directional overcurrent protection allows the application of devices
also in electrical power systems where selectivity of protection
depends on knowing both the magnitude of the fault current
and the direction of power flow to the fault location. This is the
case with parallel lines that have one infeed, for example, or
cable runs with infeed at both ends or in lines connected to
form ring topologies.
Two independent overcurrent-protection stages (definite-time
overcurrent protection stages) and a dependent overcurrentprotection stage (inverse-time overcurrent protection stage) are
preconfigured. Additional definite-time overcurrent protection

SIPROTEC 5 Compact – System
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stages, as well as one stage with a user-defined characteristic
curve, can be configured within this function.
For the inverse-time overcurrent protection stages all usual
characteristic curves according to IEC and ANSI/IEEE are available.
Figure 2.2/6 shows the free configurability of the directivity of
the ground function. The characteristic can be rotated for the
phase function.

systems. Various function stages are available for this purpose
that can also be used in parallel. Thus, the working method of
the function can be perfectly adapted to the conditions of the
power system, the user philosophy, and different manifestations
of the error:
Overvoltage protection stage with zero-sequence system/
residual voltage
The zero-sequence voltage (residual voltage) is evaluated in
relation to threshold-value violation. In addition, the faulty
phase can be determined when the phase-to-ground voltages
are connected.
Directional ground-current stage with direction determination
using cos φ and sin φ measurement
This is the "classical" watt-metric (cos φ, in the arc-suppressioncoil-ground system) or var-metric (sin φ, in the isolated power
system) method of measurement for the direction determination of static ground faults. For direction determination, the
current component which is perpendicular to the set directioncharacteristic curve (= axis of symmetry) is decisive (3I0dir.), see
Figure 2.2/7. The stage can be adapted to the power-system
conditions by a corresponding setting (position of the directioncharacteristic curve). Therefore, highly sensitive and precise
measurements are possible.

[dw_DwDirRot, 1, en_US]

Figure 2.2/6 Directivity of the Ground Function

Apart from the characteristics, the stages are structured identically.

• Blocking options for the stage: in the event of measuring-

voltage failure, via binary input signal or by means of other
functions (automatic reclosing, cold-load pickup detection).

• Each stage can be stabilized against over-responding because
of transformer inrush currents

• The directional mode can be set for each stage.
• The stage can optionally be used for directional comparison
protection. Hence both a release procedure and a blocking
method can be implemented.

• Each stage can also be used as an alarm stage (no operate
indication)

• You can select the measurement of the fundamental component and the measurement of the RMS value for the method
of measurement.

• The ground function evaluates the calculated zero-sequence
current (3I0) or the measured ground current

• Logarithmic-inverse characteristics are also available for the

[dwcosphi-171012-01.tif, 3, en_US]

Figure 2.2/7 Direction Determination with cos φ Measurement

Directional sensitive ground-fault detection via harmonics
The function is used for fault localization in stationary ground
faults, particularly in connection with restriction circuits in
circuited medium-voltage rings. It is based on a continuous
measurement with direction determination. This is determined
by means of the phasors of the 3rd, 5th, or 7th harmonic of the
zero-sequence voltage V0 and of the zero-sequence
current 3I0 (Figure 2.2/8).
The advantages of this method are the simple difference
between "faulty" and "healthy" in the directional areas and the
reliable directional result independent of the measuring tolerances.

ground stages.

Directional Sensitive Ground-Fault Detection (ANSI 67Ns,
ANSI 51Ns, 59N)
The directional sensitive ground-fault detection function detects
ground faults in isolated and arc-suppression-coil-ground
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Stabilization in the event of intermittent ground faults
Functions for the detection of stationary ground faults (for
example, cosφ function) can react adversely in the event of
intermittent ground faults: Message and fault-record flooding is
possible. This can be effectively avoided by automatic blocking
of these functions in the event of intermittent ground faults.
Trip-Circuit Supervision (ANSI 74TC)
The circuit-breaker coil and its feed lines are monitored via 2
binary inputs. If the trip circuit is interrupted, and alarm indication is generated.
Automatic Reclosing (ANSI 79)
2.2
[dw_dir-sens-gnd-fault-detect_harm, 1, en_US]

Figure 2.2/8 Sensitive Ground-Fault Detection via Harmonics

Directional ground-current stage with direction determination
using φ (V, I) measurement
This method can be applied as an alternative to the cos φ or sin
φ method if this is desired because of user philosophy. The
direction is determined by determining the phase angle
between the angle-error compensated ground current and the
rotated zero-sequence voltage V0. To take different system
conditions and applications into account, the reference voltage
can be rotated via an adjustable angle. This moves the vector of
the rotated reference voltage close to the vector of the ground
current 3I0com. Consequently, the result of direction determination is as reliable as possible (see also Figure 2.2/6).
Sensitive ground-fault detection via pulse-pattern detection
The pulse-pattern detection function is used when a pulsating
ground-fault current is generated for fault localization by
connecting and disconnecting a capacitor arranged in parallel to
the arc-suppression coil. The function then detects a faulty
feeder using the pulse pattern during a stationary ground fault
in overcompensated systems.
Transient ground-fault method
This transient method operates only during the
first 1 to 2 periods after fault inception. It determines the direction via the evaluation of the active energy of the transient
process. It is especially appropriate if direction information is
required for errors that expire again very quickly (after 0.5 to a
few periods). Thus, parallel use to the stage with cos φ measurement or harmonic methods is appropriate.
This method can also be operated in meshed power systems. It
is also especially well-suited for closed rings because circulating
zero-sequence currents are eliminated. Due to additional logic,
the function can also optionally clear a static error.
Non-directional ground-current stage
If necessary, a simple, non-directional ground-current stage can
be configured.
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About 85 % of the arc faults on overhead lines are extinguished
automatically after being tripped by the protection function. The
overhead line can therefore be put back into operation. Reclosure is performed by an automatic reclosing function (AR). Each
protection function can be configured to start or block the automatic reclosing function.
Basic features and operating modes

• Tripping-controlled start with or without action time
• Pickup-controlled start with or without action time
• 3-pole automatic reclosing for all types of faults; different
dead times are available depending on the type of fault

• Multiple-shot automatic reclosing
• Cooperation with external devices via binary inputs and

outputs or via serial communication with GOOSE message in
IEC 61850 systems

• Control of the integrated automatic reclosing function by an
external protection

• Cooperation with the internal or external synchrocheck
• Monitoring of the circuit-breaker auxiliary contacts
• Dynamic change of the settings of the overcurrent protection
functions depending on the automatic reclosing status

Voltage-dependent supplementary functions
The integration of automatic reclosing in the feeder protection
allows evaluation of the line side voltages.

SIPROTEC 5 Compact – System
Protection – Functions
A number of voltage-dependent supplementary functions are
thus available:

• Dead-line check (DLC)

By means of a dead-line check, reclosure is triggered only
when the line is de-energized (prevention of asynchronous
pickup), if no synchrocheck can be used

• Adaptive dead time (ADT)

The adaptive dead time is used only if automatic reclosing at
the opposite end was successful (reduction of stress on equipment).

• Reduced dead time (RDT)

Reduced dead time is used together with the automatic
reclosing function where no teleprotection scheme is used:
When faults within the overreach zone, but outside the
protected line, are switched off for short-time interruption,
the RDT function decides on the basis of the measured of the
reverse polarity voltage from the opposite end which has not
tripped whether to reduce the dead time.

Frequency Protection (ANSI 81)
Frequency deviations are caused by an unbalance between
generated and the consumed active power. This is caused by,
for example, load shedding, network disconnections, increased
need for active power, generator failures, or faulty functioning
of the load-frequency control. The frequency protection detects
frequency deviations in the power system or in electric
machines.

between the generated and the consumed active power. For
this purpose, it is integrated into power-system decoupling and
load-shedding measures.
The function offers 2 stage types:

• df/dt rising
• df/dt falling
A maximum of 5 stages of each stage type can be applied in the
function.
Either the measuring accuracy or the pickup time can be optimized for the specific application by defining the measuringwindow length.
The function is automatically blocked in the event of undervoltages, in order to rule out imprecise or incorrect measurements.
Restricted Ground-fault Protection (ANSI 87N)
The longitudinal differential protection can detect ground faults
close to the neutral point of a grounded star winding only to a
limited extent. The restricted ground-fault protection assists you
with this. The neutral-point current and the calculated zerosequence current of the phase currents are evaluated according
to Figure 2.2/9 and Figure 2.2/10. Overfunction in response to
external ground faults is prevented by stabilizing measures. In
addition to the differential and restraint currents, based on the
zero-sequence variables, the phase angles of the zero-sequence
currents between each other are monitored. The tripping variable is the zero-sequence current in the neutral point.

It monitors the frequency band and outputs alarm indications. In
case of critical power frequency, entire power units can be
isolated or networks can be decoupled. To ensure network
stability, load shedding can be initiated.
Different frequency-measuring elements with high accuracy and
short pickup times are available. Tripping by frequency-measuring elements can be triggered either at the local circuit
breaker or at the opposite end by automatic remote tripping.
The following measuring elements are available:

• Overfrequency protection (ANSI 81O)

Two-stage designs can be increased up to 3 stages. All stages
are of identical design.

• Underfrequency protection (ANSI 81U)

Three-stage design (default), can be increased up to 5 stages.
All stages are of identical design.

[dwgrdpri-170712-01.tif, 2, en_US]

Figure 2.2/9 Restricted Ground-fault Protection Basic Principle

Each frequency-measuring element provides 2 different
methods of measurement:

• Angle difference method: Angle change of the voltage phasor
over a time interval

• Filter method of measurement: Evaluation of instantaneous
voltage values with special filters

The DIGSI 5 library provides the corresponding protection function for every method of measurement.
Rate-of-Frequency Change Protection (ANSI 81R)
With the rate-of-frequency change protection, frequency
changes can be detected quickly. The function can prevent
system states that are not secure, caused by an unbalance
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Figure 2.2/11 Measuring Point Selection for Multiple Infeeds on the
Neutral Side

Fault Locator (FL)
Single ended fault locator
[dwausken-170712-01.tif, 3, en_US]

Figure 2.2/10 Operate Curve

For use in auto transformers, an additional measure was
adopted in order to prevent a failure in response to external
ground faults. The protection function independently determines the side of the auto winding that is necessary for reliable
operation of the protection function. A measuring point is
selected that results in the greatest restraint current (see also
Figure 2.2/11).
This method is also used if multiple 3-phase current measuring
points are present on the line side, for example in breaker-anda-half arrangements (see Figure 2.2/9 and Figure 2.2/10).
In the differential protection devices, other protection functions
are available that can be used as supplemental protection and
monitoring functions as well as backup protection for the
upstream and downstream power system. It is also possible to
monitor limiting values.
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The integrated fault locator calculates the fault impedance and
the fault distance. The result is displayed in ohms, miles, kilometers, or in percent of the line length. The influence of parallel
lines and of load currents can also be compensated.
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2.3

[dw_steuerung_SIP5C, 1, en_US]

Figure 2.3/1 SIPROTEC 5 Compact – Functional Integration – Control

SIPROTEC 5 Compact includes all control and supervision function at bay level, required for an efficient operation of the
switchgear.
The , freely configurable, color graphic display for control
diagrams is available for convenient local control. Frequent
operating actions, such as starting switching sequences or
displaying the indication list, can be called up via one of
the 9 function keys.
The application templates supplied provide the full functionality
that you need for your application. Protection and control functions access the same logical elements. From the perspective of
switching devices, protection and control are treated with equal
priority.
A new level of quality in control is achieved with the application
of the communication standard IEC 61850. For example, binary
information from the bay can be processed very elegantly and
data (such as for interlocking across multiple fields) can be
exchanged between the devices. Cross communications via
GOOSE enable efficient solutions, since here the wiring is
replaced with data telegrams.
All devices already have up to 4 switching objects (switches,
disconnectors, or grounding conductors) via the base control
package. Optionally, additional switching objects and switching
sequences can be configured using CFC blocks in accordance
with IEC 61131-3.
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Figure 2.4/1 SIPROTEC 5 Compact – Functional Integration – Automation

The integrated CFC (Continuous Function Chart) graphical automation editor enables you to create logic diagrams clearly and
simply. DIGSI 5 supports this with powerful logic blocks based
on the standard IEC 61131-3. All devices already have a
powerful base automation package. This makes it easy to
provide specific functions for automation of a switchgear.
You can graphically link all internal digital information, such as
internal protection signals or operating states, directly to the
logic blocks and process them in real time using CFCs. You can
also link measured values or monitor them with respect to
limiting values.
Examples of automation applications are:

• Interlockings
• Switching sequences
• Message derivations or the tripping of switching operations
• Messages or alarms by linking available information
• Load shedding in a feeder
• Administration of decentralized energy infeeds
• System switchovers depending on the network status
• Automatic grid separations in the event of grid stability problems

Of course, SIPROTEC 5 Compact provides a substation automation system, such as SICAM PAS/PQS, with all necessary information, thus ensuring consistent, integrated, and efficient solutions for further automation.
Using macros makes it possible to reuse CFC subplans simply
and clearly, in the device, project, or in other projects. CFC
online monitoring makes it possible to track and check the
sequence of the plans in the device. Corrections can therefore
be made quickly and efficiently.
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monitoring includes for example: circuit breakers, transformers,
and gas compartments in gas-insulated switchgear (GIS).
SIPROTEC 5 provides the process interfaces, buffers, recorders,
and automation functions necessary for monitoring equipment:

• Process values are stored together with a time stamp in the
operational log

• The circuit-breaker statistics provide essential data for condition-based maintenance of switchgear

• Process variables (for example, pressure, SF6 loss, speed, and

temperature) are monitored for limit violations via measuring
transducers connected to the sensors.

• Using external 20 mA or temperature measuring devices that
are connected serially or by Ethernet, other measured values
can be captured and processed.

Monitoring power quality

[dw_Monitoring_SIP5C, 1, en_US]

Figure 2.5/1 SIPROTEC 5 Compact – Functional Integration – Monitoring

SIPROTEC 5 Compact devices can take on a wide variety of monitoring tasks.
These can be divided into the following groups:

• Self-monitoring

• Monitoring power-system stability
• Monitoring of equipment (condition monitoring)
• Monitoring power quality
Self-Monitoring
SIPROTEC 5 Compact devices are equipped with many monitoring procedures. These detect faults, internal as well as
external, in secondary circuits, store them in buffers, and report
them. This information is used to record the device fault and
helps to determine the cause of the error in order to take appropriate corrective actions.
Monitoring power-system stability
Grid Monitoring combines all of the monitoring systems that are
necessary to assure power-system stability during normal operation. SIPROTEC 5 Compact provides all necessary functionalities,
such as fault recorders, continuous recorders, for Grid Monitoring. This functionality allows to monitor power system limit
violations (for example, stability monitoring via load-angle
control) and to trigger the appropriate responses actively. This
data in the network control systems can also be used as input
variables for online power-flow calculation and enable a significantly faster response in case of status changes in the power
system.
Monitoring of equipment (condition monitoring)
Condition monitoring is an important tool in asset management
and operational support from which both the environment and
the company can benefit. Equipment that typically requires

Besides availability, the ultimate consumers demand also a high
quality concerning the electrical energy (power quality). This
depends on process management and the responsibility of the
power utilities and consumers among other factors. The
increasing use of power electronic components (for example,
nonlinear motor drives, renewable infeeds) can have loading
effects on power quality. Switching operations in the electrical
power system can result in brief voltage dips. An inadequate
power quality can lead to interruptions of supply, damages,
production outages, and high follow-up costs. Consequently, a
reliable measurement of the appropriate power quality features
becomes more and more important.
SIPROTEC 5 Compact offers basic detection and recording of
some power quality data with PQ Basic:

• Voltage changes (overvoltage, dips, interruption) and voltage
unbalance

• Harmonic component voltages and currents, THD and TDD
Many applications do not require detections according to the
most stringent PQ standards. PQ-Basic offers a cost-effective,
simple solution without having to install and operate additional
power-quality devices. In this way, you can quickly get an overview of your PQ status for the entire power system since all the
installed SIPROTEC 5 Compact devices can simply be upgraded
via a firmware update without having to install additional hardware. You can then, for example, perceive trends and be
warned if the power quality has reached problematic limits at
sensitive points. This can be used to detect weak points early so
that corrective measures can be taken.
If a detection and evaluation of the power-system quantities is
necessary as per the entire scope of grid codes, such as the
EN 50160 standard, SIPROTEC 5 provides appropriate power
quality recorders such as the SIPROTEC 7KE85. A SICAM PQS
system provides centralized data archiving and an elegant evaluation of the weekly reports as per, for example, EN 50160,
among others.
Power Quality – Basic (PQ-Basic)
Voltage Unbalance
In a 3-phase power system, the voltages are normally balanced,
as well as the connected loads. In some cases, however, the
balanced conditions can be disturbed due to various influences.
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Voltage unbalances can be caused by various factors:

• Unbalanced load, for example, caused by different consumers
in the individual phases

• Phase failure, for example, due to a tripped 1-phase fuse or a
broken conductor

• Faults in the primary system, for example, at the transformer
The function Voltage unbalance:

• Detects the voltage-unbalance conditions in the distribution
and industrial power systems.

• Monitors the voltage-unbalance conditions.
In the function Voltage unbalance, the following stage types
are available:

• V2/V1: ratio of the negative-sequence voltage to the positivesequence voltage

• V0/V1: ratio of the zero-sequence voltage to the positivesequence voltage
2.5

All the measured values are displayed under Power quality
basic > Voltage unbalance of a specific function group in the
HMI.

[dw_PQ_VoltVar_event_duration, 1, en_US]

Figure 2.5/2 Duration of a Voltage Dip or Overvoltage Event

THD and Harmonics

The specific function group in which the function Voltage
unbalance is instantiated must be connected to the 3-phase
voltage measuring point.

At the connection point to the public power system, the allowed
total harmonic distortion (THD) is limited according to the
power-quality related standards. The function THD and
harmonics can be used to monitor the THD value.

Voltage Variation

The function THD and harmonics serves for the calculation of
the following values:

The function Voltage variation is used for measuring and monitoring short-duration variations of the voltage in distribution
and industrial power systems. The power-quality events such as
voltage dips, swells, and interruptions in 3-phase systems are
detected.
This measuring function provides the RMS value of the voltage
for the minimum value in the event of a voltage dip, the lowest
residual voltage in the event of an interruption or the highest
swell, as well as the duration of the event.
All events can be logged in operational or user-defined logs.
They can enable the fault recorder via binary warning indications, and write their values as tracks.

• THD values of the 3-phase currents and 3-phase voltages
• Aggregated THD values of the 3-phase voltages

If the aggregated THD value exceeds the threshold, a warning
is generated.

• Harmonics of the 3-phase currents and 3-phase voltages
The calculated THD values and harmonics are displayed under
Power quality basic > THD and harmonics of a specific function group in the HMI or via the DIGSI Online-Editor. If routed,
the calculated THD values and harmonics are available in the
communication protocols and in the fault record. Abnormal
values can be logged in the operational or user-defined log if
routed.
Total Demand Distortion
At the connection point to the public power system, the allowed
total demand distortion (TDD) is limited according to the
power-quality related standards. The function Total demand
distortion can be used to monitor the TDD value.
The function Total demand distortion serves for calculating the
following values of the 3-phase currents:

• 3-s TDD value
• TDD value within an interval

If the TDD value TDD intvl. exceeds the threshold value, a
warning is generated.

The TDD values are displayed under Power quality basic > TDD
of a specific function group in the HMI or via the DIGSI OnlineEditor. If routed, the TDD values are available in the communication protocols and the fault records. Abnormal values can be
logged in the operational log or user-defined logs.
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General Properties, Power Quality – Basic:
Values of the 3 phases (phase-selective) can

• be viewed on the device display as well as remotely using
DIGSI 5 and even used with CFC

• be transmitted using the protocols supported by SIPROTEC 5

Compact (typically, as per IEC 61850) for additional use or for
documentation,

• optionally be recorded in the fault record; started via CFC (it is
possible to configure one binary input to the external starting
condition of the fault recorder).

• All events and anomalous PQ data can be logged in opera-

tional message or user-defined logs with a time stamp and
they can be displayed on the HMI and DIGSI 5 information list.
The data is stored in nonvolatile memories (and are not lost in
a power outage). You can also export data to a file with DIGSI.

• If limiting values are exceeded, beacons can be generated.
• Statistical values such as meters and previous maximum

values can be reset via the HMI, BI or remotely via DIGSI or via
the log (resetting of the log be by way of the CFC and a userdefined signal)

2.5
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precision, time-stamped phasors indicate power frequency and
the change in the power frequency. They can be transmitted to
central analysis systems via the high-performance communication systems.
Measured values are displayed as primary and secondary values
and as reference values. These values are also available for other
applications, for example, transmission to the systems control or
automation tasks.
Up to 8 analog inputs can be supplied for each device.
All analog inputs are factory-calibrated and thereby ensure
maximum accuracy.
Separate measuring transducers (analog inputs) are therefore
unnecessary. The high-precision measured data enables
extended energy management and makes commissioning much
easier.
SIPROTEC 5 thus provides the following measured values for
analysis and further processing:

• The basic measured values with high dynamic range and high
accuracy (protection-class current transformer)

• The basic measured values with very high accuracy (instrument transformer)

2.6
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Figure 2.6/1 SIPROTEC 5 Compact – Functional Integration – Data
Acquisition and Recording

The recorded and logged bay data is comprehensive. It represents the image and history of the bay. It is also used by the
functions in the SIPROTEC 5 device for monitoring, substation
automation, and multibay automation tasks. Thus, they represent the basis both for the functions available today and for
future applications.
Measurement and

PMU2

A large number of measured values is derived from the analog
input variables, which supply a current image of the process.
Depending on the device type, the following basic measured
values are available:

• Operational measured values
• Fundamental phasor and symmetrical components
• Protection-specific measured values, such as differential and
restraint current for differential protection

• Mean values
• Minimum values and maximum values
• Energy measured values
• Statistical values
• Limiting values
Besides the basic measured values, synchrophasor measured
values can also be activated in the devices (application as PMU,
Phase Measurement Unit)
Synchrophasor measured values support a range of applications
for monitoring grid stability. For this purpose,
SIPROTEC 5 devices acquire the necessary PMU data. These high-

2

Under development
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• Synchrophasor measured values with high-precision time

stamping for subsequent tasks such as grid stability monitoring.

• Detection of current and voltage signals up to the 50 th

harmonic with a high accuracy for selected protection functions (for example thermal overload protection, peak overvoltage protection for capacitors) and operational measured
values.

Recorder
In SIPROTEC 5 Compact devices, recorders are able to record
large volumes of data. They feature a large number of analog
and binary inputs, and a high sampling frequency. An extremely
wide range of records can be converted, either continuously or
via various trigger criteria.
Besides storing the data on internal mass storage, a transmission to central analysis systems is possible. Consequently, you
are able to monitor systems regarding typical characteristics.
Fault Recorders
The fault recording in stores analog and binary data during a
fault event, for example, in the event of short circuits or ground
faults, and preserves the records, including high-precision time
stamps for subsequent analysis. Calculated measurands such as
power or frequency can also be incorporated into the fault
recording function. Analysis takes place after the data is read
out from the device by DIGSI using SIGRA. Recorded data is
archived to prevent data loss in the event of supply voltage
failure. Analog and binary signal traces for recording are freely
configurable, and pre-trigger record duration and seal-in time
can be programmed within a very wide range. SIPROTEC 5 fault
recording provides long recording times with outstanding accuracy.

SIPROTEC 5 Compact – System
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Features of the fault recorders:

• Recording of all analog channels
• Sampling frequencies from 1 kHz to 8 kHz
• High recording capacity for individual records of 20 s
for 24 channels at an 8 kHz sampling frequency

• Storage capacity for up to 128 fault records
• The recording duration for all records is limited by the avail-

able storage capacity of the device, and depends on the
number of configured channels and sampling frequency.
Example
- Line protection with 8 analog channels (4 I, 4 V),
- Sampling frequency 1 kHz, 6 measured value and 20 binary
channels: Resulting recording capacity of the device
about 890 s!

• Up to 100 freely configurable binary and 50 additional measured value tracks

Time synchronization
In order to compare the measured values and recordings of
devices at different locations to each other, a very exact time
synchronization of all devices is required. Thus, the time
synchronization is an important property and must be done with
a high degree of accuracy.

The long recording length is achieved with large event-log
buffers and separate logs for different event categories. The
events to be logged are freely configurable and provide
improved manageability. Configuration of user-specific eventlog buffers for cyclical or event-driven recording is also
supported.
Convenient, complete analysis
Event-log buffers of different categories enable easier, targeted
analysis. Changes to parameters and configuration data are
recorded.
Maintainability
Hardware and software are constantly monitored and irregularities are detected immediately. In this way, extremely high levels
of security, reliability, and availability are achieved at the same
time. Important information about essential maintenance activities (for example, battery supervision), hardware defects
detected by internal monitoring, or compatibility problems are
recorded separately in the device-diagnosis log. All entries
include specific instructions. The following table provides an
overview of the typical logs.
The log entries and fault records are retained even in case of an
auxiliary-voltage and battery-voltage failure.
2.6

The time synchronization can be done using 1 or 2 timers.
Depending on time source, an accuracy from 1 ms to 1 μs is
attained. Events are logged with a date and time with 1 ms resolution.

Type of Log

Number of
Messages

Property

Operational log

2000 messages

Cyclical logging of operational
indications (for example,
control processes)

The time synchronization is optionally realized via:

Fault log

1000 messages per Event-driven recording of
fault
faults. A maximum
of 128 faults can be stored. A
maximum of 1000 messages
can be recorded for each
fault.

User-specific
buffer

200 messages

Option of cyclical or eventdriven recording of userdefined signals

Ground-fault log

100 messages per
ground fault

Event-driven recording of
ground faults. A maximum
of 10 ground faults can be
stored. A maximum
of 100 messages can be
recorded for each ground
fault.

Parameterization
history log
(cannot be
deleted)

200 messages

Logging of all parameter
changes and configuration
downloads

Communication
log

500 messages

Logging the status of all
configured communication
links (such as disturbances
that arise, testing and diagnostic operation, and communication loads)

• IRIG-B signal3
• SNTP protocol
• Substation automation protocol (for example, IEC 61850)
• IEEE 1588 protocol (accuracy: 1μs) 3
• DIGSI 5 protocol (not cyclical)
• Internal time with integrated quartz crystal
Time synchronization in the device has a battery back-up. Thus,
the internal clock continues to run with the quartz accuracy of
the device even in case of outage of the auxiliary voltage.
GPS time signal receiver for IRIG-B, DCF77(Under development)
The recommended GPS receiver from Meinberg synchronizes
the internal time of all connected protection devices. The
internal clock of the protection devices are updated using the
respective telegram (IRIG-B, DCF77). SIPROTEC 5 devices generally support redundant time synchronization. The time information can be provided by 2 external timers. One timer functions
as the primary time source. If it fails, a switchover to the second
(secondary) timer is performed.
Event-log buffer
Event-log buffers mark important events with a time stamp
(accurate to 1 ms) for subsequent analysis.

3

Under development
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Type of Log

Number of
Messages

Property

Security log
(cannot be
deleted)

500 messages

Logging the successful and
unsuccessful attempts to
access restricted areas of the
device

Device-diagnosis
log

500 messages

Logging and display of
specific instructions in case of
necessary maintenance (for
example, battery supervision),
detected hardware defects, or
compatibility problems

Table 2.6/1 Overview of Typical Logs

2.6
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Figure 2.7/1 SIPROTEC 5 Compact – Functional Integration – Communication

2.7

SIPROTEC 5 Compact devices are equipped with high-performance communication interfaces. These are integrated interfaces
to provide a high level of security and flexibility. The interface is
independent of the protocol used. This can be loaded according
to the application.
Particular importance was given to the realization of full
communication redundancy:

• Ethernet-based protocols (for example, Modbus TCP,
IEC 61850 Ed1 and Ed2)

• IoT interface via GridEdge for integration in cloud systems
such as MindSphere

• PRP and HSR uninterruptible Ethernet redundancy protocols
(seamless redundancy), in particular for high-availability
station communication, as well as RSTP and point-to-point
communication.
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Communication Interfaces of the Device
The protection device features a redundant optical Ethernet
interface on the rear panel.
Ethernet Interface
The Ethernet interface is used for Ethernet-based protocol applications, for example, IEC 61850, Modbus TCP, time synchronization via SNTP, DIGSI 5 via TCP etc. Several applications can run in
parallel, whereby unused applications can be switched off for
security reasons.
Optical Ethernet Interface
The optical Ethernet interface has 2 optical duplex LC 1300-nm
interfaces. It can be configured with or without an integrated
switch. The maximum optically permitted distance via 50/125µm or 62.5/125-µm multimode optical fibers is 2 km. The optical
transmission and receiving level is measured in the module and
can be displayed with DIGSI 5.

2.7
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Figure 2.7/2 Rear Panel with Optical Interfaces
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Ethernet interface

Optical

Ethernet interface4

Electrical

Time synchronization4

Serial interface or

Port or plug-in module

Front interface

Communication Interfaces

Physical connector
USB

■

1 x electrical serial RS485, RJ45

■

2 x electrical Ethernet 10/100 Mbit/s, RJ45, 20 m

■

2 x optical Ethernet 100 Mbit/s, 1300 nm, LC connector, 2 km via 50/125 μm or 62.5/125 μm multimode optical fiber

■

Applications
DIGSI 5 protocol

■

■

■

■

■

■

DNP3 TCP4

■

■

Modbus TCP

■

■

PROFINET IO4

■

■

SUP Ethernet (Slave Unit Protocol) for connecting external temperature gages or 20-mA measuring
devices

■

■

Diagnostics homepage

■

■

DHCP, DCP (automatic IP configuration)

■

■

Line Mode

■

■

PRP (uninterruptible Ethernet ring redundancy (Parallel Redundancy Protocol))

■

■

HSR (uninterruptible Ethernet ring redundancy (High Availability Seamles Redundancy Protocol))

■

■

RSTP (uninterruptible Ethernet ring redundancy (Rapid Spanning Tree Protocol))

■

■

SNTP (time synchronization over Ethernet)

■

■

SNMP V3 (network management protocol) 4

■

■

IEEE 1588v24 (PTP protocol over Ethernet – microseconds accuracy)

■

■

IEEE 802.1q (VLAN)

■

■

IRIG-B, DCF77, PPS4

■
■

IEC 61850-8-1 server (including GOOSE, reporting to 6 clients)
IEC 60870-5-1034

■

IEC 60870-5-1044
DNP3

serial4

SUP serial (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices4

■

■

Additional Ethernet logs and services

Table 2.7/1 Communication Applications and Plug-in Modules

4

Under development
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Communication interfaces are supplied without a protocol application. According to the Table 2.7/1 a module can be initialized
via DIGSI 5 with a protocol application. Every interface is
assigned the desired application via DIGSI 5. Assignments can be
erased and re-configured. This enables a high degree of flexibility when configuring the modules.
DIGSI 5 Protocol
The DIGSI 5 protocol works with TCP services, which can be
routed via IP networks. Worldwide remote access to devices via
secure connections is an integral component of the communication concept. The protocol is available on the USB interface and
the Ethernet interface. Optionally, DIGSI 5 can also be operated
via its own Ethernet module if substation controller functions
and access for operation and maintenance are to be kept strictly
separate.
IEC 61850-8-1 Client-Server Communication
Ethernet Plug-In Module

2.7

Messages, measured and metered values can be transferred to a
maximum of 6 clients (substation controllers) via the clientserver communication in static and dynamic reports. Dynamic
reports are created and read by the client without changing the
parameters of the device. The static reports are created via
the IEC 61850 System Configurator and are permanently saved
in the device as indication lists. Fault records can also be
retrieved in binary COMTRADE format. Extensive control functions are available from the client, for example, for the safe
switching of a circuit breaker. The setting parameters of the
device can be read and also changed via the IEC 61850 protocol.
The devices can be integrated in interoperable, intelligent Smart
Grids without difficulty. Changing the device parameterization
during operation is possible through substation-controller equipment in order to adapt selected setting parameters to the operating conditions. Redundant solutions can be realized with 2
Ethernet modules.
IEC 61850-8-1 GOOSE
GOOSE has been established as a worldwide standard for cross
communication between devices in order to transmit messages
and measured values between devices. In addition to GOOSE
between devices within switchgear, GOOSE is also supported
between devices in different switchgears. The exchanged information is described in data terms via standard-conforming SCL
files, which were defined in Edition 2 of IEC 61850. The
exchange itself occurs via high-performance IP network connections or Ethernet network connections. This data exchange can
also be realized via an Ethernet module used exclusively for this
purpose.
GOOSE messages can be used to exchange time-critical information that must be transmitted in a few milliseconds. In this case,
GOOSE connections replace transmission via contacts and
binary inputs; for protection signals, transmission times
under 10 ms are required, and under 20 ms for switch positions
and interlockings. Measured and metered values are transmitted
in less than 100 ms. GOOSE applications are generated in the
system configurator for this purpose. This data is exchanged by
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the devices in a high-performance manner via GOOSE
messages.
Receivers of GOOSE messages can constantly monitor the
receipt of indications and measured values for an outage of the
connection. The state of missing indications is automatically
updated at the receiver in order to attain a secure state. This
allows a constant, high-quality monitoring of GOOSE communication to be realized. GOOSE messages transmitted during the
test mode of a device are ignored by the receivers if these are in
normal operation. A test of a device can be performed without
disconnection from the communication network.
IEC 60870-5-103
Under development

The serial protocol is transmitted via the RS485 interface.
Compatible and specifically extended for Siemens, it is the
IEC 60870-5-103 protocol that is supported. . The implementation is compatible with existing solutions, for example with
SIPROTEC 4 or SIPROTEC 5 devices, which will enable a troublefree exchange and extension of devices even in the very long
term. In addition to indications, measured values, and fault
records, metered values, and customer-specific defined indications of systems control are also available in protocol extensions. Control commands for switching devices can also be
transmitted via the protocol. Setting values in the device can
also be read or changed via the generic services of the protocol.
Information about the device can be routed to the protocol
interface by the user with DIGSI 5. Information types and function numbers can be freely configured here. This enables adaptation to existing solutions and the interchangeability of devices
without changes in the systems control. This is an important
contribution to investment security.
IEC 60870-5-104
Under development

The station and network control protocol IEC 60870-5-104 is
supported via the electrical and optical Ethernet module.
Besides the transmission of messages (single-point and doublepoint indications), measured values, metered values to 1 master
or 2 (redundant) masters, 3 masters (controlling stations) which
are sent the same information are also possible. Furthermore,
IEC 60870-5-104 data transmission is supported and fault
records can be read from the device in the COMTRADE format.
In command direction, secure switching of switching objects is
possible via the protocol. Time synchronization can take place
via the IEC 60870-5-104 master or via SNTP via the network,
redundant time servers being supported.
SUP – Slave Unit Protocol
This Siemens-specific protocol is used temperature measuring
devices (RTD unit 7XV5662-_AD10) in series* or via Ethernet.
These devices are available as accessories for extension of
SIPROTEC 5 devices with analog interfaces. The measured values
of these devices can be further processed in the
SIPROTEC 5 device or are used for protection functions such as
overload protection or transformer hotspot calculation.
*Under development
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Serial DNP3 or DNP3 TCP
Under development

DNP3 is supported as a serial protocol via RS485 or an
optical 820 nm interface, and as an Ethernet-based TCP variant
via the electrical or optical Ethernet module. A redundant optical
or electrical ring can be implemented simply by means of the
switch integrated in the Ethernet module. Information about a
device, and the fault records of the device, can be routed and
transferred using the DNP3 protocol. Switching commands can
be executed in control direction. DNP3 TCP can support up to 2
masters (Figure 2.7/3).
Setting values in the device cannot be read or changed via the
protocol.

[dw_COM_PRO_IO, 2, en_US]

Figure 2.7/4 Communication Paths for PROFINET IO

The following device classes are defined for PROFINET IO:

• PROFINET IO controller

A PROFINET IO controller is typically the programmable logic
controller (PLC) on which the automation program runs. The
PROFINET IO controller provides output data to the configured
IO devices in its role as provider and is the consumer of input
data of IO devices.

• PROFINET IO supervisor
[dw_SIP5C-0057, 1, en_US]

Figure 2.7/3 DNP3 TCP/IEC 60870-5-104 communication with further
serial connection with an IEC 60870-5-103 master

Modbus TCP
The Modbus TCP communication protocol is supported via the
electrical and optical Ethernet module. Modbus TCP and
Modbus RTU are very similar to one another. However, Modbus
TCP uses TCP/IP packets for data transmission.
Modbus TCP can be used to transmit messages (single-point and
double-point indications), measured values, metered values to
1 or 2 (redundant) masters. In command direction, switching of
switching objects is possible via the protocol.
Time synchronization can take place via SNTP or IEEE 1588 5via
the network, redundant time servers being supported.
PROFINET IO
PROFINET IO is an Ethernet-based communication protocol that
can be used in all areas of communication automation.

A PROFINET IO supervisor can be a Programming Device (PD),
a personal computer (PC), or a human-machine interface
(HMI). It serves for commissioning or diagnostic purposes and
corresponds to a class-2 master in PROFIBUS.

• PROFINET IO device

A PROFINET IO device is a distributed IO field device that is
connected to one or more IO controllers via PROFINET IO. It is
comparable to the function of a slave in PROFIBUS. The
PROFINET IO device is the provider of input data and the
consumer of output data. The SIPROTEC 5 device works as the
IO device.

PROFINET IO S2 Redundancy and SOE (Sequence of Events)
The integrated Ethernet interface supports the redundancy on
the system level for the PROFINET IO protocol. System redundancy is the redundancy of the IO controller or of the communication interface of the input/output device. Figure 2.7/5 shows
an example in which 1 input/output device is connected to
2 different IO controllers. The input/output device maintains the
active communication with one of the IO controllers as the
primary controller and with the other as the standby controller.

The data exchange of PROFINET IO follows the Provider/
Consumer model. A configured PROFINET IO system has the
same look and feel as in PROFIBUS.

5

Under development
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[dw_Profinet-IO-S2-redundancy, 1, en_US]

Figure 2.7/5 Connection of an Input/Output Device to 2 Different IO
Controllers

The Ethernet interface also supports SOE functionality in which
the digital signals can be queried from the input/output device
(SIPROTEC 5 or SIPROTEC 5 Compact) and can be relayed to the
IO controller with accurate time stamps and a FIFO buffer
having a capacity of 500 signals.
VLAN as per IEEE 802.1q

2.7

VLAN as per IEEE 802.1q is the standard in which various applications on the same physical Ethernet network can be disconnected or isolated. This improves the security, availability and
performance in the network and, at the same time, ensures cost
efficiency.
In a VLAN-capable network, you mark the Ethernet frames that
belong to the different application domains so that the other
switches or receivers either transmit a packet with the desired
priority or discard the packet due to security policy.
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[dw_SIP5_ IEEE802-1q_VLAN, 1, en_US]

Figure 2.7/6 1 Physical Medium for 3 Applications

The SIPROTEC 5 Compact family supports VLAN on the integrated Ethernet interface. As shown in the example figure
above, the SIPROTEC 5 device uses only one single physical
medium for 3 different applications with 3 different IP interfaces. The switches control the telegrams to be transmitted in
accordance with their setting. Devices can only receive those
telegrams for which they are configured.
IEEE C37.118 (Synchrophasor)
Under development

SIPROTEC 5 devices optionally calculate synchrophasors and
work as a Phasor Measurement Unit (PMU). These measured
values, which are synchronized across large geographic areas
with high precision, allow for assessment of power system
stability. These values are transmitted via an Ethernet network
with the IEEE C37.118 protocol to a data concentrator. The
transmission occurs via an optical or electrical Ethernet module
(Figure 2.7/7).
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[dw_central_SIP5C, 1, en_US]

Figure 2.7/7 Central Evaluation of Fault Records and Phasors

Further Ethernet-based Protocols and Services
Besides the actual protocol application, these services can run in
parallel on an Ethernet module. They can be switched on and off
by the user with DIGSI 5.
Ethernet redundancy with RSTP, PRP, HSR
The electrical and optical Ethernet module supports the building
of redundant ring structures in Ethernet with the redundancy
protocol (RSTP, HSR). With HSR, an uninterrupted ring redundancy is achieved with up to 50 devices in the ring. PRP can be
used to communicate without interruption via parallel networks.
These procedures can be activated by means of parameters.
They are independent of the substation automation protocol or
the selected additional services.
Time Synchronization with SNTP Protocol
The device can poll the absolute time from 1 or 2 time servers
via an SNTP server. In redundant operation, both servers are
read and the time of the 1st server is used for setting the device
clock with an accuracy of 1 ms. If this server fails, the time is
synchronized by the second server.
Time Synchronization with IEEE 1588 (Under Development)
The IEEE 1588 protocol is available for greater time synchronization accuracy via Ethernet. High accuracy of 1µs is required to
synchronize measured values for process bus applications, PMU
data synchronization, and to stabilize unsymmetrical protection
communications for line differential protection applications. It
can be activated on electrical or optical Ethernet modules. A

prerequisite is that the network components (for example,
switches) also support the protocol and special IEEE 1588 time
servers are available in the network. With IEEE 1588, a runtime
measurement for the time synchronous telegrams in the
Ethernet network is carried out so that the terminal devices (for
example SIPROTEC 5) receive time information corrected by the
runtime, which is more precise than with SNTP. Both the Power
Utility Profile (IEC 61850-9-3) and the Power Profile
IEEE C37.238 are supported with the devices working as ordinary slave clocks (terminal devices) in the network.
For the high-precision time synchronization via Ethernet
IEEE 1588, a suitable router, for example, from Ruggedcom, is
used.
Network Monitoring with SNMP
The device can be integrated in network monitoring or powermanagement systems via the SNMP protocol V3. Extensive
monitoring variables, for example the state of the Ethernet
interfaces, their data throughput etc. can be made known to the
monitoring system via MIB (Management Information Base)
files. These variables are described in data-specific terms in MIB
files and can be cyclically read out and monitored by the monitoring system. No values can be changed in the device via
SNMP. It serves exclusively as a diagnosis interface.
Ethernet Redundancy – Network Topologies
Regardless of the selected protocol (IEC 61850, DNP3 TCP), the
electrical and optical Ethernet modules support different
network topologies.
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If such a module operates without an integrated switch that can
be switched off through DIGSI 5, it is connected to external
switches individually or redundantly. In the case of a double
connection, only one interface processes the protocol applications (for example, IEC 61850). The second interface works in
hot standby and the connection to the switch is monitored. In
the case of an outage of interface 1, a switch is made to interface 2 within just a few milliseconds (Figure 2.7/8).

Seamless Redundancy with PRP and HSR
New technologies decisively shorten the time for the reconfiguration of communication networks in the event of interruptions.
These technologies include:

• PRP = Parallel Redundancy Protocol
• HSR = High Available Seamless Ring Redundancy
Both systems operate according to the same principle and
conform to IEC 62439-3 standard.
The same information is thus transmitted via 2 different information routes. The receiver utilizes the first telegram to arrive
and discards the second. If the first telegram does not arrive, the
second one is still available and is used. This mechanism is
based on the Ethernet stack, which assigns the same MAC
address to the two telegrams.

• The PRP protocol uses 2 networks that are physically separate

to transmit 2 identical telegrams. Although this doubles the
effort and cost for the network equipment, the PRP protocol
provides greater availability of the Ethernet system compared
to the HSR protocol.

• HSR operates on the same principle but the 2 identical infor2.7

[dw_SIP5C-0031, 2, en_US]

Figure 2.7/8 Single or redundant connection to external switches

Electrical or optical ring feeders with a maximum of 40 devices
can be established with an integrated switch (RSTP) (Figure
2.7/9). Both interfaces of the module transmit and receive
simultaneously. Mixed operation with SIPROTEC 4 devices is
possible in the ring feeder with a maximum of 30 devices. A
special ring redundancy process, based on RSTP, ensures short
recovery times in the event of the outage of a device, so that
the protocol applications continue running nearly interruptionfree. This configuration is also independent of the protocol
application that runs on the Ethernet module.

[dw_SIP5C-0032, 2, en_US]

Figure 2.7/9 Ring operation with integrated switch and ring redundancy
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mation telegrams are distributed in 2 directions on one
Ethernet ring feeder. The cost for the Ethernet network infrastructure is less but HSR handles N-1 errors – however,
evolving faults result in a communication outage in parts of
the HSR ring feeder.

The procedures can be activated via setting parameters and do
not have any other parameters. They are therefore easy to set
up. The number of network users is limited in both procedures
to a maximum of 512.
HSR and PRP can be combined using so-called RedBox units
(redundancy boxes).
This cost efficient solution according to IEC 62439-3 can be
designed in the following manner:

• 2 switches in the control center
• 2 switches in the bay
• 2 RedBox units (RB) per HSR ring
• Up to 50 devices per HSR ring
• Simple extension by 2 two additional PRP switches.
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respective, permissible protocols/applications. The protocol
parameters are set (for example baud rate, IP address). Then the
module is initialized with the protocol application and, for
example, a serial module with the IEC 60870-5-103 protocol
and the communication settings are loaded.
For an application template of a device there is an appropriate
communication mapping (Figure 2.7/11). In a communication
matrix, the user modifies this mapping and erases and
completes his own information. This mapping file is finally
loaded by DIGSI 5 into the device, and determines the scope of
information that is provided via the protocol. Protocol mappings
can be copied between devices, if they contain the same functions, and can be exported into substation control applications.

2.7
[dw_SIP5C_stossfreie-n-1-struktur, 1, en_US]

Figure 2.7/10 Economical Seamless n-1 Structure with 1 Time Source

Integrated Setting of Communication in DIGSI 5
A communication protocol is configured with DIGSI 5. According
to module type, DIGSI 5 offers the user the selection of the

[Kom_Communication Mapping_en-US_W, 1, --_--]

Figure 2.7/11 Assignment of Communication with DIGSI 5
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[dw_example protection_substation_com_SIP5C, 2, en_US]

Figure 2.7/12 Communication protocols in the substation automation technology and in network control systems

Design to communicate means:

• High-availability redundancy PRP, HSR
• Secure data transmission as per cybersecurity standards
• Communication with IoT applications via GridEdge
• Adaptation to the topology of your communication structure using settings (ring, star or network)

• Extensive routines for testing connections, functions and
operating workflows.
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Safety for personnel and equipment are first priority, but
availability is also critically important. As the plant landscape becomes more open and complex, conventional
security mechanisms are no longer adequate.
For this reason, a security concept has been implemented
in the SIPROTEC 5 device architecture that is designed to
address the multidimensional aspects of security in a
holistic approach.
Multilayer safety mechanisms in all links of the system
security chain provide you with the highest possible level
of safety and availability.

concept lies with the operator of the system. The concept must
consider all system components with regard to all technical
aspects of cybersecurity.
Safety in the hardware design

• The cooling system, reduces thermal load, prolongs service
life and enables error-free operation in a wide ambient
temperature range.

• High availability is achieved with the auxiliary power supply

concept. Central wide range supply ensures the provision of a
common voltage to all components. Individually required
voltage levels are created in the modules concerned.

Safety and cybersecurity includes:

• Storage of calibration data in the analog capture modules

• Security concept in device design
• Information security against IT attacks (IT threats from

• Fully pluggable terminals mean that when devices or modules

outside)

enables completely safe exchange or extensions within the
module unit.
are replaced.

• Now that the current transformer is integrated into the
Safety
Multilayer safety mechanisms
Safety comprises all aspects of protection for personnel and
primary equipment installations. The devices and
DIGSI 5 support this from the functional standpoint. Cybersecurity measures ensure secure operations in networks. The
manufacturer can support the user with these measures. The
responsibility to implement a comprehensive cybersecurity

terminal block (Safety CT-Plug), open-circuited secondary
current circuits cannot occur anymore during replacement of
a device . When the terminal is pulled out, the transformer is
always opened on the safe, secondary circuit.

• The device does not need to be opened to adjust binary input
thresholds or adapt them to the rated current of the transformer (1 A, 5 A). The device does not need to be opened for
battery replacement

2.8

[dw_safety-security, 1, en_US]

Figure 2.8/1 Differentiation of Safety/Security

Monitoring functions
Comprehensive monitoring functions ensure secure operation
by fast detection of irregularities and automatic initiation of
appropriate measures to avert incorrect responses. Depending
on the severity of the irregularity detected, a warning may be
issued, the functions concerned may be blocked, or the entire
device may be isolated by opening the life contact. In all cases,
the device-diagnosis log outputs the cause and appropriate takeaction instruction.
Hardware monitoring

This includes for instance the CPU, the auxiliary voltage, the
battery status, the internal clock, the memory chips, the analog
inputs, the bus connections, the expansion and communication
modules.
Monitoring the analog inputs
As a data source for the protection functions, monitoring of the
analog inputs is assured in multiple stages. Some monitoring
functions are primarily dedicated to the commissioning (incorrect or missing connections) and only generate a warning indication.

All hardware in the device is continuously monitored.
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These include:

Consistent administration of device modes

• Current and voltage balance
• Current and voltage sum
• Phase-sequence supervision

Test modes and the health status of information are forwarded
and handled uniformly and consistently throughout the entire
system. Analysis functions take the modes into consideration
and warrant secure operation. This is particularly critical when
protection and control-related data is transmitted via protection
interfaces and IEC 61850 GOOSE messages. But it applies
equally for signal processing in the function charts (CFC).

Other monitoring functions detect outages during operation
and rapidly initiate blocking of the affected functions:

• Measuring-voltage failure detection (loss of voltage)
• Fast current-sum supervision and broken-wire detection for
the circuits.

Cybersecurity

In addition, the proper working method of all analog/digital
transformers is assured by a plausibility check at the sampling
level.
Trip-Circuit Supervision (ANSI 74TC)
The circuit breaker coil and its lines are monitored via two binary
inputs. If the trip circuit is interrupted, and alarm indication is
generated.
Communication Connections
Telegrams are monitored for correct transmission. Failures are
reported via warning messages. Data associated with protection
and control is transmitted via protection interfaces and
IEC 61850 GOOSE messages. The transmitted information is also
monitored constantly on the receiving side.
Monitoring of protection interfaces
2.8

• 32-bit Cyclic redundancy check checksum monitoring

compliant with CCITT/ITU for detecting corrupted telegrams

• Invalid telegrams are flagged and not used by the protection
system

• Sporadic failures are ignored, persistent failures trigger

blocking of the affected protection and control functions.

• Propagation times are measured and taken into account for
purposes of differential protection communication.

• The topology of the protection zone is monitored. Outages in

the communication connections automatically trigger
switching to other communication routes (ring to chain operation or hot standby), or blocking the entire protection zone.
The same applies if outage of a device in the topology is
detected.

Monitoring of IEC 61850 GOOSE messages

• Cyclic redundancy check checksum monitoring, sequence
number monitoring and repetition time monitoring, for
detecting wrong or missing telegrams

• Applications consider the state of GOOSE messages that are
corrupt or transmitted under test conditions and switch to
safe operation mode.

Load management
The free configurability of protection functions and function
charts (CFC) enables them to be adapted to an enormous range
of applications. During engineering with DIGSI 5, the integrated
load model calculates the resulting device load. This ensures
that only viable configurations can be loaded into the device.

[dw_cyber-security_SIP5C, 1, en_US]

Figure 2.8/2 SIPROTEC 5 Compact – Functional Integration – Cybersecurity

With the increasing integration of bay devices in Ethernet-based
communication networks, communication must be secured
against internal disturbances and attacks from outside. Standards and directives such as IEC 62443, IEC 62351, NERC CIP
(North American Electric Reliability Corporation – Critical Infrastructure Protection), and the BDEW Whitepaper (Requirements
for Secure Control and Telecommunications Systems of the
Bundesverband der Energie- und Wasserwirtschaft e.V) contain
requirements for the secure operation of devices in the critical
communications infrastructure, and are addressed to at both
manufacturers and operators.
Cybersecurity must be incorporated into the design of devices
right from the start. This has been carried out systematically in
the case of SIPROTEC 5. Measures in the hardware ensure that
key material for protecting the communication and datasets of a
device is stored in absolute security. Communication stacks that
are hardened against cyberattacks, a multistage role-based
access concept in operation, and logging of events relevant to
cybersecurity provide the operator with a high degree of cybersecurity when the devices are integrated in the network of the
operator.
By default only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deacti-
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vated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.
Cybersecurity at communication level
Secure authentication takes place between the device and the
communication partner (for example DIGSI 5, Web monitor or
cloud). This prevents an unauthorized program accessing the
devices and reading or writing data there. Through this transmission protocol secured by Transport Layer Security (TLS), the
integrity and confidentiality of the transmitted data are ensured.
This prevents manipulation and unauthorized access of the data.
TLS security is the basis for future communication routes and
certificate management, both across stations (for example
IEC 61850-MMS) and in the direction of cloud systems (for
example, IoT connectivity to MindSphere).
More operational security (safety) by means of confirmation ID
If Role-Based Access Control (or RBAC) is not activated, confirmation ID entering the confirmation ID is required for safety-critical actions (safety), such as changing parameters, in order to
obtain write access to the device. These confirmation IDs can be
configured by the user and may be different for different fields
of application.
Establishing connection after password verification
Optionally, if RBAC is not activated, a connection password can
be set up on the device. Remote access via the Ethernet does
not take place until the user enters the predefined password.
The user has read and write access to the device only after the
connection has been established. This connection password
conforms to the cybersecurity requirements for assigning passwords defined in NERC CIP. It has 8 to 30 characters and must
include upper-case and lower-case letters, digits, and special
characters. Through this secure transmission protocol, the integrity and confidentiality of the transmitted data are ensured. This
prevents manipulation and unauthorized access of the data.

• Support for standard roles and rights according to standards
and directives such as IEC 62351-8, IEEE 1686, and BDEW
Whitepaper

• Emergency-access options in the case of a RADIUS server
connection outage

Logging of events relevant to cybersecurity
Events relevant to cybersecurity, such as login attempts or
device restarts, are recorded and optionally transmitted to a
central server via the standardized Syslog UDP protocol. The
device-internal log entries are secured to prevent deletion and
protected against anonymous access with the RBAC option. The
events can additionally be transmitted to the substation automation unit and archived there.
Integrity assurance of firmware and cybersecurity settings
SIPROTEC 5 device-firmware files are digitally signed. In this
way, corruption from outside by viruses or trojans, for example
by manipulated firmware files, is reliably prevented. In addition,
the cybersecurity settings of a device configured with
DIGSI 5 are stored in an encrypted way and thus protected
against manipulation and disclosure.
Secure standard configuration
By default, only the connection of DIGSI 5 is enabled in the
device. All other Ethernet services and their ports are deactivated by default in the device and can be enabled with DIGSI 5.
If, for example, only the ring redundancy protocol RSTP is used,
then you as the user enable this with DIGSI 5 (Figure 2.8/4). The
secure standard configuration provides no open interfaces to a
potential attacker and only services that are really in use are
activated in a network.
It is generally not desirable to have to enter login data, connection passwords, or confirmation IDs during the configuration
and testing phase. During operation, however, the focus is on
the reading of data. Complete access protection can be deactivated in the device until commissioning has been completed
and can then be activated again for operation.
Differentiation of the various network accesses

Establishing of the connection after central authentication and
authorization of the user

In SIPROTEC 5, the IP attack interface of the SIPROTEC 5 devices
can be reduced effectively.

As a new option, the device supports role-based access control
(RBAC). With this option, the device can authenticate and
authorize the users by means of centrally managed login data
and user accounts. Authentication means that the device checks
with the central user management system whether the user
name and password combination entered by the user is valid.
After successful authentication, the device tests the permitted
roles of the user (authorization). Depending on the role
assigned to the user, he can only perform authorized operations
on the device.

• Setting the IP-based access per device port (mainboard RJ45,
slot F/E/P/N)

• Setting options: Full access, read access, or no access
• Adjustable for DIGSI 5 engineering, IEC 61850-MMS process
communication, or Web monitor access

These settings function independently of RBAC.

The main advantages of this option for power utilities are:

• Central maintenance of user accounts and roles in RADIUS/
Microsoft Active Directory Server

• Protection against unauthorized access to the device via

DIGSI 5, Web browser, and on-site operation thanks to built-in
RADIUS authentication and authorization option
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nication is encrypted via VPN. This is fully supported by the
communication services of DIGSI 5.

[dw_SIP5C_cyber-security_syslog_protocol, 1, en_US]

Figure 2.8/3 Role-Based Access Control (RBAC) with Central User
Management

(1) User requests device access (with user name & password)
(2) Authentication request via RADIUS
(3) Authentication & authorization (role) by RADIUS
(4) Success/rejection response from device to user
(5) Role-based user session initiated or rejected

[dw_SIP5C_schaltanlage-mit-remote-zugriff, 1, en_US]

Figure 2.8/5 Secure Operation of Devices within a Switchgear with
Remote Access from an External Network
2.8

[sc_onlyRSTP_de, 1, en_US]

The systems-control network and the network for remote access
can also be separated entirely by selection of an independent
Ethernet port for communication between the device and
DIGSI 5. This falls within the scope of the philosophy of the
operator. With their concept of pluggable modules, the devices
also allow solutions with separate power systems. An extensive
range of cybersecurity features have been integrated in
SIPROTEC 5 and DIGSI 5.

Figure 2.8/4 Isolatable Communication Services during Access via
Ethernet Networks

Security-Patch Management (Security Updates) for
SIPROTEC 5 and DIGSI 5

Product Security Blueprint
You can find valuable hints on the integration and on secure
operation of devices in your network in the Product Security
Blueprint and in the Application Note – SIP5-APP-009 for
SIPROTEC 5 devices. An overall security concept should be
drawn up and maintained in a Spanning Security Blueprint.
This documents typical network configurations, the services
used, and their ports. Measures for updating the components
that are critical for cybersecurity, password protection, and antivirus protection are also described.
Figure 2.8/5 shows a recommendation of this kind for
protecting switchgear. The SIPROTEC 5 devices are integrated in
optical Ethernet rings via switches. In these rings, each Ethernetbased substation automation protocol, for example,
IEC 61850 or DNP3 TCP, runs together with the systems control
without loss of performance. Accesses from a non-secure
external network are allowed via a gateway that is responsible
for safeguarding the network. The accessing party is authenticated, for example, by DIGSI 5, in the gateway and the commu-
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According to the requirements for protecting power plants,
patch management was introduced for SIPROTEC 5 and
DIGSI 5. This means that regular security updates for the software components from third-party vendors integrated into
SIPROTEC 5/DIGSI 5 or used by SIPROTEC 5/DIGSI 5 are tested for
compatibility with SIPROTEC 5 and DIGSI 5. A corresponding list
with the last Microsoft Windows Security Updates tested and
hints on the compatibility with DIGSI 5 is provided for downloading from the Internet and is updated every month.
Device Authentication Using IEEE 802.1x
IEEE 802.1x is the standard protocol that can be used to connect
only to cryptographically authorized network devices as
members of the IEEE 802.1x network. The standard defines
2 main roles where the terminal devices that are to be members
of a network act as Supplicants and the basic network responsible for the switching procedure acts as the Authenticator.
In IEEE 802.1x-capable networks, supplicants (SIPROTEC 5 or
other terminal devices) must provide their cryptographic identity which is then reported to the authenticators (normally

SIPROTEC 5 Compact – System
Safety and Security Concept – Cybersecurity
switching devices). Then, the authenticator compares the
requested login data to the centralized user directory (in this
case, this is the RADIUS server) and activates or deactivates the
access to this port according to the validity of the login data of
the supplicant.
If you use IEEE 802.1x in your OT network, you can individually
control which devices should be part of the network and block
all undesired third-party devices through the use of certificate
authorities or user certificates in the SIPROTEC 5 family.
Safety and Cybersecurity means:

• Long-lasting, rugged hardware with regarding EMC

immunity and resistance to weather and mechanical
loads

• Sophisticated self-monitoring routines identify and
report device faults immediately and reliably

• Compliant with the strict cybersecurity requirements in
accordance with international cybersecurity standards
and directives

• Effective and efficient role-based access control (RBAC)

with central user management in the SIPROTEC 5 device

• Automatic logging of cybersecurity-critical events
• Reduction of the IP attack interface of the device
2.8
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SIPROTEC 5 devices are equipped with extensive test and
diagnostic functions. These are available to users in
SIPROTEC 5 together with DIGSI 5, and they shorten the
testing and commissioning phase significantly.
The DIGSI 5 Test Suite offers:

• Simulation of binary signals and analog sequences by
integrated test equipment

• Hardware and wiring test
• Testing device functionality and protection functions
• Circuit-breaker test and automatic reclosing test functions

• Communication test including loop test
• Analysis of function charts

from an integrated test equipment. For this, the analog and
binary inputs are decoupled from the process and connected to
the integrated test sequencer.
The tester uses DIGSI 5 to create a test sequence, for example, a
short-circuit sequence, loads it into the device, and runs it in
simulation mode. The test sequencer in DIGSI 5 is capable of
combining up to 6 test items in one test sequence. When loaded
into the device, this test sequence is run in real time and simulates the functions of the device like a real process at binary and
analog inputs. Protection functions, control, logic functions, and
communication can thus be tested in real time without secondary test equipment.
The test sequence is started manually from DIGSI 5 or controlled
via a binary input. This also makes it possible to test the interaction between several devices.
Hardware and Wiring Test

DIGSI 5 Test Suite
The objective of the extensive test and diagnostic functions that
are provided to the user with SIPROTEC 5 together with
DIGSI 5 is to shorten testing and commissioning times. All test
functions are integrated in DIGSI 5. This enables engineering
including the device test to be carried out with one tool. The
most important functions are listed as examples here. There are
also other specific test functions depending on the device type.

2.9

In the hardware test, the state of the binary inputs can be read
out by DIGSI 5 and contacts and LEDs can be switched or set
through DIGSI 5 for test purposes.
The parameters measured at voltage and current inputs are
represented in phasor diagrams – divided according to absolute
value and phase angle (Figure 2.9/2). Thus it is easy to detect
and check if the connections in the measurand wiring are
inverted, as well as the vector group or the direction between
current and voltage. In devices that are connected via operative
connections, even analog measuring points of remote phasor
ends can be represented as vectors. This makes it easy to check
the stability of a differential protection.
In the wiring test, the wiring connections between devices are
tested. If the devices are connected to a network via Ethernet,
this test can be carried out with unprecedented ease. For this,
the contact on a device is closed with the aid of DIGSI 5. This
contact is connected to a binary input of one or more
SIPROTEC 5 devices via a wire connection. These automatically
send a report to DIGSI 5 to the effect that the binary input has
been picked up by the closing operation of the contact. The
tester can then log this test and check the wiring between the
devices.

[dw_test_and_diagnosis, 3, en_US]

Figure 2.9/1 SIPROTEC 5 – Functional Integration – Test

Integrated test sequencer
The integrated test sequencer enables functions to be tested via
the test sequencer integrated in the device. Normally, the device
receives analog and binary signals from the process or from an
external secondary test equipment.Until now, the protection
functions and communication were tested with variables such
as these. With SIPROTEC 5 devices, in the simulation mode,
these variables can now be substituted with values supplied
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[sc_Analog_Inputs, 1, en_US]

Figure 2.9/2 Display of Analog Measuring Points in Phasor Diagrams

SIPROTEC 5 Compact – System
Test and Diagnostics
Testing Device Functionality and Protection Functions
The graphical representation of characteristic curves or
diagrams of protection functions helps not only the engineer
who parameterizes the test functions, but also the engineer
who tests them (Figure 2.9/3). In this test, the operating point
of a protection function is represented graphically in the
diagrams, for example the calculated impedance of a distance
protection in the zone diagram. Additionally, messages relating
to the protection function are logged, for example pickup or
tripping. This test can be carried out with signals from the
process or with the test equipment integrated in the device.

from the transmitting side Tx of an interface, and these are
measured again at the receiving Rx interface. The user thus has
the capability to insert loops at various points in the communication network and to test the connection of the loop. The
number of telegrams sent, received, and corrupted is displayed
continuously in DIGSI 5, so that the quality of the connection
can be monitored.

[dw_loop-test, 2, en_US]

Figure 2.9/4 Loop Test for Operative Connections (Loop Test)

Online monitoring of communication links
The data flow at communication interfaces can be monitored
constantly. To do this, the number of telegrams that are sent,
received, and corrupted per time unit for serial connections and
Ethernet interfaces during operation is measured and displayed
constantly . If faults occur, an alarm can be issued. A network
management and monitoring system performs detailed monitoring of Ethernet modules via the SNMP protocol.

[sc_Schutzfunktionspr, 1, en_US]

Figure 2.9/3 Test of Protection Function with Operating Point of the
Protection Function in the Pickup Characteristic

Circuit-breaker testing and automatic reclosing test function
Switching sequences can be initiated via DIGSI 5 to test the
automatic reclosing (AREC). However, this is only possible if
remote switching via the key switch is permitted. In addition, a
security prompt (confirmation ID) must be entered for switching
authorization via DIGSI 5. There are additional security prompts
for non-interlocked switching. This provides protection against
unauthorized use or inadvertent actuation during operation.
The test logs the closing operation of the switch including the
interlocking and feedback signals at the binary inputs. A circuitbreaker test can also be deactivated and activated without an
interlocking check.
Communication Testing

For operative connections, the transmission time of the signals
is also monitored, and it is calculated during synchronization by
means of a high-precision second pulse in the transmit and
receive directions. Additionally, the communication topology is
also monitored constantly there and displayed in DIGSI 5.
GOOSE connections can be monitored permanently at the
receiving site during operation. This means that an outage is
detected within a few seconds.
Protocol test
For the protocol test, specific signal values are set and reset
using DIGSI 5 (Figure 2.9/5). The test mode itself is configurable.
The device sends the selected value to the client using the
configured communication protocol, for example IEC 61850. In
this case, a report is generated or a GOOSE message is sent
automatically when this information is routed correspondingly.
The device can be used to test systems control information for
all protocols (for example, IEC 61850, IEC 60870-5-103, serial
DNP3, DNP3 TCP) without the effortful generation of signal
states with test equipment. Signals that are transmitted across
operative connections can also be tested.

Since communication is an integral component of the devices
and they are connected either directly or via systems control,
they must be thoroughly tested at commissioning and monitored continuously during operation. The integrated test tools
support the user in the testing and monitoring of communication routes.
Loop test for communication links (loop test)
This test is launched by DIGSI 5 for a communication module
and a selected interface if a protection communication is configured at a remote line end. It is used to detect disturbances in
subsections when inspecting the physical connection of the
communication paths (Figure 2.9/4). Test telegrams are sent
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Function charts (CFC) can thus be created offline in the office
and tested without needing a device.

[sc_Protokolltest, 1, en_US]

Figure 2.9/5 Protocol Test for Substation Automation Technology or for
GOOSE and Operative Connections

Test and Display of External Timers
If the system time of the device is set externally using
1 or 2 timers, this time can be read out in the device or with
DIGSI 5. When the time protocol returns these values, it indicates which timer is setting the system time and issues a statement regarding the quality of the time source. Synchronization
via external clocks can thus be monitored and displayed during
operation (Figure 2.9/6).
2.9

[sc_Interlocking, 1, en_US]

Figure 2.9/7 Easy Analysis of Function Charts

Using the DIGSI 5 Test Suite means:

• Considerably shorter testing and commissioning time
• Having commissioning support personnel in the adjacent
substation is not absolutely necessary

• All test routines performed are documented.
• Testing using secondary test equipment is for the most
part dispensable.

• With the innovative SIPROTEC DigitalTwin solution, a

virtual digital twin of a real SIPROTEC 5 Compact device,
it is possible to use the full functionality of the DIGSI 5
Test Suite at any time, from anywhere, and also without
any hardware.

[sc_DIGSI5_TimeSynch, 1, en_US]

Figure 2.9/6 Test of External Timers

Analysis of Function Charts (CFC Debugging)
Function charts generated in the form of function charts (CFCs)
can be tested offline in DIGSI 5. To this end, test sequences can
be generated with the DIGSI 5 sequencer that act on logical
inputs of the function chart or on the analog and binary inputs
of the device. This makes it possible to test not only the function
chart but also its interaction with upstream and downstream
functions. During this test, the values of variables are displayed
and their changes over time are logged in records that can be
analyzed at a later date, for example, with SIGRA. This enables
even complex temporal dependencies to be analyzed with ease.

54 SIPROTEC 5 Compact ⋅ Catalog – Edition 2

SIPROTEC 5 Compact – hardware
Hardware
SIPROTEC 5 Compact Hardware

Operation Panel

SIPROTEC 5 Compact hardware provides the entire experience of
Siemens for digital protection devices.

• Durability and reliability
– Robust housing
– Excellent EMC shielding in compliance with the most recent
standards and IEC 61000-4
– Expanded temperature range: -25 °C to +70 °C

• User-friendly operation panel
– 9 freely assignable function keys for frequently required
operator control actions
– Separate control keys for switching commands
– Simple switchover of the switching authority
– Context-sensitive keys with labeling in the display
– Complete numerical keypad for simple input of setting
values with navigation keys for easy navigation in the menu
– 8 two-colored LEDs for signaling with labeling in the display

• User-friendly design
– No opening of device necessary for installation and servicing
– Easy battery replacement on the bottom of the device

[le_SIP5C_operation panel, 2, --_--]

Figure 3.1/1 SIPROTEC 5 Compact Operation Panel

(1) Color display

– Integrated communication interfaces as standard

(2) LEDs (green or red, configurable)

– Electronically settable threshold for binary inputs

(3) Display of the LED labeling in the display

– Rated current (1 A/5 A) of the current-transformer inputs
configurable electronically

(4) USB interface

– Removable terminal blocks
– Prewiring of terminals is possible

(5) Numerical keys and function keys
(6) Control/command keys

– Simple replacement of current transformers, for example
with sensitive ground-current transformers in case of
network conversions

(7) Context-sensitive keys with labeling in the display

– Increased safety, since open current-transformer circuits
are no longer possible (safety CT plug).

On-site operation panel elements

SIPROTEC 5 Compact Design
The SIPROTEC 5 Compact device is 1/6 x 19 inches wide. The onsite operation panel features a graphical color display, keyboard,
and 8 dual color LEDs.

(8) Navigation keys

The central element is the graphical color display. With its high
resolution, it provides ample space for icons in graphical representations.
Below the display there is a 12-key block. In combination
with 4 navigation keys and 2 context-sensitive keys, you have
everything you need to navigate conveniently and quickly
through all information that is shown in the display. 2 LEDs on
the upper border of the operation panel inform you about the
current device operating state.
8 additional LEDs, to the left of the keypad, ensure quick,
targeted process feedback. The LED labeling is directly shown on
the display. The USB interface enables fast data transmission. It
is easily accessible from the front and well protected with a
plastic cover.
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The operation panel enables the illustration of a control display
and provides space for measured values and to display event
lists.

the device wiring, the frame is turned accordingly and mounted
on the switch panel. The SIPROTEC 7SX800 protection device is
then pushed into the frame and the wiring is guided upwards or
downwards.

[sc_SIP5CompactDisplay v3, 1, --_--]

Figure 3.1/2 Display – Control Display

The O and I keys (red and green) for the direct control of equipment, a key for displaying the LED labeling, and the CTRL key for
activating the system diagram complete the operation panel.
You can order any SIPROTEC 5 Compact device in 2 different
installation variants:

• As a flush-mounting device
• As a surface-mounting device with integrated on-site operation

Surface Assembly Frame for Wall Installation

[ph_SIP5_C_Surface, 2, --_--]

Figure 3.1/3 SIPROTEC 5 Compact with Surface Assembly Frame

An assembly frame for the SIPROTEC 5 Compact device can be
ordered as an accessory to install it on the wall. Depending on

Hardware Properties
Hardware expandable (modular)
3.1

7SX800
no

Binary inputs

4/14

Binary outputs

5/11

Current inputs

4

Voltage inputs

4

Housing (x 19")

1/6

Flush mounting device
Surface mounting device with integrated on-site operation panel

yes
Yes, with assembly frame

Display (pixels)

320x240

Function keys

9

LEDs
Power supply
Table 3.1/1 Hardware Properties
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8
DC 24 to 250 V/AC 115 to 230 V

SIPROTEC 5 Compact – hardware
Integrated interfaces
Integrated Interfaces
USB Connection on the Front
The device can be accessed with the DIGSI 5 operating program
by plugging a standard USB cable into the USB-B socket on the
front side. The complete configuration and setting of the device
can be carried out via this connection.
Integrated Interfaces on the Rear Panel of the Device
The device offers a permanently installed redundant Ethernet
interface on the rear panel. For this, observe the connection
plans in the Attachment.

DCF77 format with changes between daylight saving time and
standard time is supported. An additional, second pulse input
enables microsecond-precise synchronization of the device from
a highly precise time source, for example a special GPS receiver.
This accuracy is needed for special protection and measuring
tasks. In this way, devices can be precisely synchronized to the
microsecond across stations. For this purpose, Siemens provides
a prefabricated complete solution with time receiver, FO
converters, and appropriate connecting cables.

[dw_SIP5Comp_rear_optical_interface, 1, --_--]

Figure 3.2/1 Rear View of the Device with Integrated Interfaces

Integrated Redundant Ethernet Interface (Port F)
3.2

The integrated Ethernet interface is available as an optical (2 x
Duplex-LC 1300 nm) variant and can be configured with or
without integrated switch. It can be used for Ethernet-based
protocol applications, for example, IEC 61850, Modbus TCP,
time synchronization via SNTP, network management via SNMP
6, DIGSI 5 via TCP. Several applications can run in parallel,
whereby unused applications can be switched off for security
reasons.
The maximum optically permitted distance via 50/125-µm
or 62.5/125-µm multimode optical fibers is 2 km. The optical
transmission and receiving level is measured in the module and
can be displayed with DIGSI 5.
Serial Electrical RS485 Interface/Time-Synchronized Interface
(Port E) (Under Development)
The serial RS485 interface features an RJ45 socket. It can be
used for asynchronous serial protocols, for example,
IEC 60870-5-103, DNP3. Alternatively, with this interface, the
time in the device can be synchronized using IRIG B.
The time telegram IRIG-B005 (007) of a GPS receiver can be fed
with the 5-V or 24-V levels. In addition, the Central European

6

In preparation
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Terminals
Die SIPROTEC 5 Terminals
Innovative terminals were developed for the SIPROTEC 5 family.
All terminals are individually removable (Figure 3.3/1). This
enables prewiring of the systems and simple device replacement
without costly rewiring.

[terminal blocks, 1, --_--]

Figure 3.3/2 Voltage and Current Terminal Block with Jumpers

[E_CC_Close_up_AB-03_sRGB, 1, --_--]

Figure 3.3/1 Removed Current Terminal Block

Current terminals
The 8-pole current terminal with 4 integrated current transformers is available in 2 variants:

• 4 protection-class current transformers
• 3 protection-class current transformers + 1 sensitive protection-class current transformer

The terminal design provides the following advantages for the
connection of currents:

• Exchange of the current-transformer type also possible retro3.3

actively on-site (for example, sensitive to normal groundcurrent transformers in case of network conversions)

• Additional safety during tests or device replacement since the
secondary current-transformer circuits always remain closed.

Voltage terminal
The voltage transformers and the binary input and output
signals are connected via the 14-pole voltage terminal. The
cable route away from the device enables clear terminal wiring.
Jumpers precisely matching the current and voltage terminals
are available for connection to common potential of contacts
(see spare parts and accessories, chapter Attachment).
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Standard variants
SIPROTEC 7SX800 Standard Variants
V1

1/6, 4 BI, 5 BO, 4 I, 4 V
Housing width 1/6 x 19”
4 binary inputs
5 binary outputs (1 life contact, 4 fast)
4 current-transformer inputs
4 voltage-transformer inputs

V2

1/6, 14 BI, 11 BO, 4 I, 4 V
Housing width 1/6 x 19”
14 binary inputs
11 binary outputs (1 life contact, 10 fast)
4 current-transformer inputs
4 voltage-transformer inputs

Table 3.4/1 SIPROTEC 7SX800 Standard Variants

3.4
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SIPROTEC 5 Compact – engineering
In project engineering with SIPROTEC 5 Compact, your
workflow is in the center of interest – beginning with the
single-line diagram of the primary system on to ordering,
engineering, and parameter setting all the way through to
testing and commissioning. For you, this means: less
errors, higher quality, and higher efficiency.
Holistic workflow means optimal, integrated support for all
project phases:

• Project specification
• Device engineering
• System engineering
• Commissioning
• Operation and service
All Functions from the Library
SIPROTEC 5 Compact devices always have a basic functionality,
depending on the device type. You can extend this functionality
flexibly with any desired functions from the library. Additional
functions are paid with your credit balance, which is reflected in
function points.
In the SIPROTEC 5 system, the main function is defined by the
device-type selection. This means that the functionality does not
have to be fixed in detail during product selection. In the later
engineering phase, you can select any optional additional function from the device-specific function library. You must simply
ensure that your balance of function-point credit ordered for the
device is not exceeded. Extra function points can simply be reordered at any time.

4
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WEB Monitor
Operation Using the Web UI
Apart from the use of an engineering tool such as DIGSI 5 for
configuration and maintenance, SIPROTEC 5 Compact provides a
Web front end that can be used with a standard Web browser.
The browser-based user interface is a comprehensive commissioning and monitoring tool that provides an easy-to-understand display of the most important measured data. You can
operate the device remotely or locally using the browser-based
user interface and a Web browser.
The browser-based user interface can be used via a communication network:

• During commissioning
– Checking and adjusting the values of a specific setting

[scwebmonitor1, 5, en_US]

Figure 4.1/1 Buttons for the Browser-Based User Interface

– Comparing the values of 2 or more devices
– Checking a setting value against a user-defined setting to
verify whether the setting value differs from the default
value specified by Siemens

• During an inspection
– Querying a value in order to adjust a test case, for example
to preset the tripping current
– Viewing all types of measured values, for example functional measured values and derived values such as the
minimum/maximum and mean values
– Displaying the deviation of the expected measured-value
quality.

• While operating the device
The browser-based user interface is especially optimized for
the protection system and provides comprehensive support
during testing and commissioning from the PC or laptop
computer.

[scAlarmAndWarningList, 1, en_US]

Figure 4.1/2 Alarm List

Additional Information
For more information on Operation with a browser-based user
interface, please refer to the latest system manual for
SIPROTEC 5 Operation under SIOS

All relevant device information and setting options are displayed
graphically on the screen.
Application Options
You can also use the browser-based user interface for the
following applications, for example:

• Checking and adjusting the values of a specific setting
• Comparing the values of 2 or more devices
• Checking a setting value against a user-defined setting as to

whether the setting value differs from the default value specified by Siemens

4.1

• Querying a value to adjust a test case, for example, to preset
the tripping current

• Viewing all types of measured values, for example functional
measured values and derived values such as the minimum/
maximum and mean values

• Displaying the deviation of the expected measured value
quality.
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DIGSI 5
Description
DIGSI 5 is the versatile engineering tool for parameterization,
commissioning, and operating all SIPROTEC 5 devices. Its innovative user interface includes context-sensitive user instructions.
Simple connection to the device via USB enables you to work
with a device easily and efficiently. The full capabilities of
DIGSI 5 are revealed when you connect it to a network of
protection devices: Then you can work with all of the devices in
a substation in one project. DIGSI 5 offers superior usability and
is optimized for your work processes. Only the information you
actually need to carry out your tasks is shown. This can be
reduced further via expanded filter mechanisms. Consistent use
of sophisticated and standardized mechanisms in the user interfaces requires less training.
Functions
Using a PC or laptop computer, you can set parameters for the
devices using the interfaces and export the fault data.
DIGSI 5 is available in different variants (Compact, Standard, and
Premium) with various functionalities:

• Using the Single-Line Editor, you can visually define a substation and the primary equipment. Connect these elements
with the protection function of your protection devices.

• The visual display of the SIPROTEC devices can be configured

and edited with the Display Editor or with a graphics program.
Take your single-line diagram and convert it into a display
image. You can also define your own icons.

• You can configure additional functions like interlocking of the
devices graphically with the function block diagrams editor
(CFC).

• Using the Siemens IEC 61850 System Configurator, you can

configure and set parameters for IEC 61850 stations. Using
this tool, you can administer subnetworks, network users and
their IP addresses and link the information of various participants.

• The DIGSI 5 test suite provides extensive test tools, which

accelerate commissioning and support you with operation.
One of the test functions enables you to compile and execute
test sequences, to test devices without external test equipment.

• SIGRA for simple, fast, and convenient analysis of fault

records, such as those recorded during faults in power plants
by fault recorders.

4.2

Languages: English, German, French, Italian, Portuguese,
Spanish, Turkish, Czech, Polish, and Russian (selectable)
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[sc_DIGSI 5_SplashScreen, 2, --_--]

DIGSI 5 is available in 3 different functional scopes:

• DIGSI 5 Compact
Software for configuring and operating smaller projects with
up to 8 SIPROTEC 5 Compact (7xx800) or non-modular
SIPROTEC 5 devices (7xx82). Contains graphical editors for
Continuous Function Charts (CFC) and device display pages.
Integrated test and commissioning functions, including the
possibility of creating test sequences and their execution in
the protection device without external test equipment. Projects may only contain a single SIPROTEC 5 protection device.

• DIGSI 5 Standard
Like DIGSI 5 Compact, but without constraint with regard to
the number of supported SIPROTEC 5 devices per project, incl.
IEC 61850 System Configurator. Contains additional graphical
editors for single-line diagrams and the network topology.
SIGRA for professional fault-record analysis is available as an
option.

• DIGSI 5 Premium with SIGRA
Same as DIGSI 5 Standard, but with enhanced functionality
for IEC 61850, for example, flexible engineering and functional naming. Contains SIGRA for a professional analysis of
fault records.

SIPROTEC 5 Compact – engineering
DIGSI 5

[dw_digsi-bo, 1, en_US]

Figure 4.2/1 Structure of the DIGSI 5 User Interface

MLFB Number
The device MLFB number can be adopted directly into the engineering program DIGSI 5. In this way, you create your selected
devices directly in DIGSI 5. Since all device characteristics are
unambiguously specified via the MLFB number, engineering
work with DIGSI 5 starts on a consistent basis without the need
to reenter the device characteristics which would take much
time.
From Planning to Engineering up to Testing – DIGSI 5
The engineering tool DIGSI 5 assists you in your workflow from
planning to operation of your systems with SIPROTEC 5 devices.
With DIGSI 5, you have full control over the engineering. The
functional scope of the tool covers all tasks – from device
configuration and device setting to commissioning and evaluation of fault data.
This is how a modern, efficient engineering process looks in
short form:
In the rough planning, the system layout is documented using
CAD. This system layout is prepared as the basis for the detail
planning in the Single-Line Editor. Depending on the application, the required functionality (protection functions, control
and automation scope as well as auxiliary functions) is defined
and a device is selected. In the next step, the device is assigned
an appropriate application template. You can use your own
personally created, exactly matching application templates or

standard application templates here. Function adaptations are
possible at any time after the selection of the application
template. The high-performance copy functions with consistency checks allow fast project engineering. Then, you must
configure the system (routings, implementation of corresponding logic into function charts (CFC)) and set the parameters.
The new program structure of DIGSI 5 is designed to support the
required work steps during a project optimally. The applicationoriented engineering approach guarantees that you are always
aware of the workflow. DIGSI 5 makes you more productive –
from design to engineering and even with installation, commissioning, and operation.
The Project View Guides You Through the Entire Workflow
In DIGSI 5, processing and maintenance of all components of
IEDs and of all associated data is carried out in a project-oriented
way. This means that the topology, devices, parameter values,
communication settings, process data, and much more are
stored in one project.
All devices are available in one central location. Just open the
device in the project tree and the entire content is provided.
When you begin with a device, you can edit your tasks in a
simple and intuitive way.
The user interface of DIGSI 5 is divided into several sections
(Figure 4.2/1). The project tree on the left displays everything
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that belongs to your project, for example, devices and global
settings. Double-clicking an entry opens an Editor in the main
window section. This can be, for example, an editor for
changing protection parameters, for configuring communication mappings, or for creating function charts (CFC).
In the lower section of the screen view, you can access the properties of all elements (for example, for circuit breakers or
signals) quickly and conveniently. This section also contains lists
with warnings and errors.
The libraries are particularly important in DIGSI 5. They are
located on the right and contain everything that is used in the
editors. Here, you select the required scope and insert it into
your project. When configuring the hardware, you can select
different hardware components, for example, a communication
module. On the other hand, if you are working with function
charts (CFC), you select the corresponding logical building
blocks and select the required functionality while configuring
the protection scope. For this purpose, you drag the elements to
the position of the editor where you need them.
Visual Definition of the Primary Topology in Single Lines
The single-line diagram describes the primary topology of your
system (Figure 4.2/2). For this, simply select the correct singleline template from the library. Further processing, for example,
an extension, is possible without difficulty. DIGSI 5 contains a
library with elements that are familiar to you from the ANSI and
ISO standards.

configuration is continually checked. Finally, you can connect
the application template with the primary elements of the
single-line diagram (voltage and current transformers as well as
circuit breakers) graphically. Thus, a topological reference is
created. Setting values of the transformers (primary and secondary rated values, as well as the neutral-point formation for
current transformers) can then be adopted from the single-line
diagram.
If you have created a suitable device type, you can save it as
your own application template and use it in other devices of the
same device family. To do this, export the application template
with DIGSI 5 in UAT format (User-defined Application Template).
Design of User-Defined Control Displays
With the Display Editor, you can create or change the factory-set
displays, known as control displays. The editor assists you in a
typical workflow. You simply decide which fields of the singleline diagram your already created are to be used for the display
pages – and that is all. Of course, the displays can also be
completely newly created or imported. To do this, drag a signal
from the library to a dynamic element in the display and the
connection is created. Besides the use of icons in accordance
with the IEC and ANSI standards, you can create your own static
or dynamic icons in an icon editor.
Routing and Assignment
The routing matrix is one of the most important functionalities
of DIGSI 5. It is conveniently divided between 2 editors: Information routing and Communication mapping. Both views are
designed in such a way that you can complete your task quickly.
With pre-defined or user-defined filters, you reduce the
displayed information to a minimum. As in Excel, you can select
which information is to be displayed for each column (Figure
4.2/4).
In the matrix, all signals are sorted according to function and
function groups. Sources and targets are displayed as columns.
The scope reaches from the compressed form of representation
to a detailed representation of information in which you can
view and change each piece of information (routing to binary
inputs and outputs, LEDs, buffers, etc.) in different columns. In
this way, all information can be configured very simply.
For communication mapping, all necessary settings are already
predefined for the selected protocol. You can adapt these to
your needs in a fast and simple way.

[sc_SLE_two_bays, 1, en_US]
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Figure 4.2/2 Graphical Definition of the Topology of a Substation in the
Single-Line

From the Application to the Solution: Application Templates
and Their Modification
After the topology has been defined, the next step is to add the
required device. You simply use the ordering code from the
configurator in DIGSI 5 and your device specification is already
known. In the next step, you select the application template
appropriate for your application and adapt it according to your
requirements. Remove functions that are not needed and add
the desired functions. The library offers you an extensive selection that you can use for this. The consistency of the device
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With a large selection of filters and the option to open and close
rows and columns, you will find it easy to display only the information you need.
Saving time is a priority with DIGSI 5. All table-based data
displays provide the functionality to fill adjacent cells with a
single mouse-click – in the same way you know from Excel.

SIPROTEC 5 Compact – engineering
DIGSI 5
tives. This improves the readability of the function-chart (CFC)
decisively. New display modes also increase clarity. The new
modes offer you a compressed view of the building blocks and
connection points, so that you can see all the information you
need without having to scroll through it.
Use macros (chart in chart) to reuse recurring tasks clearly and
in a pre-checked manner.
Even the use of signals in a function-chart (CFC) is designed to
be simpler. Drag a signal via drag and drop from the signal
library to the input or output port of a building block – and you
are finished. Created logic plans can be tested even without
devices (offline) with DIGSI 5. This ensures the necessary quality
for commissioning and saves time.
The logic sequence with DIGSI 5 can be monitored and analyzed
online in the device as well.

[sc_change CT ratio, 1, en_US]

Figure 4.2/3 Graphical Linkage of Primary and Secondary Equipment

[sc_CFC, 1, en_US]

Figure 4.2/5 Simple Creation of Automations with the CFC Editor

Setting the Parameters of the Device
[sc_Information_routing_long, 1, en_US]

Figure 4.2/4 The Entire Flexibility of the Information Routing Editor

Automation and Switchgear Interlocking Protection
A PLC (Programmable Logic Controller) is integrated in
SIPROTEC 5 devices. In this PLC, automation functions, logic for
switchgear interlocking protection, and lots more can be
executed. If you want to change or adapt these, use the function-chart (CFC) editor that is included as a component in
DIGSI 5 Standard and Premium. Thanks to the fully graphical
user interface, even users without programming knowledge can
fully utilize the functional scope and thus adapt the functionality
of the device (Figure 4.2/5) flexibly.
For this, an entire library is available to you with building blocks
that are compatible with IEC 61131-3. This library contains
simple logical operators, such as AND, but also complex functions such as timers, command chains for switching sequences,
and much more.

All parameter settings are represented in the same way. This
occurs in the parameter editor, which displays all parameters of
a function. Here, you can select between different views of the
settings. On the one hand, there is a primary view where you
can directly enter the primary setting values.
In this way, you can avoid using transformer ratios which can
lead to setting errors. The same applies for the "per unit" view
where setting parameters refer to object rated values. If you opt
for the secondary view, the setting parameters must be
converted to secondary values.
For setting special protection characteristics, the graphical
representation of the characteristics is advantageous. In the
parameter editor, all characteristic variants of the function are
represented. In this way, you can check the effects of changes in
the settings immediately in the graphic. Setting values of
different settings groups can be compared in a common
window in a fast and easy way, differences can be detected and
compensated (Figure 4.2/6).

The use of the editor is more efficient than ever before. You
thus need less building blocks in order to achieve your objec-
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that are recorded in the relay in case of a disturbance of the
protected object are listed in DIGSI 5 and can be displayed,
saved, and printed for documentation purposes.
The new testing options are an innovation. Multi-level test
sequences can be defined (even for phasor factors) via a
sequence functionality. These are loaded into the device with
DIGSI 5 and simulate the physical inputs there. These are then
executed in the device via the integrated test sequencer, which
simulates the analog process values. In this way, you can define
and execute complex checks for testing your project engineering and logic at an early stage.

[sc_Function Settings_with_diagram, 1, en_US]

Figure 4.2/6 Easy Parameter Setting

Frequently used parameters can be marked as favorites. These
favorites are displayed in a transparent favorites view so that
you always keep an overview of everything essential (Figure
4.2/7)

With the test and diagnostic functions, extensive test equipment
is no longer necessary or its tests are reduced to a minimum.
You can find processes that were developed for testing special
protection principles, for example, for line differential protection, in the appropriate device manual. The function-chart (CFC)
editor also offers new analysis functions. DIGSI 5 thus allows
offline debugging of logic plans as well as tracing of measured
values – both in the representation of the logic chart and in the
representation of lists. This reduces overall testing effort during
commissioning. The results of the function-chart (CFC) analysis
can also be represented after completion of the test sequence,
for example, with SIGRA. Thus, even complex runtime relations
can easily be analyzed.

[sc_Favorite_Settings, 1, en_US]

Figure 4.2/7 Favorites View

Cooperating in Teams
4.2

Improve your engineering performance by cooperating in
teams. Using extensive export and import functions, one team
can define the protection parameters and work on the routing
settings while others set system-interface parameters. The individual sections can be updated at any time with the new input
of colleagues. For example, when the protection-parameter
crew has updated its data, this data can be adopted into the
project.
Comprehensive Testing Support During Commissioning and
Operation
The testing and diagnostic functions support you in the commissioning phase. You can thus quickly and simply test the wiring
or observe the effect that a message transmitted via the system
interface has in the superordinate station. The error messages
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Figure 4.2/8 Definition of Test Sequences for Comprehensive Tests of
Device Configurations
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Besides transmitting the device configuration to individual
devices, you can also transmit all device configurations to your
devices automatically.
Besides online access, in addition to reading fault records and
logs, you can also display measured values and messages. You
can save snapshots of measured values and messages in
archives for subsequent analysis or for documenting tests of
temporary operating states or commissioning.
Openness Through Import and Export
DIGSI 5 offers a broad spectrum of exchange formats. These
include the standard formats of IEC 61850 as well as the
uniform data exchange format TEA-X of Siemens tools. This
XML-based format is the basis for all import-export scenarios
and ensures efficient workflows in the engineering process.
Since data must only be entered once, engineering effort is
reduced and you profit from consistent data quality at all levels
of automation.
[sc_Grafische_Konfiguration, 1, en_US]

Figure 4.2/9 Graphical Configuration of Network Connections between
Devices

Direct Online Access of all Accessible Devices
DIGSI 5 also assists you in your workflow if your devices engineered offline are connected to the devices in your plant in your
system. In DIGSI 5, all devices accessible via communication
interfaces are displayed immediately next to your offline
devices. The preferred communication in networks is Ethernet.
Of course, you can individually access devices via a USB interface. In order to work with a physical device, connect the online
device and offline configuration via drag and drop, and you are
done.

Besides efficient data exchange for the levels of power automation, the XML data format also supports easy exchange of data
with other applications.
Via the import interface, you can read data from other applications into DIGSI 5. Thus, this enables external project engineering of the devices. Similarly, you can export the settings
data to other applications for further processing. It is therefore
easy to exchange data with other power-distribution applications: for example, network calculation, protection-data administration/evaluation, and data for the protection-function test.

4.2

[dw_engineering_appl, 2, en_US]

Figure 4.2/10 Open Exchange Formats Allow Reuse of Data at all Tiers
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Overview of Functions
Compact

Standard

Premium

Project processing
8 or 17

Unlimited

Unlimited

Copy and paste

Maximum number of devices per project

■

■

■

Multilingualism is supported

■

■

■

Single-Line Editor with ANSI and IEC standard icons available

–

■

■

Device Display Editor permits creation of user-defined displays and icons

8

■

■

Single-line diagrams and device displays

Setting parameters and routing
Information routing including filtering and sorting

■

■

■

Graphical visualization of protection parameters

–

■

■

Comparison of devices (offline/offline – offline/online)

■

■

■

■

■

■

Assignment of communications to system interface

■

■

■

Assignment of communications to various logs

■

■

■

Graphical network view of devices

–

■

■

Inter-device communication (via IEC 61850 System Configurator)

–

■

■

IEC 61850 Edition 2 fully supported

–

■

■

IEC 61850 structure editor for flexible engineering and functional naming

–

–

■

Via USB and Ethernet

■

■

■

Access to communication partners via system interface

■

■

■

Measured values (current values, minimum, maximum, average values) and storage in
the project as snapshots

■

■

■

Messages (and storage in the project as snapshots)

■

■

■

Logs and records

■

■

■

Display fault records

■

■

■

COMTRADE Viewer

COMTRADE Viewer 9

SIGRA

■

■

■

Continuous function charts (CFC)
Graphic continuous function chart editor (CFC) available
Communication

IEC 61850

Access and communication

Online

Loading settings for the selected device
Commissioning and testing
Creating and running multistage test sequences, no external equipment necessary

■

■

■

Test views for testing the device configuration

■

■

■

Analysis/debugging of continuous function charts (CFCs) in offline and online mode

■

■

■

SCL formats (IEC 61850– ICD/IID/MICS)

–

■

■

Device configurations (full and partial)

■

■

■

Single-line diagrams/topology

■

Display pages

■

■

■

Test object definition (RIO)

■

■

■

Export and import

4.2

■

10

■

Documentation
Printing and exporting project documentation

■

■

■

Creation of user-defined print formats

■

■

■

7
8
9
10

8 SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82); alternatively 1 modular SIPROTEC 5 device
For SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82)
SIGRA available as optional package
WMF export only
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Compact

Standard

Premium

Authorization of access to devices with NERC CIP-compatible password

■

■

■

Secure connection to the device

■

■

■

Configuration data protected from alteration

■

■

■

Confirmation IDs for safeguarding critical activities (for example switching)

■

■

■

Safeguarding and security

4.2
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DIGSI 5 Order Variants

Description

DIGSI 5 Compact

DIGSI 5 Standard

DIGSI 5 Premium with SIGRA

• Software for the configuration and

• Like DIGSI 5 Compact, but without

• Same as DIGSI 5 Standard, but with

•
•

•

operation of smaller projects
including transmission of process data
from the device
Includes graphical editors for Continuous Function Charts (CFC) and
device display pages.
Integrated test and commissioning
functions, including the possibility of
creating test sequences and executing
them in the protection device without
external test equipment
Projects can contain up to 8
SIPROTEC 5 Compact (7xx800) or
non-modular SIPROTEC 5 devices
(7xx82).
Alternatively, it is also possible to
create 1 individual modular
SIPROTEC 5 device.

Product features
Authorization

•
•

constraint with regard to the number
of supported SIPROTEC 5 devices per
project, incl. IEC 61850 System
Configurator
Contains additional graphical editors
for single-line diagrams, device
display pages, and the network
topology
SIGRA for professional fault-record
analysis is available as an option

•

enhanced functionality for IEC 61850,
for example, flexible engineering and
functional naming
Contains SIGRA for a professional
analysis of fault records

All features are listed in the Overview of Functions, Page 68 table.
No license key necessary

Authorization required using the license key;
can be used on one computer per license.

Available interface
languages
Contained in the scope
of delivery of the DVD
version

German, English, Portuguese, Spanish, Italian, French, Russian, Polish, Czech, and Turkish (selectable)

• Program, device drivers, and online

• Program, device drivers, and online

• Program, device drivers, and online

•

•

• USB stick with the number of licenses

•
•

documentation on DVD-ROM
USB stick including a 30-day test
license for a free test of
DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

•
•
•

documentation on DVD-ROM
USB stick with the number of licenses
ordered. The program can be used on
one computer per license.
Includes a 30-day test license for a
free test of DIGSI 5 Premium
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

documentation on DVD-ROM

•
•

ordered. The program can be used on
one computer per license.
Product information
USB cable for connecting a PC/laptop
computer and all SIPROTEC 5 device
types

DIGSI 5 can also be ordered and delivered via online software delivery (OSD). The delivery of the DVD and USB cable is unnecessary.
The program is offered for downloading. The license can be loaded online on the Automation License Manager.

4.2
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Selection and Ordering Data

Versions

Number of licenses

Delivery form

Order no.

DIGSI 5 Compact

Unlimited

DVD/USB11

7XX8002-0CA00

DIGSI 5 Standard without SIGRA (with COMTRADE
viewer)

1 single license

Download

7XX8002-0SA01

5 single licenses

Download

7XX8002-0SA05

10 single licenses

Download

7XX8002-0SA10

DIGSI 5 standard with SIGRA

1 single license

Download

7XX8002-1SA01

DIGSI 5 Premium with SIGRA

5 single licenses

Download

7XX8002-1SA05

10 single licenses

Download

7XX8002-1SA10

1 single license

Download

7XX8002-1PA01

5 single licenses

Download

7XX8002-1PA05

10 single licenses

Download

7XX8002-1PA10

DVD/USB11

7XX8002-1PT00

Download

7XX8002-1PC10

Download

7XX8002-1PS10

DIGSI 5 Premium Trial (Premium full version
for 30 days)

Unlimited

DIGSI 5 Premium Scientific (only for technical
colleges)

10 single licenses

DIGSI 5 Premium Sales (only for Siemens sales and
distribution Dept.)

10 single licenses

Upgrade from DIGSI 5 Standard to Premium

1 single license

Download

7XX8002-1UP01

5 single licenses

Download

7XX8002-1UP05

10 single licenses

Download

7XX8002-1UP10

Download

7XX8002-0US10

Download

7XX8002-1US10

Download

7XX8002-0UC10

Download

7XX8002-1UC10
7XS5412-2AA00

Upgrade from DIGSI 4 professional to
DIGSI 5 standard

10 single licenses

Upgrade from DIGSI 4 professional to
DIGSI 5 premium

10 single licenses

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Standard

10 single licenses

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Premium

10 single licenses

SIGRA option package for DIGSI 5 Standard

1 single license

DVD/USB11

5 single licenses

DVD/USB11

7XS5413-2AA00

10 single licenses

DVD/USB11

7XS5414-2AA00

Table 4.2/1 DIGSI 5 Selection and Ordering Data
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Exclusively physical delivery (DVD/USB)
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Description
The IEC 61850 System Configurator is the manufacturer-independent solution for the interoperable engineering of
IEC 61850 products and systems. It supports all devices with
IEC 61850, not just Siemens products – like SIPROTEC 5,
SIPROTEC 4, SIPROTEC Compact, Reyrolle, SICAM RTUs, SICAM
IO/AI/P85x/Q200 – but also devices from other Siemens divisions
(such as SITRAS PRO) or from third parties.
The IEC 61850 System Configurator supports the SCL configuration files (substation configuration language) from the
IEC 61850-6 through import or export of all formats
(ICD/IID/CID/SCD/SSD/SED). Thus, IEC 61850 devices can be
added and a complete IEC 61850 station is available for substation automation technology.
IEDs from the IEC 61850 standard of Edition 1, 2.0, or 2.1 are
supported. The possible engineering therefore includes not only
GOOSE communication and client-server configuration via MMS
reporting, but also system topology, process bus communication with SMV (sampled measured values) and
IEC 60870-5-104 addresses for the gateway to the network
control center via IEC 61850-8-1.
Simple engineering thanks to customer-friendly workflows and
the universal display of IEC 61850 addresses as well as customer
description texts. Users with basic or expert IEC 61850 knowledge find the desired level of detail. For documentation
purposes, the engineering can be displayed in the Web browser
in a customer-friendly form. Harmonized interfaces of the tool,
such with DIGSI 4 and DIGSI 5, reduce the engineering effort for
Siemens plants even more.
Benefits

• Comprehensive – one tool for configuring all digital
IEC 61850 devices

• Simple extension and adaptation of plants by using
IEC 61850 Edition 1 and 2 in a project

• Customer-specific IEC 61850 structures (flexible engineering)
permit the implementation of customer standards

• Easy to understand by using application-oriented signal

names instead of the specific IEC 61850 language (logical
nodes, etc.)

4.3
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[sc_IEC 61850 SysConf, 2, --_--]

Figure 4.3/1 Splash Screen for the IEC 61850 System Configurator

• Proven by experience from worldwide standardization activities and engineering of more than 500 000 devices

• Facilitated engineering by means of integrated interfaces to
DIGSI, SICAM SCC, SICAM PAS, SICAM protocol test system
and IEC 6150 browser

Applications

• Interoperable engineering of IEC 61850 (MMS; GOOSE; SMV)
• Import and export of all SCL formats, such as ICD, IID, CID,
SCD, SSD or SED

• Supporting of Editions 1, 2.0, and 2.1 of IEC 61850
• Engineering with IEC 61850-80-1
• Engineering independent from manufacturers
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[One IEC 61850, 3, --_--]

Figure 4.3/2 One IEC 61850 System Configurator for all Devices in the Station

IEC 61850 – Ethernet-Based Substation Automation Protocol
IEC 61850 is more than just a substation automation protocol.
The standard comprehensively defines data types, functions,
and communication in station networks. In Edition 2, the influence of the standard is extended to more sectors of the energysupply industry. Siemens actively participated in designing the
process of adapting Edition 1 to Edition 2 for the purposes of
the standardization framework. Edition 2 fills in certain omissions and defines additional applications. As a global market
leader with Edition 1 SIPROTEC 4 devices, Siemens has resolved
the issues of interoperability, flexibility, and compatibility
between Editions 1 and 2: Cooperation with Edition 1 devices is
possible without difficulties.

The internal structure of SIPROTEC 5 devices conforms to
IEC 61850. The result is that for the first time, an integrated,
consistent system and device engineering, from the single line
of the plant o device parameterization, conforming to the
guiding principles of IEC 61850 is possible.

• Converting the complexity of the IEC 61850 data model into
your familiar user language

4.3

• Integrated, consistent system and device engineering (from

the single line of the plant to device parameterization on the
basis of the IEC 61850 data model)

• Flexible object modeling, freedom in addressing objects, and

flexible communication services warrant the highest possible
degree of interoperability and effective exchange and expansion concepts.

• Full compatibility and interoperability with IEC 61850 Editions
1, 2.0, and 2.1
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ices warrant the highest possible degree of interoperability and
effective exchange and expansion concepts.
The name of the logical device (ldName) is freely editable. For
example, the standard-conforming name CTRL can be changed
to CONTROL. Structural changes can also be made by changing
the logical device (LD), so that the interface structure can be
adapted flexibly to the requirements of the user. Rigid manufacturer specifications are a thing of the past. Prefix and instance
(inst) of the logical node (LN) can also be edited.
The standard defines the length and rules that are checked by
DIGSI 5 when they are entered.

[IEC_Change_CT_ratio, 1, --_--]

Figure 4.3/3 System Specification and Configuration in DIGSI 5 – the
Complexity of IEC 61850 is Transparent

DIGSI 5 with integrated IEC 61850 engineering covers the
complexity of the standard with a sophisticated user interface.
In standard engineering, you as the user will not be required to
deal with the details of IEC 61850; you get to use your user
language.
In the user language, distance protection is distance protection
with zones and dependent functions, not a collection of logical
nodes. Reports are message lists in which information about the
systems control is configured. In the system configurator,
GOOSE connections are simply configured in a table with source
and target information. You work in your language, with functions and messages associated with a device. If you wish, you
can view the assigned IEC 61850 objects in the
IEC 61850 protocol language. This bilingualism is supported
throughout the user interface by DIGSI 5 and the export files on
the systems control. As the user, you can even add helpful notes
to the data points you define in your language and then export
them for data purposes in the ICD and SCD description.

4.3

[sc_DIGSI_catalog, 1, en_US]

Figure 4.3/4 Creating an IEC 61850 Station

Flexible engineering offers IEC 61850 experts a wide range of
freedom to design their own IEC 61850 structure, including with
user-defined functions and objects. Flexible object modeling,
freedom in addressing objects, and flexible communication serv-
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Stages of functions of a device, which the standard maps to
logical nodes (LN), can be deleted, copied, and extended with
objects of the user. Messages can be added to a switching
object such as the LN XCBR, for example, monitoring messages
for a circuit breaker that have not been defined in the original
LN. You as a user, you can route all of the information associated with a given switching object into a logical node (LN).
Logical nodes (LN) can be added from a library. These instructions can be supplemented with your own objects. You can also
define and create generic nodes. For example, there are logical
nodes (LN) whose functionality you as the user create for yourself through logic functions. These user-defined functions can
be loaded into the device and run there. Monitoring functions
can be created and expanded as required.
A high degree of flexibility in communication is offered for
configuration of GOOSE messages and reports.
Addresses, dataset names, etc. can be set by you, the user.
Flexible engineering offers a high degree of design freedom on
many levels, enhancing interoperability for more complete
communication interchangeability. This in turn safeguards
investments in model devices in accordance with IEC 61850.
With the single-line diagram, you as the user can view the topological structure of the system. DIGSI 5 has been prepared so
that it can export this topological structure of a system to the
SSD file conforming to the standard. This description, as an
extension of the SCD file, represents the primary system for
technical data purposes. In the future, the objects of the device
with which processes of the primary system are controlled can
be adapted flexibly to reflect the specifications of the customer.
Flexible engineering is the key to bringing the system view into
harmony with the IEC 61850 structure of the device.

SIPROTEC 5 Compact – engineering
IEC 61850 system configurator

[structure_editor, 1, --_--]

Figure 4.3/5 Editor for Adapting the IEC 61850 Structure in the
SIPROTEC 5 View

4.3

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 75

SIPROTEC 5 Compact – engineering
SIPROTEC DigitalTwin
Description
The SIPROTEC DigitalTwin is the virtual, digital twin of a real
SIPROTEC 5 device, including the algorithms, functions, and
communication interfaces.
The new, innovative, cloud-based SIPROTEC DigitalTwin offers a
comprehensive test of your SIPROTEC 5 devices as part of the
power automation system with high levels of efficiency, power,
security, and 24/7 availability from anywhere and without any
hardware.
Application Areas

• Visualization and operation of the device (navigation, function keys, etc.)

• Infeed of currents, voltages, binary inputs, etc. to simulate
setting values

• Testing the protection functions, the automation logics, and
the customer-specific applications

• Integration into SICAM A8000, SICAM PAS/SCC substation

automation systems, and SCADA third party systems with the
Ethernet protocols IEC 61850, DNP3, Modbus TCP,
IEC 60870-5-104

• PMU and power-quality systems, such as SICAM PQS,
SIGUARD PDP, or PQ Advisor Compact

• SICAM GridEdge, SIPROTEC Dashboard, or PQ Advisor
Premium IoT applications

• IEC 61850 GOOSE communication between devices, for
example, for interlocking

• Error analysis, for example, fault-record playback
• Cybersecurity functions (Syslog, RADIUS)
• Individual and intuitive SIPROTEC 5 training
Customer Benefit
Saves time and boosts the quality throughout your systems
entire lifecycle.

• Testing the power-automation system in minutes 24/7

without any hardware, without any additional expenditure,
and regardless of location.

• The new systems can be added more quickly due to shorter
project lead times.

• Reduced OPEX with shorter downtimes ensure high availability due to improved pretesting (incl. patches)

• Reduced investment costs (CAPEX) in test devices
• Quick and realistic error analysis due to easy reproducibility of
the product and system behavior

• Flexible, continuous, and personalized training in a virtual
testing environment based on real system conditions

4.4
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[sc_SIPROTEC DigitalTwin energy aut, 1, en_US]

Figure 4.4/1 SIPROTEC DigitalTwin within the Power Automation
System

SIPROTEC 5 Compact – engineering
SIPROTEC DigitalTwin –
Testing the Device

• Infeed of static currents and voltages
• Simulation of binary inputs and analog values
• Device operation (display, LED)

[sc_SIPROTEC-DigitalTwin-Binary-Inputs, 1, --_--]

Figure 4.4/4 SIPROTEC DigitalTwin – Binary Input

IEC 61850 communication

[sc_SIPROTEC-DigitalTwin-Analog-Values, 1, --_--]

Figure 4.4/2 SIPROTEC DigitalTwin – Analog Value

• GOOSE, MMS, and interlocking
• SCADA systems
• Process bus

Testing the Protection Function

• With static values
• With COMTRADE output
• With State Sequencer

[sc_SIPROTEC-DigitalTwin-Binary-Outputs, 1, --_--]

Figure 4.4/5 SIPROTEC DigitalTwin – Binary Output

[sc_SIPROTEC-DigitalTwin-Analog-Values-Vector, 1, --_--]

Figure 4.4/3 SIPROTEC DigitalTwin – Vector Analog Values

Cybersecurity

• Windows Server
• Security Logs
• Role-based access control (RBAC)
Communication

• SCADA systems
• Ethernet-based station protocols
• Protection-data transfer
• Telecontrol interfaces
• Web-based interfaces (SIPROTEC 5 Web UI)
• IoT connectivity/GridEdge

4.4
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SIPROTEC Dashboard
Transparency Increases Efficiency
Protection relays sit at the very heart of our power grid infrastructure. They operate silently inside substations and listen to
the AC 50 Hz or AC 60 Hz heartbeat of the power lines. Once
they come into action however, literally every millisecond
counts to initiate switching operations to avert disaster and alert
the grid operator about a specific fault situation. This is where
the SIPROTEC Dashboard comes into play.
As part of our Grid Diagnostic Suite, the cloud-based SIPROTEC
Dashboard application benefits from a new communication
architecture. SIPROTEC 5 devices communicate not only to the
substation automation level but also to the new SICAM GridEdge
node, and from there to the MindSphere cloud. This way we can
unlock the best of two worlds: Full data transparency on the
Edge level and a grid-wide data overview in the cloud while
adhering to state-of-the-art cyber security standards through the
decoupling of field devices from the cloud.
Empowerment of Maintenance Crews
The SIPROTEC Dashboard empowers operational crews in their
task to troubleshoot faults in the power grid. Instead of waiting
for information from the control center they can now directly
access key data like fault logs and fault records of a given
protection relay that initiated a trip – even before going on-site.
The new SIPROTEC Dashboard enables different views for all
relays in the grid, including a map view, station view and device
view.

Figure 4.5/1 Grid Diagnostic Suite

Multiple Views

• Map view, substation view, device and measurement data
views

• Drill down option for each event

Furthermore, the Dashboard offers additional insights into
compact condition monitoring parameters like the switched
fault current (I2t) or temperature hotspots of transformers or
switchgear – all very helpful indications for an early assessment
of the situation on the ground.

Fault Analysis

One source of complexity when troubleshooting the behavior of
protection relays is related to firmware versions. Are all devices
on the same version? Is the latest version deployed everywhere?
Through our new firmware cross-check functionality, firmware
versions can be analyzed at a glance within the context of a
substation or even across the entire grid.

• Firmware cross-check on station and grid-level
• Settings monitoring on station and grid-level

In summary the SIPROTEC Dashboard is an innovative new
offering for our SIPROTEC devices and offers insightful views on
your protection fleet at a glance.
Advantages at a Glance

• Simplifies workflows for faster response times
• Increases grid availability and service quality
• Full support for SIPROTEC and Reyrolle relays as well as crossvendor support for IEC 61850 enabled protection devices

• Highest cybersecurity standards
Main Features
4.5

[IoT, 1, --_--]

Monitor the status of your protection relay fleet:
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• Automated fault record and fault log retrieval
• Fault record visualization
Device Management

SICAM GridEdge

• Full data transparency via direct device access
• Cross-vendor compatible for IEC 61850 enabled protection
relays

• Modular extensible functionality via containerized applications

• Secure decoupling from relays to the cloud
Condition Monitoring Views

• Circuit breaker I2t statistics
• Hotspot measurements for transformers and switchgear
• Transformer tap position statistics

SIPROTEC 5 Compact – engineering
SIPROTEC Dashboard

[sc_SIPROTEC_Dashboard, 1, --_--]

Figure 4.5/2 IoT Architecture for Power Automation Systems

4.5
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SIGRA
Description
The SIGRA user program supports you in analyzing failures in
your electrical power system. The program graphically analyzes
data recorded during the failure and calculates additional
supplemental quantities such as impedances, powers, or RMS
values, from the supplied measured values, making evaluation
of the fault record easier.
The quantities can be shown as desired in the diagrams of the
following views: time signals, vector diagrams, locus
diagrams, harmonic components, and fault locators and
represented in the table view.
After a system incident, it is especially important to quickly and
completely analyze the error, so that the respective measures
can be derived immediately from the cause analysis. This will
enable the original network status to be restored and the down
time to be reduced to an absolute minimum.
As well as the usual time signal display of the recorded measured quantity, the current version is also set up to display
vector, pie and bar charts to show the harmonics and data
tables. From the measured values recorded in the fault records,
SIGRA calculates further values, for instance missing quantities
in the 3-phase electrical power system, impedances, outputs,
symmetrical components, etc. Using 2 cursors, the fault current
can be evaluated easily and conveniently. Using SIGRA however,
further fault records can also be added. The signals from
another fault record (for example, from the opposite end of the
line) are added to the current signal pattern using drag and
drop.
SIGRA facilitates the display of signals from various fault records
in one diagram as well as a fully automated synchronization of
these signals on a common time base. As well as the precise
determination of the individual factors of the line fault, the fault
location is also of particular interest.
A precise determination of the fault location saves time which
the user can use for an on-site inspection of the error. This function is also supported by SIGRA using the Offline fault location
function. SIGRA can be used for all fault records in COMTRADE
file format.
The functions and advantages of SIGRA can often only be best
displayed on the product itself. Consequently, SIGRA is available
as a 30-day test version.
Functions

• 6 diagram types:
– Time-signal representation (standard)
– Pie chart (for example for R/X)
– Vector diagram (reading angles)
– Bar chart (for example for displaying the harmonics)
– Table (list values for different signals at the same time)
– Fault location (to display the location of faults)
4.6

• Additional-value calculation, for example positive-sequence
impedances, RMS values, symmetrical components, vectors
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[sc_SIGRA_Splash, 1, --_--]

Figure 4.6/1 Fault-Record Analysis with SIGRA

• 2 cursors for for measured values are synchronized in all
views

• Powerful zoom function
• User-friendly configuration via drag and drop
• Innovative signal configuration in a clear matrix
• User profiles that save time and can be assigned to individual
device types or series

• Additional fault records can be added to the existing fault
record

• Synchronization of different fault records to a common time
base

• Simple documentation by copying diagrams into documents
from other MS Office programs

• Offline fault-location determination
Hardware Requirements
To work with SIGRA, you need a PC or laptop computer with the
following minimum specifications, irrespective of the operatingsystem version you are using:

• Intel® Celeron® Dual Core 2.2 GHz (Ivy/Sandy Bridge) or
equivalent

• 2 GB RAM (8 GB recommended)
• Graphic display with resolution of 1024 × 768
pixels (1280 × 1024 recommended)

• 5 GB of available hard-disk space

SIPROTEC 5 Compact – engineering
SIGRA
Operating System

Version/Type

Updates

PC12

VM13

32-bit14

64-bit15

Windows 10

Professional

1803;1809;1903

+

+

+

+

Windows 10

Enterprise

1803;1809;1903

+

+

+

+

Windows 7

Professional

SP116

+

+

+

+

Windows 7

Enterprise

SP116

+

+

+

+

Windows 7

Ultimate

SP116

+

+

+

+

Windows Server 2019

Standard

–

+

–

–

+

Table 4.6/1 Supported und Tested Operating Systems

Virtual Machines
SIGRA supports VMware virtual machines with the following
versions and higher:

• VMware Workstation V6.5.0
• VMware Player V3.1.2
• VMware Tools for Windows V8.4.4
You can find more information on the Internet page: https://
www.vmware.com
You use other Windows and older VMware versions at your own
risk.
Interface Languages:
German, English, French, Spanish, Italian, Chinese, Russian,
Turkish (selectable)

[sc_VectorDiagram, 1, en_US]

Figure 4.6/3 SIGRA Phasor Diagram

[sc_TimeSignalsDiagram, 1, en_US]

Figure 4.6/2 SIGRA Time Signals
[sc_circle diagram, 1, en_US]

Figure 4.6/4 SIGRA Locus Diagrams

4.6
12
13
14
15
16

PC: Windows computer
VM: Virtual machines (for example VMWare)
32 bit: Operating system with 32-bit support (DIGSI 5 cannot be installed or used on a 32-bit operating system)
64-bit: Operating system with 64-bit support
Including security update KB3033929 or other security patch incorporating this security update
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SIGRA

[sc_Oberschwingung, 1, en_US]

Figure 4.6/5 SIGRA Harmonics

DIGSI 5, IEC 61850, and SIGRA support you in an optimal
and holistic manner for your SIPROTEC 5 project:

• Powerful and effective analysis of fault records
• Integrated system and device engineering
• Graphical user interface simplifies and accelerates
project engineering

• Application templates and function groups as images of

the primary application and the primary objects, such as
the line or circuit breaker, warrant a user-oriented
working method and perspective

• Test and simulations tools offer optimal plausibility
checks

4.6
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Attachment
Selection and Ordering Data
Selection and Ordering Data
Description

Variants

Order No.
1

Universal protection device

2

3

4

5

6

7

8

9

10

11

12

7 S X 8 0 0 0 - 3 ☐ ☐ 5 ☐ ▲ ▲

Binary inputs/outputs

▲

13

14

15

16

1 ☐ A

0

▲

│ │

│

│

4 BI, 5 BO (4 F, 1 life contact)

A │

│

│

14 BI, 11 BO (10 F, 1 life contact)

B │

│

│

│

│

│

4 x Ip, 4 x U

A

│

│

3 x Ip, 1 x lee, 4 x U

B

│

│

│

│

Standard

0

│

US

1

Measuring inputs

Front view

Ethernet interface (port F)

│
│

Ethernet optical

C

Function-point budget
1 function point

7 X X 8 1 5 2 - 1 A A 0

0

Table 5.1/1 SIPROTEC 7SX800 Selection and Ordering Data

Functions/function points, refer to the next page

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 83

5.1

Attachment
Selection and Ordering Data – Functions/Function Points
ANSI
5.1

Function

Function Points (FP)

Protection functions for 3-pole tripping

Basis (0)

14

Locked rotor

37

Undercurrent protection

38

Temperature supervision

46

Negative-sequence system overcurrent protection

46

Unbalanced-load protection

49

Thermal overload protection

49

Thermal overload protection for RLC filter circuit elements of a capacitor bank

49R

Thermal overload protection, rotor (motor)

50/51

Overcurrent protection, phases

50HS

Instantaneous high-current tripping

50/51N

Overcurrent protection with positive-sequence system current I1

Instantaneous tripping at switch onto fault (SOTF)

50/51N

Overcurrent protection, ground

50N/51N

Overcurrent protection, 1-phase

50Ns/51Ns

Sensitive ground-current protection for systems with resonant or isolated neutral (3I0>, 3I0-harm>)
Ground-fault detection via pulse detection
Intermittent ground-fault protection

50/51TD

Overcurrent protection for RLC filter circuit elements of a capacitor bank

50BF

Circuit-breaker failure protection, 3-pole

50RS

Circuit-breaker restrike supervision

59C

Peak overvoltage protection, 3-phase, for capacitors

60C

Current unbalance protection for capacitor banks (1-phase)

74TC

Trip-circuit supervision

74CC

Closing-circuit supervision

79

Automatic reclosing, 3-pole

86

Lockout

87N T

Restricted ground-fault protection
Measured values, extended: min, max, avg
Switching statistic counters
Power Quality – Basic, measured values: THD (Total Harmonic Distortion) and harmonics (current)
CFC (standard, control, arithmetic)
Circuit-breaker wear monitoring
Switching sequences function
Inrush-current detection
External trip initiation
Control
Fault recording of analog and binary signals
Monitoring and supervision
Cybersecurity: role-based access control
Cybersecurity: authenticated network acces via IEEE 802.1x

Table 5.1/2 Standard Function Package (Current-Based Functions and Cybersecurity)
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Attachment
Selection and Ordering Data – Functions/Function Points
ANSI

Function

FP

24

Overexcitation protection

40

25

Synchrocheck, synchronization function

27

Undervoltage protection: 3-phase or positive-sequence system V1 or universal Vx

27R, 59R

Rate-of-voltage-change protection
Directional reactive power undervoltage protection (QU protection)

32,37

Power protection active/reactive power

32R

Reverse-power protection

46

Negative-sequence system overcurrent protection with direction

47

Overvoltage protection: negative-sequence system V2 or negative-sequence system V1/positive-sequence
system V1

51V

Overcurrent protection, voltage dependent

59, 59N

Overvoltage protection: 3-phase or zero-sequence system V0 or positive-sequence system V1 or universal
Vx

60

Voltage-comparison supervision

67

Directional overcurrent protection, phases

67N

Directional overcurrent protection, ground

67Ns

Sensitive ground-fault detection for systems with resonant or isolated neutral including a) 3I0> b) V0>, c)
Cos-/SinPhi, d) Transient ground fault, e) Phi(V,I), f) Admittance
Intermittent ground-fault blocking for directional sensitive ground-fault detection

81

Frequency protection: f> or f< or df/dt

81U

Automatische Frequenzentlastung
Vector-jump protection

FL

Fault locator, single-side
Powe Quality – Basic, measured values: THD (Total Harmonic Distortion) and harmonics (voltage)

Table 5.1/3 Voltage-Based Function Package

ANSI

Function

FP

48

Motor-starting time supervision

5

50L

Load-jam protection motor

5

66

Motor restart inhibit

5

Table 5.1/4 Motor Protection Functions

Protocol

FP

IEC 61850-8-1

50

Modbus TCP
Redundancy protocols RSTP/PRP/HSR
Table 5.1/5 Communication Package – Ethernet Protocols

Measured Values

FP

Voltage unbalance (voltage-based protection functions required)

20

Voltage variations – supervision of voltage dips, swells and interruptions (voltage-based protection functions required)

30

TDD – Total Demand Distortion

10

Table 5.1/6 PQ – Basic
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Attachment
Selection and Ordering Data – Functions/Function Points
For countries in which the SIPROTEC function points manager is
not yet available, you can order the devices pre-configured with
function points. The following options are available:
5.1
Pre-configuration

Short code

20 function points

ZP02

50 function points

ZP05

100 function points

ZP10

150 function points

ZP15

200 function points

ZP20
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Attachment
Accessories
Group

Accessories

Articles per Packaging Unit Order No.

Terminal

Voltage terminal, terminal block, 14-pole

8

7XX8400-0VA00

Terminal

Current terminal, 4 x protection

1

7XX8410-0CF00

Terminal

Current terminal, 3 x protection and 1 x measurement

1

7XX8410-0CG00

Terminal

2-pole cross connector for current terminal

3

7XX8400-0XA00

Terminal

Terminals for expansion module

2

7XX8410-0TE00

Terminal

2-pole cross connector for voltage terminal

6

7XX8400-0XB00

Terminal

Cover for current terminal block

1

7XX8400-0XC00

Terminal

Cover for voltage terminal block

8

7XX8400-0XD00

Terminal

Transport safety, current terminal

2

7XX8400-0XE00

Terminal

Transport safety, voltage terminal

10

7XX8400-0XF00

Terminal

Terminal set for direct connection to 400 V low voltage 17

4

7XX8400-0TD00

Accessories

USB cover

10

7XX8310-0MK00

Accessories

Set of angle rails

2

7XX8300-0ME00

Accessories

Panel surface mounting assembly frame (for mounting a device in
the panel surface mounting)

1

7XX8310-0MG00

Accessories

DIGSI 5 USB cable 2.0

1

7XX8300-0CE00

Table 5.2/1 Accessories

17

In preparation
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5.2

Attachment
Connection Diagrams

5.3

[dw_AZ_IO060, 2, en_US]

Figure 5.3/1 IO060 Connection Diagram

[dw_AZ_PS050, 2, en_US]

Figure 5.3/2 PS050 Connection Diagram
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Attachment
Assembly Dimensions

5.4

[dw_SIP5-compact_dimensional_drawing, 2, en_US]

[dw_drilling_sourface_mounting_in_SIP5Comp, 1, en_US]
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Attachment
Grouping Measured Values
Measured Value

Description

Grouping of Base Measured Values
Operational measured values

RMS value calculation and power calculation as per the definition
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG

5.5

Frequency f
Power P, Q, S (3-phase and phase-specific)
Power factor f
Fundamental and symmetrical components

Calculation of phasor variables with Fourier filter or according to transformation rule
Phase currents IA, IB, IC
Ground current IN, INS (sensitive)
Phase-to-ground voltages VA, VB, VC
Phase-to-phase voltages VAB, VBC, VCA
Residual voltage VNG
Symmetrical components I0, I1, I2, V0, V1, V2

Energy values

Metered values are determined for active and reactive energy. Restore time, restore interval, and
counting mode are adjustable. Restoring can also be initiated via a binary input. The following
metered values are available:
Active energy Wp+ (release), Wp– (uptake)
Reactive energy Wq+ (release), Wq– (uptake)

Statistical values

The following statistical values are formed as follows:
Total sum of primary breaking currents
Total number of initiated trippings of the circuit breaker

Grouping of Advanced Measured Values
Mean values

Mean values can be calculated on the basis of the operational measured values and the symmetrical
components. The time slot for mean-value calculation and the output interval are parameterizable.

Minimum values and maximum values

The minimum/maximum values can be generated on the basis of operational measured values,
symmetrical components, and selected measured values (for example, from mean values). The
display of minimum and maximum values contains the time of their occurrence. The calculation is
stabilized against smaller value fluctuations in currents and voltages.
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Attachment
Technical Data
The following is an extract from the technical data for
SIPROTEC 5 Compact. Refer to the current SIPROTEC 5 Compact
manual under www.siemens.com/siprotec or under SIOS for
more information

Standard Binary Input
Dropout time18

Voltage Input
All current, voltage, and power data are specified as RMS values.
Rated frequency frated

50 Hz, 60 Hz

Measuring range

0 V to 200 V

Burden

< 0.1 VA

Thermal rating

230 V continuously

Control voltage

Capacitive load
(supply-line capacitance)

Dropout time

< 5 nF

< 4 ms

< 10 nF

< 6 ms

< 50 nF

< 10 ms

< 220 nF

< 35 ms

Adapt the binary-input threshold to be set in
the device to the control voltage.
Range 1 for 24 V,
48 V, and 60 V
Control voltage

Power Supply via Integrated Power Supply

Range 3 for 220 V and Vlow ≤ DC 88 V
250 V
Vhigh ≥ DC 176 V
Control voltage

DC 19 V to DC 250 V
AC 92 V to AC 265 V at
50 Hz, 60 Hz

Auxiliary rated voltage VH

DC 24 V, 48 V, 60 V,
110 V, 220 V

Maximum admissible
voltage

AC 115V, 230 V at 50
Hz, 60 Hz

The binary inputs contain interference suppression capacitors. To
ensure EMC immunity, use the terminals shown in the terminal
diagrams/connection diagrams to connect the binary inputs to the
common potential.

Superimposed alternating voltage, peak-topeak, IEC 60255-11, IEC 61000-4-17

≤ 15 % of the DC auxiliary rated voltage
(applies to direct
voltage only)

Inrush current

≤ 18 A

Recommended external protection

6 A miniature circuit
breaker, characteristic C
according to IEC 60898

DC 24 V to DC 250 V

Fast relay (type F)
Making capacity

Breaking capacity

AC and DC contact
voltage

DC 24 V

AC 230 V

AC 110 V

12 W

42 VA, power factor
≥ 0.25

28 VA, power factor
≥ 0.35

Stored-energy time
on outage or short
circuit of the auxiliary voltage

In each permissible AC and DC voltage range ≥
50 ms

Max. 30 W (L/R = 40 ms)
Max. 360 VA (power factor ≥ 0.35, 50 Hz to
60 Hz)

4 A time-lag, AC 250 V, DC 300 V, UL recognized
Power Consumption (Life Relay Active)

Max. 1000 W (L/R = 40 ms)
Max. 3600 VA (power factor ≥ 0.35, 50 Hz to
60 Hz)

AC 115 V to AC 230 V
SIBA type 179200

DC 300 V

Relay Outputs

Internal Fuse

–

Vhigh ≥ DC 19 V

Range 2 for 110 V and Vlow ≤ DC 44 V
125 V
Vhigh ≥ DC 88 V
Control voltage

Power Supply

Permissible voltage ranges

Vlow ≤ DC 10 V

250 V

Permissible current per 5 A
contact (continuous)
Permissible current per 30 A for 1 s (make contact)
contact (switching on
and holding)
Short-time current
across closed contact

250 A for 30 ms

Total permissible
5A
current for contacts
connected to common
potential

IEC 61000-4-11
IEC 61000-4-29

Binary Input
Standard Binary Input
Rated voltage range

DC 24 V to 250 V

Current consumption,
picked up

Approx. DC 0.6 mA to DC 2.5 mA (independent
of the control voltage)

Power consumption,
max.

0.6 W

Pickup time

Approx. 3 ms

18

For time-critical applications with low-active signals, consider the specified dropout times. If necessary, provide for active discharge of the binary input
(for example, a resistor in parallel to the binary input or using a change-over contact).
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Attachment
Technical Data
Protocol

Fast relay (type F)
Switching time

OOT19

Rated data of the
output contacts in
accordance with UL
certification

IEC 61850 (MMS and GOOSE)

Break time: typical: 2 ms; maximum: 5 ms

Modbus TCP

DC 24 V, 5 A, General Purpose

You can switch other network services like
SNMP, RSTP, PRP, HSR, SNTP, and SUP Ethernet
on and off.

DC 48 V, 0.8 A, General Purpose
DC 240 V, 0.1 A, General Purpose
AC 120 V, 5 A, General Purpose

Max. line length

2 km via 62.5/125-μm multimode optical fiber

AC 250 V, 5 A, General Purpose

Transmitter Power

Minimum

Typical

Maximum

AC 250 V, 0.5 hp

50 μm/125 μm, NA20
= 0.2

-24.0 dBm

-21.0 dBm

-17.0 dBm

62.5 μm/125 μm, NA20 -20.0 dBm
= 0.275

-17.0 dBm

-14.0 dBm

B300
5.6

DIGSI 5 protocol (secure Web service protocol)

Make time: typical: 4 ms; maximum: 5 ms

R300
Interference suppression capacitors across
the contacts

4.7 nF, ± 20 %, AC 250 V

Monitoring

2-channel activation

Receiver sensitivity

Maximum -12.0 dBm
Minimum -31.0 dBm

Optical budget

Light-Emitting Diodes in the On-Site Operation Panel
Status

Color

Quantity

RUN

Green

1

ERROR

Red

1

Routable (adjustable
2-colored: red or green 8
with DIGSI 5) Only the
defined color can be
used in operation.

User Interface, Front Side

Minimum 7.0 dB for 50 μm/125 μm, NA20 = 0.2
Minimum 11.0 dB for 62.5 μm/
125 μm, NA20 = 0.275

Interface design

Corresponds to IEEE 802.3, 100Base-FX

Laser class 1 as per
EN 60825-1/-2

With the use of 62.5 μm/125 μm and 50 μm/
125 μm optical fibers

The integrated optical Ethernet interface offers the possibility of
replacing the SFPs (Small Form-Factor Pluggable) delivered by
default for a communication route of up to 2 km by SFPs that
can be ordered separately in order to adapt the interface to
different transmission media and longer routes.

You can find a USB connection of type B for the connection to a
laptop computer or to a PC on the front side of the device. A
protection cover protects this USB connection against pollution
and humidity.
USB

User interface

Connection

USB type B

Insulation class

PELV (Protective Extra Low Voltage) (according
to IEC 60255-27)

Integrated Ethernet Interface (Port F)
This terminal is used to load the device with DIGSI 5 using
Ethernet. This terminal also enables IEC 61850 Ethernet communication or communication with another protocol via Ethernet,
for example, for connecting an external RTD unit.
Interface

Integrated optical Ethernet interface

Connector type

2 x Duplex LC

Wavelength

λ = 1300 nm

Baud rate

100 Mbit/s

19
20

OOT (Output Operating Time): Additional delay of the output medium used, for example, 1 ms with electronic relays
Numerical Aperture (NA = sin θ [launch angle])
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Attachment
Legal Notices
Indication of Conformity
This product complies with the directive of the Council of
the European Communities on harmonization of the laws
of the Member States concerning electromagnetic
compatibility (EMC Directive 2014/30/EU), restriction on
usage of hazardous substances in electrical and electronic equipment (RoHS Directive 2011/65/EU), and electrical equipment for use within specified voltage limits
(Low Voltage Directive 2014/35/EU).
This conformity has been proved by tests performed
according to the Council Directive in accordance with the
product standard EN 60255-26 (for EMC directive), the
standard EN 50581 (for RoHS directive), and with the
product standard EN 60255-27 (for Low Voltage Directive) by Siemens.
The device is designed and manufactured for application
in an industrial environment.

5.7

The product conforms with the international standards
of IEC 60255 and the German standard VDE 0435.

Disclaimer of Liability
Subject to changes and errors. The information given in this
document only contains general descriptions and/or performance features which may not always specifically reflect those
described, or which may undergo modification in the course of
further development of the products. The requested performance features are binding only when they are expressly agreed
upon in the concluded contract.
Copyright
Copyright © Siemens AG 2021. All rights reserved.
The disclosure, duplication, distribution and editing of this document, or utilization and communication of the content are not
permitted, unless authorized in writing. All rights, including
rights created by patent grant or registration of a utility model
or a design, are reserved.
Trademarks
SIPROTEC, DIGSI, SIGRA, SIGUARD, SIMEAS SAFIR, SICAM, and
MindSphere are trademarks of Siemens. Any unauthorized use is
prohibited.
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For all products using security features of OpenSSL the
following shall apply:
This product includes software developed by the
OpenSSL Project for use in the OpenSSL Toolkit.
(http://www.openssl.org)
This product includes cryptographic software written
by Eric Young (eay@cryptsoft.com )
This product includes software written
by Tim Hudson (tjh@cryptsoft.com)
This product includes software developed
by Bodo Moeller.

