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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 main-
tenance of automation, selective protection and control equipment, and operational crew in electrical installa-
tions 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 Engi-
neering 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 princi-
ples 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 infor-
mation 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: +49 (180) 524-7000
Fax: +49 (180) 524-2471
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 Nürnberg
Germany
 
Phone: +49 (911) 433-7415
Fax: +49 (911) 433-7929
E-Mail: poweracademy@siemens.com
Internet: 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.

Preface

SIPROTEC 5, High-Voltage Bay Controller, Manual 5
C53000-G5040-C015-A, Edition 05.2018

mailto:support.energy@siemens.com
mailto:poweracademy@siemens.com
http://www.siemens.com/poweracademy


NOTICE
NOTICE means that property damage can result if the measures specified are not taken.

² Comply with all instructions, in order to avoid property damage.

ii
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.

• 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).

• 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.
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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 soft-
ware. 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.

• Select the device.

• Select Online in the menu bar.

• Click Show open source software information.

ii
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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General Device Data

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

11.1

11.1.1

Technical Data
11.1 General Device Data
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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)

ii
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
channels

DC 3.5 kV

Insulation test voltage with respect
to ground/housing

DC 3.5 kV

Max. permissible voltage with
respect to ground on the meas-
uring 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
ground/housing

DC 3.5 kV

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.
28 The 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.

Technical Data
11.1 General Device Data
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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

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, CB202)

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

Auxiliary rated voltage VH

(PS201, PS203, CB202)
DC 24 V/DC 48 V 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

Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

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

11.1.2

Technical Data
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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, non-
modular
Without plug-in modules

7.0 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 33 VA 24 VA

1/6 expansion module 3 W 6 VA 6 VA
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

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-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

11.1.3

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).

Technical Data
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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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 modules

Range Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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.

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) 5 A
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

5 A

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) 5 A

11.1.4
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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

5 A

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) 5 A
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

5 A

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 protec-
tion 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 protec-
tion circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage 250 V
Permissible continuous current per contact 5 A
Permissible current per contact (switching on and
holding)

30 A for 1 s

Technical Data
11.1 General Device Data
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Short-time current across closed contact 250 A for 30 ms
Total permissible current for contacts connected to
common potential

5 A

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.

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 inte-
grated 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 surface-
mounted 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-
ation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm
(5.91 x 12.36 x 9.06)

11.1.5
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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-
tion

1/3 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)

Surface-
mounted 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)

Surface-
mounted 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-
ation panel

75 mm x 314 mm x 337 mm
(2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm
(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)

Technical Data
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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
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 1.0 Nm 0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm 1.0 Nm –

ii
NOTE
For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

ii
NOTE
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

32 The provided plug-in label must be used for expansion modules with LEDs.
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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
For 3 ends Minimum 10 ms

Typical 14 ms
For 6 ends Minimum 15 ms

Typical 18 ms
Dropout times, total approx.
For 2 ends Typical 20 ms
For 3 ends Typical 20 ms
For 6 ends Typical 26 ms

11.2
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Priority 2:
Response time, total approx.
For 2 ends Minimum 9 ms

Typical 16 ms
For 3 ends Minimum 12 ms

Typical 18 ms
For 6 ends Minimum 17 ms

Typical 23 ms
Dropout times, total approx.
For 2 ends Typical 24 ms
For 3 ends Typical 25 ms
For 6 ends Typical 32 ms

Priority 333

Response time, total approx.
For 2 ends Minimum

Typical 100 ms
For 3 ends Minimum

Typical 150 ms
For 6 ends Minimum

Typical 200 ms
Dropout times, total approx.
For 2 ends Typical 100 ms
For 3 ends Typical 150 ms
For 6 ends Typical 200 ms

33 Times cannot be determined because the signals are transmitted in fragments.

Technical Data
11.2 Protection Interface and Protection Topology

SIPROTEC 5, High-Voltage Bay Controller, Manual 1115
C53000-G5040-C015-A, Edition 05.2018



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

Inactive
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]

11.3

34 If provided
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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 (ineffec-
tive)

Increments of 0.01 s

Dead times after trip command
(separated for all types and all
cycles)

0.00 s to 1 800.00 s or oo (ineffec-
tive)

Increments of 0.01 s

Dead time after evolving-fault
detection (separated for all cycles)

0.00 s to 1 800.00 s Increments of 0.01 s

Synchrocheck after 3-pole dead
time

None
Internal
External

Transmission delay, inter close
command

0.00 s to 300.00 s or oo (ineffec-
tive)

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

11.4
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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

11.5
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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
current threshold

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

Delay correction time -0.050 s to 0.050 s Increments of 0.001 s

Tolerances

Tolerance of the measured value make time ± 2 ms

11.6
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External Trip Initiation
Setting Values

Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

Times

Operate time with time delay = 0 ms
- At initiation via binary input signal Approx. 10 ms + OOT 35.

Tolerance

Sequence tolerance for delay times 1 % of the setting value or 10 ms

11.7

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

Technical Data
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Overcurrent Protection, Phases

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

–

Threshold value36 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

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 undercur-
rent 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 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

11.8

11.8.1

36 If 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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
39 In 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.

Technical Data
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 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 0.00 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

Approx. 10 ms

11.8.2
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Figure 11-1 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 Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

Technical Data
11.8 Overcurrent Protection, Phases

1126 SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018



[dwocpka2-080213-01.tif, 2, en_US]

Figure 11-4 Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-5 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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 %)

Technical Data
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

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

11.8.3

42 In case that the filter response exactly matches the user-defined gain factors
43 In 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.
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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
47 In 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.
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Overcurrent Protection, Ground

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value50 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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

11.9

11.9.1

50 If 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value54 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

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)

11.9.2

52 Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
53 Slightly 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 lrated,sec.
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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 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 11-9 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-10 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I455, 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 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 5 % of the reference (calculated) value

+2 % current tolerance or 30 ms

55 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
56 Insignificantly 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold 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

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

11.9.3
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I457, 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 I458, 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

57 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
58 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
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Directional Overcurrent Protection, Phases

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 undercur-
rent 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

Times

Operate time with time delay = 0 ms Approx. 37 ms + OOT 60 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

11.10

11.10.1

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 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

–

11.10.2

61 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 See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-1Very inverse: type B

Extremely inverse: type C See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-2Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

Inverse: type C See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-3Short inverse

Long inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-4Moderately inverse

Very inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-5Extremely inverse

Definite inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic 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

Technical Data
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined 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

–

11.10.3

62 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.10 Directional Overcurrent Protection, Phases

1146 SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018



Threshold value63 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

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

Times

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

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

Technical Data
11.10 Directional Overcurrent Protection, Phases
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.10 Directional Overcurrent Protection, Phases
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Directional Overcurrent Protection, Ground

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°

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 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 undercur-
rent 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 According to specified tolerances

11.11

11.11.1

Technical Data
11.11 Directional Overcurrent Protection, Ground
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10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

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

11.11.2

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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 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

Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

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

Short inverse
Long inverse
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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

Characteristic curve: see Figure 11-13
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

11.11.3

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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 undercur-
rent 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 According to specified tolerances

Technical Data
11.11 Directional Overcurrent Protection, Ground
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10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
Inverse-time operate time to logarithmic inverse-time
characteristic

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Inverse-time dropout time to logarithmic inverse-time
characteristic

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

11.11.4

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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 undercur-
rent 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)

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
Inverse-time operate time to logarithmic inverse time
with knee-point characteristic

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Inverse-time dropout time to logarithmic inverse time
with knee-point characteristic

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 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°

11.11.5

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Technical Data
11.11 Directional Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.11 Directional Overcurrent Protection, Ground
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Inrush-Current Detection
Setting Values

Operating limit Imax 0.030 A to 35.000 A
at Irated = 1 A
0.15 A to 175.00 A
at Irated = 5 A

Increments of 0.001 A
Increments of 0.01 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

Times

Pre-arcing times Approx. 29 ms

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

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

11.12

Technical Data
11.12 Inrush-Current Detection
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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

Dropout ratio 0.50 to 0.90 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 overcurrent and of 105 % for undercur-
rent 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

Tolerances

Response tolerance, current 5 % of setting value or 10 mA
at Irated = 1 A
5 % of setting value or 50 mA
at Irated = 5 A

Time delays 1 % of the setting value or 10 ms

11.13

65 OOT (Output Operating Time) Additional delay of the output medium used, see Chap. 11.1.4 Relay Outputs

Technical Data
11.13 Instantaneous High-Current Tripping
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Stage with Definite-Time Characteristic Curve
Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value66 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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)

11.14

66 If 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

Technical Data
11.14 Stage with Definite-Time Characteristic Curve
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.14 Stage with Definite-Time Characteristic Curve
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Stage with Inverse-Time Characteristic Curve
Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value68 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

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

11.15

68 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

Technical Data
11.15 Stage with Inverse-Time Characteristic Curve
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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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.15 Stage with Inverse-Time Characteristic Curve

1164 SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018



Voltage-Dependent Overcurrent Protection, Phases
Setting Values for All Stage Types

Method of measurement Fundamental component
RMS value

–

Overcurrent threshold
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

Time delay 0.10 s to 60.00 s Increments of 0.01 s

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

Setting Values for Definite-Time Overcurrent Protection Stages

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

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

Instantaneous With dropout
Disk emulation Approx. < 0.90 ⋅ threshold value

11.16

69 The value is for the inverse-time overcurrent voltage-released stage.

Technical Data
11.16 Voltage-Dependent Overcurrent Protection, Phases
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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

2.5 mA sec. (Irated = 5 A)
Voltage transformer 150 mV sec.

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

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 % 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 %)
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

Technical Data
11.16 Voltage-Dependent Overcurrent Protection, Phases
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.16 Voltage-Dependent Overcurrent Protection, Phases
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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

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

11.17

70 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
11.17 Overvoltage Protection with 3-Phase Voltage
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

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

71 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.17 Overvoltage Protection with 3-Phase Voltage
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

11.18

72 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.18 Overvoltage Protection with Positive-Sequence Voltage 
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V

11.19

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

Technical Data
11.19 Overvoltage Protection with Any Voltage
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Time delays 1 % of the setting value or 10 ms

Technical Data
11.19 Overvoltage Protection with Any Voltage
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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

Where:
Top Operate delay
TInv Inverse-time delay
Tadd Additional time delay (parameter Additional time delay)

11.20

76 If you have selected the Method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
11.20 Undervoltage Protection with 3-Phase Voltage
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[fo_UVP3ph_inverse, 2, en_US]

Where
TInv Inverse-time delay
Tp Time multiplier (parameter Time dial)
V Measured undervoltage
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.

Times

Pickup time Approx. 25 ms + OOT77 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 1 % of the setting value or 10 ms

77 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.20 Undervoltage Protection with 3-Phase Voltage
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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

Technical Data
11.20 Undervoltage Protection with 3-Phase Voltage
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

11.21

78 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
79 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.21 Undervoltage Protection with Any Voltage 
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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

Times

Pickup times f> Angle difference method
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

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

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

11.22

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

Technical Data
11.22 Overfrequency Protection
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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

Times

Pickup times f< Angle difference method
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

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

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

11.23

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

Technical Data
11.23 Underfrequency Protection

1178 SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018



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
rate or df/dt-falling rate

0.1 Hz/s to 20.0 Hz/s 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

Setting Values for the Stage

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

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 ± 5 mHz at V = Vrated

11.24

82 OOT (Output Operating Time): additional time delay of the output medium used, for example, 5 ms with fast relay

Technical Data
11.24 Underfrequency Load Shedding
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Technical Data
11.24 Underfrequency Load Shedding
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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

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 + 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

11.25

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

Technical Data
11.25 Rate of Frequency Change Protection
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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

Value Description
df/dt Calculated rate of frequency change

Technical Data
11.25 Rate of Frequency Change Protection
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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

Times

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

Tolerances

Power 0.5 % Srated ± 3 % of setting value
(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

1.1 frated < f
Slightly expanded tolerances

f ≤ 10 Hz Inactive

11.26

84 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.26 Power Protection (P,Q), 3-Phase
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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

11.27

Technical Data
11.27 Instantaneous Tripping at Switch onto Fault 
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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

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
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

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 1 input each for make contact and break contact

ii
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

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

11.28

85 Via binary inputs

Technical Data
11.28 Circuit-Breaker Failure Protection 
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Technical Data
11.28 Circuit-Breaker Failure Protection 
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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

11.29

Technical Data
11.29 Negative-Sequence Protection with Definite-Time Characteristic Curve 
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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 Increments of 0.1
Dropout Disk emulation

Instantaneous
Time multiplier 0.05 to 15.00 Increments of 0.01
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
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

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
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 See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-1Very inverse: type B

Extremely inverse: type C See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-2Long-time inverse: type B

11.30

86 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.30 Stage with Inverse-Time Characteristic Curve
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Table 11-4 Standard Characteristic Curves to ANSI

Inverse: type C See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-3Short inverse

Long inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-4Moderately inverse

Very inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-5Extremely inverse

Definite inverse See chapter 11.8.2 Stage with Inverse-Time Charac-
teristic 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

1.1 frated< f ≤ 80 Hz
Slightly expanded tolerances

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

Technical Data
11.30 Stage with Inverse-Time Characteristic Curve
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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
5 A @ 1.6 Irated 0.005 A to 8.000 A Increments of 0.001 A

Imin cooling 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.

11.31

Technical Data
11.31 Thermal Overload Protection, 3-Phase – Advanced
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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.
88 In 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.

Technical Data
11.31 Thermal Overload Protection, 3-Phase – Advanced
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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 60255-149 (K factor)
Irated, obj Rated current of the protected object

Technical Data
11.31 Thermal Overload Protection, 3-Phase – Advanced
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Figure 11-15 Operate Curve of Overload Protection

Technical Data
11.31 Thermal Overload Protection, 3-Phase – Advanced
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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)
or 125 mA ( Irated = 5 A),
5 % class acc. to IEC 60255-149

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

11.32
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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

Technical Data
11.32 Thermal Overload Protection, 1-Phase
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Figure 11-16 Operate Curve of Overload Protection

Technical Data
11.32 Thermal Overload Protection, 1-Phase
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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

Tolerances

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

11.33

Technical Data
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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

11.34
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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 ∞ (ineffec-

tive)
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
Voltage threshold values:
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

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-to-
phase)
0.300 V to 340.000 V (phase-to-
phase)

Increments of 0.001 V
Increments of 0.001 V

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 (synchro-
nous)
0.000 Hz to 4.000 Hz (asynchro-
nous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1 0o to 90o Increments of 1o

Adjustments of the sides:
Angle adjustment 0.0o to 360.0o Increments of 0.1o

Voltage adjustment 0.500 to 2.000 Increments of 0.001
Circuit breaker
Closing time of the circuit breaker 0.01 s to 0.60 s Increments of 0.01 s

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

11.35
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Measured Values of the Synchronization Function

Reference voltage V1
  
• 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

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

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
  
  
• Range
• Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated

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 %
1 mHz

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o
-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

Tolerances of the voltage settings 2 % of the pickup value or 1 V
Voltage difference V2>V1; V2<V1 1 V
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

10o for Δf > 1 Hz

Technical Data
11.35 Synchronization Function
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Arc Protection
Setting Values

Threshold I> 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

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

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 Increments of 0.01
Channel Possible settings, application-dependent

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

Approx. 2.6 ms + OOT 90

Shortest operate time
Operating mode = Current and light

Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

11.36

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

Technical Data
11.36 Arc Protection
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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
Rated app. power transf.93 0.20 MVA to 5000.00

MVA
Increments of 0.01 MVA

Volt. cont. 2W
Target voltage 1

110.000 V to 340.000 kV Increments of 0.001 kV
Target voltage 2
Target voltage 3
Target voltage 4
Volt. cont. 3W and GC
Target voltage 1 w1

110.000 V to 340.000 kV Increments of 0.001 kV

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
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
Line compensation LDC-Z
Target voltage rising 0.0% to 20.0% Increments of 0.1%
Max load current 0.0% to 500.0% Increments of 0.1%
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
Line compensation LDC-XandR
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
Limiting values
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

11.37

91 Only visible in the voltage-control operation without parallel operation
92 Only visible in the voltage-control operation without parallel operation
93 Only visible in the voltage-control operation without parallel operation

Technical Data
11.37 Voltage Controller
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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
Blockings
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 control
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

Measured Values, Two-Winding Transformer

Measured Value Description Primary Secondary % Referenced to
V act. Current, measured positive-

sequence 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
(positive-sequence system)

A A Load current referenced to the
rated value of the function

V max Maximum positive-sequence
voltage ever measured (refer-
enced 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 (refer-
ence 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 compensa-
tion

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
load currents. Active when line
compensation is activated.

A A Load current referenced to the
rated current of the function

I circul. Currently measured circulating
reactive current

A 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

Technical Data
11.37 Voltage Controller
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Measured Value Description Primary Secondary % Referenced to
ΔVactC Voltage difference % % Voltage difference referenced

to the rated voltage of the
function

Measured Values for Parallel Control, Proxy

Measured Value Description Primary Secondary % Referenced to
V act. Actual voltage of winding kV V Target voltage of the primary

system referenced to the rated
voltage of the function

1/X trf. Susceptance, internal value for
GOOSE transmission

1/Ω

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

Measured Value Description Primary Secondary % Referenced to
Vact.w1 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

Technical Data
11.37 Voltage Controller
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Measured Values Grid Coupling Transformer

Measured Value Description Primary Secondary % Referenced to
Vact.w1 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

Technical Data
11.37 Voltage Controller
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.38

Technical Data
11.38 Current-Balance Supervision
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.39

Technical Data
11.39 Voltage-Balance Supervision 
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Current-Sum Supervision
Setting Values

Slope factor 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

Delay failure indication 0.00 s to 100.00 s Increments of 0.01 s

Dropout Ratio

Dropout ratio Approx. 0.97

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.40

Technical Data
11.40 Current-Sum Supervision
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.41

Technical Data
11.41 Voltage-Sum Supervision
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Current Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s  to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.42

Technical Data
11.42 Current Phase-Rotation Supervision 
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Voltage Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.43

Technical Data
11.43 Voltage Phase-Rotation Supervision 
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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

11.44

Technical Data
11.44 Trip-Circuit Supervision 

1212 SIPROTEC 5, High-Voltage Bay Controller, Manual
C53000-G5040-C015-A, Edition 05.2018



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 All functions that process the measured values from this current meas-
uring point (for example, differential protection).

11.45

Technical Data
11.45 Analog Channel Supervision via Fast Current Sum 
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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

3ph.fail. - phs.curr. jump 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

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.

Times

Pickup time Approx. 10 ms + OOT94 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time Approx. 20 ms + OOT

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

11.46

94 OOT (Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
95 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
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

Technical Data
11.46 Measuring-Voltage Failure Detection
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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

Technical Data
11.46 Measuring-Voltage Failure Detection
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

A secondary
< 1:6 Irated

Rated currents
Measuring range
Frequency range

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

11.47

Technical Data
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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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

Technical Data
11.47 Operational Measured Values and Statistical Values
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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 0.3 % 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 0.5 % of the measured value in the above mentioned
measuring range

Frequency

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

Statistical Values of the Device

Device operating hours h
Range 0 to 9999999 h
Tolerance 1 h

Technical Data
11.47 Operational Measured Values and Statistical Values
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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 1 h
Circuit breaker open hours h
Range 0 to 9999999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999999999
Tolerance None

Technical Data
11.47 Operational Measured Values and Statistical Values
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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 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

11.48
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CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level Time (in ms) Ticks CP300
Fast Event-Triggered <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 101 Ticks in Fast Event-Triggered level

104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level

Tint 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

11.49
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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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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 main-
tenance of automation, selective protection and control equipment, and operational crew in electrical installa-
tions 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 Engi-
neering 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 princi-
ples 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 infor-
mation 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 Phone: +49 (911) 433-7415
Siemens Power Academy TD Fax: +49 (911) 433-7929
Humboldtstrasse 59 E-mail: poweracademy@siemens.com
90459 Nuremberg Internet: www.siemens.com/poweracademy
Germany

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 Comply with all instructions, in order to avoid property damage.

ii 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.

• 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).

• 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.

Used Symbols on Device

No. 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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General Device Data

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 trans-
formers

Rated current Irated Measuring range
5 A 0 A to 500 A
1 A 0 A to 100 A

Consumption per current input at
rated current

Approx. 0.1 VA

Thermal rating
(protection-class current trans-
formers)

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

11.1
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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
Type LED
Wavelength λ = 650 nm

13 All values in combination with sensors approved by Siemens.
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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)

ii 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 meas-
uring 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
ground/housing

DC 3.5 kV

Permissible current overload DC 100 mA continuously

Table 11-3 Common Data for the Fast Measuring-Transducer Inputs, Voltage/Current

Conversion principle Delta-sigma (16 bit)
Insulation test voltage between the
channels

DC 3.5 kV

14 Numerical aperture (NA = sin θ (launch angle))
15 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.
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Insulation test voltage with respect
to ground/housing

DC 3.5 kV

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 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

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

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, PS204,
CB202)

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

Auxiliary rated voltage VH

(PS201, PS203, PS204,
CB202)

DC 24 V/DC 48 V 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

11.1.2
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Integrated Power Supply
Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11,
IEC 61000-4-17

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

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)
– DC AC 230 V/50 Hz AC 115 V/50 Hz
1/3 module, non-modular
Without plug-in modules

7 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 55 VA 40 VA

1/6 expansion module 3 W 6 VA 6 VA
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

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 Approx. 3 ms
Dropout time19 Capacitive load (supply-line capaci-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

Control voltage for all modules
with binary inputs, except
module 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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 module

Range for 125 V
Control voltage

Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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)

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

11.1.3

19 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 Capacitive load (supply-line capaci-

tance)
Dropout time

< 5 nF < 3 ms
< 10 nF < 4 ms
< 50 nF < 5 ms
< 220 nF < 10 ms

Control voltage for the module
IO216

Range for 220 V control voltage
Threshold pickup 158 V to 170 V
Threshold dropout 132 V to 154 V

Maximum permitted voltage 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.

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) 5 A
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

5 A

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

11.1.4

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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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) 5 A
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

5 A

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 (0.0039-
in2) 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

Technical Data
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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 
50 μm/125 μm, NA21 = 0.2 -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
Minimum 11.0 dB for 62.5 μm/125 μm, NA21 = 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

ii 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

11.1.5

21 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 inter-
face

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

✧ 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.

Technical Data
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ii 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.

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 inte-
grated 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-
ation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm
(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-
tion

1/3 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)

11.1.6
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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)

Surface-
mounted 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)

Surface-
mounted 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-
ation panel

75 mm x 314 mm x 337 mm
(2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm
(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 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)

22 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
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 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

ii NOTE
For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

ii NOTE
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

Technical Data
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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
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]

11.2

23 If provided
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Busbar Differential Protection
General Differential Protection Setting Values

Rated object current Irated obj. 100 A to 50000 A Increments of 1

Check Zone Setting Values

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

General Busbar Section Setting Values

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

Setting Values for Differential-Current Supervision

Current limiting value I/Irated,obj.

(Irated,obj. = Rated-current object)
0.05 to 0.80 Increments of 0.01

Time delay
for check zone and busbar-selective protection

1.00 s to 10.00 s Increments of 0.01

Setting Values for Cross Stabilization

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

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

Frequency range 50 Hz or 60 Hz

11.3
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

Tolerances

Current 5 % of the setting value or 50 mA
Overcurrent release of the circuit breaker (for busbar-
protection tripping)

5 % of the setting value or 50 mA

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

Technical Data
11.3 Busbar Differential Protection
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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
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

ii 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

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

11.4

24 Via binary inputs
25 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Technical Data
11.4 Circuit-Breaker Failure Protection 1-Pole/3-Pole
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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 1 input each for make contact and break contact

ii 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

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

11.5

26 Via 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Technical Data
11.5 Circuit-Breaker Failure Protection 3-Pole
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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

Time delay T2 for 3-pole trip 0.050 s to 60.000 s Increments of 0.001 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Threshold values 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Times

Pickup time, in the case of an internal start < 1 ms

11.6

Technical Data
11.6 Inherent Circuit-Breaker Failure Protection 
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

11.7

Technical Data
11.7 End-Fault Protection Disconnector Supervision 
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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

Tolerance

Process tolerance for the supervision time 1 % of the setting value or 10 ms

11.8

Technical Data
11.8 External Tripping Busbar Section (Direct)
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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

Tolerances

Process tolerance for the supervision time 1 % of the setting value or 10 ms

11.9

Technical Data
11.9 External Tripping Busbar Section (from Bay)
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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

11.10

Technical Data
11.10 Bus Coupler Differential Protection
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Differential Current Supervision
You can find information on the Technical Data of the Differential-current supervision in chapter 11.3 Busbar
Differential Protection.

11.11

Technical Data
11.11 Differential Current Supervision
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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 0.5 * Idiff busbar section

11.12

Technical Data
11.12 Zero-Crossing Supervision
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Disconnector Supervision
Setting Values

Disconnector runtime 1.00 s to 180.00 s Increments of 0.01 s

11.13

Technical Data
11.13 Disconnector Supervision
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Circuit-Breaker Supervision
Setting Values

Supervision time 1.00 s to 180.00 s Increments of 0.01 s

11.14

Technical Data
11.14 Circuit-Breaker Supervision
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Overcurrent Protection, Phases

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value27 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 undercur-
rent 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

11.15

11.15.1

27 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
28 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.15 Overcurrent Protection, Phases
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

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

11.15.2

Technical Data
11.15 Overcurrent Protection, Phases
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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 Operate Curves and Dropout-Time Characteristic Curves According to IEC

Technical Data
11.15 Overcurrent Protection, Phases
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Figure 11-2 Operate Curves and Dropout-Time Characteristic Curves According to IEC

Technical Data
11.15 Overcurrent Protection, Phases
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Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE
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Figure 11-3 Operate Curves and Dropout-Time Characteristic Curves According to ANSI/IEEE

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

Technical Data
11.15 Overcurrent Protection, Phases
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Figure 11-5 Tripping Characteristic Curves and Dropout Characteristic Curves According to ANSI/IEEE

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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
(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

Technical Data
11.15 Overcurrent Protection, Phases

SIPROTEC 5, Low-Impedance Busbar Protection, Manual 831
C53000-G5040-C019-9, Edition 01.2020



Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.15 Overcurrent Protection, Phases
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Overcurrent Protection, Ground

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value29 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 undercur-
rent 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

11.16

11.16.1

29 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
30 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.16 Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

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)

11.16.2

31 Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
32 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 lrated,sec.

Technical Data
11.16 Overcurrent Protection, Ground
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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
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Figure 11-7 Operate Curves and Dropout Characteristic Curves According to IEC

Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-8 Operate Curves and Dropout Characteristic Curves According to IEC

Technical Data
11.16 Overcurrent Protection, Ground
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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

Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-10 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Technical Data
11.16 Overcurrent Protection, Ground
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Figure 11-11 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

3I0 measured via I434, 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 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 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
35 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2

Technical Data
11.16 Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.16 Overcurrent Protection, Ground
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Directional Overcurrent Protection, Phases

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 undercur-
rent 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

Times

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

11.17

11.17.1

36 If 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

Technical Data
11.17 Directional Overcurrent Protection, Phases
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 value38 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

11.17.2

38 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.

Technical Data
11.17 Directional Overcurrent Protection, Phases
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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 See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-1Very inverse: type B

Extremely inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-2Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

Inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-3Short inverse

Long inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-4Moderately inverse

Very inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-5Extremely inverse

Definite inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic 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

Times

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

39 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.17 Directional Overcurrent Protection, Phases
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.17 Directional Overcurrent Protection, Phases
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Directional Overcurrent Protection, Ground

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°

Setting Values

Direction mode Forward
Reverse

–

Method of measurement Fundamental component
RMS value

–

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 undercur-
rent 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

11.18

11.18.1

Technical Data
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

Setting Values

Direction mode Forward
Reverse

–

Method of measurement Fundamental component
RMS value

–

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
–

11.18.2

Technical Data
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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 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

Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

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

Short inverse
Long inverse
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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

Technical Data
11.18 Directional Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
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Voltage Protection

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

Where
Top Operate delay
Tinv Inverse-time delay
Tadd Additional time delay (parameter Additional time delay)

11.19

11.19.1

40 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
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Where
Tinv Inverse-time delay
Tp Time multiplier (parameter Time dial)
V Measured voltage
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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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

41 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
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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

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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

Overvoltage Protection with Negative-Sequence Voltage

Setting Values for the Function

Measuring window 1 cycle to 10 cycles Increments of 1 cycle

11.19.2

11.19.3

42 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
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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.

Times

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)

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

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 value44 0.300 V to 340.000 V Increments of 0.001 V

11.19.4

43 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
44 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

45 OOT (Output Operating Time) additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

11.19.5

46 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
47 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
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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

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]

11.19.6

48 If you have selected the Method of measurement = RMS value, do not set the threshold value to less than 10 V.

Technical Data
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Where
TInv Inverse-time delay
Tp Time multiplier (Parameter Time dial)
V Measured undervoltage
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.

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

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

11.19.7

49 OOT (Output Operating Time) additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
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Dropout ratio 1.01 to 1.20 Increments of 0.01
Current-flow criterion On

Off

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, 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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

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

50 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

11.19.8

51 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
52 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.19 Voltage Protection
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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

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

Setting Values for Stage Types

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

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 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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

11.19.9

53 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.19 Voltage Protection
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Frequency Protection

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

Times

Pickup times f> Angle difference method
50 Hz
60 Hz

Approx. 70 ms + OOT54

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

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>
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

11.20.1

54 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

Technical Data
11.20 Frequency Protection
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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

Times

Pickup times f< Angle difference method
50 Hz
60 Hz

Approx. 70 ms + OOT55

Approx. 60 ms + OOT
Filtering method
50 Hz
60 Hz

Approx. 75 ms + OOT
Approx. 64 ms + OOT

Dropout times f< 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

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

11.20.2

11.20.3

55 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

Technical Data
11.20 Frequency Protection
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

Value Description
df/dt Calculated rate of frequency change

56 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

Technical Data
11.20 Frequency Protection
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

Tolerances

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

11.21

57 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.21 Voltage-Jump Detection
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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
3ph.fail. - phs.curr. jump 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
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.

Times

Pickup time Approx. 10 ms + OOT58 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time Approx. 20 ms + OOT

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

11.22

58 OOT (Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
59 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

Technical Data
11.22 Measuring-Voltage Failure Detection
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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

Technical Data
11.22 Measuring-Voltage Failure Detection
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Voltage-Transformer Circuit Breaker
Setting Values

Response time 0.000 s  to 0.030 s Increments of 0.001 s

11.23

Technical Data
11.23 Voltage-Transformer Circuit Breaker 
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.24

Technical Data
11.24 Voltage-Balance Supervision 
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.25

Technical Data
11.25 Voltage-Sum Supervision
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Voltage Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.26

Technical Data
11.26 Voltage Phase-Rotation Supervision 
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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

X reach (ph-g) = reach of
reactance, phase-to-
ground

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
reactance, phase-to-phase

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-g) = reach of
resistance, phase-to-
ground

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
resistance, phase-to-
phase

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

Dropout Ratios

Currents About 0.95
Voltage About 1.05
Impedances About 1.05

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Currents 1 % of the setting value or 5 mA (Irated = 1 A)
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

11.27

61 OOT (Output Operating Time) additional delay of the used output medium, such as 5 ms with quick-acting relay

Technical Data
11.27 Impedance Protection
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Arc Protection
Setting Values

Threshold I> 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 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

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 Increments of 0.01
Channel Possible settings, application-dependent

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

Approx. 2.6 ms + OOT 62

Shortest operate time
Operating mode = Current and light

Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

11.28

62 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

Technical Data
11.28 Arc Protection
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Inrush-Current Detection
Setting Values

Operating limit Imax 0.030 A to 35.000 A
at Irated = 1 A
0.15 A to 175.00 A
at Irated = 5 A

Increments of 0.001 A
Increments of 0.01 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

Times

Operating times Approx. 29 ms

Pickup

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)

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

11.29

Technical Data
11.29 Inrush-Current Detection
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Tolerances

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

Technical Data
11.29 Inrush-Current Detection
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2nd Harmonic Detection Ground
Setting Values

Measured value IN measured
3I0 calculated

2nd harmonic content 10 % to 45 % Increments of 1%

Times

Operating times Approx. 29 ms

Pickup

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)

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

Tolerances

Harmonics: I2nd harm/I1st harm 1 % of the setting value
for setting values l2nd harm/1st harm

11.30

Technical Data
11.30 2nd Harmonic Detection Ground
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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 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

11.31

Technical Data
11.31 Trip-Circuit Supervision
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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

Times

Pickup times 0.25 ms (faster than the fastest protection function)
Dropout time Approx. 100 ms (after response > 1s continuous blocking)

Blockings

Blocked protection functions Busbar differential protection, busbar tripping by the circuit-breaker
failure protection

11.32

Technical Data
11.32 Analog Channel Supervision via Fast Current Sum 
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

Restraint currents (of all busbar sections and the
check zone) IsA, IsB, IsC

A secondary
% Irated

% 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 0.2 % of the measured value in the above-mentioned
measuring range

11.33

Technical Data
11.33 Operational Measured Values and Statistical Values
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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

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

Statistical Values of the Device

Device operating hours h
Range 0 to 9999999 h
Tolerance 1 h

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 1 h
Circuit breaker open hours h
Range 0 to 9999999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999999999
Tolerance None

Technical Data
11.33 Operational Measured Values and Statistical Values
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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

11.34
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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

Tolerances

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

11.35
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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

ii 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

Priority 2
Response time, total approx. Minimum 5 ms

Typical 12 ms

11.36
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Priority 363

Response time, total approx. Typical 18 ms

63 Times cannot be determined because the signals are transmitted in fragments.

Technical Data
11.36 Protection Interface and Protection Topology
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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

11.37
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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
• with full trimming

± 124 μA (0.62 % at 20 mA)
± 60 μA (0.3 % at 20 mA)
± 20 μA (0.1% at 20 mA)

Sampling rate ≥ 3 Hz
Number of channels per measuring transducer
module

2 or 4

Analog-digital converter 16 Bit Sigma/Delta

11.38
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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
current threshold

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

Delay correction time -0.050 s to 0.050 s Increments of 0.001 s

Tolerances

Tolerance of the measured value make time ± 2 ms

11.39
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CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level Time (in ms) Ticks CP300
Fast Event-Triggered < 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 101 Ticks in Fast Event-Triggered level

104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level

Tint 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

11.40
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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

Technical Data
11.40 CFC
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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

Technical Data
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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

Technical Data
11.40 CFC
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SIPROTEC 7SA87 
 

Distance protection 
 

www.siemens.com/siprotec 

 

Description+ 

The SIPROTEC 7SA87 distance protection has been de-

signed specifically for the protection of lines. With its mod-

ular structure, flexibility and the high-performance DIGSI 5 

engineering tool, the SIPROTEC 7SA87 device offers fu-

ture-oriented solutions for protection, control, automa-

tion, monitoring, and Power Quality– Basic. 

Main function Distance Protection 

Interoperability of SIPROTEC 4 and SIPRO-

TEC 5 line protection devices 

Tripping 1-pole and 3-pole, minimum tripping 
time: 9 ms  

Inputs and out-
puts 

12 predefined standard variants with 4/4 
or 8/8 current transformers/voltage trans-
formers, 5 to 31 binary inputs, 8 to 46 bi-
nary outputs 

Hardware flexibi-
lity 

Flexibly adjustable I/O quantity structure 
within the scope of the SIPROTEC 5 modu-
lar system 

Housing width 1/3 × 19 inch to 2/1 × 19 inch 

Applications 

• 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-suppres-

sion-coilground systems in star, ring, or meshed ar-

rangement 

• Serial protection communication with SIPROTEC 5 and 

SIPROTEC 4 devices over different distances and physi-

cal 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 com-
bined 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 protec-

tion for transformers 

• Directional backup protection and various additional 

functions 

• Detection of ground faults of any type in compen-

sated 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 measure-

ment 

• Ground-fault detection using the pulse-detection me-

thod 

• Adaptive power-swing blocking, out-of-step protec-

tion 

• Detection of current-transformer saturation for fast 

tripping with high accuracy 

SIPROTEC 5 Device with Expansion Module 
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• Fault locator plus for accurate fault location with in-

homogenous 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 reactive-

power protection 

• Directional reactive-power undervoltage protection 

(QU protection) 

• Detection of current and voltage signals up to the 

50th harmonic with high accuracy for selected protec-

tion functions (such as thermal overload protection) 

and operational measured values 

• PQ – Basic: Voltage unbalance; voltage changes: over-

voltage, dip, interruption; TDD, THD, and harmonics 

• 1-pole automatic reclosing function with secondary 

arc detection (SAD) 

• Control, synchrocheck, and switchgear interlocking 

protection 

• Graphical logic editor to create high-performance au-

tomation functions in the device 

• Single-line representation in the small or large display 

• Point-on-wave switching 

• Fixed integrated electrical Ethernet RJ45 interface for 

DIGSI 5 and IEC 61850 (reporting and GOOSE) 

• 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) 

• Virtual network partitioning (IEEE 802.1Q - VLAN) 

• Serial protection communication via optical fibers, 

two-wire connections, and communication networks 

(IEEE C37.94 and others), including automatic swit-

chover between ring and chain topology. 

• Reliable data transmission via PRP and HSR redun-

dancy protocols 

• Extensive cybersecurity functionality, such as role-ba-

sed 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 de-

vice display pages 

• Phasor Measurement Unit (PMU) for synchrophasor 

measured values and IEEE C37.118 protocol 

• Time synchronization using IEEE 1588 

• 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 commission-

ing 

• Flexibly adjustable I/O quantity structure within the 

scope of the SIPROTEC 5 modular system 

Benefits 

• Safety due to powerful protection functions 

• Purposeful and easy handling of devices and software 

thanks to a user-friendly design 

• Cyber security in accordance with NERC CIP and BDEW 

Whitepaper requirements 

• Highest availability even under extreme environmen-

tal 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 

Efficient and modular 

http://www.openssl.org/
mailto:eay@cryptsoft.com
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Features • Function logic configuration tool according 
to IEC 61131-3 standard for ABB range of 
protection relays and terminals for distribu-
tion applications

• Graphical and textual configuration of 
mimic panels

• Loading of function and mimic configura-
tions to the target product 

• General parameter setting support

• User friendly tool management

• Parameter file upload/download and com-
pare function

• Graphical I/O Setting Tool for REX 521

• Configuration and parameter file printing 
support

• Manually initiated uploading of disturbance 
recorder data

• Versatile integration of disturbance data 
evaluation tools of your choice

• 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

• Support for SPA communication over the 
TCP/IP network.

• Flexible object based tree-structure naviga-
tor

• Object oriented project data management

• Project import/export facility

• 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, mainte-
nance, service and monitoring of the process 
and its secondary equipment in distribution 
substations.

The package includes the following tool func-
tions:

• 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

• Protection relay setting bank switching

• Reset of protection trip function   

• Upload of disturbance recorder files

• Upload of registered, measured and calcu-
lated values

• Multi layered tree structure navigator

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 gener-
ated 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 Protec-
tion and Control Terminals

• The REM 543/545 Integrated Machine 
Protection and Control Terminals

• The RET 541/543/545 Integrated Trans-
former Protection and Control Terminals

• The REX 521 Integrated Protection and 
Control Terminal

• The REC 501/523 Control Terminals

• The REF 610, REM 610 and REU 610 
protection relays
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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 con-
tains 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 sys-
tem 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 configura-
tion, additional base tools and services are 
providing a framework for the object types 
and tools.

Fig. 1 CAP 505 Navigation window

Project structure navigator
The Project structure navigator is a window 
in which you open tools and close your ses-
sion. 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

Project Export/Import tool
The tool is used for project management pur-
poses. Creating a project, defining default 
projects for the objects tools, project duplica-
tion and project delete are among the func-
tions included.

The tool is used when projects are transferred 
to other systems or brought to the user’s cur-
rent 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: protec-
tion sheme, control sheme, I/O set-up, mea-
surements, 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 protec-
tion, control, measurements functions.

Mimic Configuration tool
The tool is used for configuring the graphical 
front display on the control terminals. The 
configuration includes breakers, disconnec-
tors, 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 termi-
nal are included as well.

Relay Setting tool
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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Fig. 2 Relay Setting Tool

Graphical I/O Setting Tool
Graphical I/O Setting Tool is a complemen-
tary 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 possi-
ble to connect a signal to a function block, or 
vice versa.

Fig. 3 Main view of the graphical I/O setting tool

Disturbance Recorder tool
Includes the functionality to upload and pre-
sent disturbance recordings.

Fig. 4 Disturbance Recorder Tool window

Fig. 5 DR_ collector Tool window

System 
configuration

The tool package is delivered on a CD which 
can be installed on a PC with Microsoft Win-
dows 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 spe-
cific 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.

Document files 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 Minimum Recommended

Processor  233 MHz or higher Pentium 
compatible CPU

1 GHz 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 500 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

Ordering The following alternatives are available:

• CAP 505 version v.2.5.0. tool package 
CD-ROM. Ordering number is 
1MRS151017

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

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 Corpo-
ration.
Other brand or product names are trademarks or registered trademarks of their respective holders.
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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 mainte-
nance 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.
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C53000-G5040-C018-6, Edition 05.2018



• 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 Engi-
neering 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 princi-
ples 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 infor-
mation 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: +49 (180) 524-7000
Fax: +49 (180) 524-2471
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 Nürnberg
Germany
 
Phone: +49 (911) 433-7415
Fax: +49 (911) 433-7929
E-Mail: poweracademy@siemens.com
Internet: 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.

Preface
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.

² Comply with all instructions, in order to avoid property damage.

ii
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.

• 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).

• 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.

Preface
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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 soft-
ware. 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.

• Select the device.

• Select Online in the menu bar.

• Click Show open source software information.

ii
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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General Device Data

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, CB202)

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

Auxiliary rated voltage VH

(PS201, PS203, CB202)
DC 24 V/DC 48 V 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

Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

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)
– DC AC 230 V/50 Hz AC 115 V/50 Hz
1/3 base module, non-
modular
Without plug-in modules

7.0 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 33 VA 24 VA

1/6 expansion module 3 W 6 VA 6 VA

11.1

11.1.1
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Integrated Power Supply
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

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-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 modules

Range Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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.

11.1.2

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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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) 5 A
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

5 A

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) 5 A
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

5 A

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)

11.1.3
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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) 5 A
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

5 A

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 protec-
tion 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 protec-
tion circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage 250 V
Permissible continuous current per contact 5 A
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

5 A

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.

Technical Data
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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 inte-
grated 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 surface-
mounted 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-
ation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm
(5.91 x 12.36 x 9.06)

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-
tion

1/3 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)

Surface-
mounted 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)

11.1.4
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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)

Surface-
mounted 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-
ation panel

75 mm x 314 mm x 337 mm
(2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm
(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-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)

21 The 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
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 1.0 Nm 0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm 1.0 Nm –

ii
NOTE
For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

ii
NOTE
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

Influencing Variables for Measured Values

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 %

11.1.5
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SDHC Memory Card

ii
NOTE
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 24 mm x 32 mm x 2.1 mm (0.94 x 1.26 x 0.08)

11.1.6

22 Usable capacity: Approx. 15 GB
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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
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]

11.2

Technical Data
11.2 Date and Time Synchronization 
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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

11.3

Technical Data
11.3 Phasor Measurement Unit
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Recorder Functions

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

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

11.4

11.4.1

11.4.2

Technical Data
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Power trigger
Voltage trigger
Current trigger

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

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

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)

Recorder Measured Values (MV) Binary Tracks (SPS)
Fast-scan recorder 75 200
Slow-scan recorder 75 100
Continuous recorder 75 –
Trend recorder 100 200

11.4.3

11.4.4

11.4.5

23 Toggle rates applied permanently and greater than 10 Hz are not recommended.

Technical Data
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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)

Technical Data
11.4 Recorder Functions
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Supervision Functions

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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

Voltage Phase-Rotation Supervision

Setting Values

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.5

11.5.1

11.5.2

11.5.3

Technical Data
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Broken-Wire Detection

Setting Values

Value Setting Range Increment
Mode of blocking Blocking

Automatic blocking
No blocking

-

Delta value for autoblock 0.004 I/Irated to 5.000 I/Irated 0.001

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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

Current-Sum Supervision

Setting Values

Slope factor 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

Delay failure indication 0.00 s to 100.00 s Increments of 0.01 s

Dropout Ratio

Dropout ratio Approx. 0.97

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.5.4

11.5.5

11.5.6

Technical Data
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Current Phase-Rotation Supervision

Setting Values

Tripping delay 0.00 s  to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

Analog Channel Supervision via Fast Current Sum

Times

Pickup times Approx. 2 ms (faster than the fastest protection function)
Dropout time Approx. 100 ms

11.5.7

11.5.8

Technical Data
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

A secondary
< 1:6 Irated

Rated currents
Measuring range
Frequency range

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

11.6
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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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

Technical Data
11.6 Operational Measured Values and Statistical Values
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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 0.3 % 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 0.5 % of the measured value in the above mentioned
measuring range

Frequency

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

Statistical Values of the Device

Device operating hours h
Range 0 to 9999999 h
Tolerance 1 h

Technical Data
11.6 Operational Measured Values and Statistical Values
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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 1 h
Circuit breaker open hours h
Range 0 to 9999999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999999999
Tolerance None

Technical Data
11.6 Operational Measured Values and Statistical Values
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CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level Time (in ms) Max. Number of Ticks CP300
Fast Event-Triggered <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 101 Ticks in Fast Event-Triggered level

104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level

Tint Number of internal connections between 2 CFC blocks in one chart
TBlock Used ticks per CFC block (see Table 11-1)

Table 11-1 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

11.7
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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

Technical Data
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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

Technical Data
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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

Technical Data
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1MRK 506 148-BEN
Revision: -

Issued: March 2003
Data subject to change without notice

�������� • 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 dis-
tance protection functions (ZCOM)

- Current reversal and WEI logic for dis-
tance protection (ZCAL)

- Radial feeder protection (PAP)

- Automatic switch onto fault logic (SOTF)

- Local acceleration logic (ZCLC)

• Line differential

- Line differential protection (DIFL)

- Charging current compensation (CCC)

• Current

- Instantaneous overcurrent protection 
(IOC)

- Time delayed overcurrent protection 
(TOC)

- Two step time delayed phase overcur-
rent protection (TOC2)

- Two step time delayed directional phase 
overcurrent protection (TOC3)

- Thermal overload protection (THOL)

- Stub protection (STUB)

- Breaker failure protection (BFP)

- Definite and inverse time-delayed resid-
ual overcurrent protection (TEF)

- Scheme communication logic for resid-
ual overcurrent protection (EFC)

- Current reversal and weak end infeed 
logic for residual overcurrent protection 
(EFCA)

- Sensitive directional residual overcur-
rent protections (WEF1)

- Sensitive directional residual power pro-
tection (WEF2)

- Four step residual overcurrent protec-
tion (EF4)

• Voltage

- Time delayed undervoltage protection 
(TUV)

- Time delayed overvoltge protection 
(TOV)

• Power system supervision

- Broken conductor check (BRC)

- Loss of voltage check (LOV)

- Overload supervision (OVLD)

- 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)

- Single command (CD)

- Multiple command (CM)

• Logic

- Trip logic (TR)

- Pole discordance protection (PD)

- High speed binary output logic (HSBO) - Communication channel test logic 
(CCHT)
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• Serial communication

- Simultaneous dual protocol serial com-
munication 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)

- Trip value recorder

- Monitoring of AC analogue measure-
ments

- Monitoring of DC analogue measure-
ments

- Increased measuring accuracy

• Additional logic function blocks

• Hardware

- 18 LEDs for extended indication capabi-
liteis

• Several input/output module options includ-
ing measuring mA input module (for trans-
ducers)

• Versatile local human-machine interface 
(HMI)

• Extensive self-supervision with internal 
event recorder

• Time synchronization with 1 ms resolution

• Four independent groups of complete set-
ting parameters

• Powerful software PC ‘tool-box’ for moni-
toring, evalution and user configuration

����� Type tested software and hardware that com-
ply 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.

All serial data communication is via optical 
connections to ensure immunity against dis-
turbances.

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 flexibil-
ity makes this product an excellent choice for 
both new installations and the refurbishment 
of existing installations.

�������� ����������
The platform hardware and common software 
functions are included for all REx 5xx termi-
nals. It is the foundation on which all termi-
nals are built. Application specific modules 
and functions are added to create a specific 
terminal type or family.

�����
The REx 5xx platform consists of a case, 
hardware modules and a set of basic func-
tions.

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 require-
ments 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 applica-
tions. 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 termi-
nal type or family.
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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. 

 �����
�������

����������
Common functions are the software functions 
that always are included in the terminals.

!�����"�#���������
$!%&�'

����������
Use the time synchronization source selector 
to select a common source of absolute time 
for the terminal when it is a part of a protec-
tion system. This makes comparison of 
events and disturbance data between all ter-
minals in a system possible.

����������"
Two main alternatives of external time syn-
chronization are available. Either the syn-
chronization 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.

(���������������������$)��'

����������
Use the four sets of settings to optimize the 
terminals operation for different system con-
ditions. By creating and switching between 
fine tuned setting sets, either from the human-
machine interface or configurable binary 

inputs, results in a highly adaptable terminal 
that can cope with a variety of system scenar-
ios.

����������"
The GRP function block has four functional 
inputs, each corresponding to one of the set-
ting groups stored within the terminal. Acti-
vation of any of these inputs changes the 
active setting group. Four functional output 
signals are available for configuration pur-
poses, so that continuous information on 
active setting group is available.

(���������*����$+&%'

����������
Unpermitted or uncoordinated changes by 
unauthorized personnel may cause severe 
damage to primary and secondary power cir-
cuits. Use the setting lockout function to pre-
vent 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.

����������"
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 NONE-
NOSIGNAL.

The function permits remote changes of set-
tings 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 human-
machine communication remain intact. This 
means that an operator can read all distur-
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bance reports and other information and set-
ting values for different protection parameters 
and the configuration of different logic cir-
cuits.

%,-��"�����������������.��#�
��������/������������$%-�'

����������
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.

(���������/�����$%0!'

����������
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 func-
tion

• Checking of digitized measuring signals

• Checksum verification of PROM contents 
and all types of signal communication

�������������1���*�

����������
The user can with the available logic function 
blocks build logic functions and configure the 
terminal to meet application specific require-
ments. 

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 cre-
ate 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 config-
urable logic circuits.

����������"
The functionality of the additional logic func-
tion blocks are the same as for the basic logic 
functions, but with an extended number of 
blocks.

%/�����������1���*�$%02'
The inverter function block INV has one 
input and one output, where the output is in 
inverse ratio to the input. 

-���������1���*�$-�'
The OR function is used to form general 
combinatory expressions with boolean vari-
ables. The OR function block has six inputs 
and two outputs. One of the outputs is 
inverted.

�0���������1���*�$�0�'
The AND function is used to form general 
combinatory expressions with boolean vari-
ables.The AND function block has four 
inputs and two outputs. One of the inputs and 
one of the outputs are inverted.

!������������1���*�$!&'
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).

!����������������1���*�$!�'
The function block TL timer with extended 
maximum time delay at pick-up and at drop-
out, is identical with the TM timer. The dif-
ference is the longer time delay.

�������������������1���*�$!�'
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.

�3����������#��������������1���*�$!4'
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.

�3�����/��-���������1���*�$5-�'
The exclusive OR function XOR is used to 
generate combinatory expressions with bool-
ean variables. The function block XOR has 
two inputs and two outputs. One of the out-
puts is inverted. The output signal is 1 if the 
input signals are different and 0 if they are 
equal.
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(��6������.��#������"��������1���*�$(�'
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.

(��6������.��#������"��������1���*�$(&'
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.

 �������1���������������1���*�$)!'
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 set-
ting.

(����1����������������1���*�$!('
The function block TS timer has outputs for 
delayed input signal at drop-out and at pick-
up. The timer has a settable time delay. It also 
has an Operation setting On, Off that controls 
the operation of the timer.

&�/���������������$&-�'
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.

&�/��������������1���*�$&-�'
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 stor-
age for the signals and does not change any 
value between input and output.

7���*�����������������������

����������
The protection and control terminals have a 
complex configuration with many included 
functions. To make the testing procedure eas-
ier, the terminals include the feature to indi-
vidually 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 functional-
ity and to check parts of the configuration etc.

������������ ������������������$8&'

����������
The ZM distance protection function provides 
fast and reliable protection for overhead lines 
and power cables in all kinds of power net-
works. For each independent distance protec-
tion zone, full scheme design provides 
continuous measurement of impedance sepa-
rately in three independent phase-to-phase 
measuring loops as well as in three indepen-
dent phase-to-earth measuring loops.

Phase-to-phase distance protection is suitable 
as a basic protection function against two- 
and three-phase faults in all kinds of net-
works, regardless of the treatment of the neu-
tral point. Independent setting of the reach in 

the reactive and the resistive direction for 
each zone separately, makes it possible to cre-
ate 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 prefer-
ence logic, it also serves as selective protec-
tion function at cross-country faults in 
isolated or resonantly earthed networks.

Independent reactive reach setting for phase-
to-phase and for phase-to-earth measurement 
secures high selectivity in networks with dif-
ferent protective relays used for short-circuit 
and earth-fault protection.
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Figure 1: 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 protec-
tion function. Simplified setting parameters 
reduce the complexity of necessary setting 

procedures and make the operating character-
istic automatically more adjusted to the needs 
in combined networks with off-lines and 
cables.

Where:

Xph-e = reactive reach for ph-e faults

Xph-

ph

= reactive reach for ph-ph faults

Rph-e = resistive reach for ph-e faults

Rph-

ph

= resistive reach for ph-ph faults

Zline = line impedance

R

 jX

Rph-eRph-ph

Xph-e

Xph-ph

Zline
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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, paral-
lel lines, multiterminal lines, etc. Zone one, 
two and three can issue phase selective sig-
nals, 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 gener-
ally 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 gener-
ally suitable for use in non-compensated net-
works. 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. 

����������"
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 differen-
tial equation, which considers complete line 
replica impedance, as presented schemati-
cally in figure 3.

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

 R

xx00000713.vsd
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Figure 3: Schematic presentation of impedance 
measuring principle.

Settings of all line parameters, such as posi-
tive 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 simpli-
fied operating characteristic has not been 
especially requested. The earth-return com-
pensation factor for the earth-fault measure-
ment is calculated automatically by the 
terminal itself.

Voltage polarization for directional measure-
ment uses continuous calculation and updat-
ing of the positive sequence voltage for each 
measuring loop separately. This secures cor-
rect directionality of the protection at differ-
ent evolving faults within the complex 
network configurations. A memory retaining 
the pre-fault positive-sequence voltage 
secures reliable directional operation at close-
up 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.

�#�������������������$�+('
The PHS phase selection logic function is an 
independent measuring function. It comprises 
both impedance and current-based measure-
ment 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-phase-
to-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 simulta-
neous close-in faults on parallel circuits. 
Independent reactive reach settings for phase-
to-phase and phase-to-earth measurement 
secures high selectivity in networks with dif-
ferent protective relays used for short-circuit 
and earth-fault protection. 

����������"
For the impedance-based phase selection, all 
six fault loops are measured separately and 
continuously. The reactive and resistive 

Rl jXl

Rfu(t)

    i(t)

98000063.vmf

Where:

Rl = line resistance

Rf = fault resistance

Xl = line reactance

ω = 2πf

f = frequency
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reaches are independently settable for phase-
to-phase and phase-to-earth faults. Checks 
based on the level of residual current deter-
mine 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-to-
phase 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 phase-
to-phase loops of the distance protection mea-
suring zone(s) to which the current-based 
phase selection output is configured.

��.����.������������$�(�'

����������
Power swings in the system arise due to big 
changes in load, or changes in power system 
configuration due to faults and their clear-
ance. Distance protection detects these power 
swings as variations with time of the mea-
sured impedance along a locus in the imped-
ance 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 

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.

����������"
The PSD function comprises an inner and an 
outer quadrilateral measurement characteris-
tic. 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 iden-
tified by transition times longer than timer 
settings. The impedance measuring principle 
is the same as that used for the distance pro-
tection zones.  The impedance and the tran-
sient 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 fre-
quency 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 opera-
tion of the distance protection function for 
earth faults during power swing conditions.
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Figure 4: Operating principle and characteristic of the PSD function

��.����.���������$�(�'

����������
The main purpose of the PSL power swing 
logic is to secure selective and reliable opera-
tion of the distance protection for both inter-
nal 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.

����������"
The PSL is a supplementary function to the 
power swing detection function. It requires 
for its operation inputs from the distance pro-
tection function, the power swing detection 
function, etc., and the teleprotection equip-
ment, 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 pro-
tection zone(s) that are not used for the ordi-
nary distance protection, and therefore that 
are not blocked by the power swing detection 

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 detec-
tion function.It can operate in both permis-
sive overreaching (one power swing zone 
required) and permissive underreaching (two 
power swing zones required) modes. It is pos-
sible to use the same communication chan-
nels as for the normal scheme communication 
because the normal distance zones which uti-
lize these channels are blocked during power 
swings.

For single-line-to-earth faults, an alternative 
earth fault protection function, e.g. direc-
tional 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 auto-
matic reclosing cycle.

For power swings caused by external faults 
measured within the power swing characteris-
tic, stable operation is ensured in these cir-
cumstances by automatically replacing the 
output connections from the normal instanta-

jX

R

tP1
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− ⋅�� � ��1

−� ��1

� ��1

�� � ��⋅ 1

− ⋅�� � ��1

�� � ��⋅ 1

−� ��1

���1



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 11

neous direct tripping distance zone with out-
put connections from the PSL.

��������������������$�(�'

����������
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 non-
recoverable 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 protec-
tion is to detect, evaluate, and take the 
required action for pole slipping occurrences 
in the power system.

����������"
The PSP function comprises an inner and an 
outer quadrilateral measurement characteris-
tic. 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 charac-
teristics. Oscillations are identified by transi-
tion 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 sepa-
rately. 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 reclos-
ing 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 characteris-
tic. On detection of a new oscillation, the 

activation of a trip output will depend on the 
applied settings. These determine the direc-
tion of the transition for which tripping is per-
mitted, 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.

(�#����������������������
�����������������������������
$8 -&'

����������
It is not possible to set a underreaching dis-
tance protection zone to cover the full length 
of the line, and at the same time not to over-
reach 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 transmit-
ting an on/off signal, is required in each 
direction.

����������"
The ZCOM function is a logical function 
built-up from logical elements. It is a supple-
mentary function to the distance protection, 
requiring for its operation inputs from the dis-
tance protection and the teleprotection equip-
ment.

The type of communication-aided scheme to 
be used can be selected by way of the set-
tings. The ability to select which distance 
protection zone is assigned to which input of 
the ZCOM logic makes this logic able to sup-
port practically any scheme communication 
requirements regardless of their basic operat-
ing principle. The outputs to initiate tripping 
and sending of the teleprotection signal are 
given in accordance with the type of commu-
nication-aided scheme selected and the dis-
tance protection zone(s) which have operated.

When power line carrier communication 
channels are used, unblocking logic is pro-
vided which uses the loss of guard signal. 



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 12

This logic compensates for the lack of 
dependability due to the transmission of the 
command signal over the faulted line.

 ��������/������9�%�����������
������������������$8 ��'

����������
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 phenome-
non.

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 out-
put will be issued at the local end and no tele-
protection signal will be sent to the remote 
end. This can lead to time delayed tripping at 
the remote strong infeed end. The main pur-
pose of the ZCAL weak end infeed logic is to 
enhance the operation of permissive commu-
nication schemes and to avoid sequential trip-
ping when, for a fault on the line, the initial 
infeed of fault current from one end is too 
weak to operate the measuring elements.

����������"
The ZCAL function block provides the cur-
rent reversal and weak end infeed logic func-
tions 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 trip-
ping 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 condi-
tion, 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 

tripping, outputs for the faulted phase(s) are 
provided. Undervoltage detectors are used to 
select the faulted phase (s).

������������������������$���'

����������
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.

����������"
The PAP function performs the phase selec-
tion using the measured voltages. Each phase 
voltage is compared to the opposite phase-
phase voltage. A phase is deemed to have a 
fault if its phase voltage drops below a setta-
ble 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 com-
munications 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 indepen-
dently 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 trip-
ping for single-phase faults. Three-pole 
delayed tripping for single-phase faults is also 
dependent on the selection to enable or dis-
able three-pole tripping. For single-phase 
faults, it is possible to include a residual cur-
rent 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 
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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 auto-
matic recloser.

�����������.���#�����������
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The main purpose of the SOTF switch-on-to-
fault function is to provide high-speed trip-
ping 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 recom-
mended 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-direc-
tional distance zones also gives fast fault 
clearance when energizing a bus from the line 
with a short-circuit fault on the bus.

����������"
The SOTF function is a logical function built-
up from logical elements. It is a complemen-
tary function to the distance protection func-
tion.

It is enabled for operation either by the close 
command to the circuit breaker, by a nor-
mally 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.

������������������������$8 � '

����������
The main purpose of the ZCLC local acceler-
ation logic is to achieve fast fault clearance 
for faults anywhere on the whole line for 
those applications where no communication 
channel is available.

����������"
The ZCLC function is a complementary func-
tion 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.

��������������� �������������������������
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Current line-differential protection compares 
the currents entering and leaving the pro-
tected overhead line or cable. The differential 
function offers phase-segregated true current 
differential protection for all networks. Cur-
rent comparison on a per phase basis obviates 
the problem of the current summation 
approach and provides phase selection infor-
mation for single-pole tripping.

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 inter-
vals to provide correct synchronization of 
local clocks. The transmission time compen-
sation is based on the assumption that the 
transmission time is the same in both direc-
tions.
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Two independent binary signals can be trans-
mitted from one line side to the other through 
the differential communication link for infor-
mation 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 cur-
rent high enough to significantly influence 
the necessary setting level and thus the sensi-
tivity to avoid unwanted tripping of the dif-
ferential protection. The charging current 
compensation function, CCC, therefore 
becomes an essential part of the line differen-
tial protection to avoid the risk of unwanted 
tripping with maintained high sensitivity.

Compensation at both line ends is recom-
mended, 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 set-
ting, switches automatically from the com-
pensated value (IMinOpComp) to the non 
compensated one (IMinOP).

����������"
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 func-
tion supervision, CT saturation detection, 
synchronisation of terminals, transfer trip sig-
nals etc.

The differential measurement is stabilised 
phase by phase with the current scalar sum, 
see figure 5. The degree of stabilisation is set-
table.

All currents are individually supervised by 
the patented CT saturation detection algo-
rithm, 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.
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Figure 5: Operating characteristic

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 infor-
mation 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 con-
tinuously calculates the line capacitive charg-
ing 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 vectori-
ally subtracted from the measured line current 
to form a compensated current which is sent 
to the terminal at the other line end. The com-
pensated current is considered in the differen-
tial algorithm.

Blocking of CCC for fuse failure or opened 
line is achieved by correctly configuring the 
two dedicated functional inputs VTSU and 

IDiff ILocal IRemote+=

IBias

ILocal IRemote+

2
-------------------------------------------=

IBias( ) Evaluate Max IBias( )Own phase[ ]  OR 0.5 IBias( )Other phases⋅[ ]{ }=
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CBOPEN. These functional inputs appear in 
the line differential function block (DIFL) 
when the option CCC is available.
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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 oper-
ate 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 impor-
tant to maintain system stability.

The instantaneous residual overcurrent pro-
tection can be used in a number of applica-
tions. 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 protec-
tion is blocked from the fuse supervision 
function

����������"
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 sig-
nal 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.

!��������"����/������������6
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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 func-
tions, 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 time delayed residual overcurrent protec-
tion 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.

����������"
The current measuring element continuously 
measures the current in all three phases and 
compares it to the set operate value IP>. A fil-
ter 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 sig-
nals TRP and TRIP.

The residual current measuring element con-
tinuously 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 acti-
vated. The timer tN is activated and the 
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residual overcurrent trip signal TRN is acti-
vated 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.

!.����������������"����#����
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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.

����������"
The current measuring element continuously 
measures the current in all phases and com-
pares it to the set operate value for the two 
current stages. A filter ensures immunity to 
disturbances and dc components and mini-
mizes 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 tMin-
Inv 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 addi-
tional 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 func-
tions. Each current stage can also be individu-
ally blocked. 
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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 sug-
gested to use line differential protection or 
distance protection function.

����������"
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 mini-
mizes 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 tMin-
Inv 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 func-
tion at close-in three-phase faults. The direc-
tional element relay characteristic angle 
(RCA) and operate angle are settable in wide 
ranges.

The input signal BLOCK blocks all func-
tions. Trip from each current stage can also be 
individually blocked. 
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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 compen-
sation gives a reliable thermal protection even 
when the ambient temperature has large vari-
ations.

����������"
The final temperature rise of an object rela-
tive the ambient temperature is proportional 
to the square of the current. The rate of tem-
perature rise is determined by the magnitude 
of the current and the thermal time constant 
of the object. The same time constant deter-
mines the rate of temperature decrease when 
the current is decreased.

The thermal overload function uses the high-
est phase current. The temperature change is 
continuously calculated and added to the fig-
ure 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 compensa-
tion 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 dura-
tion of 50 ms. The output signal THOL--
START remains activated as long as the cal-
culated 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.

(��1�����������$(!:7'
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The stub protection operates for faults in the 
parts of 1 1/2 and ring bus station configura-
tions, which cannot be protected by the dis-
tance 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 oper-
ate only under special external conditions.

����������"
The function operates as a three phase instan-
taneous 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 protec-
tion is settable over a wide range.

7���*���������������������$7��'
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In many protection applications local redun-
dancy is used. One part of the fault clearance 
system is however never duplicated, namely 
the circuit breaker. Therefore a breaker fail-
ure protection can be used.

The breaker failure protection is initiated by 
trip signals from different protection func-
tions within or outside the protection termi-
nal. 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 pro-
tected 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.

����������"
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 per-
sists 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). 



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 19

Correct operation at evolving faults is 
ensured by phase segregated starting com-
mand, 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.
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Use the dependent and independent time 
delayed residual overcurrent functions in sol-
idly 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 protec-
tion is required. It offers also a very fast back-
up earth fault protection for the part of a 
transmission line, closest to the substation 
with the protection.

The nondirectional residual overcurrent pro-
tection 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 protec-
tion can be used in a number of applications:

1. Main protection for phase to earth faults 
on the radial lines in solidly earthed sys-
tems. Selectivity is achieved by using 
time delayed function according to prac-
tices 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 sys-
tem. The directional function can be used 
in an permissive overreach communica-
tion scheme or a blocking scheme. In this 
application the directional residual over-
current function is used together with the 
communication logic for residual overcur-
rent protection.

3. Back-up protection for phase to earth 
faults for lines in solidly earthed systems. 
By using the directional residual protec-

tion as back-up function, the back-up fault 
clearance time can be kept relatively short 
together with the maintained selectivity.

4. Etc.

����������"
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 trans-
former 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 protec-
tion can have directional function. The resid-
ual 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.
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The EFC directional comparison function 
contains logic for blocking overreaching and 
permissive overreaching schemes. The func-
tion is applicable together with TEF time 
delayed directional residual overcurrent pro-
tection 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 com-
plementary additional communication logic 
EFCA, if the weak infeed and/or current 
reversal conditions are expected together with 
permissive overreaching scheme.
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The communication logic for residual over-
current protection contains logics for block-
ing overreach and permissive overreach 
schemes.

In the blocking scheme a signal is sent to the 
remote end of the line if the directional ele-
ment, 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 for-
ward direction, a trip signal will be sent after 
a settable time delay.

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 accel-
eration signal is received and the directional 
element, in the directional residual overcur-
rent 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.

 ��������/���������.��*����
��������������������������/��6
�����������������$�� �'

����������
The EFCA additional communication logic is 
a supplement to the EFC scheme communica-
tion logic for the residual overcurrent protec-
tion.

To achieve fast fault clearing for all earth 
faults on the line, the TEF earth-fault protec-
tion function can be supported with logic, that 
uses communication channels. REx 5xx ter-
minals have for this reason available addi-
tions to scheme communication logic.

If parallel lines are connected to common 
busbars at both terminals, overreaching per-
missive 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 

avoid this type of disturbance, a fault current-
reversal 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 ter-
minal. To overcome these conditions, weak 
end infeed (WEI) echo logic is used.
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The reverse directed signal from the direc-
tional residual overcurrent function, starts the 
operation of a current reversal logic. The out-
put signal, from the logic, will be activated, if 
the fault has been detected in reverse direc-
tion for more than the tPickUp time set on the 
corresponding timers. The tDelay timer 
delays the reset of the output signal. The sig-
nal blocks the operation of the overreach per-
missive scheme for residual current, and thus 
prevents unwanted operation due to fault cur-
rent reversal.

The weak end infeed logic uses normally a 
forward and reverse signal from the direc-
tional 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 resid-
ual voltage is above the set operate value for 
3U0>.
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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 magni-
tude of the fault current is almost independent 
on the fault location in the network.

The protection uses the residual current com-
ponent 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 -
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90° in an isolated system. The characteristic 
angle is chosen to 0° in compensated systems.
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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 func-
tions 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 charac-
teristic 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 set-
ting this is another criterion for the operation 
of the protection. If both the criteria are ful-
filled and the set time delay has elapsed, the 
function will give a trip signal.

Due to the demands on accuracy and sensitiv-
ity for this function, special current input 
transformers must be used.
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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 magni-
tude of the fault current is almost independent 
on the fault location in the network.

The protection uses the residual power com-
ponent 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.
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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 charac-
teristic angle direction.

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 refer-
ence setting. If the power is larger than the 
setting this is one criterion for function of the 
protection. The voltage and current measure-
ment are two other criteria that must be ful-
filled for function. The information on power 
is the input to a dependent time delay func-
tion. 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 sensitiv-
ity for this function, special current input cir-
cuits must be used.

��������������������/���������
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Use the four step earth fault overcurrent pro-
tection in solidly earthed systems in a similar 
way as a distance protection. As the majority 
of faults involve earth connection, the protec-
tion 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 direc-
tional and delayed step 2. Step 2 will also 
detect and trip earth faults on the remote bus-
bar. The directional step 3 has a longer time 
delay and will act as a selective protection for 
earth faults with some degree of fault resis-
tance. 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 communi-
cation logic for residual overcurrent protec-
tion, in order to realize blocking or 
permissive overreaching communication 
schemes.

����������"
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 
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for step 4 can be selected between indepen-
dent 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:

• Direction, forward or reverse direction to 
the fault. The residual current component 
lagging the reference (-3.U0) voltage 65° 

is derived. If this current component is 
larger than the directional current setting, 
forward direction is detected.

• The second harmonic of the residual cur-
rent 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.

2������ !��������"�������/�������
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The time delayed undervoltage protection 
function, TUV, is applicable in all situations, 
where reliable detection of low phase volt-
ages 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 protec-
tion system.

!��������"����/��/�������
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The time delayed phase overvoltage protec-
tion is used to protect the electrical equip-
ment 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 sys-
tems.

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.
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The phase overvoltage protection function 
continuously measures the three phase volt-
ages 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 tim-
ers (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 resid-
ual voltage is larger than the preset value 
(starting) and remains high longer than the 
time delay setting (trip).

��.����"�����
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The main purpose of the BRC broken con-
ductor check function is the detection of bro-
ken conductors on protected power lines and 
cables (series faults). It is also able to detect 
interruptions in the secondary current cir-
cuits.

����������"
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 

compares the magnitude of the minimum cur-
rent 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.

��������/��������#��*�$�-2'
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The loss of voltage detection, LOV, is suit-
able for use in networks with an automatic 
restoration function. The LOV function 
issues a three-pole trip command to the cir-
cuit breaker, if all three phase voltages fall 
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below the set value for a time longer than 7 
seconds, and the circuit breaker remains 
closed.

����������"
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 sec-
onds timer. Additionally, the function is auto-
matically 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 infor-
mation signals, by their connection to dedi-
cated 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.
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The overload protection, OVLD, prevents 
excessive loading of power transformers, 
lines and cables.

Alternative application is the detection of pri-
mary current transformer overload, as they 
usually can withstand a very small current 
beyond the rated value.

����������"
The function continuously measures the three 
phase currents flowing through the terminal. 
If any of the three currents is beyond the pre-
set overcurrent threshold for a time longer 
than the preset value, a trip signal is acti-
vated.
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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.

����������"
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. 
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Faulty information about current flows in a 
protected element might influence the secu-
rity (line differential protection) or depend-
ability (line distance protection) of a 
complete protection system. 

The main purpose of the current circuit super-
vision function is to detect different faults in 
the current secondary circuits and influence 
the operation of corresponding main protec-
tion functions.

The signal can be configured to block differ-
ent protection functions or initiate an alarm.

����������"
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.

The function issues an output signal when the 
difference is greater than the set value.
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The fuse failure supervision function, FUSE, 
continuously supervises the ac voltage cir-
cuits between the voltage instrument trans-
formers and the terminal. Different output 
signals can be used to block, in case of faults 
in the ac voltage secondary circuits, the oper-
ation of the distance protection and other 
voltage-dependent functions, such as the syn-
chro-check function, undervoltage protection, 
etc.

Different measurement principles are avail-
able for the fuse failure supervision function.

The FUSE function based on zero sequence 
measurement principle, is recommended in 
directly or low impedance earthed systems.
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The FUSE function based on the negative 
sequence measurement principle is recom-
mended 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.
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The FUSE function based on the negative 
sequence measurement principle continu-
ously 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 continu-
ously 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 mea-
sured 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 volt-
age amplitude without a sufficient change in 
current amplitude is detected in each phase 
separately. This check is performed if the cir-
cuit breaker is closed. Information about the 

circuit breaker position is brought to the func-
tion 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 mea-
sured phase voltages also when the additional 
delta current and delta voltage algorithm is 
not present in the function block.

2�����������������������/�����
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The main purpose of the voltage transformer 
supervision function is to indicate failure in 
the measuring voltage from a capacitive volt-
age transformer.

����������"
The voltage transformer supervision function 
checks all of the three phase-phase voltages 
and the residual voltage. If the residual volt-
age 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.
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The main purpose of the synchrocheck func-
tion is to provide controlled closing of circuit 
breakers in interconnected networks.

The main purpose of the energizing check 
function is to facilitate the controlled recon-
nection 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 break-
ers when two asynchronous systems are 
going to be connected. It is used for slip fre-
quencies that are larger than those for synch-
rocheck.

The phasing function is only available 
together with the synchrocheck and energiz-
ing check functions.

To meet the different application arrange-
ments, a number of identical SYN function 
blocks may be provided within a single termi-
nal. 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.

����������"
The synchrocheck function measures the con-
ditions across the circuit breaker and com-
pares them to set limits. The output is only 
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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 mea-
sured 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 fre-
quency. 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 neces-
sary voltage selection. For single circuit 
breaker arrangements, selection of the correct 
voltage is made using auxiliary contacts of 
the bus disconnectors. 
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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 capabil-
ity, 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.
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The AR function is a logical function built up 
from logical elements. It operates in conjunc-
tion with the trip output signals from the line 
protection functions, the OK to close output 

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 protec-
tion 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.
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The terminals may be provided with a func-
tion to receive signals either from a substa-
tion 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 con-
trol 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.

����������"
The single command function consists of a 
function block CD for 16 binary output sig-
nals.

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 configura-
tion tool.

The output signals, here OUT1 to OUT16, 
are then available for configuration to built-in 
functions or via the configuration logic cir-
cuits to the binary outputs of the terminal.
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The terminals may be provided with a func-
tion to receive signals either from a substa-
tion 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 ter-
minal 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.

����������"
One multiple command function block CM01 
with fast execution time also named ���	
��
���	������
�	����������	��������������� 
and/or 79 multiple command function blocks 
CM02-CM80 with slower execution time are 
available in the REx 5xx terminals as options. 

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 cir-
cuits 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 config-
ured INTERVAL time.
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The main purpose of the TR trip logic func-
tion 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 trip-
ping is required for single-phase faults, and/
or two-pole tripping is required for two-phase 
faults, e.g. on double circuit parallel lines.

����������"
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 protec-
tion 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 segre-
gated inputs for this, as well as inputs for 

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 segre-
gated 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 imped-
ance tripping (e.g. carrier-aided tripping com-
mands from the scheme communication 
logic), and one for earth fault tripping (e.g. 
tripping output from a residual overcurrent 
protection). Additional logic secures a three-
pole final trip command for these protection 
functions in the absence of the required phase 
selection signals.

The expanded TR function has three trip out-
puts, 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 pro-
vided which disables single- and two-pole 
tripping, forcing all tripping to be three-pole.
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Breaker pole position discordance can occur 
on the operation of a breaker with indepen-
dent 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 dis-
cordance 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.

����������"
The operation of the pole discordance logic, 
PD, is based on checking the position of the 
breaker auxiliary contacts. Three parallel nor-
mally open contacts in series with three nor-
mally closed contacts in parallel of the 
respective breaker poles form a condition of 
pole discordance, connected to a binary input 
dedicated for the purpose.
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The time taken for signals to be transferred 
from binary inputs to protection functions, 
and from protection functions to binary out-
puts 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 con-
nections to/from the binary outputs/inputs in 
a more direct way than with the regular I/O 
connections.

����������"
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.

The ‘fast’ connections to and from the HSBO 
logic comprise so called hard connections in 
software. This configuration is made inter-
nally and cannot be altered. The only excep-
tions are the connections to the binary outputs 
where limited configuration is possible, and 
required, on the part of the user.
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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 indi-
cate the result of the test.

����������"
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.

(�����������������
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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 config-
ured independent of each other, each with dif-
ferent functionalities regarding monitoring 
and setting of the functions in the terminal.
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This communication bus is mainly used for 
SMS. It can include different numerical 
relays/terminals with remote communication 
possibilities. Connection to a personal com-
puter (PC) can be made directly (if the PC is 
located in the substation) or by telephone 
modem through a telephone network with 
CCITT characteristics.
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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.
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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.
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As an alternative to the SPA communication 
the same port can be used for the IEC com-
munication. The IEC 60870-5-103 protocol 
implementation in REx 5xx consists of these 
functions:

• Event handling

• Report of analog service values (measure-
ments)

• Fault location

• Command handling

- Autorecloser ON/OFF

- Teleprotection ON/OFF

- Protection ON/OFF

- LED reset

- 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 distur-
bance 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.
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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.
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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 hard-
ware needed for applying LON communica-
tion 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 ter-
minals from a Personal Computer (PC), the 
SMS 510, software or/and the application 
library LIB 520 together with MicroSCADA 
is needed.
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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 nor-
mally used to indicate positions of high-volt-
age apparatuses. With this event function 
block, data also can be sent to other terminals 
over the interbay bus.

����������"
As basic, 12 event function blocks EV01-
EV12 running with a fast cyclicity, are avail-
able in REx 5xx. When the function Appara-
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tus control is used in the terminal, additional 
32 event function blocks EV13-EV44, run-
ning with a slower cyclicity, are available.

Each event function block has 16 connecta-
bles 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.

�/����������$ 0'
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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. 

����������"
The function block has six inputs for increas-
ing the counter values for each of the six 
counters respectively. The content of the 
counters are stepped one step for each posi-
tive edge of the input respectively. 

The function block also has an input BLOCK. 
At activation of this input all six counters are 
blocked.

&������� ��������������������$+�=�
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Each LED indication on the HMI LED mod-
ule 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 indica-
tion 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.

����������"
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 indi-
vidually. 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.

������1�����������$���'
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Use the disturbance report to provide the net-
work operator with proper information about 
disturbances in the primary network. The 
function comprises several subfunctions 
enabling different types of users to access rel-
evant information in a structured way.

Select appropriate binary signals to trigger 
the red HMI LED to indicate trips or other 
important alerts.

����������"
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 lat-
est occurring disturbances. Data is collected 
during an adjustable time frame, the collec-
tion 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-
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lection. Both over levels and under levels are 
available. The trigger is common for all sub-
systems, hence it activates them all simulta-
neously.

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 con-
ditions. A disturbance report summary can be 
viewed on the local HMI.

%��������
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Use the indications list to view the state of 
binary signals during the fault. All binary 
input signals to the disturbance report func-
tion are listed.

����������"
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. Sig-
nals 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.

The indications can be viewed on the local 
HMI and via SMS.

������1������������
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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 perfor-
mance.

����������"
The disturbance recorder records both analog 
and binary signal information.

Analog and digital signals can be used as trig-
gers. 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 distur-
bance, 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-vola-
tile memory

The disturbance recordings can be viewed via 
SMS or SCS.

�/�����������

����������
Use the event recorder to obtain a list of 
binary signal events that occurred during the 
disturbance.

����������"
When a trigger condition for the disturbance 
report is activated, the event recorder collects 
time tagged events from the 48 binary signals 
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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 inter-
nal 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.

��������������$��- '
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An accurate fault locator is an essential com-
plement to the line protection. The fault loca-
tor 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.

����������"
The fault locator can be started by any inter-
nal 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 exter-
nal 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 resid-
ual 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. 

Possibility to make recalculations with 
changed parameter settings exists.

Information on the last ten disturbances is 
stored.

!����/�������������
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Use the trip value recorder to record fault and 
prefault phasor values of voltages and cur-
rents 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.

����������"
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 trig-
gered, 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 intercep-
tion. The fault values are calculated starting a 
few samples after the fault interception and 
uses samples during 1/2 - 2 periods depend-
ing on the waveform.

If no error sample is found the trigger sample 
is used as the start sample for the calcula-
tions. The estimation is based on samples one 
period before the trigger sample. In this case 
the calculated values are used both as pre-
fault and fault values.

The recording can be viewed on the local 
HMI or via SMS.

&������������ ���������
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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, reac-
tive power, frequency and the RMS voltage 
and current for each phase are calculated. 
Also the average values of currents and volt-
ages are calculated.

����������"
Alarm limits can be set and used as triggers, 
e.g. to generate trip signals.
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The software functions to support presenta-
tion of measured values are always present in 
the terminal. In order to retrieve actual val-
ues, however, the terminal must be equipped 
with the appropriate hardware measuring 
module(s), i.e. Transformer Input Module 
(TRM) or Optical Receiver Module (ORM).

&������������ ���������
�����������

����������
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.

����������"
Alarm limits can be set and used as triggers, 
e.g. to generate trip signals. 

The software functions to support presenta-
tion of measured values are always present in 
the terminal. In order to retrieve actual val-
ues, however, the terminal must be equipped 
with the mA Input Module (MIM).

%������������������������"
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Select the increased accuracy option to 
increase the measuring accuracy of analog 
input channels, thus also increasing the accu-
racy of calculated quantities such as fre-
quency, active and reactive power. 

����������"
The increased accuracy is reached by a fac-
tory calibration of the hardware. Calibration 
factors are stored in the terminal. If the trans-
former 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. 

&������ �������������������$� '
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The pulse counter logic function counts exter-
nally 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 con-
trol system or read via SPA from the station 
monitoring system as a service value.

����������"
Up to 12 inputs located on binary input mod-
ules can be used for counting of pulses with a 
frequency of up to 40 Hz. The registration of 

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 opera-
tor workplace with predefined cyclicity with-
out reset. The integration time period can be 
set in the range from 30 seconds to 60 min-
utes 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.
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Backplane module  The size of the module depends on the size of 

the case. 

Power supply module (PSM) Available in two different versions, each includ-
ing 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 infor-

mation 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 but-

tons and an optical connector for a front con-
nected PC

Signal processing module (SPM) Module for protection algorithm processing. 
Carries up to 12 digital signal processors, per-

forming all measuring functions.

&����� ����������

Milliampere input module (MIM) Analog input module with 6 independent, gal-
vanically 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 func-

tion

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 cir-
cuitry.

A/D conversion module (ADM) Used for analog to digital conversion of analog 
process signals galvanically separated by the 

TRM.
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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:

• 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 cur-
rent of the protected line but from a paral-
lel core used for CT circuit supervision 
function or independent earth fault func-
tion.

• Phase voltages

• Open delta voltage for the protected line 
(for an optional directional earth-fault 
protection)

• Phase voltage for an optional synchro-
nism and energizing check.

�,�6��/�������������$��&'
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The inputs of the A/D-conversion module 
(ADM) are fed with voltage and current sig-
nals from the transformer module. The cur-
rent 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 fil-
tered 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.

7���"�%,-�����1�������
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Input channels with high EMI immunity can 
be used as binary input signals to any func-
tion. 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.

����������"
Inputs are designed to allow oxide burn-off 
from connected contacts, and increase the 
disturbance immunity during normal protec-
tion 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 volt-
ages ensures normal operation at battery sup-
ply 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.

7���"�������������$7%&'
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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. 

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 indi-
cation purposes

&����� ����������
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The binary input module, BIM, has 16 opti-
cally isolated binary inputs. 

A signal discriminator detects and blocks 
oscillating signals. When blocked, a hystere-
sis 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.

7���"���������������$7-&'
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Use the binary output module, BOM, for trip 
output or any signalling purpose when a large 
amount of outputs is needed.

����������"
The binary output module, BOM, has 24 soft-
ware supervised output relays, pairwise con-
nected to be used as single-output channels 
with a common or as command output chan-
nels.

Figure 6: Relay pair example

%,-��������$%-&'
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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 applica-
tions where short operating time is essential, 
for example time synchronization.

����������"
The binary I/O module, IOM, has eight opti-
cally isolated inputs and ten output relays. 
One of the outputs has a change-over contact. 
The nine remaining output contacts are con-
nected 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.

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.

�����������	������	�	������������
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Use the milliampere input module, MIM, to 
interface transducer signals in the +/-20 mA 
range from for example temperature and pres-
sure transducers.

����������"
The milliampere input module has six input 
channels, each with a separate protection and 
filter circuit, A/D converter and optically iso-
lated connection to the backplane.

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 mod-
ule. The calibration circuitry monitors the 
module temperature and commences an auto-
matical calibration procedure if the tempera-
ture 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.

��.��������"��������$�(&'
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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 iso-
lated binary inputs and five binary outputs, 
out of which one binary output is dedicated 
for internal fail.

1 Output connection from relay 1

2 Common input connection 

3 Output connection from relay 2
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The 30 W power supply module, PSM, is 
used to provide power for the extended num-
ber of modules in a full width 19” unit. It has 
one binary output dedicated to internal fail.

����������"
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. 

+�������#������������
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The human machine interface is used to mon-
itor 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.

Use the terminals built-in communication 
functionality to establish SMS communica-
tion with a PC with suitable software tool. 
Connect the PC to the optical connector on 
the local HMI with the special front commu-
nication cable including an opto-electrical 
converter for disturbance free and safe com-
munication.

����%���������������
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The LED indication module is an additional 
feature for the REx 5xx terminals for protec-
tion 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 indica-
tions or alarm signals. It is located on the 
front of the protection and control terminals. 

����������"
The human-machine interface consists of:

• the human-machine interface (HMI) mod-
ule.

• the LED module.

Figure 7: 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.
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Figure 8: The LED module
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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 sig-
nals is handled by the module. Only one of 
the frequencies must be selected and used for 
all inputs.

����������"
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 termi-
nal. The received data is processed in differ-
ent ways depending on the setting of the eight 
pole dip-switch of the module.

(��������������������������
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The serial communication module for SPA/
IEC is placed in a slot at the rear part of the 
main processing module. The serial commu-
nication module can have connectors for two 
plastic fibre cables or two glass fibre 
cables.The incoming optical fibre is con-
nected to the RX receiver input and the out-
going 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.

����������"=��-0
The serial communication module for LON is 
placed in a slot at the rear part of the Main 
processing module. The serial communica-
tion 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 num-
ber on the label on the module.

������������������������
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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 hard-
ware 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 opera-
tion is recommended in order to get best sys-
tem performance.These modules are designed 

1 Three-color LEDs

2 Descriptive label, user exchangeable
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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 dis-
tances above 10 m. Special attention must be 
paid to avoid problems due to noise interfer-
ence. 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 rec-
ommended.

The fibre optical communication module can 
be used both with multi-mode and single-
mode fibres.The communication distance can 
typically be up to 30 km for single mode 
fibre, with high quality fibres even longer. 

This interface can also be used for direct con-
nection to communication equipment of type 
FOX from ABB.

The short-range fibre optical module can only 
be used with multi-mode fibre .The commu-
nication distance can normally be up to 5 km. 
This module can also be used for direct con-
nection to communication equipments of type 
21-15xx and 21-16xx from FIBERDATA

����������������
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The special front connection cable is used to 
connect a PC COM-port to to the optical con-
tact on the left side of the local HMI.

����������"
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
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Figure 10: Case without rear cover

Figure 11: Case without rear cover with 19” rack 
mounting kit

A

B C
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E

xx02000646.vsd

F

G
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J

K

xx02000647.vsd

 ������B� � 7  � � � ) + C D

6U, 1/2 x 19”

265.9

223.7 205.7

190.5

203.7 - -

6U, 3/4 x 19” 336 204.1 252.9 318 316 - 186.6 -

6U, 1/1 x 19” 448.3 430.3 428.3 465.1 482.6

The H and K dimensions are defined by the 19” rack mounting kit

(mm)
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Figure 12: Case with rear cover Figure 13: Case with rear cover and 19” rack 
mounting kit

Figure 14: Case with rear cover
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 ������B� � 7  � � � ) + % C D

6U, 1/2 x 19” 223.7 205.7 203.7 - -

6U, 3/4 x 19” 265.9 336 204.1 245.1 255.8 318 190.5 316 - 227.6 -

6U, 1/1 x 19” 448.3 430.3 428.3 465.1 482.6

The I and K dimensions are defined by the 19” rack mounting kit.

(mm)
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Flush mounting Semi-flush mounting

 ������B�

 ��6�������������$��'

�E,6� 7E,6�

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

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

A

B

C

D

E

xx02000665.vsd

F

G

xx02000666.vsd
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Figure 15: Flush mounting of side by side cases

 ������B�  ��6������������

� 7  � � � )

6U, 3/4 x 19” 326.4 259.3 352.8 190.5 34.4 13.2 ø 6.4

6U, 1/1 x 19” 438.7 259.3 465.1 190.5 34.4 13.2 ø 6.4

(mm)
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Figure 16: Wall mounting

 ������B��$��' � 7  � �

6U, 1/2 x 19” 292 267.1

6U, 3/4 x 19” 404.3 379.4 272.8 390 247

6U, 1/1 x 19” 516 491.1

80

xx02000653.vsd

E

A

B

C
D

Screws M6 or
corresponding

en02000654.vsd
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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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xx00000440.vsd
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(ADM)

INTERNAL
FAIL

(PSM)

INTERNAL
FAIL

X18:
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X18:
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11 21

13 23

501

501.24

501.22

I1

I2

I3

I4

I5

U1

U2

U3

U4

U5

(TRM)

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 EARTH-
FAULT FUNCTION
6) RESERVED FOR REF.VOLTAGE
7) OPTIONAL ON/OFF SWITCH FOR THE DC-
SUPPLY.

7)

���������/����A

The specified value of an influencing factor to which are referred the characteristics of the 
equipment.

0����������A

The range of values of an influencing quantity (factor) whithin which, under specified condi-
tions, the equipment meets the specified requirements.

-������/������A

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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!�1����A !�&=������B���F��������=�������/���������������

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

 ������B� 9���#�

6U, 1/2 x 19” ≤ 8.5 kg

6U, 3/4 x 19” ≤ 11 kg

4�����" ������/���� 0����������

Auxiliary dc voltage EL = (48 - 250) V +/- 20%

4�����" ������/���� 0����������

Current Ir = 1 or 5 A

Ir=0.1, 0.5, 1 or 5 A for I5

(0.2-30) × Ir

(0.2-15) x Ir for line differen-
tial 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 **)

or

Ur = 220 V **)

100/110/115/120 V

200/220/230/240 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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!�1���?A ��3�����"�� ������"�/���������������������������"�������
��������

!�1���GA ����������������������1����"

!�1����>A %�������

!�1�����A  �����������

!�1����	A &��#�����������

��������� ���������/���� 0���������� %������

Ambient temperature

Operative range

+20 °C

-25 °C to +55°C

-5 °C to +55 °C 0.01%/°C

Relative humidity

Operative range

10%-90%

0%-95%

10%-90% -

Storage temperature -40 °C to +70 °C - -

����������A 9��#��������
����

Ripple, in DC auxiliary voltage Max 12%

Interrupted auxiliary 
DC voltage

Without reset <50 ms

Correct function 0-∞ s

Restart time <120 s

!��� !"��������/����� �����������������

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 distur-
bance

10 V/m, 25-
1000 MHz

IEC 60255-22-3, Class III 
IEEE/ANSI C37.90.2

!��� !"��������/����� ����������������

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

!��� �����������

Immunity EN 50082-2

Emissivity EN 50081-2

Low voltage directive EN 50178

!��� !"��������/����� �����������������

Vibration Class I IEC 60255-21-1

Shock and bump Class I IEC 60255-21-2

Seismic Class I IEC 60255-21-3



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 48

!�1�����A  ��������������*

!�1����;A %�������/�������

!�1�����A !%&�=�!�����"�#��������

!�1�����A ����������������

!�1����@A �/����1����������������1���*�����1����

��������� ����

Built-in calender With leap years through 2098

���� 2����

Recording manner Continuous, event con-
trolled

List size 40 events, first in-first out

������ �������"

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

������ 2����

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

:���������� 7���* �/����1����"

6 ms AND 30 gates

OR 60 gates

INV 20 inverters

TM 10 timers

TP 10 pulse timers

SM 5 flip-flops

GT 5 gates

TS 5 timers

200 ms TL 10 timers

TQ 10 pulse timers

SR 5 flip-flops

XOR 39 gates
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:���������� 7���* �/����1����"

6 ms TP 40 pulse timers

200 ms AND 239 gates

OR 159 gates

INV 59 inverters

MOF 3 registers

MOL 3 registers

������ 2����

Operate time Typical 28 ms

Min and max Please refer to the separate isoch-
rone 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 Three phase start and trip

Setting accuracy Included in the measuring accuracy

Number of zones 3, 4 or 5, direction selectable

Impedance set-

ting range at Ir = 
1 A (to be divided 
by 5 at Ir = 5 A)

Reactive 

reach

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

Resistive 
reach

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

Fault resis-
tance

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 %

Current range (0.5-30) x Ir

Static angular 
accuracy at 0 

degrees and 85 
degrees

Voltage range (0.1-1,1) x Ur  +/- 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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������ 2����

Impedance set-
ting range 

at Ir=1 A

Reactive reach 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

Resistive reach 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

Static angular 

accuracy at 0 
degrees and 85 
degrees

Voltage range (0.1-1.1) x Ur +/-5 degrees

Current range (0.5-30) x Ir

��������� (���������� �������"

Impedance setting range 

at Ir =1A

(divide values by 5 for Ir = 
5A)

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
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!�1���	�A �������������������

!�1���	;A 8 -&�6�(�#�������������������������������������������

!�1���	�A  ��������/���������.��*���������������

��������� (���������� �������"

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

��������� (����������

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

���������

Reset ratio for impedance measuring elements 105% typically

��������� (���������� �������"

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

��������� (���������� �������"

Pickup time for current 
reversal logic

0.000-60.000 s in steps of 
0.001s

+/-0.5% +/-10ms

Delay time for reset of cur-
rent reversal output

0.000-60.000 s in steps of 
0.001s

+/-0.5% +/-10ms
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���������������

!�1���	?A �%���6��������������������������

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

��������� (���������� �������"

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

 2.5% of I 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���� �������"

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

��������� (���������� �������"

������ (���������� �������"

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

±10% of I at I >Ir
Slope 1 (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

±10% of I at I>Ir
Slope at saturation 1.60 x Ibias ±5%
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 �����

!�1����>A %- �6�%�����������/������������������

!�1�����A !- �6�!��������"����/������������������

Saturation min current (100-1000) % of (CTFactor x Ir) in 

steps of 1%

±10% of Ir at I ≤Ir

±10% of I at I >Ir
������ 2����

Operate 
time

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

������ (���������� �������"

Compensated minimum 
operate current,  IMinOp-

Comp

(20-150) % of (CTFactor x Ir) in steps of 1% ±10% of Ir at I≤Ir

±10% of I at I>Ir

Positive-sequence line 
capacitive reactance XC1

Ir=1A: (60-6000) ohm/phase in steps of 
1ohm

Ir=5A: (12-1200) ohm/phase in steps of 
1ohm

-

Zero-sequence line capaci-

tive reactance XC0

Ir=1A: (60-6000) ohm/phase in steps of 

1ohm

Ir=5A: (12-1200) ohm/phase in steps of 
1ohm

-

������ (���������� �������"

������ (���������� -�������
����

�������"

Operate cur-
rent I>>

Phase measur-
ing elements

(50-2000)% of 
I1b In steps of 
1%

- +/- 2.5 % of Ir at I ≤Ir

+/- 2.5 % of I at I > Ir
-

Residual measur-

ing elements

(50-2000)% of 

I1b In steps of 
1%

+/- 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%

������ (���������� �������"

Operate current I> Phase measuring ele-
ments

(10-400) % of I1b in 
steps of 1 %

+/- 2.5 % of Ir at I ≤ Ir
+/- 2.5 % of I 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
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Time delay Phase measuring ele-

ments

(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

Dynamic overreach at τ< 100 ms - < 5 %

������ (���������� �������"

Operate value of low set func-
tion

(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 +/- 0.5 % +/- 10 ms

Definite time delay for low set 
function

(0.000-60.000) s in step of 1ms

+/- 0.5 % +/- 10 ms

Operate value of high set 
function

(20-2000) % of I1b in steps of 1 % +/- 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

+/- 0.5 % +/- 10 ms

Static angular accuracy at 0 
degrees and 85 degrees

Voltage range (0.1-1.1) x Ur +/- 5 degrees

Current range (0.5-30) x Ir
Normal inverse characteristic

I = Imeas/Iset

IEC 60255-3 class 5 +/- 60 
ms

Very inverse characteristic IEC 60255-3 class 7.5 +/- 

60 ms

Extremely inverse characteris-

tic

IEC 60255-3 class 7.5 +/- 

60 ms

Dynamic overreach at t< 100 ms <5%

������ (���������� �������"

t 13.5
I 1–
----------- k⋅=
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������ (���������� �������"

Operate value for low set 
function

I > Low

(5-500)% of I1b in steps of 
1%

+/- 2.5% of I1r at

I ≤ I1r

+/- 2.5 % of I at I>I1r

Base current for inverse time 
calculation

I > Inv

(5-500) % of I1b in steps of 
1%

+/- 2.5 % of I1r at 

I ≤ I1r

+/- 2.5 % of I at I> I1r

Minimum operate time

tMinInv

(0.000-60.000)s in steps of 
1 ms

+/- 0.5 % +/- 10 ms

Definite time delay for low set 
function

tLow

(0.000-60.000)s in steps of 
1 ms

+/- 0.5 % +/- 10 ms

Operate value of high set 

function

I > High

(50-2000)% of I1b in steps of 

1%

+/- 2.5% of I1r at

I ≤ I1r 

+/- 2.5 % of I at I>I1r

Definite time delay for high 

set function

tHigh

(0.000-60.000) s in steps of 

1 ms

+/- 0.5 % +/- 10 ms

Normal inverse characteristic

I = Imeas/Iset

IEC 60255-3 class 5+/- 60 ms

Very inverse characteristic IEC 60255-3 class 7.5+/- 60 
ms

Extremely inverse character-

istic

IEC 60255-3 class 7.5+/- 60 

ms

Dynamic overreach at t< 100 ms <5%

������ (���������� �������"

Mode of operation Off / NonComp / Comp

( Function blocked/No temp. 
compensation/Temp. comp.)

Basic current 

IBase 

 

(10 - 200 ) % of I1b in steps 
of 1 %

+/- 2.5% of Ir

Temperature rise at IBase

TBase (0 - 100) °C in steps of 1 °C

+/- 1°C

Time constant 

tau (1 - 62) min in steps of 1 min

+/- 1 min

t 13.5
I 1–
----------- k⋅=



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 56

!�1�����A !#�������/������������������������

!�1�����A (!:7�6�(��1����������

!�1����@A 7���6�7���*��������������������

Alarm temperature

TAlarm (50 - 150) °C in steps of 1°C

Trip temperature

TTrip (50 - 150) °C in steps of 1 °C

Temp. difference for reset of 
trip 

TdReset
(5 - 30) °C in steps of 1°C

������ (���������� �������"

Upper value for mA input

MI11-1_Max -25.00 - 25.00 mA in steps of 
0.01 mA

+/- 0.5% of set value

Lower value for mA input

MI11-I_Min

 

-25.00 - 25.00 mA in steps of 

0.01 mA

+/- 0.5% of set value

Temp. corresponding to the 
MI11-1_Max setting

MI11-MaxValue
-1000 - 1000 °C in steps of 1 
°C

+/- 1% of set value +/- 1°C

Temp. corresponding to the 
MI11-1_Min setting

MI11-MinValue
-1000 - 1000° C in steps of 1 
°C

+/- 1% of set value +/- 1°C

������ (���������� �������"

Operate current I> (20-300) % of I1b +/- 2.5 % of Ir at I ≤Ir
 +/- 2.5 % of I at I > Ir

��������� (���������� �������"

Operate current (one mea-

suring element per phase)

5-200% of I1b in steps of 1% +/-2.5% of Ir at I ≤ Ir
+/-2.5% of I 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

��������� 2����

Trip operate time Max 18 ms

Reset time Max 10 ms

������ (���������� �������"
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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 mea-
surement

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

k

0.05-1.10 in steps of 

0.01

According to IEC 60255-3

Normal inverse characteristic

I = Imeas/Iset

IEC 60255-3 class 5 +/- 60 ms

Very inverse characteristic IEC 60255-3 class 7.5 +/- 60 
ms

Extremely inverse characteristic IEC 60255-3 class 7.5 +/- 60 
ms

Min. operate current for depen-
dent  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 +/- 5 % of t at  I = (1.3-29) × 3I0

Minimum polarising voltage 1 % of Ur At 50 Hz: 1% of Ur +/-5%

At 60 Hz: 1% of Ur -15% to -5%

Reset time <70 ms -

��������� (���������� �������"

Coordination timer 0.000-60.000 s in steps of 1 
ms

+/-0.5% +/-10 ms

t 13.5
I 1–
----------- k⋅=

t 5.8-1.35 ln I⋅=
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��������� (���������� �������"

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

������ (���������� �������"

Operate current (3.0 - 2000.0 ) % of Ib in 
steps of 0.1%

+/-2.5% of Ir at I ≤ Ir

+/-2.5% of I at I > Ir
Operate voltage (5.0 - 70.0) % of Ub in steps 

of 0.1%
+/-2.5% of Ur at U ≤ Ur

+/-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

������ (���������� �������"

Operate current (5.0 - 400.0) % of Ib in steps 
of 0.1%

+/-2.5% of Ir at I ≤ Ir

+/-2.5% of I at I > Ir
Operate voltage (1.0-70.0) % of Ub in steps of 

0.1%
+/-2.5% of Ur at U ≤ Ur

+/-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

Sref = (5.0 - 50.0) % of Sb in 

steps of 0.1%

IEC 60255-3 class 5 +/- 60 

ms

��������� (���������� �������"

Current level for step 1 50 - 2500% of Ib in 
steps of 1%

+/- 5 % of Ir at I≤Ir

+/- 5% of I 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

Ti Smeasured
=

k·Sref



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 59

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

+/- 5% of I 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

+/- 5% of I 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

+/- 5% of I 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

Operate value for 
directional  current 

measurement

Forward 3I0 at ϕ= 
65°

5-40% of Ib in steps of 
1%

+/- 2.5 % of Ir at I≤Ir

+/- 2.5% of I at I>Ir
Reverse 60% of Forward +/- 2.5 % of Ir at I≤Ir

+/- 2.5% of I at I>Ir
Level of harmonic restrain 20% or 32% +/- 5%

Characteristic angle

I = Imeas/Iset

65 degrees lagging +/- 5 degrees at 20 V 
and  Iset= 35 % of Ir

Normal inverse characteristic

I = Imeas/Iset

IEC 60255-3 class 5 +/- 
60 ms

Very inverse characteristic IEC 60255-3 class 7.5 

+/- 60 ms

Extremely inverse characteristic IEC 60255-3 class 7.5 

+/- 60 ms

Logarithmic characteristic +/- 5 % of t at  I = (1.3-
29) × 3I0

Switch onto fault active time 0.000 - 60.000 s in 

steps of 1 ms

+/- 0.5 %  +/-10 ms

��������� (���������� �������"

t 13.5
I 1–
----------- k⋅=

t 5.8-1.35 ln I⋅=
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!�1���;?A -/������������/�����������

������ (���������� �������"

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

������ (���������� �������"

Operate voltage 
U>

Phase measuring 
elements

(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 measur-
ing 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 measur-

ing elements

(0.000-60.000) s in steps 

of 1ms

+/- 0.5 % +/- 10 ms

��������� (���������� �������"

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

���������� (���������� �������"

Operate voltage, U< 10-100% of U1b in steps of 

1%

+/-2.5% of Ur

��������� (���������� �������"

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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������ (���������� �������"

Automatic check of dead 
line condition

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

������� (���������� �������"

Operate current I> 5-100% of I1b in steps of 1% +/-2.5% of Ir

������� (���������� �������"

Negative-sequence 
quantities:

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

������� (���������� �������"

Zero-sequence 

quantities:

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

������ (���������� �������"

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

��������� (������
����

�������"

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 0.000-
300.000 s in 
steps of 1 ms

+/- 0.5% +/- 10 ms
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��������� (���������� �������"

Frequency difference limit

Circuit breaker closing pulse dura-

tion

Circuit breaker closing time

50-500 mHz in steps of 10 mHz

0.000-60.000 s in steps of 1 ms

0.000-60.000 s in steps of 1 ms

≤20 mHz

+/-0.5% +/-10 ms

+/-0.5% +/-10 ms

��������� 2����

Bus / line voltage frequency range limit

Bus / line voltage frequency rate of change limit

+/-5 Hz from fr

<0.21 Hz/s

��������� (���������� �������"

Automatic reclosing open time:

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
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Wait time following close command 

before continuing with further reclosing 
attempts without new start signal if cir-

cuit 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

��������� 2����

Reclosing shots 1-4

Programs Three pole trip: 1

Single, two and three pole trip: 6

Number of instances Up to six depending on terminal type 
(different terminal types support dif-

ferent CB arrangements and numbers 
of bays)

Breaker closed before start 5 s

��������� (���������� �������"

��������� 2���� �������"

Setting for the minimum trip 
pulse length, tTripMin

0.000 - 60.000 s in steps of 
0.001 s

+/-0.5% +/-10 ms

������ (���������� �������"

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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��������� (���������� �������"

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 avail-
able 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 con-
dition extension after the 

BLOCK input signal resets 

0.0-90000.0 s in steps of 0.1 s +/-0.5% +/-10 ms

������� 2����

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

������� 2����

Protocol LON

Communication speed 1.25 Mbit/s

Connectors and optical fibres glass or plastic

������� 2����

Protocol IEC 60870-5-103

Communication speed 9600, 19200 bit/s

Connectors and optical fibres glass or plastic

������ 2����

Counter value 0-10000

Max. count up speed 10 pulses/s
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���� (����������

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

������ (����������

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%

���� 2����

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

U ≤ Ur 2.5% of Ur

U > Ur 2.5% of U

Current channels Dynamic range Without DC off-
set

(0.01-110) × Ir

With full DC off-
set

(0.01-60) × Ir

Resolution 0.5 % of Ir
Accuracy at rated 

frequency

I ≤ Ir +/-2.5 % of Ir
I > Ir +/-2.5 % of I
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!�1����GA ��- �6��������������

!�1���@>A &���/������$� 6��������'

������ 2����

Event buffering capacity Max. number of events/distur-
bance report

150

Max. number of disturbance 

reports

10

������ (���������� �������"

Distance to fault 
locator

Reach for Ir 
=1 A

Resistive direc-
tion

(0 - 1500) ohm/
phase

+/- 2.5 % (typi-
cal)

Reactive direc-
tion

(0 - 1500) ohm/
phase

Phase selection According to 

input signals

������ 0���������� �������"

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

+/- 2.5% of I, at I> Ir
Active power*) at |cos ϕ| ≥  0.9 +/- 5%

Reactive power*) at |cos ϕ| ≤ 0.8 +/- 7.5%

*) Measured at Ur and 20% of Ir
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!�1���@	A &���/������.��#�����������������"�$� 6��������'

&������

!�1���@�A � �6��������������������������

������ (���������� �������"

mA measuring function +/- 5, +/- 10, +/- 20 mA 0-5, 
0-10, 0-20, 4-20 mA

+/- 0.1 % of set value +/-0.005

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���������� �������"

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

+/- 0.25% of U, at U> Ur

Current (RMS) (0.2 - 2) x Ir +/- 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

0.2 x Ir < I < 2 x Ir

Active power, |cosϕ|>= 0.9 

+/- 0.5% of Pr at P <= Pr 
*),

+/- 0.5% of P at P > Pr 
*),

*) Pr: Active power at U = Ur , I = Ir and |cosϕ|= 1

������� (���������� �������"

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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!�1���@�A 7���"��������

!�1���@�A &%&�6������B���F��������=�������/���������������

%���� ��	; ��;? ����> ��		>

Binary inputs BIM: 16, IOM: 8, PSM: 4

Debounce frequency 5 Hz (BIM), 1 Hz (IOM)

Oscillating signal discrimi-

nator.* 

Blocking and release settable between 1-40 Hz

Binary input voltage RL 24/30 VDC 

+/-20%

48/60 VDC 

+/-20%

110/125 VDC 

+/-20%

220/250 VDC 

+/-20%

Power consumption (max.) 0.05 W/input 0.1 W/input 0.2 W/input 0.4 W/input

*) Only available for BIM

����������F�����" !�������(�����
����"�

�����������
����"�

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 8 A 8 A

1 s 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

Maximum capacitive load - 10 nF

4�����" ������/���� 0������
����

mA input 

module

input range +/- 20 mA -

input resistance Rin = 194 

ohm

-

power consumption each mA-module ≤ 4 W -

each mA-input ≤ 0.1 W -
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!�1���@GA  �1�������������F�������������(��,%� ��������

!�1���?>A �-0�6� �1�������������F��������������-0�1����������

!�1���?�A )��/���������������������������

!�1���?	A (#���6��������/����������

������ 2����

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

������ !"��

Optical connector Type ST

)�������1�� ����������1��

Cable connector ST connector HFBR, Snap-in connector

Fibre diameter 62.5/125 µm

50/125 µm

1 mm

Max. cable length 500 m 30 m

)�������1�� ����������1��

Cable connector ST-connector HFBR, Snap-in connector

Fibre diameter 62.5/125 µm

50/125 µm

1 mm

Max. cable length 1000 m 30 m

%���������"�� �������������������  ��������"��

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

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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!�1���?;A (#���6�������1�����������������

-���������������

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

injected power

LED

-17 dBm

LED

-22 dBm

Optical receiver

sensitivity

PIN diode

-38 dBm

PIN diode

-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

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



���������������������������
��������� �������

��������	
�
1MRK 506 148-BEN

Page 71

-������ )��������
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.

7�����#���.��������������

������������1���������������"

&�������� �

7���"�%,-�����1�������

&������������1�������

���������������

 �����

��.����"����������/����

(������"��"����������/����

�����

Basic REx 5xx platform and common functions housed in selected casing

Operator’s manual (English)

Installation and commissioning manual (English)

Technical reference manual (English)

Application manual (English)

Binary I/O resided on power supply module

A/D module

Transformer module

Line differential protection ������

Instantaneous overcurrent protection �����

Phase element

Time delayed overcurrent protection �	���

Phase element

Stub protection �
	���

Broken conductor check ����

Loss of voltage check �����

Overload supervision ������

Current circuit supervision ��	
��

 Trip logic �	�

Single, two and/or three pole trip
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&������������1�������
Add measuring capabilities by selecting input energizing options from the following tables.

Event recorder

Analog AC monitor software

Analog DC monitor software (Requires optional mA-transducer module, MIM)

REL 561 Quantity: 1MRK 002 496-AC

Default:

The terminal is delivered without loaded configuration.

����������������������������������������� ���!"�#$%�����&�� �����������������������������������

��'������(��� �������������������� ���)

Option:

Customer specific configuration On request

� �*�
� ������ +������ �������,�)

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

-���*�!�(� ���+����,� �����.�/��������������������0������� +����� �/�����$123#%���)

� �*���������� ���������������������������������������2

���������������	"�������� ������������	�����������" ��2

�����/����������������0���������������������������4����

5���������������� �����)

Optical receiver module (ORM) 1MRK 002 216-AA 

� �*�
� ������ +������ �������,�)�����������,����������� ��

��������� ��+����� ��&������/��� �����������(����& �)

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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� �*�
� ������ +������ �������,�)�! ����� �������������2

����������������,����������� ������������������������������ �

��������������������)

Rated measuring input energizing 

quantities for sensitive earth fault 
functions

I1-I4

I5

U1-U5

1 A

0.1 A

110 V

1MRK 000 157-XB

I1-I4

I5

U1-U5

5 A

0.5 A

110 V

1MRK 000 157-RB

Simplified impedance settings 1MRK 001 459-UA

� �*�6����������&����+�������� ������6
���������� ��������

78������ �����

� �*�"������� ������� ������"6
�������&���������������  �

����������������������������789278:������� �����

Full scheme distance protection $8&�68&�'

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 $�+(' 1MRK 001 456-KA

Power swing detection $�(�' 1MRK 001 456-LA

Power swing logic $�(�' 1MRK 001 456-SA

Pole slip protection $�(�' 1MRK 001 457-SA

Radial feeder protection $���' 1MRK 001 455-SA

� �*�6����������&����+�������� ������6
���������� ��������

7��8������ �����)

Scheme communication logic $8 -&' 1MRK 001 456-NA

� �*�
�������������������� ������7��8�������&��

���������������������,���� �����0��'������������ �����

�7�!�������� �����)

Current reversal and weak end infeed logic $8 ��' 1MRK 001 455-PA

Automatic switch onto fault logic $(-!�' 1MRK 001 456-RA

Local acceleration logic $8 � ' 1MRK 001 456-TA

Charging current compensation $   ' 1MRK 001 459-MA
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2������

��.����"����������/����

Instantaneous overcurrent protection $%- '

Residual element 1MRK 001 456-VA

Two step time delayed phase overcurrent protection $!- 	' 1MRK 001 459-LA

Two step time delayed directional phase overcurrent protec-

tion $!- �'

1MRK 001 457-CA

Thermal phase overload protection $!+-�' 1MRK 001 457-DA

Breaker failure protection $7��' 1MRK 001 458-AA

Time delayed overcurrent protection $!- '

Residual element 1MRK 001 456-XA

� �*������������������ ��,����������������������.�$��������������

������,������������ �+���������� ��,����������������������	.���

������ +�&���� �������������� +/���,�����������.


�������������������� ������.������������������,���� �����

0��'������������ ���������������� ��,����������������������.��!��

��������������  +�������0��������������������� ��,�������������2

���������.�$������� �����)

Four step residual overcurrent protection $��;' 1MRK 001 459-HA

Definite and inverse time delayed residual overcurrent pro-
tection $!��'

� �*����
�������������������� ������.���������������

��,���� �����0��'������������ ���������������� ��,�����2

�����������������.��!��������&������/��� +����������2

����� �� ��������+�&���� �����

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 �;.�9� 1MRK 001 457-PA

Sensitive directional residual power protection �;.��3� 1MRK 001 459-TA

Time delayed phase undervoltage protection $!:2' 1MRK 001 457-RA

Time delayed overvoltage protection $!-2'

Phase element 1MRK 001 457-GA

Residual element 1MRK 001 459-FA

� �*����
0������������� �� ������
�	������<����������� �������
.��

������ �����/������ ���������������������������  +���� ������������

������� 

Dead line detection $���' 1MRK 001 455-LA
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 �����

�����

&�������

&�����������1�������

�����������������������1���*

Fuse failure $�:(�'

� �*������<���������<���&����������������� ������-���2

��,�����7������5������������������&���������

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 $! !' 1MRK 001 455-TA

Single command $ �' 1MRK 001 458-EA

Synchrocheck $(<0', 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 $��'

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

One additional trip logic function block $!�'

Single, two and/or three pole trip 1MRK 001 459-XA

Pole discordance logic, contact based $��' 1MRK 001 458-UA

Communication channel test logic $  +!' 1MRK 001 459-NA

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

-���*�	���&����+����������� �����8��0��������������� ��������2

��������&� ���������������������� �����������

Pulse counting 1MRK 001 458-TA

Event counting 1MRK 001 445-CA

Additional gates, pulse timers and registers 1MRK 001 457-MA
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+���.���

�3�������������������1�������

 ���������������������������������������������������

����������1���"�%,-�����1�������

-���*��� +������ �������,����������& �

Second language beside English 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 

Customer specific language Contact your local ABB representative for 
availability

-���*�	�����-�&�����
�
�������������������&� ��+�������������������+

Binary signal interbay communication ��8�

One fast communication block (16 signals) 1MRK 001 455-RA

79 medium speed communication block instances 
(79*16 signals)

1MRK 001 458-YA

LED indication module (18 LEDs) 1MRK 000 008-DA

� �*����������������������������������������������� ����2

���������������� �����������+������ ������������������������

�	��������&���������)

Co-directional V.36/V.35 galvanic interface

Contra-directional V.36/V.35 galvanic interface

On request

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

� �*�	������&������&����+��<������ ������8������&����+������������ ������8����������������

������� ���+������(����������� ����$)

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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 ������B�
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.

!�1���?�A &�3�����#���.���������������������%,-��������

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

� �*�	������&������&����+������������ ������8������&����+��<������ ������8��������������

��������� ���+������(����������� ����$)

Binary output module, BOM (24 outputs in 12 
groups)

Quantity: 1MRK 000 614-AB

Milliampere input module �8�8� Quantity: 1MRK 000 284-AB

Maximum number of 

modules

Case size

3/4 x 19”

1MRK 000 151-GC

1/2 x 19”

1MRK 000 151-FC

Binary input modules 

(BIM)

8 3

Binary output mod-
ules (BOM) and binary 
input/output modules 

(IOM)

4 3

mA input modules 
(MIM)

1 1

Communication inter-
face for remote termi-

nal communication
1 1

!����������� 1 :
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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

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

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

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

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

Key switch for setting lockout Quantity: 1MRK 000 611-A

Front connection cable for PC (Opto/9-pole 

D-sub)

Quantity: 1MKC 950 001-2
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CD with all manuals Quantity: 1MRK 002 241-AA

� �*�
�����+��������&������������������� ����5������

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

For our reference and statistics we would be pleased to be provided with the following applica-

tion data:

Country: End user:

Station name: Voltage level: kV

!��#������/��/��.�1���#���

Accessories for REx 5xx*2.3 1MRK 514 009-BEN

CAP 540*1.2 1MRK 511 112-BEN

�77�����������!��#����"�����������7

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
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ii NOTE
For your own safety, observe the warnings and safety instructions contained in this document, if available.

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 modifica-
tion 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
Edition: 01.2020
Version of the product described: V8.01 and higher

Copyright
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
SIPROTEC™, DIGSI™, SIGRA™, SIGUARD™, SAFIR™, SICAM™,
and MindSphere™ are trademarks of Siemens. Any unau-
thorized 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 main-
tenance of automation, selective protection and control equipment, and operational crew in electrical installa-
tions 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 3
C53000-G5040-C074-1, Edition 01.2020



• 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 Engi-
neering 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 princi-
ples 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 infor-
mation 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 Phone: +49 (911) 433-7415
Siemens Power Academy TD Fax: +49 (911) 433-7929
Humboldtstrasse 59 E-mail: poweracademy@siemens.com
90459 Nuremberg Internet: www.siemens.com/poweracademy
Germany

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.

Preface
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.

² Comply with all instructions, in order to avoid property damage.

ii 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.

• 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).

• 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.

Used Symbols on Device

No. 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

Preface
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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

Preface
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General Device Data

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

12.1

12.1.1

Technical Data
12.1 General Device Data

SIPROTEC 5, Merging Unit 6MU85, Manual 787
C53000-G5040-C074-1, Edition 01.2020



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)

ii 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.

20 All values in combination with sensors approved by Siemens.
21 Numerical aperture (NA = sin θ (launch angle))

Technical Data
12.1 General Device Data
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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 meas-
uring 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
ground/housing

DC 3.5 kV

Permissible current overload DC 100 mA continuously

Table 12-3 Common Data for the Fast Measuring-Transducer Inputs, Voltage/Current

Conversion principle Delta-sigma (16 bit)
Insulation test voltage between the
channels

DC 3.5 kV

Insulation test voltage with respect
to ground/housing

DC 3.5 kV

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 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 –

22 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
23 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.

Technical Data
12.1 General Device Data
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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

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, PS204,
CB202)

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

Auxiliary rated voltage VH

(PS201, PS203, PS204,
CB202)

DC 24 V/DC 48 V 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

Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11,
IEC 61000-4-17

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

Inrush current ≤ 18 A

12.1.2

Technical Data
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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)
– DC AC 230 V/50 Hz AC 115 V/50 Hz
1/3 module, non-modular
Without plug-in modules

7 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 55 VA 40 VA

1/6 expansion module 3 W 6 VA 6 VA
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

Technical Data
12.1 General Device Data
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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 Approx. 3 ms
Dropout time26 Capacitive load (supply-line capaci-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

Control voltage for all modules
with binary inputs, except
module 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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 module

Range for 125 V
Control voltage

Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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)

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

12.1.3

26 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).

Technical Data
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Dropout time27 Capacitive load (supply-line capaci-
tance)

Dropout time

< 5 nF < 3 ms
< 10 nF < 4 ms
< 50 nF < 5 ms
< 220 nF < 10 ms

Control voltage for the module
IO216

Range for 220 V control voltage
Threshold pickup 158 V to 170 V
Threshold dropout 132 V to 154 V

Maximum permitted voltage 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.

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) 5 A
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

5 A

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)

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

12.1.4

27 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) 5 A
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

5 A

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 (0.0039-
in2) 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

1000 W
1000 W
550 W
300 W
240 W
120 W

In order to prevent any damage, the external protec-
tion circuit must switch off the motor in case the rotor
is blocked.

Technical Data
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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

Continuous and inching operation is not permitted.
In order to prevent any damage, the external protec-
tion circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage 250 V
Permissible continuous current per contact 5 A
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

5 A

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.

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

12.1.5
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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 
50 μm/125 μm, NA28 = 0.2 -24.0 dBm -21.0 dBm -17.0 dBm
62.5 μm/125 μm, NA28 = 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, NA28 = 0.2
Minimum 11.0 dB for 62.5 μm/125 μm, NA28 = 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

ii 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
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 –

28 Numerical Aperture (NA = sin θ [launch angle])

Technical Data
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SFP with Electrical Interface

Description SFP with RJ45 connector, for Ethernet protocols via an electrical inter-
face

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

✧ 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.

ii 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.

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

12.1.6
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Device Size
Weight of the Modular Devices

Surface-mounted device with inte-
grated 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 surface-
mounted 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-
ation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm
(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-
tion

1/3 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)

Surface-
mounted 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)

Surface-
mounted 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)

Technical Data
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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-
ation panel

75 mm x 314 mm x 337 mm
(2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm
(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.
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Tightening Torques for Terminal Screws

Type of Line Current Terminal Voltage Terminal with
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 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

ii NOTE
For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

ii NOTE
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

Technical Data
12.1 General Device Data
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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
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]

12.2

30 If provided
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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

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
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

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
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

ii 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).

12.3

31 Via binary inputs
32 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

33 When using transformer connection type 2ph, 2p. CT + IN-sep, slightly expanded tolerances occur

Technical Data
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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 undercur-
rent 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

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

12.4

Technical Data
12.4 Circuit-Breaker Restrike Protection

804 SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020



Circuit-Breaker Supervision
Setting Values

Supervision time 1.00 s to 180.00 s Increments of 0.01 s

12.5

Technical Data
12.5 Circuit-Breaker Supervision
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Overcurrent Protection, Phases

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

–

Threshold value34 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

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 undercur-
rent 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 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

12.6

12.6.1

34 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
35 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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 %)
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

36 In case that the filter response exactly matches the user-defined gain factors
37 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.
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 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 0.00 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

Approx. 10 ms

12.6.2
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Figure 12-1 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

Technical Data
12.6 Overcurrent Protection, Phases

810 SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020



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

Technical Data
12.6 Overcurrent Protection, Phases

SIPROTEC 5, Merging Unit 6MU85, Manual 811
C53000-G5040-C074-1, Edition 01.2020



[dwocpka2-080213-01.tif, 2, en_US]

Figure 12-4 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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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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 %)
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 %)

Technical Data
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

40 In case that the filter response exactly matches the user-defined gain factors
41 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.
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Overcurrent Protection, Ground

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value44 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

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 undercur-
rent 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

12.7

12.7.1

44 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
45 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value48 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

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)

12.7.2

46 Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
47 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 lrated,sec.
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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 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 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 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

3I0 measured via I449, 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 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 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
50 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
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Directional Overcurrent Protection, Phases

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 undercur-
rent 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

12.8

12.8.1

51 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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

–

12.8.2

52 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Threshold value53 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

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 See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-1Very inverse: type B

Extremely inverse: type C See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-2Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

Inverse: type C See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-3Short inverse

Long inverse See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-4Moderately inverse

Very inverse See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-5Extremely inverse

Definite inverse See chapter 12.6.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 12-6

Direction Determination

Type With healthy voltages
With voltage memory 2 s

Forward range Vref,rot ±88°

53 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 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

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

54 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Directional Overcurrent Protection, Ground

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°

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 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 undercur-
rent 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

12.9

12.9.1

Technical Data
12.9 Directional Overcurrent Protection, Ground
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

Type of characteristic curve Characteristic curves according to IEC and ANSI

12.9.2

Technical Data
12.9 Directional Overcurrent Protection, Ground
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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 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

Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

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

Short inverse
Long inverse
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

Technical Data
12.9 Directional Overcurrent Protection, Ground
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active with reduced sensitivity

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
12.9 Directional Overcurrent Protection, Ground
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Voltage Protection

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

Where
Top Operate delay
Tinv Inverse-time delay
Tadd Additional time delay (parameter Additional time delay)

12.10

12.10.1

55 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
12.10 Voltage Protection
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Where
Tinv Inverse-time delay
Tp Time multiplier (parameter Time dial)
V Measured voltage
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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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

56 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection
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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

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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

Overvoltage Protection with Negative-Sequence Voltage

Setting Values for the Function

Measuring window 1 cycle to 10 cycles Increments of 1 cycle

12.10.2

12.10.3

57 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection
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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.

Times

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)

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

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 value59 0.300 V to 340.000 V Increments of 0.001 V

12.10.4

58 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
59 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
12.10 Voltage Protection
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

60 OOT (Output Operating Time) additional delay of the output medium used, see chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection

SIPROTEC 5, Merging Unit 6MU85, Manual 837
C53000-G5040-C074-1, Edition 01.2020



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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Active

12.10.5

61 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

Technical Data
12.10 Voltage Protection
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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

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 value64 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 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

12.10.6

64 If you have selected the Method of measurement = RMS value, do not set the threshold value to less than 10 V.

Technical Data
12.10 Voltage Protection
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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 Measured undervoltage
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.

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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 1 % of the setting value or 10 ms

65 OOT (Output Operating Time) additional delay of the output medium used, see chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection
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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

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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by
increasing the measurand beyond the dropout
threshold

12.10.7

66 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection
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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

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.

Times

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

12.10.8

67 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
68 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs

Technical Data
12.10 Voltage Protection
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive, maintained;
Dropout of the pickup induced by blocking or by increasing the
measurand beyond the dropout threshold

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

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

Setting Values for Stage Types

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

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 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

12.10.9

69 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
12.10 Voltage Protection
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

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

Technical Data
12.10 Voltage Protection

844 SIPROTEC 5, Merging Unit 6MU85, Manual
C53000-G5040-C074-1, Edition 01.2020



Inrush-Current Detection
Setting Values

Operating limit Imax 0.030 A to 35.000 A
at Irated = 1 A
0.15 A to 175.00 A
at Irated = 5 A

Increments of 0.001 A
Increments of 0.01 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

Times

Operating times Approx. 29 ms

Pickup

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)

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

12.11

Technical Data
12.11 Inrush-Current Detection
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Tolerances

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

Technical Data
12.11 Inrush-Current Detection
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2nd Harmonic Detection Ground
Setting Values

Measured value IN measured
3I0 calculated

2nd harmonic content 10 % to 45 % Increments of 1%

Times

Operating times Approx. 29 ms

Pickup

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)

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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

Tolerances

Harmonics: I2nd harm/I1st harm 1 % of the setting value
for setting values l2nd harm/1st harm

12.12

Technical Data
12.12 2nd Harmonic Detection Ground
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External Trip Initiation
Setting Values

Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

Times

Operate time with time delay = 0 ms
- At initiation via binary input signal Approx. 10 ms + OOT 70.

Tolerance

Sequence tolerance for delay times 1 % of the setting value or 10 ms

12.13

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

Technical Data
12.13 External Trip Initiation 
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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 (ineffec-
tive)

Increments of 0.01 s

Dead times after trip command
(separated for all types and all
cycles)

0.00 s to 1 800.00 s or oo (ineffec-
tive)

Increments of 0.01 s

Dead time after evolving-fault
detection (separated for all cycles)

0.00 s to 1 800.00 s Increments of 0.01 s

Synchrocheck after 3-pole dead
time

None
Internal
External

Transmission delay, inter close
command

0.00 s to 300.00 s or oo (ineffec-
tive)

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

12.14

Technical Data
12.14 Automatic Reclosing
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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 1 % of the setting value or 10 ms

12.15

71 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
12.15 Current-Jump Detection
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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

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 Hz

Inactive

Tolerances

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

12.16

72 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
12.16 Voltage-Jump Detection
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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

3ph.fail. - phs.curr. jump 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

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.

Times

Pickup time Approx. 10 ms + OOT73 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time Approx. 20 ms + OOT

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

12.17

73 OOT (Output Operating Time) Additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
74 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

Technical Data
12.17 Measuring-Voltage Failure Detection
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 90 Hz
Slightly expanded tolerances

f < 10 Hz
f > 90 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

Technical Data
12.17 Measuring-Voltage Failure Detection
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Voltage-Transformer Circuit Breaker
Setting Values

Response time 0.000 s  to 0.030 s Increments of 0.001 s

12.18

Technical Data
12.18 Voltage-Transformer Circuit Breaker 
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.19

Technical Data
12.19 Voltage-Balance Supervision 
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.20

Technical Data
12.20 Voltage-Sum Supervision
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Voltage Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.21

Technical Data
12.21 Voltage Phase-Rotation Supervision 
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.22

Technical Data
12.22 Current-Balance Supervision
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Current-Sum Supervision
Setting Values

Slope factor 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

Delay failure indication 0.00 s to 100.00 s Increments of 0.01 s

Dropout Ratio

Dropout ratio Approx. 0.97

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.23

Technical Data
12.23 Current-Sum Supervision
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Current Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s  to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

12.24

Technical Data
12.24 Current Phase-Rotation Supervision 
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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

Tolerances

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

12.25

Technical Data
12.25 Temperature Supervision
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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

12.26

Technical Data
12.26 Instantaneous Tripping at Switch onto Fault 
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Broken-Wire Detection
Setting Values

Value Setting Range Increment
Mode of blocking Blocking

Automatic blocking
No blocking

-

Delta value for autoblock 0.004 I/Irated to 5.000 I/Irated 0.001

12.27

Technical Data
12.27 Broken-Wire Detection 
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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 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

12.28

Technical Data
12.28 Trip-Circuit Supervision
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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 All functions that process the measured values from this current meas-
uring point (for example, differential protection).

12.29

Technical Data
12.29 Analog Channel Supervision via Fast Current Sum 
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

12.30

Technical Data
12.30 Operational Measured Values and Statistical Values
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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

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 5) · Irated

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, Sensitive Ground-Current Transformer

3I0
Current range

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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 0.2° at rated current

Technical Data
12.30 Operational Measured Values and Statistical Values
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Power Values

Active power P W secondary
Voltage range
Current range
Frequency range

Power factor

(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
|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

Power factor

(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
|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

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

Technical Data
12.30 Operational Measured Values and Statistical Values
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Statistical Values of the Device

Device operating hours h
Range 0 to 9999999 h
Tolerance 1 h

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 1 h
Circuit breaker open hours h
Range 0 to 9999999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999999999
Tolerance None

Technical Data
12.30 Operational Measured Values and Statistical Values
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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

12.31

Technical Data
12.31 Analog-Units Function Group
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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

12.32

Technical Data
12.32 Phasor Measurement Unit
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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
• with full trimming

± 124 μA (0.62 % at 20 mA)
± 60 μA (0.3 % at 20 mA)
± 20 μA (0.1% at 20 mA)

Sampling rate ≥ 3 Hz
Number of channels per measuring transducer
module

2 or 4

Analog-digital converter 16 Bit Sigma/Delta

12.33
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Arc Protection
Setting Values

Threshold I> 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

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

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 Increments of 0.01
Channel Possible settings, application-dependent

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

Approx. 2.6 ms + OOT 76

Shortest operate time
Operating mode = Current and light

Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

12.34

76 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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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 ∞ (ineffec-

tive)
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
Voltage threshold values:
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

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-to-
phase)
0.300 V to 340.000 V (phase-to-
phase)

Increments of 0.001 V
Increments of 0.001 V

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 (synchro-
nous)
0.000 Hz to 4.000 Hz (asynchro-
nous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1 0o to 90o Increments of 1o

Adjustments of the sides:
Angle adjustment 0.0o to 360.0o Increments of 0.1o

Voltage adjustment 0.500 to 2.000 Increments of 0.001
Circuit breaker
Closing time of the circuit breaker 0.01 s to 0.60 s Increments of 0.01 s

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

12.35
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Measured Values of the Synchronization Function

Reference voltage V1
  

• 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

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

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
  
  

• Range
• Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated

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 %
1 mHz

Angle difference λ2-λ1

• Range
• Tolerance at rated frequency

In o
-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

Tolerances of the voltage settings 2 % of the pickup value or 1 V
Voltage difference V2>V1; V2<V1 1 V
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

10o for Δf > 1 Hz

Technical Data
12.35 Synchronization Function
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Closing-Circuit Supervision
Setting Values

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

12.36
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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
current threshold

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

Delay correction time -0.050 s to 0.050 s Increments of 0.001 s

Tolerances

Tolerance of the measured value make time ± 2 ms

12.37
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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 101 Ticks in Fast Event-Triggered level

104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level

Tint Number of internal connections between 2 CFC blocks in one chart
TBlock Used ticks per CFC block (see Table 12-4)

Table 12-4 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
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

12.38
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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

Technical Data
12.38 CFC
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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

Technical Data
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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

Technical Data
12.38 CFC
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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

• IEEE 1588v2/PTP
• GOOSE
• Process-bus client functionality

YES

Simultaneous support at same ETH-BD-2FO module of

• IEEE 1588v2/PTP
• GOOSE
• Merging Unit functionality
• Process-bus client functionality

NO

Simultaneous support on different ETH-BD-2FO
module of

• IEEE 1588v2/PTP (only on one ETH-BD-2FO)
• GOOSE
• Merging Unit functionality
• Process-bus client functionality

YES

Use of IEC 61850-8-1 MMS and Reports with MU func-
tionality

NO

12.39
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SIPROTEC 5 Merging Unit Functionality
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

ii 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

• IEEE 1588v2/PTP
• GOOSE
• Merging Unit functionality

YES

Simultaneous support at same ETH-BD-2FO module of

• IEEE 1588v2/PTP
• GOOSE
• Merging Unit functionality
• Process-bus client functionality

NO

Simultaneous support on different ETH-BD-2FO
module of

• IEEE 1588v2/PTP (only on one ETH-BD-2FO)
• GOOSE
• Merging Unit functionality
• Process-bus client functionality

YES

Use of IEC 61850-8-1 MMS and Reports with MU func-
tionality

NO
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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.

12.41
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Application

The 7UM512 unit is a numerical genera-
tor protection relay that provides a practi-
cal combination of protection functions
for generators. The unit contains all the
protection functions required for small
generators, such as emergency genera-
tors or private power plants. The unit is
also a module in comprehensive protec-
tion systems for large generators based
on the 7UM51 range. The 7UM51 is sup-
plemented by 7UT51 differential protec-
tion 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 ac-
cessible from the front.

Functions

The unit contains the following integrated
protection functions:
� Overcurrent–time protection (with un-

dervoltage 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) protec-

tion
� Direct coupling (for separate protection

equipment)
� Tripping circuit monitoring

Measurement method

The influences of superimposed har-
monics, high-frequency transients, tran-
sient DC current components and differ-
ing CT saturation levels is suppressed to
a large degree by the use of a powerful
microprocessor and complete digital sig-
nal processing (measured value acquisi-
tion, 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 protec-
tion 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-compat-
ible personal computer. An operating and
analysis software program DIGSI is avail-
able 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 iso-
lated V.24 interface or an 820-nm fibre-
optic interface. It is used either as a sys-
tem interface for connecting to the
SINAUT LSA substation control and
protection, i.e. to a protection data mas-
ter unit (protocol acc. to VDEW/ZVEI rec-
ommendation, 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 op-
erator is guided through the setting proc-
ess. The parameters are written into non-
volatile memories so that the settings
remain secure even during interruption of
the supply voltage.

7UM512 Generator protection relay (Version V3)

Fig. 1
7UM512 generator protection relay (V3)
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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 op-
tion of maintaining the overcurrent ex-
citation if the current returns below the
starting threshold and at the same time
the voltage drops because the excitation
system cannot be powered sufficiently.

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 circuit-
breaker 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 fre-
quency converter. It protects the genera-
tors (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 protec-
tion function evaluates a phase-to-phase
voltage. It provides two stages.

Undervoltage protection (ANSI 27)

Undervoltage protection compares a
phase-to-phase voltage with a lower limit
value. This function is used for asynchro-
nous motors and pumped–storage motor-
generators 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 be-
low 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 overfre-
quency 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 protec-
tion 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 genera-
tor.

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 cur-
rent.

7UM512 Generator protection relay (Version V3)

Fig. 2
Frequency-dependent undervoltage function (Vset < 60 V)
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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 asym-
metrical load on three-phase generators.
It works on the principle of the symmetri-
cal components and evaluates the nega-
tive system of phase currents. The heat-
ing in the generator is calculated in the
protection relay. Separately settable
warning and tripping stages compare the
calculated overtemperature with the cor-
responding threshold values. Moreover,
the unbalanced load of an independent
stage to which a delay element has been
added is evaluated.

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 dis-
placement voltage is a sufficient, selec-
tive 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 gen-
erator 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 oper-
ated in a unit connection is possible.
For the earth current, a separate current
measuring input is also available. The sta-
tor earth–fault protection function can
thus also function as a directional earth-
fault protection. It is possible to switch
between the two modes with a coupled
external binary signal (circuit-breaker
position).

7UM512 Generator protection relay (Version V3)

Fig. 3
Trip range of the unbalanced–load 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 protec-
tion 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 measur-
ing stage can be used as an alarm,
whereas the low-impedance measuring
stage can be used to disconnect the gen-
erator. Interruptions in the measuring cir-
cuit 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 informa-
tion is entered in the fault indication
memory. Such information can actuate
LEDs, alarm relays and command relays.
Each ”direct coupling” can delay the ef-
fect of the binary information by an indi-
vidual timer. The “direct coupling” func-
tion 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 (circuit-
breaker coils including incoming cables)
for correct functioning.

Operational measurement

The values acquired and calculated by the
unit can be displayed on the LD display or
on a PC. These include: Conductor cur-
rents and voltages (both primary and sec-
ondary), earth current, neutral voltage,
current positive-sequence component,
frequency, active and reactive power,
power factor, current-voltage angle, ex-
citation voltage, negative-sequence com-
ponent of the conductor currents over-
temperature due to unbalanced load.

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 num-
ber 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 activa-
tion or on trip) permits adaptation to dif-
ferent 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). Fur-
thermore, each protection function can
be switched “On” or “Off” via the opera-
tor panel. A third “Blocked” mode per-
mits 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 possibili-
ties provided, testing of and alterations to
the circuit-breaker operation can be per-
formed 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 dis-
play of indications. The storable LED dis-
plays 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.
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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

1 s
10 s

in earth current path, continuous
1 s
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

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

Voltage supply
via integrated DC/DC converter

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

Setting ranges
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Overcurrent time protection 
(ANSI 51)
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Current �>
Trip delay, resetting delay
Reset ratio (settable)
Response time
Undervoltage seal-in V<
Excitation hold time during undervoltage
Reset ratio
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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
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Over/undercurrent protection 
(ANSI 51/37)
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Current �><
Trip delay, resetting delay
Reset ratio for �>

for �<
Response time
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0.05 to 8 A
0 to 32 s
0.95
1.05
Approx. 40 ms
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DC voltage protection (V = ><)
(ANSI 64 DC)
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Voltage V = ><
Trip delay, resetting delay
Reset ratio V = >

V = <
Response time for operating state  1

   0
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0.1 to 8.5 V
0 to 32 s
Approx. 0.98
1.1
<60 ms 
<200 ms
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Overvoltage protection (ANSI 59) 
(single phase)
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Voltage V>, V>>
Trip delay, resetting delay
Reset ratio
Response time
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30 to 180 V
0 to 32 s
Approx. 0.98
Approx. 50 ms
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Undervoltage protection (ANSI 27)
(single phase, or optionally frequency-
dependent)
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Voltage V<
Trip delay, reset delay
Reset threshold (function of V–f characteristic)
Response time
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20 to 140 V
0 to 32 s
2 to 6 V above response value
Approx. 50 ms
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Frequency protection (ANSI 81) ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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Number of steps
Frequency f1, f2
Trip delay, reset delay
Reset difference
Response time
Undervoltage blocking V<
Reset ratio of the blocking
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2
40 to 65 Hz
0 to 32 s
0.1 Hz
Approx. 120 ms
40 to 100 V
1.05
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Active power protection (ANSI 32)
(reverse power protection) ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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Active power | P |> (with reference to SN)
Trip delay, reset delay
Reset ratio
Response time
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1 to 120 %
0 to 32 s
0.9 or 0.5 % of SN
� 190 ms
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Reactive power protection
(ANSI 32 VAR)
(underexcitation protection)
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Reactive power | Q |> (with reference to SN)
Trip delay, reset delay
Reset ratio
Response time
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1 to 120 %
0 to 32 s
0.9 or 0.5 % of SN
� 190 ms
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Technical data (continued)

Setting ranges (continued)Á
Á
Á
Á
Á
Á
Á

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

Unbalanced–load protection 
(ANSI 46)
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Alarm stage �2> (with reference to �N)
Delay of warning
Thermal time constant
Thermal alarm stage (with reference to the tripping overtempera-
ture)
Tripping stage �2>> (with reference to �N)
Reset ratio
Trip delay, reset delay
Response time of the independent characteristic
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3 to 30 %
0 to 32 s
100 to 2 500 s
70 to 99 %

10 to 80 %
0.95
0 to 32 s
�60 ms
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Stator earth-fault protection 
(ANSI 64)
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Displacement voltage Vearth>
Current �earth>
Angle of the directional straight line
Reset ratio Vearth / �earth
Trip delay, reset delay
Response time

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

5 to 120 V
2 to 100 mA
0 to 360°
0.7/0.95
0 to 32 s
�60 ms

Á
Á
Á
Á
Á
Á

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

Rotor earth-fault protection 
(ANSI 64R)
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Alarm stage RAlarm<
Tripping stage RTRIP<
Reset ratio
Trip delay, reset delay
Response time
Permissible rotor-earth capacitance
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3 to 30 k�
1 to 5 k�
1.25
0 to 32 s
�80 ms
0.15 to 3 �F
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Number
Trip delay t1, t2, t3, t4
Reset delay t1, t2, t3, t4
Response time
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4
0 to 32 s
0 to 32 s
<15 msÁÁÁÁÁÁÁÁÁÁ
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Switchover of the rotating field direc-
tion
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Response time
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200 ms (requirements: � < 0.1 x �N and 
V  <  0.1 x VN)
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Response tolerances under nominal
conditions
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Current
Voltage
Power
Times
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3 % of the setting value
3 % of the setting value
0.3 % of SN or 3 % of the setting value
10 ms
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Operational measured values ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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Voltage
Current
Power
Power factor
Phase angle
Unbalanced load Reverse current

Overtemperature
DC voltage
Frequency
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VPH1 – PH2, V0
�PH1, �PH2, �PH3, �pos., �0
P/SN, Q/SN
cos �
�

�2
�2TH
V =
f
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Fault data acquisition ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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Either instantaneous values (12 values per cycle)
Or calculated values (one value per cycle)

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
vPH1, vPH2, vPH3, iPH1, iPH2, iPH3, VErr
Vpos., �pos., �PH1, �PH2, �PH3, �E, cos �, f – fN

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

Contacts
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

Potential-free trip contacts

Switching capacity make
break

Permissible current continuous
0.5 s

Switching voltage
Alarm contacts
Switching capacity make/break
Permissible current
Switching voltage

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

3 x 2 NO, 2 x 1 NO 
(total of 5 trip relays)
1000 W/VA
30 W/VA
5 A
30 A
250 V DC
13
20 W/VA
1 A
250 V DC

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

Displays
Inputs

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

LED displays on the front of the unit
Optocoupler, for 24 to 250 V DC
      Current consumption independent of voltage

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

16
8
approx. 2.5 mAÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

Construction

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

For panel surface mounting
Weight approx.

For panel flush mounting, cubicle mounting
Weight approx.

Degree of protection acc. to EN 60 529

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

in housing 7XP20 40–1
12 kg
in housing 7XP20 40–2
10.5 kg
IP 51

7UM512 Generator protection relay (Version V3)
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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 con-
nection 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 �m
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 di-
rective.

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 �s, 0.5 J,
3 positive and 3 negative impulses at inter-
vals 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

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

2.5 kV (peak), 1 MHz, � = 15 �s,
400 shots/s, duration 2 s
4 / 6 kV contact discharge, 8 kV air dis-
charge, both polarities, 150 pF, Rl = 330 �

10 V/m, 27 to 500 MHz

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 ��� 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

Humidity class

–   5� to + 55�C
– 20� to + 70�C
– 25� to + 55�C
– 25� to + 70�C
Annual average �75 % relative humidity;
on 30 days/year up to 95 % relative humid-
ity; condensation not permissible

Mechanical stress tests
IEC 255–21–1, IEC 68–2

Permissible mechanical stress during service

during transport

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

7UM512 Generator protection relay (Version V3)
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Selection and ordering data

Order No.
7UM512 Generator protection relay (version V3) 7UM512 � – � � B 0 1 – 0 � B 0

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 (W x H x D in mm) 135 x 170 x 85
Coupling device 2 x 4 �F 196 x 300 x 110
Series resistor 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: Maschinenschutz 7UM512 (Version V3)
Handbuch: Maschinenschutz 7UM512 (Version V3)

E50001–K5752–A131–A2
C53000–G1100–C110–1

English

Catalog LSA 2.5.3: 7UM512 Generator protection (Version V3)
Manual: 7UM512 Generator protection (Version V3)

E50001–K5752–A131–A2–7600
C53000–G1176–C110–1

7UM512 Generator protection relay (Version V3)
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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

Fig. 7
7XP2040–2 housing (for panel flush mounting and cubicle mounting)

Front view Side view Panel cutout
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Fig. 8
7XP2040–1 housing (for panel surface mounting)
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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.

�

The technical data, dimensions and 
weights are subject to change unless
otherwise stated on the individual pages
of this catalog.

The illustrations are for reference only.

We reserve the right to adjust the prices
and shall charge the price applying on
the date of delivery.

Export Regulations

In accordance with present provisions of
the German Export List and the US Com-
mercial Control List, export licences are
not required for the products listed in this
catalog.

An export licence may however be requi-
red due to country–specific application of
the products.

Relevant are the criteria stated in the de-
livery note and the invoice.

Subject to change without notice.

Trademarks

All product designations used are trade-
marks or product names of Siemens AG
or of other suppliers.

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

Conditions of Sale and Delivery � Export Regulations � Trademarks � Dimensions

A 9.91 a



Generator Protection

Siemens LSA 2.5.3 . February 199712Siemens Aktiengesellschaft

Bereich
Energieübertragung und -verteilung
Geschäftsgebiet Sekundärsysteme
P. O. Box 48 06
D-90026 Nürnberg

Order No.: E50001-K5752–A131-A2–7600
Printed in Germany
KG K 0297 2.0 SD 12 En 321515 6101/U527

Power
Transmission
and Distribution



Overcurrent Protection / 7SJ602
SIPROTEC 7SJ602 multifunction overcurrent and motor protection relay

5/31Siemens SIP · Edition No. 7

 Function overview

Feeder protection

• Overcurrent-time protection

• Sensitive ground-fault detection 

• Directional sensitive ground-fault detection 

• Displacement voltage 

• Disk emulation

• Overload protection 

• Breaker failure protection

• Negative-sequence protection 

• Cold load pickup

• Auto-reclosure 

• Trip circuit supervision

Motor protection

• Starting time supervision

• Locked rotor

• Restart inhibit 

• Undercurrent monitoring 

• Temperature monitoring

Control functions

• Commands for control of a circuit-breaker

• Control via keyboard, DIGSI 4 or SCADA system

Measuring functions

• Operational measured values I, V 

• Power measurement P, Q, S, Wp, Wq

• Slavepointer

• Mean values

Monitoring functions

• Fault event logging with time stamp (buffered)

• 8 oscillographic fault records

• Continuous self-monitoring

Communication interfaces

• System interface 
– IEC 60870-5-103 protocol
– PROFIBUS-DP
– MODBUS RTU/ASCII

• Front interface for DIGSI 4

Hardware 

• 4 current transformers or

• 3 current + 1 voltage transformers 

• 3 binary inputs

• 4 output relays

• 1 live status contact

Fig. 5/33  SIPROTEC 7SJ602
multifunction protection relay
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Description

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 defi nite-time and inverse-time overcurrent 
protection along with overload and unbalanced-load (negative-
sequence) protection for a very comprehensive relay package.

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 ver-
sion with three current inputs (2 phase, 1 earth/ground) and one 
voltage input for directional earth (ground) fault detection.

The fl exible communication interfaces are open for modern 
communication architectures with control systems.
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Wide range of applications

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.

The SIPROTEC 7SJ602 provides defi nite-
time 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 exces-
sive loading. Asymmetric short-circuits 
with currents that can be smaller than the 
largest possible load currents or phase 
interruptions are reliably detected.

The integrated control function allows 
simple control of a circuit-breaker or 
disconnector (electrically operated/
motorized switch) via the integrated HMI, 
DIGSI or SCADA.

Fig. 5/34 Function diagram

ANSI IEC Protection functions

50, 50N I>, I>>, I>>>
IE>, IE>>

Defi nite-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 I< Undercurrent monitoring

38 Temperature monitoring via external device,
e.g. bearing temperature monitoring

74TC Trip circuit supervision breaker control

1) alternatively; see “Selection and ordering data” for details
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Fig. 5/35  Rear view of fl ush-mounting 
housing

Fig. 5/36  View from below showing 
system interface (SCADA) with 
FO connection (for remote 
communications)

Construction

The relay contains all the components
needed for

• Acquisition and evaluation of measured
values

• Operation and display

• Output of signals and trip commands

• Input and evaluation of binary signals

• SCADA interface
(RS485, RS232, fi ber-optic)

• 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 
fl ush-mounting version has terminals 
accessible from the rear. The surface-
mounting version has terminals accessible 
from the front. Retrofi tting of a com-
munication module, or replacement of an 
existing communication module with a 
new one are both possible. 

Protection functions

Defi nite-time characteristics

The defi nite-time overcurrent function 
is based on phase-selective evaluation 
of the three phase currents and ground 
current.

The defi nite-time overcurrent protection 
for the 3 phase currents has a low-set 
overcurrent element (I>), a high-set 
overcurrent element (I>>) and a high-set 
instantaneous element (I>>>). Intentional trip delays can be set 
from 0 to 60 seconds for all three overcurrent elements.

The defi nite-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.

Inverse-time characteristics

In addition, inverse-time overcurrent protection characteristics 
(IDMTL) can be activated.

Reset characteristics

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 character-
istic (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 emula-
tion).

Fig. 5/37  Defi nite-time overcurrent 
characteristic

Fig. 5/38  Inverse-time overcurrent 
characteristic
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(Sensitive) directional ground-fault detection (ANSI 64, 67Ns)

The direction of power fl ow 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 low-
resistance grounded networks with ohmic-inductive current, 
the tripping characteristics can be rotated approximately ± 45 
degrees (cosine/sinus).

Two modes of ground-fault direction detection can be imple-
mented: tripping or in “signalling only mode”.

It has the following functions:

• TRIP via the displacement voltage VE.

• Two instantaneous elements or one instantaneous plus one 
inverse characteristic. 

• Each element can be set in forward, reverse, or non-
directional.

(Sensitive) ground-fault detection (ANSI 50Ns, 51Ns/50N, 51N)

For high-resistance grounded networks, a sensitive input 
transformer is connected to a phase-balance neutral current 
transformer (also called core-balance CT).

Thermal overload protection (ANSI 49)

The thermal overload protection function provides tripping 
or alarming based on a thermal model calculated from phase 
currents.

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.

Thermal overload protection without preload:

For thermal overload protection without consideration of the 
preload current, the following tripping characteristic applies only 
when 

I ≥ 1.1 · IL

For different thermal time constants TL, the tripping time t is 
calculated in accordance with the following equation:

      

t =
35

I
IL

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

−1

⋅ TL

I  = Load current

IL  = Pickup current

TL  = Time multiplier

The reset threshold is above 1.03125 · I/IN 

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).

      

t = t ⋅ ln

I
k⋅ IN

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

−
Ipre

k⋅ IN

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

I
k⋅ IN

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

−1

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
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Fig. 5/40  Tripping characteristics of the negative-sequence protection function

Breaker failure protection (ANSI 50BF)

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 protec-
tion which operates the circuit-breaker, 
e.g. of an upstream (higher-level) protec-
tion relay. Breaker failure is detected if 
after a trip command, current is still fl ow-
ing 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)

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 cur-
rent transformers are detected.

Furthermore, low level single-phase and two-phase short-circuits 
(such as faults beyond a transformer) as well as phase interrup-
tions can be detected.

This function is especially useful for motors since negative-
sequence 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

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 trans-
former 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.

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 auto-
matically 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.

3-pole multishot auto-reclosure (AR, ANSI 79) 

Auto-reclosure (AR) enables 3-phase auto-reclosing of a feeder 
which has previously been disconnected by overcurrent protec-
tion.

Trip circuit supervision (ANSI 74TC) 

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.
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Switch-onto-fault protection

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.

Busbar protection (Reverse interlock-
ing)

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 medium-
voltage outgoing feeders.

Fig. 5/41 Reserve interlocking
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Fig. 5/42 Starting time supervision

Fig. 5/43 Restart inhibit

Motor protection

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 trip-
ping time is calculated according to the 
following equation:

      
t TRIP=

ISTART

Irms

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

⋅ tstart max

      
for Irms > I start ,  reset ratio 

IN

ISTART

 approx. 0.94

tTRIP = tripping time

Istart  = start-up current of  the motor

tstart max  =  maximum permissible starting 
time

Irms  = actual current fl owing

Restart inhibit (ANSI 66/86)

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 suffi cient thermal reserves 
for a complete start-up.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in cur-
rent, which may occur due to a reduced 
motor load, is detected. This can cause 
shaft breakage, no-load operation of pumps or fan failure.

Temperature monitoring (ANSI 38)

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. Addition-
ally, 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”).

Additional functions

Measured values

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:

• Currents IL1, IL2, IL3, IE, IEE (67Ns)

• Voltages VL1, VE (67Ns if existing

• Power Watts, Vars, VA/P, Q, S 

• Power factor (cos φ),

• Energy ± kWh, ± kVarh, forward and reverse power fl ow

• Mean as well as minimum and maximum current, voltage and 
power values
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Communication

With respect to communication, particular 
emphasis has been placed on high levels 
of fl exibility, data integrity and utilization 
of standards common in energy automa-
tion. The design of the communication 
modules permits interchangeability. 

Local PC interface

The SIPROTEC 7SJ602 is fi tted with an 
RS232 PC front port. A PC can be con-
nected 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.

System interface on bottom of the unit

A communication module located on 
the bottom part of the unit incorporates 
optional equipment complements and 
readily permits retrofi tting. It guarantees 
the ability to comply with the require-
ments of different communication 
interfaces.

This interface is used to carry out com-
munication with a control or a protection 
system and supports a variety of commu-
nication protocols and interface designs, 
depending on the module connected.

IEC 60870-5-103 protocol

IEC 60870-5-103 is an internationally 
stan- dardized protocol for the effi cient 
communication in the protected area. 
IEC 60870-5-103 is supported by a num-
ber of protection device manufacturers 
and is used worldwide.

PROFIBUS-DP

PROFIBUS-DP is an industry-recognized 
standard for communications and is sup-
ported by a number of PLC and protection 
device manufacturers.

MODBUS RTU

MODBUS RTU is an industry-recognized 
standard for communications and is sup-
ported by a number of PLC and protection 
device manufacturers.

Fig. 5/44 RS232/RS485 electrical communication module

Fig. 5/45 PROFIBUS fi ber-optic double ring communication module

Fig. 5/46 System solution/communication
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Typical connections

CT connections

Fig. 5/47   Standard
• Phase current measured
•  Ground current measured 

(e. g. core balance CT)

Fig. 5/48   Standard connection
•  Connection of 3 CTs with 

residual connection for 
neutral fault

Fig. 5/49  • Isolated networks only

Fig. 5/47 Connection of 4 CTs with measurement of the earth (ground) current

Fig. 5/48 Connection of 3 CTs with residual connection for neutral fault

Fig. 5/49 Connection of 2 CTs only for isolated or resonant-earthed (grounded) power systems
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7SJ6022/7SJ6026 

Fig. 5/50 
 Connection of 3 CTs with measurement
of the sensitive earth (ground) current

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

Fig. 5/53 Example of typical wiring
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General unit data

CT circuits

Rated current IN

Option: sensitive ground-fault CT

Rated frequency fN

Power consumption
 Current input   at IN = 1 A

at IN = 5 A
  For sensitive ground-fault

detection at 1 A

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)

1 or 5 A (settable)

IEE < 1.6 A or < 8 A (settable)

50/60 Hz (selectable)

< 0.1 VA
< 0.3 VA
Approx. 0.05 VA

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

Power consumption at VN = 100 V

Overload capability in voltage
path (phase-neutral voltage)
 Thermal (r.m.s.)

100 to 125 V

< 0.3 VA per phase

230 V continuous

Power supply

Power supply via integrated
DC/DC converter

Rated auxiliary voltage Vaux /
permissible variations

Superimposed AC voltage, peak-
to-peak
 At rated voltage
 At limits of admissible voltage

Power consumption

Bridging time during failure/
short-circuit of auxiliary 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 %

Approx. 3 to 6 W, depending on 
operational status and selected 
auxiliary voltage

≥ 50 ms at Vaux ≥ AC/DC 110 V
≥ 20 ms at Vaux ≥ DC 24 V

Binary outputs

Trip relays

Contacts per relay

Switching capacity
 Make
 Break

Switching voltage

Permissible current
 Continuous
 For 0.5 s

Permissible total current
 For common potential:
 Continuous
 For 0.5 s

4 (confi gurable)

1 NO/form A
(Two contacts changeable to
NC/form B, via jumpers)

1000 W/VA
30 VA, 40 W resistive
25 VA with L/R ≤ 50 ms

250 V

5 A
30 A

5 A
30 A

Alarm relays 
Contacts per relay 

Switching capacity
 Make 
 Break 

Switching voltage 

Permissible current 

1

1 NO/NC (form A/B)

1000 W/VA
30 VA, 40 W resistive
25 VA with L/R ≤ 50 ms

250 V

5 A continuous

Binary inputs

Number

Operating voltage

Current consumption, indepen-
dent of operating voltage

Pickup threshold, selectable via 
bridges
 Rated aux. voltage
 DC 24/48/60/110 V        Vpickup
 DC 110/125/220/250 V Vpickup

Permissible maximum voltage

3 (confi gurable)

DC 24 to 250 V

Approx. 1.8 mA

≥ DC 19 V
≥ DC 88 V

DC 300 V

Connection (with screws)

Current terminals

 Connection ring cable lugs
 Wire size

 Direct connection

 Wire size

Voltage terminals

 Connection ring cable lugs
 Wire size

 Direct connection

 Wire size

Wmax = 11 mm, d1 = 5 mm
2.0 – 5.3 mm2 (AWG 14-10)

Solid conductor, fl exible lead, 
connector sleeve
2.0 – 5.3 mm2 (AWG 14-10)

Wmax = 10 mm, d1 = 4 mm
0.5 – 3.3 mm2 (AWG 20-12)

Solid conductor, fl exible lead, 
connector sleeve
0.5 – 3.3 mm2 (AWG 20-12)

Unit design

Housing 7XP20 

Degree of protection
acc. to EN 60529
 For the device
 in surface-mounting housing 
 in fl ush-mounting housing 
 front
 rear

For personal safety

Weight
 Flush mounting/
 cubicle mounting
 Surface mounting

For dimensions please refer
to dimension drawings, part 14

IP 51

IP 51
IP 20

IP 2x with closed protection cover

Approx. 4 kg

Approx. 4.5 kg

Serial interfaces

Operating interface

Connection

Operation

Transmission speed

Distance

At front side, non-isolated, RS232, 
9-pin subminiature connector

With DIGSI 4.3 or higher

As delivered 19200 baud, parity: 8E1
Min. 1200 baud
Max. 19200 baud

15 m
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System interface (bottom of unit)

IEC60870-5- 103 protocol

Connection

Transmission rate

Isolated interface for data trans-
mission

Min. 1200 baud, max. 19200 baud
As delivered 9600 baud

RS232/RS485 acc. to ordered version

Connection

Test voltage

RS232 maximum distance

RS485 maximum distance

9-pin subminiature connector on the 
bottom part of the housing

AC 500 V

15 m

1000 m

Fiber-optic

Connector type

Optical wavelength

Laser class 1 acc. to
EN 60825-1/-2

Permissible path attenuation

Bridgeable distance

No character position 

ST connector on the bottom part of 
the housing

λ = 820 nm

For glass fi ber 50/125 μm
or 62.5/125 μm

Max. 8 dB, for glass fi ber 62.5/125 μm

Max. 1.5 km

Selectable, setting as supplied
„light off”

PROFIBUS-DP

Isolated interface for data transfer 
to a control center

Transmission rate

Transmission reliability 

Up to 1.5 Mbaud

Hamming distance d = 4

RS485

Connection

Distance

Test voltage

9-pin subminiature connector

1000 m/3300 ft ≤ 93.75 kbaud;
500 m/1500 ft ≤ 187.5 kbaud; 
200 m/600 ft ≤ 1.5 Mbaud

AC 500 V against ground

Fiber optic

Connection fi ber-optic cable

Optical wavelength

Laser class 1 acc. to EN 60825-1-2

Permissible path attenuation

Distance

Idle state of interface

Integrated ST connector for fi ber 
optic connection

λ = 820 nm

For glass fi ber 50/125 μm 
or 62.5/125 μm

Max. 8 dB, for glass fi ber 62.5/125 μm

500 kB/s 1.6 km/0.99 miles
1500 kB/s 530 m/0.33 miles

Settable, setting as supplied “light off”

System interface (bottom of unit), cont’d

MODBUS RTU/ASCII

Isolated interface for data transfer
to a control center

Transmission rate

Transmission reliability

Up to 19200 baud

Hamming distance d = 4

RS485

Connection

Distance

Test voltage

9-pin subminiature connector

Max. 1 km/3300 ft max. 32 units
recommended

AC 500 V against ground

Fiber-optic

Connection fi ber-optic cable

Optical wavelength

Laser class 1 acc. to EN 60825-1-2

Permissible path attenuation

Distance

Idle state of interface

Integrated ST connector for fi ber 
optic connection 

820 nm

For glass fi ber 50/125 μm
or 62.5/125 μm

Max. 8 dB, for glass fi ber 62.5/125 μm

Max. 1.5 km/0.9 miles

“Light off”

Electrical tests

Specifi cations

Standards IEC 60255-5; ANSI/IEEE C37.90.0

Insulation tests

High-voltage tests (routine test) 
all circuits except for auxiliary 
voltage, binary inputs and
communication interfaces

High-voltage tests (routine test)
Auxiliary voltage and binary 
inputs

High-voltage tests (routine test) 
only isolated communication 
interfaces

Impulse voltage tests (type test) 
all circuits, except
communication interfaces

2.5 kV (r.m.s. value), 50 Hz

DC 3.5 kV

500 V (r.m.s. value); 50 Hz

5 kV (peak value), 1.2/50 ps, 0.5 J,
3 positive and 3 negative impulses 
at intervals of 5 s

EMC tests for interference immunity ; type tests

Standards

High-frequency test
IEC 60255-22-1, class III
and VDE 0435 Part 303, class III

Electrostatic discharge
IEC 60255-22-2 class IV 
EN 61000-4-2, class IV

Irradiation with radio-frequency
fi eld, non-modulated
IEC 60255-22-3 (Report), class III

Irradiation with radio-frequency
fi eld, amplitude-modulated
IEC 61000-4-3, class III

Irradiation with radio-frequency
fi eld, pulse-modulated
IEC 61000-4-3/ENV 50204, class III

IEC 60255-6; IEC 60255-22,
(product standard)
EN 50082-2 (generic standard)
DIN 57435 Part 303

2.5 kV (peak value); 1 MHz,
τ = 15 ms; 400 surges per s;
test duration 2 s; Ri = 200 Ω

8 kV contact discharge,
15 kV air gap discharge,
both polarities, 150 pF; Ri = 330 Ω

10 V/m, 27 to 500 MHz

10 V/m, 80 to 1000 MHz,
AM 80 %; 1 kHz
duration > 10 s

10 V/m, 900 MHz,
repetition frequency 200 Hz
duty cycle 50 % PM
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EMC tests for interference immunity; type tests, (cont’d)

Fast transients interference/bursts
IEC 60255-22-4 and 
IEC 61000-4-4, class IV

Surge voltage IEC 61000-4-5, 
class III
Auxiliary voltage

Measuring inputs, 
binary inputs/outputs

Conducted RF
amplitude-modulated
IEC 61000-4-6, class III

Power frequency magnetic fi eld
IEC 61000-4-8, class IV
IEC 60255-6

Oscillatory surge withstand
capability 
ANSI/IEEE C37.90.1

Fast transient surge withstand
capability
ANSI/IEEE C37.90.1

Radiated electromagnetic 
interference
ANSI/IEEE Std C37.90.2

Damped wave
IEC 60694/ IEC 61000-4-12

4 kV; 5/50 ns; 5 kHz;
burst length = 15 ms; 
repetition rate 300 ms; 
both polarities; Ri = 50 Ω; 
test duration 1 min

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

From circuit to circuit (common
mode): 2 kV, 42 Ω, 0.5 µF;
Across contacts (diff. mode):
1 kV, 42 W, 0.5 µF

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

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; 

4 to 5 kV, 10/150 ns,
50 surges per s, both polarities;
duration 2 s, Ri = 80 Ω; 

35 V/m;  25 to 1000 MHz;
amplitude and pulse-modulated

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

Conducted interferences,
only auxiliary voltage
IEC/CISPR 22

Radio interference fi eld strength
IEC/CISPR 22

Harmonic currents on incoming
lines of system at AC 230 V
IEC 61000-3-2

Voltage fl uctuation and fl icker 
range on incoming lines of 
system at AC 230 V
IEC 61000-3-3

EN 50081-* (generic specifi cation)

150 kHz to 30 MHz
limit class B

30 to 1000 MHz
limit class B

Unit belongs to class D
(applies only to units with > 50 VA
power consumption)

Limit values are adhered to

Mechanical stress tests

Vibration, shock and seismic vibration

During operation

Standards

Vibration
IEC 60255-21-1, class I
IEC 60068-2-6

Shock
IEC 60255-21-2, class I

Seismic vibration
IEC 60255-21-3, class I
IEC 60068-3-3

Acc. to IEC 60255-21
and IEC 60068-2

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

Half-sine,
acceleration 5 g, duration 11 ms,
3 shocks in each direction of
3 orthogonal axes

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

During transportation

Standards

Vibration
IEC 60255-21-1, class II
IEC 60068-2-6

Shock
IEC 60255-21-2, class I
IEC 60068-2-27

Continuous shock
IEC 60255-21-2, class I
IEC 60068-2-29

Acc. to IEC 60255-21
and IEC 60068-2

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

Half-sine,
acceleration 15 g, duration 11 ms;
3 shocks in each direction of
3 orthogonal axes

Half-sine,
acceleration 10 g, duration 16 ms,
1000 shocks in each direction of
3 orthogonal axes

Climatic stress tests

Temperatures

Recommended temperature
 During operation

Limit temperature
 During operation
 During storage
 During transport
 (Storage and transport
 with standard works packaging)

–5 °C to +55 °C / 23 °F to 131 °F,
(> 55 °C decreased display contrast)

–20 °C to +70 °C / –4 °F to 158 °F
–25 °C to +55 °C / –13 °F to 131 °F
–25 °C to +70 °C / –13 °F to 158 °F

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!
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Functions

Defi nite-time overcurrent protection (ANSI 50, 50N)

Setting ranges/steps
 Low-set overcurrent element
   Phase I>
   Ground IE>

 High-set overcurrent element
   Phase I>>
   Ground IE>>

 Instantaneous tripping
   Phase I>>> 

 Delay times T for I>, IE>, I>>,
 IE>> and I>>>
  The set times are pure delay 

times

Pickup times I>, I>>, IE>, IE>>
 At 2 x setting value,
 without meas. repetition 

 At 2 x setting value,
 with meas. repetition

 Pickup times for I>>>
 at 2 x setting value

Reset times I>, I>>, IE>, IE>>
Reset time I>>>

Reset ratios

Overshot time

Tolerances
 Pickup values I>, I>>, I>>>,
 IE>, IE>>
 Delay times T

Infl uencing variables
 Auxiliary voltage, range:
 0.8 ≤ Vaux/VauxN ≤ 1.2

 Temperature, range:
 - 5 °C ≤ Θamb ≤ 40 °C /
 23 °F ≤ Θamb ≤ 104 °F

 Frequency, range
 0.98 ≤ f/fN ≤ 1.02
 0.95 ≤ f/fN ≤ 1.05

 Harmonics
 Up to 10 % of 3rd harmonic
 Up to 10 % of 5th harmonic

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

I/IN = 0.3 to 12.5 (steps 0.1); or ∞

0 to 60 s (steps 0.01 s)

Approx. 25 ms

Approx. 35 ms

Approx. 15 ms

Approx. 40 ms
Approx. 50 ms

Approx. 0.95

Approx. 55 ms

5 % of setting value or 5 % of
rated value
1 % of setting value or 10 ms

≤ 1 %

≤ 0.5 %/10 K

≤ 1.5 %
≤ 2.5 %

≤ 1 %
≤ 1 %

Inverse-time overcurrent protection (ANSI 51/51N)

Setting ranges/steps
 Low-set overcurrent element
   Phase Ip
   Ground IEp

 Time multiplier for Ip, IEp
 (IEC charac.)

 Time multiplier for Ip, IEp
 (ANSI charac.) 

 High-set overcurrent element
   Phase I>>
   Ground IE>>

 Instantaneous tripping
   Phase I>>>

 Delay time TI>>

Tripping time characteristic 
acc. to IEC

 Pickup threshold

 Reset threshold,
 alternatively disk emulation

 Dropout time
 50 Hz
 60 Hz

Tolerances

 Pickup values

 Timing period for 2 ≤ I/Ip ≤ 20
 and 0.5 ≤ I/Ip ≤ 24

Infl uencing 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

 Pickup threshold

 Dropout threshold,
 alternatively disk emulation

Tolerances

 Pickup threshold

 Timing period for 2 ≤ I/Ip ≤ 20
 and 0.5 ≤ I/Ip ≤ 24

Infl uencing 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

I/IN = 0.1 to 4 (steps 0.1)
I/IN = 0.05 to 4 (steps 0.01)

Tp = 0.05 to 3.2 s (steps 0.01 s)

D = 0.5 to 15 s (steps 0.1 s)

I/IN = 0.1 to 25 (steps 0.1); or ∞
I/IN = 0.05 to 25 (steps 0.01); or ∞

I/IN = 0.3 to 12.5 (steps 0.1); or ∞

0 to 60 s (steps 0.01 s)

See page 5/33

Approx. 1.1 x Ip

Approx. 1.03 x Ip

Approx. 50 ms
Approx. 60 ms

5 % of setting value or 5 % of 
rated value

5 % of theoretical value 
± 2 % current tolerance; 
at least 30 ms

≤ 1 %

≤ 0.5 %/10 K

≤ 8 %, referred to theoretical 
time value

See page 5/33

Approx. 1.06 x Ip

Approx. 1.03 x Ip

5 % of setting value or 5 % of
rated value

5 % of theoretical value 
± 2 % current tolerance; at least 
30 ms

≤ 1 %

≤ 0.5 % /10 K

≤ 8 %, referred to theoretical 
time value
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(Sensitive) ground-fault protection (directional/non-directional)

Defi nite-time ground-fault protection (ANSI 50Ns)

Setting ranges/steps
 Low-set element IEE>

 High-set element IEE>>

 Delay times T for IEE> and IEE>> 

Pickup times IEE>, IEE>>

 At 2 x setting value
 without meas. repetition 

 At 2 x setting value
 with meas. repetition 

Reset times IEE>, IEE>>
 At 50 Hz
 At 60 Hz

Reset ratios

Overshot time

Tolerances

 Pickup values IEE>, IEE>>

 Delay times T

Infl uencing variables

 Auxiliary voltage, range:
 0.8 ≤ Vaux/VauxN ≤ 1.2

 Temperature, range:
 - 5 °C ≤ Θamb ≤ 40 °C /
 23 °F ≤ Θamb ≤ 104 °F

 Frequency, ranges:
 0.98 ≤ f/fN ≤ 1.02
 0.95 ≤ f/fN ≤ 1.05

 Harmonics
 Up to 10 % of 3rd harmonic
 Up to 10 % of 5rd harmonic

I/IEEN = 0.003 to 1.5 (steps 0.001); 
or ∞ (deactivated)

I/IEEN = 0.003 to 1.5 (steps 0.001); 
or ∞ (deactivated)

0 to 60 s (steps 0.01 s)

Approx. 35 ms

Approx. 55 ms

Approx. 65 ms
Approx. 95 ms

Approx. 0.95

Approx. 55 ms

5 % of setting value or 5 % of
rated value

1 % of setting value or 10 ms

≤ 1 %

≤ 0.5 %/10 K

≤ 1.5 %
≤ 2.5 %

≤ 1%
≤ 1 %

Inverse-time ground-fault protection (ANSI 51Ns)

Setting ranges/steps
 Low-set element IEEp

 Time multiplier for  IEEp
 (IEC characteristic)

 Time multiplier for IEEp
 (ANSI characteristic)

 High-set element IEE>>

 Delay time T for IEE>>

Tripping time characteristic 
acc. to IEC

 Pickup threshold

 Reset threshold
 alternatively disk emulation

 Dropout time
 50 Hz
 60 Hz

Tolerances
 Pickup values

 Timing period for 2 ≤ I/IEEp ≤ 20
 and 0.5 ≤ I/IEEN ≤ 24

Infl uencing variables
 Auxiliary voltage, range:
 0.8 ≤ Vaux/VauxN ≤ 1.2

I/IEEN = 0.003 to 1.4 (steps 0.001)

Tp = 0.05 to 3.2 s (steps 0.01 s)

D = 0.5 to 15 s (steps 0.1 s)

I/IEEN = 0.003 to 1.5 (steps 0.001); 
or ∞ (deactivated)

0 to 60 s (steps 0.01 s)

See page 5/33

Approx. 1.1 x IEEp

Approx. 1.03 x IEEp

Approx. 50 ms
Approx. 60 ms

5 % of setting value or 5 % of rated 
value

5 % of theoretical value 
± 2 % current tolerance; 
at least 30 ms

≤ 1 % 

Inverse-time ground-fault protection (ANSI 51Ns), cont’d

 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

 Pickup threshold

 Dropout threshold,
 alternatively disk emulation

Tolerances
 Pickup threshold

 Timing period for 2 ≤ I/IEEp ≤ 20
 and 0.5 ≤ I/IEEN ≤ 24

Infl uencing 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

≤ 0.5 %/10 K

≤ 8 %, referred to theoretical 
time value

See page 5/33

Approx. 1.06 x IEEp

Approx. 1.03 x IEEp

5 % of setting value or 5 % of
rated value

5 % of theoretical value 
± 2 % current tolerance; at least 
30 ms

≤ 1 %

≤ 0.5 %/10 K

≤ 8 %, referred to theoretical 
time value

Direction detection (ANSI 67Ns)

Direction measurement

Measuring principle

Measuring enable
 For sensitive input

Reset ratio
Measuring method

Direction vector

Dropout delay TReset Delay

Angle correction for cable 
converter
(for resonant-grounded system)

Angle correction F1, F2

Current values I1, I2
 For sensitive input

Measuring tolerance 
acc. to DIN 57435

Angle tolerance

IE, VE (measured) 

Active/reactive measurement

I/IEEN = 0.003 to 1.2 
(in steps of 0.001 I/IEEN)

Approx. 0.8
cos φ and sin φ

-45 ° to +45 ° (in steps of 0.1 °)

1 to 60 s (steps 1 s)

In 2 operating points F1 and F2

0 ° to 5 ° (in steps of 0.1 °)

I/IEEN = 0.003 to 1.6
(in steps of 0.001 I/IEEN)

2 % of the setting value or 1 mA

3 °

Displacement voltage (ANSI 64)

Displacement voltage, measured

Measuring time

Pickup delay time

Time delay

Dropout ratio

Measuring tolerance

 VE (measured)

Operating time tolerances

The set times are pure delay times

VE >/VN = 0.02 to 1.3 (steps 0.001)

Approx. 60 ms

0.04 to 320 s or ∞ (steps 0.01 s)

0.1 to 40000 s or ∞ (steps 0.01 s)

0.95 or (pickup value - 0.6 V)

3 % of setting value, or 0.3 V

1 % of setting value, or 10 ms
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Thermal overload protection with memory (ANSI 49) with preload

Setting ranges

 Factor k according to IEC 60255-8

 Thermal time constant τth

 Thermal warning stage 
 Θalarm/Θtrip

 Prolongation factor at motor 
 stand-still kτ

Reset ratios
 Θ/Θtrip
 Θ/Θalarm

Tolerances
 Referring to k · IN

 Referring to trip time

Infl uencing variables

 Auxiliary DC voltage, range
 0.8 ≤ Vaux/VauxN ≤ 1.2 

 Temperature, range
 - 5 °C ≤ Θamb ≤ + 40 °C /
 23 °F ≤ Θamb ≤  104 °F 

 Frequency, range 
 0.95 ≤ f/fN ≤ 1.05 

0.40 to 2 (steps 0.01)

1 to 999.9 min (steps 0.1 min)

50 to 99 % referred to trip 
temperature rise (steps 1 %)

1 to 10 (steps 0.01)

Reset below 0.99 Θalarm
Approx. 0.99

± 5 % 
(class 5 % acc. to IEC 60255-8)

± 5 % ± 2 s 
(class 5 % acc. to IEC 60255-8)

≤ 1 %

≤ 0.5 %/10 K

≤ 1 %

Thermal overload protection without memory (ANSI 49) without preload

Setting ranges

 Pickup value 

 Time multiplier tL (= t6 -time) 

Reset ratio I/IL

Tolerances

 Referring to pickup 
 threshold 1.1 IL

 Referring to trip time

Infl uencing variables

 Auxiliary DC voltage, range  
 0.8 ≤ Vaux/VauxN ≤ 1.2 

 Temperature, range
 - 5 °C ≤ Θamb ≤ + 40 °C /
 23 °F ≤ Θamb ≤ 104 °F

 Frequency, range 
 0.95 ≤ f/fN ≤ 1.05 

IL/IN = 0.4 to 4 (steps 0.1)

1 to 120 s (steps 0.1 s)

Approx. 0.94

± 5 % of setting value or 5 % 
of rated value

± 5 % ± 2 s

≤ 1 %

≤ 0.5 %/10 K

≤ 1 %

Breaker failure protection

Setting ranges/steps

 Pickup of current element

 Delay time

Pickup times   (with internal start)
(via control)
(with external start)

Dropout time

Tolerances

 Pickup value

 Delay time

CB I>/IN = 0.04 to 1.0 (steps 0.01)

0.06 to 60 s or ∞ (steps 0.01 s)

is contained in the delay time
is contained in the delay time
is contained in the delay time

Approx. 25 ms

2 % of setting value 

1 % or 20 ms

Negative-sequence protection (ANSI 46)

Setting ranges/steps

Tripping stages I2> and I2>>

Delay times T (I2>), T (I2>>)

Lower function limit

Pickup times

  Tripping stages I2> and I2>>
But with currents I/IN > 1.5
(overcurrent case) or negative-
sequence current < (set value
+0.1 x IN)

Reset times

 Tripping stages I2> and I2>>

Reset ratios

 Tripping stages I2> and I2>>

Tolerances

 Pickup values I2>, I2>>

 Current I/IN≤ 1.5
 Current I/IN > 1.5

 Delay times T (I2>) and T (I2>>)

Infl uencing variables

 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

8 to 80 % to IN (steps 1 %)

0 to 60 s (steps 0.01 s)

At least one phase current ≥ 0.1 x IN

at fN = 50 Hz  at fN = 60 Hz

Approx. 60 ms Approx. 75 ms

Approx. 200 ms Approx. 310 ms

Approx. 35 ms  Approx. 42 ms

Approx. 0.9 to 0.01 x IN

± 1 % of IN ± 5 % of set value
± 5 % of IN ± 5 % of set value

± 1 % but min. 10 ms

≤ 1 %

≤ 0.5 %/10 K

≤ 1 % of IN
≤ 5 % of IN

Auto-reclosure (ANSI 79)

Number of possible shots

Auto-reclosure modes

Dead times  for 1st and any 
further shot

Blocking time after successful AR

Lock-out time after unsuccessful AR

Reclaim time after manual close

Duration of reclose command

1 to 9, confi gurable

3-pole

0.05 s to 1800 s (steps 0.01 s)

0.05 s to 320 s (steps 0.01 s)

0.05 s to 320 s (steps 0.01 s)

0.50 s to 320 s (steps 0.01 s)

0.01 s to 60 s (steps 0.01 s)

Trip circuit supervision (ANSI 74TC)

Trip circuit supervision

Circuit-breaker trip test

With one or two binary inputs

Trip/reclosure cycle

Control

Number of devices

Evaluation of breaker contact

1

None
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Motor protection

Setting ranges/steps
 Rated motor current/
 transformer rated current

Start-up current of the motor

Permissible start-up time tstart max

Imotor/IN = 0.2 to 1.2 
(in steps of 0.1)

Istart/Imotor = 0.4 to 20 
(in steps of 0.1)

1 to 360 s (in steps of 0.1 s)

Starting time supervision (ANSI 48)

Setting ranges/steps

 Pickup threshold

Tripping time characteristic

Reset ratio Irms/Ipickup

Tolerances

 Pickup values

 Delay time

Ipickup/Imotor = 0.4 to 20 
(in steps of 0.1)

      
tTRIP =

I start

Imrs

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

⋅ tstart max

For Irms > Ipickup

Istart =  Start-up current of the 
motor

Irms = Current actually fl owing 

Ipickup  =  Pickup threshold, from 
which the motor start-up is 
detected 

tstart max =  Maximum permissible 
starting time

tTRIP = Tripping time

Approx. 0.94

5 % of setting value or 5 % rated 
value

5 % or 330 ms

Restart inhibit for motors (ANSI 66/86)

Setting ranges/steps
  Rotor temperature compen-

sation time TCOMP

 Minimum restart inhibit 
 time Trestart

 Maximum permissible number
 of warm starts nw

 Difference between cold and
 warm start nc - nw

 Extension factor for cooling
 simulation of the rotor
 (running and stop)

Restarting limit

0 to 60 min (in steps of 0.1min)

0.2 to 120 min (in steps of 0.1 min)

1 to 4 (in steps of 1)

1 to 2 (in steps of 1)

1 to 10 (in steps of 0.1)

Θrestart = Θrot max perm 

      
⋅
nc −1

nc

Θrestart =  Temperature limit 
below which restarting
is possible

Θrot max perm =  Maximum permissible 
rotor overtemperature 
(= 100 % in operatio-
nal measured value 
Θrot/Θrot trip)

nc  =  Number of permissible 
start-ups from cold 
state

Undercurrent monitoring (ANSI 37)

Threshold

Delay time for IL<

IL < /IN = 0.1 to 4 (in steps of 0.01)

0 to 320 s (in steps of 0.1 s)

Thermo-box (instead of system interface) (ANSI 38)

Number of temperature sensors

Type of measuring

Installation drawing

Limit values for indications
 For each measuring detector
 Warning temperature
 (stage 1)

 Alarm temperature
 (stage 2)

Max. 6

Pt 100 Ω or Ni 100 Ω or Ni 120 Ω 

“Oil” or “Environment” or “Stator”
or “Bearing” or “Other”

-50 °C to 250 °C (in steps of 1 °C)
-58 °F to 482 °F (in steps of 1 °F)
or ∞ (no indication)

-50 °C to 250 °C (in steps of 1 °C)
-58 °F to 482 °F (in steps of 1 °F)
or ∞ (no indication)

Additional functions

Operational measured values

For currents

 Range
 Tolerance

For voltages
 Range
 Tolerance

For sensitive ground-current
detection

 Range
 Tolerance

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

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

S/VA (apparent power)

P Active power,

P/Watts (active power)

Q Reactive power,

Q/Var (reactive power)

cos φ, total and phase-selective

Power factor cos φ

in kVA, MVA, GVA

For V/VN, I/IN = 50 to 120 %
typically < 6 %

in kW, MW, GW

For |cos φ| = 0.707 to 1, typically 
< 6 %, for V/VN, I/IN = 50 to 120 %

In kvar, Mvar, Gvar

For |sin φ| = 0.707 to 1, typically 
< 6 %, for V/VN, I/IN = 50 to 120 %

-1 to +1

For |cos φ| = 0.707 to 1, typically 
< 5 %

Metering

+ Wp kWh
- Wp kWh
+ Wq kvarh
- Wq kvarh

In kWh, MWh, GWh forward
In kWh reverse
In kvarh inductive
In kvarh, Mvarh, Gvarh capacitive

Long-term mean values

Mean values

IL1 dmd in A, kA
IL2 dmd in A, kA
IL3 dmd in A, kA

15, 30, 60 minutes mean values

Pdmd in kW

Qdmd in kvar

Sdmd in kVA
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Min/max. LOG (memory)

Measured values

Reset automatic

Reset manual

Min./max. values of primary 
currents 

Min./max. values of primary 
voltages 

Min./max. values of power

Min./max. values of primary 
currents mean values

Min./max. values of power mean 
value

With date and time

Time of day (settable in minutes)
Time range (settable in days;
1 to 365, ∞)

Via binary input
Via keyboard
Via communication

IL1; IL2; IL3

VL1-E

S Apparent Power
P Active power
Q Reactive power
Power factor cos φ

IL1dmd, IL2dmd, IL3dmd

Pdmd, Qdmd, Sdmd

Fault event log

Storage

Time assignment

 Resolution for operationa
 indications

 Resolution for fault event
 indications

 Max. time deviation

Storage of the last 8 faults

1 s

1 ms

0.01 %

Fault recording

Storage

Total storage time (fault detection 
or trip command = 0 ms)

Max. storage period per fault
 event Tmax

 Pre-trigger time Tpre

 Post-fault time Tpost

 Sampling rate at 50 Hz

 Sampling rate at 60 Hz

Backup battery

Storage of max. 8 fault events

Max. 5 s, selectable pre-trigger and 
post-fault time

0.30 s to 5 s (steps 0.01 s)

0.05 s to 0.50 s (steps 0.01 s)

0.05 s to 0.50 s (steps 0.01 s)

1 instantaneous value per ms

1 instantaneous value per 0.83 ms

Lithium battery 3 V/1 Ah,
type CR ½ AA
Self-discharge time > 5 years
“Battery fault” battery charge 
warning 

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 
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). 

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”.
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Description Order No.

7SJ602 multifunction overcurrent and motor protection relay 7SJ602  -      -     -    

Measuring inputs (4 x I), default settings

IN = 1A1), 15th position only with A 

IN = 5A1), 15th position only with A

Measuring inputs (1 x V, 3 x I), default settings

Iph = 1A1), Ie = sensitive (IEE = 0.003 to 1.5 A),

15th position only with B and J 

Iph = 5A1), Ie = sensitive (IEE = 0.015 to 7.5 A),

15th position only with B and J

 

Auxiliary voltage

DC 24/48 V, binary input threshold DC 19 V 

DC 60/110 V 2), binary input threshold DC19 V 3) 

DC 110/125/220/250 V, AC 115/230 V 2) binary input threshold 88 V3)

Unit design 

Surface-mounting housing, terminals on top and bottom

Flush-mounting housing, screw-type terminals

Region-specifi c default and language settings

Region World, 50/60 Hz, ANSI/IEC characteristic,

languages: English, German, French, Spanish, Russian

System port (on bottom of unit)

No system port   

IEC 60870-5-103, electrical RS232 

IEC 60870-5-103, electrical RS485 

IEC 60870-5-103, optical 820 nm, ST connector 

Temperature monitoring box, electrical RS4854) 

PROFIBUS-DP Slave, electrical RS485 

PROFIBUS-DP Slave, optical 820 nm, double ring, ST connector 

MODBUS, electrical RS485 

MODBUS, optical 820 nm, ST connector

Command (without process check back signal)

Without command 

With command

Measuring / fault recording

Oscillographic fault recording 

Oscillographic fault recording, slave pointer,mean values, min./max. values

1

5

1

3

0

1

2

6

2

4

5

0

1

2

3

8

9

9

9

9

B

B

E

L 0 E

L 0 A

L 0 B

L 0 D

See next
page

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.
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ANSI No.  Description Order No.

7SJ602 multifunction overcurrent and motor protection relay 7SJ602  -      -     

  Basic version

50/51 Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
50N/51N  Earth/ground-fault protection TOC ground/earth IE>, IE>>, IEp
49  Thermal overload protection
74TC  Trip-circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection

  Basic version + directional earth/ground-fault detection

50/51 Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
67Ns Directional sensitive earth/ground-fault detection IEE>, IEE>>, IEp
64  Sensitive ground-fault protection
49  Thermal overload protection
74TC  Trip-circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection

 

  Basic version + sensitive earth/ground-fault detection + measuring

50/51  Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
50Ns/51Ns  Sensitive earth/ground-fault detection IEE>, IEE>>, IEp
49  Thermal overload protection
74TC  Trip-circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection
  Voltage and power measuring

  Basic version + motor protection

50/51  Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
50N/51N  Earth/ground-fault protection TOC ground/earth IE>, IE>>, IEp
49  Thermal overload protection
74TC  Trip circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection
48  Start-time supervision
37  Undercurrent/loss of load monitoring
66/86  Restart inhibit

  Basic version + directional ground/earth fault protection + motor protection

50/51  Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
67Ns  Sensitive ground fault detection for sytems with resonant or isolated IEE>, IEE>>, IEp
64  Displacement voltage
49  Thermal overload protection
74TC  Trip circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection
48  Start-time supervision
37  Undercurrent/loss of load monitoring
66/86  Restart inhibit

  Basic version + sensitive ground/earth-fault detection + measuring + motor protection

50/51  Overcurrent protection TOC phase I>, I>>, I>>>, Ip, reverse interlocking
50Ns/51Ns  Sensitive ground/earth-fault detection IEE>, IEE>>, IEp
49  Thermal overload protection
74TC  Trip circuit supervision
50BF  Circuit-breaker failure protection
  Cold load pickup
46  Negative-sequence system overcurrent protection
  Voltage and power measuring
48  Start-time supervision
37  Undercurrent/loss of load monitoring
66/86  Restart inhibit

  Auto-reclosure (ARC)

  Without auto-reclosure ARC 

79  With auto-reclosure ARC

F A 1)

H A 1)

H B 2)

H   J 2)

0

1

F B 2)

F   J 2)

1) Only with position 7 = 1 or 5 2)  Only with position 7 = 2 or 6
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Description Order No. Size of
package

Supplier

Terminal safety cover

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

Your local Siemens representative
can inform you on local suppliers.

Accessories

Accessories

Overcurrent Protection / 7SJ602
Selection and ordering data 

5/51Siemens SIP · Edition No. 7

Short-circuit links
for current terminals

Mounting rail

LS
P2

0
93

-a
fp

.e
p

s

LS
P2

2
8

9
-a

fp
.e

p
s

Description Order No.

DIGSI 4

Software for confi guration 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) 

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)

7XS5400-0AA00

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 manu-
facturers (Comtrade format). Running under MS Windows.
Incl. templates, electronic manual with license for 10 PCs on 
CD-ROM.
Authorization by serial number. 7XS5410-0AA00

Temperature monitoring box

AC/DC 24 to 60 V

AC/DC 90 to 240 V

7XV5662-2AD10

7XV5662-5AD10

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

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

Manual for 7SJ602

English  please visit

Spanish  please visit

www.siemens.com/siprotec

www.siemens.com/siprotec
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Overcurrent Protection / 7SJ602
Connection diagram
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Fig. 5/54 Connection diagram according to IEC standard
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Overcurrent Protection / 7SJ602
Connection diagram
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Fig. 5/55 Connection diagram according to IEC 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
This document has been subjected to rigorous technical
review before being published. It is revised at regular inter-
vals, 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 agree-
ments.
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
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 main-
tenance of automation, selective protection and control equipment, and operational crew in electrical installa-
tions 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, Paralleling Device, Manual 3
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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 Engi-
neering 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 princi-
ples 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 infor-
mation 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: +49 (180) 524-7000
Fax: +49 (180) 524-2471
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 Nürnberg
Germany
 
Phone: +49 (911) 433-7415
Fax: +49 (911) 433-7929
E-Mail: poweracademy@siemens.com
Internet: 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.

Preface
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NOTICE
NOTICE means that property damage can result if the measures specified are not taken.

² Comply with all instructions, in order to avoid property damage.

ii
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.

• 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).

• 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.

Preface
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General Device Data

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

12.1

12.1.1

Technical Data
12.1 General Device Data
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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)

ii
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
channels

DC 3.5 kV

Insulation test voltage with respect
to ground/housing

DC 3.5 kV

Max. permissible voltage with
respect to ground on the meas-
uring 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
ground/housing

DC 3.5 kV

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.
22 The 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.

Technical Data
12.1 General Device Data
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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

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, CB202)

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

Auxiliary rated voltage VH

(PS201, PS203, CB202)
DC 24 V/DC 48 V 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

Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

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

12.1.2
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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, non-
modular
Without plug-in modules

7.0 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 33 VA 24 VA

1/6 expansion module 3 W 6 VA 6 VA
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

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-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

12.1.3

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).

Technical Data
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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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 modules

Range Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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.

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) 5 A
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

5 A

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) 5 A

12.1.4
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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

5 A

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) 5 A
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

5 A

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 protec-
tion 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 protec-
tion circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage 250 V
Permissible continuous current per contact 5 A
Permissible current per contact (switching on and
holding)

30 A for 1 s

Technical Data
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Short-time current across closed contact 250 A for 30 ms
Total permissible current for contacts connected to
common potential

5 A

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.

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 inte-
grated 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 surface-
mounted 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-
ation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm
(5.91 x 12.36 x 9.06)

12.1.5
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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-
tion

1/3 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)

Surface-
mounted 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)

Surface-
mounted 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-
ation panel

75 mm x 314 mm x 337 mm
(2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm
(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)

Technical Data
12.1 General Device Data

SIPROTEC 5, Paralleling Device, Manual 715
C53000-H5040-C071-1, Edition 05.2018



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
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 1.0 Nm 0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm 1.0 Nm –

ii
NOTE
For current and voltage terminals, the maximum speed of the tool must not exceed 640 rpm.

ii
NOTE
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

26 The provided plug-in label must be used for expansion modules with LEDs.

Technical Data
12.1 General Device Data

716 SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018



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

Inactive
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]

12.2

27 If provided
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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
Voltage threshold values
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
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
Adjustments of the sides
Angle adjustment 0.0° to 360.0° Increments of 0.1°
Voltage adjustment 0.500 to 2.000 Increments of 0.001
Circuit breaker
Closing time of the circuit breaker 0.01 s to 0.60 s Increments of 0.01 s

Dropout Ratio

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°

12.3
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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°

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

Voltage 2 % of the setting value or 1 V
Voltage difference V2>V1; V2<V1 1 V
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

Technical Data
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Max. phase displacement angle 5° for Δf ≤ 1 Hz
10° for Δf > 1 Hz
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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 ∞ (ineffec-

tive)
Increments of 0.01 s

Supervision time de-energized
switching

0.00 s to 60.00 s Increments of 0.01 s

Voltage threshold values:
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

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-to-
phase)
0.300 V to 340.000 V (phase-to-
phase)

Increments of 0.001 V
Increments of 0.001 V

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 (synchro-
nous)
0.000 Hz to 4.000 Hz (asynchro-
nous)

Increments of 0.001 Hz

Angle difference α2 > α1; α2 < α1 0o to 90o Increments of 1o

Adjustments of the sides:
Angle adjustment 0.0o to 360.0o Increments of 0.1o

Voltage adjustment 0.500 to 2.000 Increments of 0.001
Circuit breaker
Closing time of the circuit breaker 0.01 s to 0.60 s Increments of 0.01 s

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

12.4
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Measured Values of the Synchronization Function

Reference voltage V1
  
• 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

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

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
  
  
• Range
• Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated

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 %
1 mHz

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o
-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

Tolerances of the voltage settings 2 % of the pickup value or 1 V
Voltage difference V2>V1; V2<V1 1 V
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

10o for Δf > 1 Hz

Technical Data
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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

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

12.5

28 If 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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

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

29 OOT (Output Operating Time): additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V

12.6

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
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Time delays 1 % of the setting value or 10 ms
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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

Where:
Top Operate delay
TInv Inverse-time delay
Tadd Additional time delay (parameter Additional time delay)

12.7

33 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 Measured undervoltage
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.

Times

Pickup time Approx. 25 ms + OOT34 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 1 % of the setting value or 10 ms

34 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
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

12.8

35 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
36 OOT (Output Operating Time): additional delay of the output medium used, see chapter 12.1.4 Relay Outputs
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Overcurrent Protection, Phases

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

–

Threshold value37 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

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 undercur-
rent 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 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

12.9

12.9.1

37 If 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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
40 In 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.
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 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 0.00 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

Approx. 10 ms

12.9.2
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Figure 12-1 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 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 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

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

12.9.3

43 In case that the filter response exactly matches the user-defined gain factors
44 In 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.
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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
48 In 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.
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Overcurrent Protection, Ground

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value51 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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

12.10

12.10.1

51 If 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value55 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

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)

12.10.2

53 Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
54 Slightly 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 lrated,sec.

Technical Data
12.10 Overcurrent Protection, Ground
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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 Operate Curves and Dropout Characteristic Curves According to IEC

Technical Data
12.10 Overcurrent Protection, Ground
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Figure 12-8 Operate Curves and Dropout Characteristic Curves According to IEC

Technical Data
12.10 Overcurrent Protection, Ground

746 SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018



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

Technical Data
12.10 Overcurrent Protection, Ground
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Figure 12-10 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Technical Data
12.10 Overcurrent Protection, Ground
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Figure 12-11 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE

Technical Data
12.10 Overcurrent Protection, Ground
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I456, 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 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 5 % of the reference (calculated) value

+2 % current tolerance or 30 ms

56 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
57 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2

Technical Data
12.10 Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold 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

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

12.10.3

Technical Data
12.10 Overcurrent Protection, Ground
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I458, 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 I459, 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

58 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
59 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2

Technical Data
12.10 Overcurrent Protection, Ground
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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

Dropout ratio 0.50 to 0.90 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 overcurrent and of 105 % for undercur-
rent 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

Tolerances

Response tolerance, current 5 % of setting value or 10 mA
at Irated = 1 A
5 % of setting value or 50 mA
at Irated = 5 A

Time delays 1 % of the setting value or 10 ms

12.11

60 OOT (Output Operating Time) Additional delay of the output medium used, see Chap. 12.1.4 Relay Outputs

Technical Data
12.11 Instantaneous High-Current Tripping
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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

Times

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

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

Tolerances

Angle jump 0.5° at V > 0.5 Vrated

Voltage blocking 1 % of the setting value or 0.500 V
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

12.12

61 OOT (Output Operating Time): additional delay of the output medium used. You can find more information in chapter 12.1.4 Relay
Outputs.

Technical Data
12.12 Vector-Jump Protection

754 SIPROTEC 5, Paralleling Device, Manual
C53000-H5040-C071-1, Edition 05.2018



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

Times

Pickup times f> Angle difference method
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

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

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

12.13

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

Technical Data
12.13 Overfrequency Protection
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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

Times

Pickup times f< Angle difference method
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

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

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

12.14

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

Technical Data
12.14 Underfrequency Protection
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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

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 + 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

12.15

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

Technical Data
12.15 Rate of Frequency Change Protection
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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

Value Description
df/dt Calculated rate of frequency change

Technical Data
12.15 Rate of Frequency Change Protection
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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

Times

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

Tolerances

Power 0.5 % Srated ± 3 % of setting value
(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

1.1 frated < f
Slightly expanded tolerances

f ≤ 10 Hz Inactive

12.16

65 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 12.1.4 Relay Outputs

Technical Data
12.16 Power Protection (P,Q), 3-Phase
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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< 0.300 V to 175.000 V Increments of 0.001 V
Threshold I> 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
Value

Description

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

Tolerance

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

12.17

66 OOT (Output Operating Time): additional delay of the output medium used

Technical Data
12.17 Power-Plant Disconnection Protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Technical Data
12.17 Power-Plant Disconnection Protection
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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

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
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

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 1 input each for make contact and break contact

ii
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

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

12.18

67 Via binary inputs

Technical Data
12.18 Circuit-Breaker Failure Protection 
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Technical Data
12.18 Circuit-Breaker Failure Protection 
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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

12.19

Technical Data
12.19 Instantaneous Tripping at Switch onto Fault 
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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 All functions that process the measured values from this current meas-
uring point (for example, differential protection).

12.20

Technical Data
12.20 Analog Channel Supervision via Fast Current Sum 
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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 0.5 % of the setting value or 0.05 V

12.21

68 OOT (Output Operating Time): extra delay of the output medium used

Technical Data
12.21 Voltage-Comparison Supervision
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Arc Protection
Setting Values

Threshold I> 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

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

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 Increments of 0.01
Channel Possible settings, application-dependent

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

Approx. 2.6 ms + OOT 69

Shortest operate time
Operating mode = Current and light

Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

12.22

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

Technical Data
12.22 Arc Protection
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External Trip Initiation
Setting Values

Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

Times

Operate time with time delay = 0 ms
- At initiation via binary input signal Approx. 10 ms + OOT 70.

Tolerance

Sequence tolerance for delay times 1 % of the setting value or 10 ms

12.23

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

Technical Data
12.23 External Trip Initiation 
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Inrush-Current Detection
Setting Values

Operating limit Imax 0.030 A to 35.000 A
at Irated = 1 A
0.15 A to 175.00 A
at Irated = 5 A

Increments of 0.001 A
Increments of 0.01 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

Times

Pre-arcing times Approx. 29 ms

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

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

12.24

Technical Data
12.24 Inrush-Current Detection
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Voltage-Transformer Circuit Breaker
Setting Values

Response time 0.000 s  to 0.030 s Increments of 0.001 s

12.25

Technical Data
12.25 Voltage-Transformer Circuit Breaker 
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

A secondary
< 1:6 Irated

Rated currents
Measuring range
Frequency range

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

12.26

Technical Data
12.26 Operational Measured Values and Statistical Values
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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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

Technical Data
12.26 Operational Measured Values and Statistical Values
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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 0.3 % 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 0.5 % of the measured value in the above mentioned
measuring range

Frequency

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

Statistical Values of the Device

Device operating hours h
Range 0 to 9999999 h
Tolerance 1 h

Technical Data
12.26 Operational Measured Values and Statistical Values
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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 1 h
Circuit breaker open hours h
Range 0 to 9999999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999999999
Tolerance None

Technical Data
12.26 Operational Measured Values and Statistical Values
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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

12.27

Technical Data
12.27 Phasor Measurement Unit
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CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level Time (in ms) Max. Number of Ticks CP300
Fast Event-Triggered <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 101 Ticks in Fast Event-Triggered level

104 Ticks in Event-Triggered level
54 Ticks in Measurement level
74 Ticks in Interlocking level

Tint Number of internal connections between 2 CFC blocks in one chart
TBlock Used ticks per CFC block (see Table 12-3)

Table 12-3 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

12.28
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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

Technical Data
12.28 CFC
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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

Technical Data
12.28 CFC
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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

Technical Data
12.28 CFC
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V7.50 and higherSIPROTEC 5
Transformer Differential Protection 
7UT82, 7UT85, 7UT86, 7UT87

Technical Data

Extract from manual C53000-G5040-C016-8, chapter 11
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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 main-
tenance of automation, selective protection and control equipment, and operational crew in electrical installa-
tions 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 Engi-
neering 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 princi-
ples 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 infor-
mation 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: +49 (180) 524-7000
Fax: +49 (180) 524-2471
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 Nürnberg
Germany
 
Phone: +49 (911) 433-7415
Fax: +49 (911) 433-7929
E-Mail: poweracademy@siemens.com
Internet: 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 Comply with all instructions, in order to avoid property damage.

ii
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.

• 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).

• 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.
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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 soft-
ware. 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.

• Select the device.

• Select Online in the menu bar.

• Click Show open source software information.

ii
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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General Device Data

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 trans-
formers

Rated current Irated Measuring range of
the modular devices

Measuring range of the
non-modular devices

5 A
1 A

0 A to 500 A
0 A to 100 A

0 A to 250 A
0 A to 50 A

Instrument transformers 5 A
1 A

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 trans-
formers)

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

11.1

11.1.1

Technical Data
11.1 General Device Data

SIPROTEC 5, Transformer Differential Protection, Manual 1719
C53000-G5040-C016-8, Edition 07.2017



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)

ii
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
channels

DC 3.5 kV

Insulation test voltage with respect
to ground/housing

DC 3.5 kV

Max. permissible voltage with
respect to ground on the meas-
uring inputs

300 V

45 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
46 The 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 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

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 communica-
tion modules
Permissible voltage
ranges
(PS201, PS203, CB202)

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

11.1.2

47 The IO210 has 4 high-speed measuring-transducer inputs. They can be used either as a voltage or current input.
48 The 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

(PS201, PS203, CB202)
DC 24 V/DC 48 V 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

Permissible voltage
ranges (PS101)
Only for non-modular
devices

DC 19 V to DC 60 V DC 48 V to 150 V DC 88 V to DC 300 V
AC 80 V to AC 265 V,
50 Hz/60 Hz

Auxiliary rated voltage VH
(PS101)
Only for non-modular
devices

DC 24 V/DC 48 V 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
voltage, peak-to-peak,
IEC 60255-11

≤ 15 % of the DC auxiliary rated voltage (applies only to direct voltage)

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)
– DC AC 230 V/50 Hz AC 115 V/50 Hz
1/3 base module, non-
modular
Without plug-in modules

7.0 W 16 VA 12.5 VA

1/3 base module, modular
Without plug-in modules

13 W 33 VA 24 VA

1/6 expansion module 3 W 6 VA 6 VA
1/6 plug-in module
assembly without plug-in
modules (modules CB202)

3.5 W 14 VA 7 VA

Plug-in module for base
module or plug-in module
assembly (for example,
communication module)

< 5 W < 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

Technical Data
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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-

tance)
Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

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
Vhigh ≥ DC 19 V

Range 2 for 110 V and 125 V
Control voltage

Vlow ≤ DC 44 V
Vhigh ≥ DC 88 V

Range 3 for 220 V and 250 V
Control voltage

Vlow ≤ DC 88 V
Vhigh ≥ DC 176 V

Control voltage for binary inputs of
the IO233 modules

Range Vlow ≤ DC 85 V
Vhigh ≥ DC 105 V

Maximum permitted voltage 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.

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) 5 A
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

5 A

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

11.1.3

11.1.4

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) 5 A
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

5 A

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) 5 A
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

5 A

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

Technical Data
11.1 General Device Data

1724 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



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 protec-
tion 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 protec-
tion circuit must switch off the motor in case the rotor
is blocked.

AC and DC contact voltage 250 V
Permissible continuous current per contact 5 A
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

5 A

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.

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 inte-
grated 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

11.1.5
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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 surface-
mounted 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-
ation panel

150 mm x 314 mm x 337 mm (5.91 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

150 mm x 314 mm x 230 mm (5.91 x 12.36 x 9.06)

Dimensions of Device Rows

Type of
Construction
(Maximum
Dimensions)

Width over all x Height over all x Depth 51 (in Inches)

Type of construc-
tion

1/3 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)

Surface-
mounted 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)

Surface-
mounted 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-
ation panel

75 mm x 314 mm x 337 mm (2.95 x 12.36 x 13.27)

Surface-mounted device with detached on-site opera-
tion panel

75 mm x 314 mm x 230 mm (2.95 x 12.36 x 9.06)

50 Width and depth rounded to whole numbers in mm
51 Width and depth rounded to whole numbers in mm
52 Width and depth rounded to whole numbers in mm

Technical Data
11.1 General Device Data

1726 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



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

Type of Line Current Terminal Voltage Terminal with
Spring-Loaded Terminals

Voltage Terminal with
Screw Connection

Stranded wires with ring-
type lug

2.7 Nm No ring-type lug No ring-type lug

Stranded wires with boot-
lace ferrules or pin-type
lugs

2.7 Nm 1.0 Nm 0.6 Nm

Solid conductor, bare
(2 mm2)

2.0 Nm 1.0 Nm –

ii
NOTE
Use copper cables only.

Torques for Other Screw Types

Screw Type Torque
M4 x 20 1.2 Nm
M4 x 8 1.2 Nm

53 The 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

Technical Data
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Transformer Differential Protection
Setting Values

Operate curve
Threshold value I/Irated,obj 0.05 to 2.00 Increments of 0.01
Slope 1 0.00 to 0.80 Increments of 0.01
Intersection 1 Irest I/Irated,obj 0.00 to 5.00 Increments of 0.01
Slope 2 0.25 to 0.95 Increments of 0.01
Intersection 2 Irest I/Irated,obj 1.00 to 20.00 Increments of 0.01
Startup detection
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
DC-component detection
Characteristic curve increase
factor DC

1.0 to 5.0 Increments of 0.1

Inrush-current detection
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
Overexcitation blocking
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 %
Crossblk. time 5th har. 0.00 s to 200.00 s or ∞ Increments of 0.01 s
Idiff limit 3rd, 5th harm. I/Irated,obj 0.5 to 20.0 Increments of 0.1 
Detection of external faults
Add-on stabilization threshold
value

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 stabili-
zation

0.00 s to 2.00 s or ∞ Increments of 0.01 s

Operate curve See Figure 11-1

Functional Measured Values

Measured Value Description
_:2311:300 A, B, C Differential current
_:2311:301 A, B, C Restraint current

I-DIFF Fast

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

I-DIFF Unrestrained

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

11.2
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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
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

54 Refer to protection functions, for example overcurrent protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

Technical Data
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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
(for preset characteristic curve parameters; for 2 sides
with 1 measuring point each)

2 %

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 undercur-
rent 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

11.3

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).

Technical Data
11.3 Restricted Ground-Fault Protection
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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)

Technical Data
11.3 Restricted Ground-Fault Protection
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Motor Differential Protection
Setting Values

Operate Curve
Threshold value I/Irated,obj 0.05 to 2.00 Increments of 0.01 
Slope 1 0.00 to 0.80 Increments of 0.01 
Intersection 1 Irest I/Irated,obj 0.00 to 5.00 Increments of 0.01 
Slope 2 0.25 to 0.95 Increments of 0.01 
Intersection 2 Irest I/Irated,obj 1.00 to 20.00 Increments of 0.01 
Startup detection
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
DC-component detection
Characteristic curve increase factor DC 1.0 to 5.0 Increments of 0.1
Detection of External Faults
Add-on stabilization threshold
value

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

I-DIFF Fast

Threshold value I/ Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

I-DIFF Unrestrained

Threshold value I/ Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

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

11.4

Technical Data
11.4 Motor Differential Protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Frequency tracking 10 Hz to 80 Hz

56 Refer to protection functions, for example overcurrent protection

Technical Data
11.4 Motor Differential Protection
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Figure 11-5 Frequency Influence When Using Motor Differential Protection

Technical Data
11.4 Motor Differential Protection
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Generator Differential Protection
Setting Values

Operate curve
Threshold value I/Irated,obj 0.05 to 2.00 Increments of 0.01 
Slope 1 0.00 to 0.80 Increments of 0.01 
Intersection 1 Irest I/Irated,obj 0.00 to 5.00 Increments of 0.01 
Slope 2 0.25 to 0.95 Increments of 0.01 
Intersection 2 Irest I/Irated,obj 1.00 to 20.00 Increments of 0.01 
Startup detection
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
DC-component detection
Characteristic curve increase factor DC 1.0 to 5.0 Increments of 0.1
Detection of external faults
Add-on stabilization threshold
value

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 diagram Figure 11-6

I-DIFF Fast

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

I-DIFF Unrestrained

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

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

11.5

Technical Data
11.5 Generator Differential Protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Frequency tracking 10 Hz to 80 Hz

57 Refer to protection functions, for example overcurrent protection

Technical Data
11.5 Generator Differential Protection
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Figure 11-7 Frequency Influence when Using Generator Differential Protection

Technical Data
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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 Description
(_:3451:300) I diff. Differential current
(_:3451:301) I restr. Restraint current (overall restraint)
(_:3451:307) I local Value of local current phasor
(_:3451:308) I l.restr. Local restraint current
(_:3451:309) I l.CTerr. Partial component of the local restraint current that considers the trans-

former 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 stabiliza-
tion.

(_: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

Threshold value 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 %

Tripping Thresholds, I-DIFF fast Stage

Threshold value 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 %

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 Minimum (50 Hz/60 Hz) 26 ms/23 ms + OOT58

Typical (50 Hz/60 Hz) 28 ms/25 ms + OOT
When using 3 line ends Minimum (50 Hz/60 Hz) 26 ms/23 ms + OOT

Typical (50 Hz/60 Hz) 30 ms/27 ms + OOT
When using 6 line ends Minimum (50 Hz/60 Hz) 31 ms/27 ms + OOT

Typical (50 Hz/60 Hz) 37 ms/34 ms + OOT

11.6

58 OOT (Output Operating Time): Additional time delay of the output medium used, for example, 5 ms with fast relays

Technical Data
11.6 Line Differential Protection
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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 Minimum 8 ms + OOT

Typical 11 ms + OOT
When using 3 line ends Minimum 8 ms + OOT

Typical 11 ms + OOT
When using 6 line ends 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

Time Delays

Delay of the I-DIFF stage 0.00 s to 60.00 s Increments of 0.01 s
Delay of the stages I-DIFF fast/I-DIFF fast 2 0.00 s Not adjustable
Delay of 1-phase pickup in resonant-
grounded/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 self-
stabilization)

Frequency deviations, runtime differences, harmonics,
synchronism quality, jitter

Adjustments for Transformers in the Protection Range

Vector group adjustment (V and
I)

0 to 11 Increments of 1

Residual current elimination 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
1.1 ≤ f/frated ≤ 1.2

Normal operating range without rated accuracy

0.0 ≤ f/frated ≤ 0.8 Stable operation without rated accuracy

Technical Data
11.6 Line Differential Protection
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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 %

Tripping Thresholds of the S-DIFF fast 2 Stage

Threshold value 80.0 % to 10 000.0 %
of Irated Operation

Increments of 0.1 %

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
1.1 ≤ f/frated ≤ 1.2

Normal operating range without rated accuracy

0.0 ≤ f/frated ≤ 0.8 Stable operation without rated accuracy

11.7

59 OOT (Output Operating Time): Additional time delay of the output medium used, for example, 5 ms with fast relays

Technical Data
11.7 Stub-Differential Protection
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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
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

Number of pulses until intermit-
tent 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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with less sensitivity

11.8

60 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.8 Directional Intermittent Ground-Fault Protection
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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 1 % of the setting value or ± 10 ms

Technical Data
11.8 Directional Intermittent Ground-Fault Protection
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Non-Directional Intermittent Ground-Fault Protection
Setting Values

Threshold
value 3I0>
interm.

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
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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with less sensitivity

11.9

61 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.9 Non-Directional Intermittent Ground-Fault Protection
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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 1 % of the setting value or ± 10 ms

Technical Data
11.9 Non-Directional Intermittent Ground-Fault Protection
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Sensitive Ground-Fault Detection

General

Setting Values

Decay time V0 0.06 s to 0.20 s Increments of 0.01 s
Dropout delay 0.00 s to 60.00 s Increments of 0.01 s
Core balance
current transformer
current 1
Core balance
current transformer
current 2

Protection-class
current trans-
formers

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

Core balance current transformer angle correction F1
Core balance current transformer angle correction F2

0.0° to 5.0° Increments of 0.1°

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances 63

f < 10 Hz
f > 80 Hz

Active with less sensitivity 64

Tolerances

Currents -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, 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

11.10

11.10.1

62 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
63 Transient ground-fault stage is inactive
64 Transient ground-fault stage is inactive

Technical Data
11.10 Sensitive Ground-Fault Detection
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Direction-calculation angle error65 ≤ 1° at 3I0 > 5 mA, V0 = 0.6 V
≤ 2° at 3I0 ≤ 5 mA, V0 = 0.6 V

Directional 3I0 Stage with Cos φ or Sin φ Measurement

Setting Values

Direction method of measurement cos φ
sin φ

–

Threshold value
3I0>
Minimum direc-
tional 3I0> for
direction determi-
nation

Protection-class
current trans-
formers

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

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

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.

Times

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

11.10.2

65 Not applicable to 11.10.4 Directional 3I0 Stage with φ(V0,3I0) Measurement
66 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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Dropout time Approx. 32 ms + OOT at 50 Hz
Approx. 27 ms + OOT at 60 Hz

Directional Transient Ground-Fault Stage

Setting Values

Threshold
value 3I0>

Protection-class
current transformers

For Iph-rated =
1 A

0.000 A to 35.000 A Increments of 0.001 A

For Iph-rated =
5 A

0.00 A to 175.00 A Increments of 0.01 A

Sensitive current
transformer for IN

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

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.

Times

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

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

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

11.10.3

11.10.4

67 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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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

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.

Times

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

Tolerances

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

Directional Y0 Stage with G0 or B0 Measurement (Admittance)

Setting Values

Direction method of measurement B0
G0

–

11.10.5

68 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection

1750 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



Release
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

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

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.

Times

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

Tolerances

Admittance 1 % of the setting value or 0.05 mS (Irated = 1.6 A) or
0.25 mS (Irated = 8 A), (frated ± 10 %)

69 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection

SIPROTEC 5, Transformer Differential Protection, Manual 1751
C53000-G5040-C016-8, Edition 07.2017



Directional Stage with Phasor Measurement of a Harmonic

Setting Values

Min. 3I0> of the
selected
harmonic phasor

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

Dropout ratio of the direction determination in terms of the
zero-sequence harmonic current

0.10 to 0.95 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.

Times

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

11.10.6

70 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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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

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

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

11.10.7

71 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
72 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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Non-Directional 3I0 Stage

Setting Values

Method of Measurement Fundamental component
RMS value

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

For transformer type
I-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 transformer type
I-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

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

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 undercur-
rent 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

Non-Directional Y0 Stage

Setting Values

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

11.10.8

11.10.9

73 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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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.

Times

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

Current Operating Range

Minimum 3I0 threshold
for Y0 calculation

Protection-class current
transformers

30 mA sec. (Irated = 1 A)
150 mA sec. (Irated = 5 A)

Sensitive current trans-
former

1 mA sec. (Irated = 1 A)
5 mA sec. (Irated = 5 A)

Tolerances

Admittance 1 % of the setting value or 0.05 mS (Irated = 1.6 A) or
0.25 mS (Irated = 8 A), (frated ± 10 %)

74 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.10 Sensitive Ground-Fault Detection
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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-
grounded system

C(A) acyclic
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

Threshold value V0> 0.300 V to 200.000 V Increments of 0.001 V
Measuring tolerances for sinusoidal measurands ± 5 %

Pickup Method

Overcurrent pickup
Iph>> 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%

11.11

Technical Data
11.11 Distance Protection 
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Voltage- and phase angle-dependent current pickup (V/I/ϕ) (optional)
Characteristic Cascaded with adjustable slopes
Minimum phase current Iph> 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

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

Undervoltage phase-to-ground (individually separated
according to Iph>, Iph>>, and Iϕ>)

0.500 V to 200.000 V Increments of 0.001 V

Undervoltage phase-to-phase (individually separated
according to Iph>, Iph>>, and Iϕ>)

1.000 V to 200.000 V Increments of 0.001 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

Characteristic Quadrilateral, MHO or circular characteristic curve
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 Increments of 0.001 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 Increments of 0.001 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 Increments of 0.001 Ω
For Irated = 5 A 0.010 Ω to 120.000 Ω

αPole = Zone inclination 0° to 45° Increments of 1°

Technical Data
11.11 Distance Protection 
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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 Increments of 0.001 Ω

For Irated = 5 A 0.010 Ω to 120.00 Ω
Polarization 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 Increments of 0.001 Ω

For Irated = 5 A 0.020 Ω to 120.00 Ω
Angle for R-reserve 10.0° to +90.0° Increments of 0.1°
Every zone can be configured as forward or backward.
Load cutout (for impedance pickup):
Rload = Minimum load resis-
tance

For Irated = 1 A 0.050 Ω to 600.000 Ω Increments of 0.001 Ω
For Irated = 5 A 0.010 Ω to 120.000 Ω

φload = Maximum load angle 20.0° to 60.0° 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 Increments of 0.01 s
Timer tolerance 1 % of the setting value or 10 ms
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

1.1 f/frated ≤ f ≤ 1.2 f/frated

Slightly expanded tolerances

f < 0.8 frated

f > 1.2 frated

Active

75 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.11 Distance Protection 
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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

X reach (ph-g) = reach of
reactance, phase-to-
ground

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
reactance, phase-to-phase

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-g) = reach of
resistance, phase-to-
ground

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
resistance, phase-to-
phase

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

Dropout Ratios

Currents About 0.95
Voltage About 1.05
Impedances About 1.05

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)

Voltage 0.5 % of the setting value or 0.05 V
Impedances
Measurement tolerances for sinusoidal values

11.12

76 OOT (Output Operating Time) additional delay of the used output medium, such as 5 ms with quick-acting relay

Technical Data
11.12 Impedance Protection
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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

Times

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

11.13

Technical Data
11.13 Power-Swing Blocking 
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External Trip Initiation
Setting Values

Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

Times

Operate time with time delay = 0 ms
- At initiation via binary input signal Approx. 10 ms + OOT 77.

Tolerance

Sequence tolerance for delay times 1 % of the setting value or 10 ms

11.14

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

Technical Data
11.14 External Trip Initiation 
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Overcurrent Protection, Phases

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

–

Threshold value78 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

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 undercur-
rent 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 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

11.15

11.15.1

78 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
79 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.15 Overcurrent Protection, Phases

1762 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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
81 In 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.
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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 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 0.00 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

Approx. 10 ms

11.15.2
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Figure 11-8 Operate Curves and Dropout-Time Characteristic Curves According to IEC
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Figure 11-9 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 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

Technical Data
11.15 Overcurrent Protection, Phases

SIPROTEC 5, Transformer Differential Protection, Manual 1769
C53000-G5040-C016-8, Edition 07.2017



[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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

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

11.15.3

84 In case that the filter response exactly matches the user-defined gain factors
85 In 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.
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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
89 In 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.
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Overcurrent Protection, Ground

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value92 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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

11.16

11.16.1

92 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
93 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 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value96 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

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)

11.16.2

94 Slightly expanded tolerances will occur during the calculation of 3I0, maximum factor of 2
95 Slightly 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 lrated,sec.
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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
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Figure 11-14 Operate Curves and Dropout Characteristic Curves According to IEC
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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
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Figure 11-16 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-17 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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Figure 11-18 Operate Curves and Dropout Characteristic Curves According to ANSI/IEEE
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I497, 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 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 5 % of the reference (calculated) value

+2 % current tolerance or 30 ms

97 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
98 Insignificantly 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold 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

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

11.16.3
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Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

3I0 measured via I499, 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 I4100, 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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

99 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2
100 Insignificantly increased tolerances will occur during the calculation of 3I0, maximum factor of 2

Technical Data
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Overcurrent Protection, 1-Phase

Stage with Definite-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value101 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

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

11.17

11.17.1

101 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
102 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with Inverse-Time Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value103 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

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

11.17.2

103 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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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined Characteristic Curve

Setting Values

Method of measurement Fundamental component
RMS value

–

11.17.3
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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

1.1 frated < f ≤80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with less sensitivity

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 %)

Technical Data
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

Technical Data
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Voltage-Dependent Overcurrent Protection, Phases
Setting Values for All Stage Types

Method of measurement Fundamental component
RMS value

–

Overcurrent threshold
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

Time delay 0.10 s to 60.00 s Increments of 0.01 s

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

Setting Values for Definite-Time Overcurrent Protection Stages

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

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

Instantaneous With dropout
Disk emulation Approx. < 0.90 ⋅ threshold value

11.18

104 The 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

2.5 mA sec. (Irated = 5 A)
Voltage transformer 150 mV sec.

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

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 % 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 %)
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

Technical Data
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Influencing Variables for Thresholds

Transient excess pickup in method of measurement =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
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Directional Overcurrent Protection, Phases

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 undercur-
rent 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

Times

Operate time with time delay = 0 ms Approx. 37 ms + OOT 106 at 50 Hz
Approx. 22 ms + OOT at 60 Hz

11.19

11.19.1

105 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
106 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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

Dropout Disk emulation
Instantaneous

–

11.19.2

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 See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-8Very inverse: type B

Extremely inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-9Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

Inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-10Short inverse

Long inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-11Moderately inverse

Very inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-12Extremely inverse

Definite inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-13

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

Technical Data
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Stage with User-Defined 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

–

11.19.3

108 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays
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Threshold value109 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

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

Times

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

109 If you have selected the method of measurement = RMS value, do not set the threshold value under 0.1 lrated,sec.
110 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.19 Directional Overcurrent Protection, Phases
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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
(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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.19 Directional Overcurrent Protection, Phases
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Directional Overcurrent Protection, Ground

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°

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 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 undercur-
rent 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 According to specified tolerances

11.20

11.20.1

Technical Data
11.20 Directional Overcurrent Protection, Ground
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10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

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

11.20.2

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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 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

Very inverse: type B
Extremely inverse: type C
Long-time inverse: type B

Operate Curves and Dropout-Time Characteristic Curves according to ANSI/IEEE

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

Short inverse
Long inverse
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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

Characteristic curve: see Figure 11-20
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

11.20.3

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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 undercur-
rent 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 According to specified tolerances

Technical Data
11.20 Directional Overcurrent Protection, Ground
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10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
Inverse-time operate time to logarithmic inverse-time
characteristic

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Inverse-time dropout time to logarithmic inverse-time
characteristic

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

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°

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

11.20.4

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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 undercur-
rent 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)

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

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 %)
Inverse-time operate time to logarithmic inverse time
with knee-point characteristic

5 % of the reference (calculated) value
+ 2 % current tolerance or 30 ms

Inverse-time dropout time to logarithmic inverse time
with knee-point characteristic

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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 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°

11.20.5

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active with reduced sensitivity

Technical Data
11.20 Directional Overcurrent Protection, Ground
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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 =
fundamental component, for τ > 100 ms (with
complete unbalance)

< 5 %

Technical Data
11.20 Directional Overcurrent Protection, Ground
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Negative-Sequence Protection

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
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
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

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
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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

11.21

11.21.1

111 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.21 Negative-Sequence Protection
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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

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 Increments of 0.1
Dropout Disk emulation

Instantaneous
Time multiplier 0.05 to 15.00 Increments of 0.01
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
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

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
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

Disk emulation Approx. 0.90 ⋅ threshold value
Instantaneous Approx. 1.05 ⋅ threshold value

Approx. 0.95 ⋅ pickup value

11.21.2

112 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.21 Negative-Sequence Protection
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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 See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-8Very inverse: type B

Extremely inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-9Long-time inverse: type B

Table 11-4 Standard Characteristic Curves to ANSI

Inverse: type C See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-10Short inverse

Long inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-11Moderately inverse

Very inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic Curve, Figure 11-12Extremely inverse

Definite inverse See chapter 11.15.2 Stage with Inverse-Time Charac-
teristic 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

1.1 frated< f ≤ 80 Hz
Slightly expanded tolerances

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))

Technical Data
11.21 Negative-Sequence Protection
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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

Technical Data
11.21 Negative-Sequence Protection
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Undercurrent Protection
Setting Values

Method of measurement Fundamental component
RMS value

–

Threshold value I< 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

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 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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 %)

11.22

113 OOT (Output Operating Time): additional delay of the output medium used, for example, 5 ms with fast relays, see chapter Relay
Outputs

Technical Data
11.22 Undercurrent Protection
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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 1 % of the setting value or 10 ms

Technical Data
11.22 Undercurrent Protection

SIPROTEC 5, Transformer Differential Protection, Manual 1813
C53000-G5040-C016-8, Edition 07.2017



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

Cooling time therm. replica 0 s to 100 000 s Increments of 1 s 

Functional Measured Values

Measured Value Description
(_:2311:322) V/f Value calculated from voltage and frequency.
(_: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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Operating Times

Operate times/dropout times
Operate time at frequency 50 Hz 60 Hz
Minimum 33 ms + OOT1 30 ms + OOT114

Dropout time 10 ms + OOT1 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

Tolerances

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

11.23

114 Refer to protection functions, for example overcurrent protection

Technical Data
11.23 Overexcitation 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)

Technical Data
11.23 Overexcitation Protection
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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 Approx. 60 ms + OOT115 at 50 Hz
Approx. 50 ms + OOT at 60 Hz

11.24

115 OOT (Output Operating Time): additional delay of the output medium used, for example, 5 ms with fast relays

Technical Data
11.24 Unbalanced-Load Protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

Negative-sequence current I2 Approx. 3 % of setting value or 0.030 A at Irated = 1 A
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

 
≤ 1 %
≤ 1 %

Technical Data
11.24 Unbalanced-Load Protection
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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

Dropout ratio 0.50 to 0.90 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 overcurrent and of 105 % for undercur-
rent 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

Tolerances

Response tolerance, current 5 % of setting value or 10 mA
at Irated = 1 A
5 % of setting value or 50 mA
at Irated = 5 A

Time delays 1 % of the setting value or 10 ms

11.25

116 OOT (Output Operating Time) Additional delay of the output medium used, see Chap. 11.1.4 Relay Outputs

Technical Data
11.25 Instantaneous High-Current Tripping
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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

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

11.26

117 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
11.26 Overvoltage Protection with 3-Phase Voltage
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

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

118 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.26 Overvoltage Protection with 3-Phase Voltage
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

11.27

119 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.27 Overvoltage Protection with Positive-Sequence Voltage 
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Overvoltage Protection with Negative-Sequence Voltage
Setting Values for the Function

Measuring window 1 cycle to 10 cycles Increments of 1 cycle

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.

Times

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)

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 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

11.28

120 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.28 Overvoltage Protection with Negative-Sequence Voltage 
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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

Setting Values for Stage Types

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

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 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

Frequency Operating Range

0.9 f/frated to 1.1 f/frated According to specified tolerances
10 Hz to 0.9 f/frated

1.1 f/frated to 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 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

11.29

121 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.29 Overvoltage Protection with Negative-Sequence Voltage/Positive-Sequence Voltage 
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

11.30

122 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
123 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.30 Overvoltage Protection with Zero-Sequence Voltage/Residual Voltage 
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f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

Technical Data
11.30 Overvoltage Protection with Zero-Sequence Voltage/Residual Voltage 
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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.

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Voltages 0.5 % of the setting value or 0.05 V

11.31

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

Technical Data
11.31 Overvoltage Protection with Any Voltage
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Time delays 1 % of the setting value or 10 ms

Technical Data
11.31 Overvoltage Protection with Any Voltage
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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

Where:
Top Operate delay
TInv Inverse-time delay
Tadd Additional time delay (parameter Additional time delay)

11.32

127 If you have selected the Method of measurement = RMS value, do not set the threshold value under 10 V.

Technical Data
11.32 Undervoltage Protection with 3-Phase Voltage
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[fo_UVP3ph_inverse, 2, en_US]

Where
TInv Inverse-time delay
Tp Time multiplier (parameter Time dial)
V Measured undervoltage
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.

Times

Pickup time Approx. 25 ms + OOT128 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 1 % of the setting value or 10 ms

128 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.32 Undervoltage Protection with 3-Phase Voltage
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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

Technical Data
11.32 Undervoltage Protection with 3-Phase Voltage
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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.

Times

Operate time Approx. 25 ms + OOT 129 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

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

11.33

129 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.33 Undervoltage Protection with Positive-Sequence Voltage
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

Voltages 0.5 % of the setting value or 0.05 V
Time delays 1 % of the setting value or 10 ms

11.34

130 If you have selected the method of measurement = RMS value, do not set the threshold value under 10 V.
131 OOT (Output Operating Time): additional delay of the output medium used, see chapter 11.1.4 Relay Outputs

Technical Data
11.34 Undervoltage Protection with Any Voltage 
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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

Current I1 release threshold 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

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

Times

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

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

11.35

132 OOT (Output Operating Time): additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.35 Undervoltage-Controlled Reactive-Power Protection
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f < 10 Hz
f > 80 Hz

Active

Technical Data
11.35 Undervoltage-Controlled Reactive-Power Protection
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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 0.5 % of the setting value or 0.05 V

11.36

133 OOT (Output Operating Time): extra delay of the output medium used

Technical Data
11.36 Voltage-Comparison Supervision
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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 1-
phase ground faults

Correction of the X value, for connection and discon-
nection

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

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

11.37

134 The output of the fault distance in km, miles and percent presupposes a homogeneous line.

Technical Data
11.37 Fault Locator
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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

Times

Pickup times f> Angle difference method
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

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

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

11.38

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

Technical Data
11.38 Overfrequency Protection
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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

Times

Pickup times f< Angle difference method
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

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

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

11.39

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

Technical Data
11.39 Underfrequency Protection
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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
rate or df/dt-falling rate

0.1 Hz/s to 20.0 Hz/s 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

Setting Values for the Stage

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

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 ± 5 mHz at V = Vrated

11.40

137 OOT (Output Operating Time): additional time delay of the output medium used, for example, 5 ms with fast relay

Technical Data
11.40 Underfrequency Load Shedding
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Technical Data
11.40 Underfrequency Load Shedding
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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

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 + 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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

11.41

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

Technical Data
11.41 Rate of Frequency Change Protection

SIPROTEC 5, Transformer Differential Protection, Manual 1841
C53000-G5040-C016-8, Edition 07.2017



Minimum voltage 1 % of the setting value or 0.5 V
Time delays 1 % of the setting value or 10 ms

Functional Measured Value

Value Description
df/dt Calculated rate of frequency change

Technical Data
11.41 Rate of Frequency Change Protection
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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

11.42

Technical Data
11.42 Instantaneous Tripping at Switch onto Fault 
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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
5 A @ 1.6 Irated 0.005 A to 8.000 A Increments of 0.001 A

Imin cooling 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.

11.43

Technical Data
11.43 Thermal Overload Protection, 3-Phase – Advanced

1844 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



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),
4 % class acc. to IEC 60255-8

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 60255-8

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),

2 % class acc. to IEC 60255-8
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 60255-8

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 60255-8

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

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 60255-8141

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 60255-8141

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 60255-8

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.
140 In 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.

Technical Data
11.43 Thermal Overload Protection, 3-Phase – Advanced
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Figure 11-24 Operate Curve of Overload Protection

Technical Data
11.43 Thermal Overload Protection, 3-Phase – Advanced
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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

11.44

Technical Data
11.44 Analog-Units Function Group
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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

Tolerances

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

11.45

Technical Data
11.45 Temperature Supervision
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Hotspot Calculation
Setting Values

Emerg. start T overtravel 0 s to 15 000 s Increments of 1 s
HST Warning Threshold °C 80 °C to 140 °C Increments of 1 °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

IEC 60076-7
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

IEEE C57.91 2011
m Turn exponent 0.8 to 1.0 Increments of 0.1
Temperature gradient 20 to 50 Increments of 1

Functional Measured Values

Measured Value Description
(_:13531:307) Tmp.A Hotspot temperature for phase A in °C or °F (depending on the setting)
(_: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

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.

11.46
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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.

Technical Data
11.46 Hotspot Calculation
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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
1 A @ 50 Irated
5 A @ 100 Irated 0.15 A to 175.00 A Increments of 0.01 A
5 A @ 50 Irated
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

Sensitive threshold value 1 A @ 100 Irated 0.030 A to 35.000 A Increments of 0.001 A
1 A @ 50 Irated
5 A @ 100 Irated 0.15 A to 175.00A Increments of 0.01 A
5 A @ 50 Irated
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

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 1 input each for make contact and break contact

ii
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).

11.47

142 Via binary inputs

Technical Data
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

Threshold values, dropout thresholds 2 % of the setting value or 1 % of the rated current
Times 1 % of the setting value or 10 ms

Technical Data
11.47 Circuit-Breaker Failure Protection 
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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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Tolerances

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

11.48
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Arc Protection
Setting Values

Threshold I> 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 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

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 Increments of 0.01
Channel Possible settings, application-dependent

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

Approx. 2.6 ms + OOT 143

Shortest operate time
Operating mode = Current and light

Approx. 4.0 ms + OOT at 50 Hz
Approx. 3.8 ms + OOT at 60 Hz

11.49

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

Technical Data
11.49 Arc Protection
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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< 0.300 V to 175.000 V Increments of 0.001 V
Threshold I> 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
Value

Description

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

Tolerance

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

11.50

144 OOT (Output Operating Time): additional delay of the output medium used

Technical Data
11.50 Power-Plant Disconnection Protection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Technical Data
11.50 Power-Plant Disconnection Protection
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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

Times

Pre-arcing times Approx. 29 ms

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 undercur-
rent 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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

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

11.51
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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

Tolerances

Power 0.5 % Srated ± 3 % of setting value
(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/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 %

11.52

145 OOT (Output Operating Time): additional delay of the output medium used, see Chapter 11.1.4 Relay Outputs

Technical Data
11.52 3-Phase Power Protection (P,Q)
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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

Times

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

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

Reverse power 0.15 % Srated or 5 % of the setting value
when Q < 0.5 Srated

Time delays 1 % or 10 ms

11.53
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

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 1 % of the setting value or 10 ms

11.54

146 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.54 Current-Jump Detection
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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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Inactive

Tolerances

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

11.55

147 OOT (Output Operating Time) additional delay of the output medium used, for example 5 ms with fast relays

Technical Data
11.55 Voltage-Jump Detection 
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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

Times

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

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

Tolerances

Angle jump 0.5° at V > 0.5 Vrated

Voltage blocking 1 % of the setting value or 0.500 V
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

11.56

148 OOT (Output Operating Time): additional delay of the output medium used. You can find more information in chapter 11.1.4 Relay
Outputs.

Technical Data
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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 ∞ (ineffec-

tive)
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
Voltage threshold values:
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

V<, for off-circuit conditions
V>, for voltage present

0.300 V to 170.000 V (phase-to-
phase)
0.300 V to 340.000 V (phase-to-
phase)

Increments of 0.001 V
Increments of 0.001 V

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 (synchro-
nous)
0.000 Hz to 4.000 Hz (asynchro-
nous)

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
Adjustments of the sides:
Angle adjustment 0.0o to 360.0o Increments of 0.1o

Voltage adjustment 0.500 to 2.000 Increments of 0.001
Circuit breaker
Closing time of the circuit breaker 0.01 s to 0.60 s Increments of 0.01 s

11.57
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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

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

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

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
  
  
• Range
• Tolerance at rated frequency

In kV primary, in V secondary or in % Vrated

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 %
1 mHz

Angle difference λ2-λ1
• Range
• Tolerance at rated frequency

In o
-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

Tolerances of the voltage settings 2 % of the pickup value or 1 V
Voltage difference V2>V1; V2<V1 1 V
Frequency difference f2>f1; f2<f1 10 mHz
Angle difference α2>α1; α2<α1 1o

Technical Data
11.57 Synchronization Function
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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

Technical Data
11.57 Synchronization Function
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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
Volt. cont. 2W
Target voltage 1

40.00 kV to 1 360.00 kV Increments of 0.01 kV
Target voltage 2
Target voltage 3
Target voltage 4
Volt. cont. 3W and GC
Target voltage 1 w1

40.00 kV to 1 360.00 kV Increments of 0.01 kV

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
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
Line compensation LDC-Z
Target voltage rising 0.0 % to 20.0 % Increments of 0.1 %
Max load current 0.0 % to 500.0 % Increments of 0.1 %
Line compensation LDC-X and R
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
Limiting values
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
Blockings
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 %

11.58
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I< Time delay 0 s to 20 s Increments of 1 s

Measured Values, Two-Winding Transformer

Measured Value Description Primary Secondary % Referenced to
V act. Current, measured positive-

sequence 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
(positive-sequence system)

A A Load current referenced to the
rated current of the winding

V max Maximum positive-sequence
voltage ever measured (refer-
enced 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 (refer-
ence 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 compensa-
tion

kV V Target voltage of the winding
referenced to the rated voltage
of the winding

Measured Values, Three-Winding Transformer

Measured Value Description Primary Secondary % Referenced to
Vact.w1 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 kV V Target voltage of winding 1
referenced to the rated voltage
of winding 1

Technical Data
11.58 Voltage Controller
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Measured Value Description Primary Secondary % Referenced to
V tar.w2 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 Description Primary Secondary % Referenced to
Vact.w1 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

Threshold of the voltage limit About 0.99 of the setting value
Threshold of the current limit About 0.99 of the setting value

Technical Data
11.58 Voltage Controller
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Current-Balance Supervision
Setting Values

Release threshold 1 A @ 100 Irated 0.030 A to 35.000 A Increments of 0.001 A
1 A @ 50 Irated
5 A @ 100 Irated 0.15 A to 175.00 A Increments of 0.01 A
5 A @ 50 Irated
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

Dropout Ratio

Overcurrent dropout ratio Approx. 0.97
Undercurrent dropout ratio Approx. 1.05

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.59
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.60

Technical Data
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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

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s

Dropout Ratio

Dropout ratio Approx. 0.97

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.61
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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

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.62

Technical Data
11.62 Voltage-Sum Supervision 
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Current Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s  to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.63
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Voltage Phase-Rotation Supervision
Setting Values

Tripping delay 0.00 s to 100.00 s Increments of 0.01 s
Phase-rotation direction A B C

A C B

Times

Tripping time Approx. 500 ms
Dropout time Approx. 500 ms

11.64

Technical Data
11.64 Voltage Phase-Rotation Supervision 
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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

11.65
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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
For 3 ends Minimum 10 ms

Typical 14 ms
For 6 ends Minimum 15 ms

Typical 18 ms
Dropout times, total approx.
For 2 ends Typical 20 ms
For 3 ends Typical 20 ms
For 6 ends Typical 26 ms

11.66
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Priority 2:
Response time, total approx.
For 2 ends Minimum 9 ms

Typical 16 ms
For 3 ends Minimum 12 ms

Typical 18 ms
For 6 ends Minimum 17 ms

Typical 23 ms
Dropout times, total approx.
For 2 ends Typical 24 ms
For 3 ends Typical 25 ms
For 6 ends Typical 32 ms

Priority 3149

Response time, total approx.
For 2 ends Minimum

Typical 100 ms
For 3 ends Minimum

Typical 150 ms
For 6 ends Minimum

Typical 200 ms
Dropout times, total approx.
For 2 ends Typical 100 ms
For 3 ends Typical 150 ms
For 6 ends Typical 200 ms

149 Times cannot be determined because the signals are transmitted in fragments.

Technical Data
11.66 Protection Interface and Protection Topology
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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
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]

11.67

150 If provided

Technical Data
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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

11.68

Technical Data
11.68 Phasor Measurement Unit
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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 All functions that process the measured values from this current meas-
uring point (for example, differential protection).

11.69
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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

3ph.fail. - phs.curr. jump 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

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.

Times

Pickup time Approx. 10 ms + OOT151 at 50 Hz
Approx. 10 ms + OOT at 60 Hz

Dropout time Approx. 20 ms + OOT

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

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

11.70

151 OOT (Output Operating Time) Additional delay of the output medium used, see chapter 11.1.4 Relay Outputs
152 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
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

Technical Data
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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

Technical Data
11.70 Measuring-Voltage Failure Detection
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Voltage-Transformer Circuit Breaker
Setting Values

Response time 0.000 s  to 0.030 s Increments of 0.001 s

11.71
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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
V secondary
< 200 V secondary

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

VAB, VBC, VCA

Voltage range
V secondary
< 200 V

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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

11.72

Technical Data
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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

A secondary
< 1.6 Irated

Rated currents
Measuring range
Frequency range

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

Technical Data
11.72 Operational Measured Values and Statistical Values
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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 0.3 % 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 0.5 % of the measured value in the above mentioned
measuring range

Frequency

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

Statistical Values of the Device

Device operating hours h
Range 0 to 9 999 999 h
Tolerance 1 h

Technical Data
11.72 Operational Measured Values and Statistical Values
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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 1 h
Circuit breaker open hours h
Range 0 to 9 999 999 h
Tolerance 1 h

Statistical Values of the Disconnector

Op.cnt. (operation counter)
Range 0 to 999 999 999
Tolerance None

Technical Data
11.72 Operational Measured Values and Statistical Values
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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 1 %

11.73
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CFC
Typical response times and maximum number of ticks of the CFC task levels:
Task Level Time (in ms) Ticks CP200 Ticks CP300
Fast Event-Trig-
gered

< 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 101 Ticks in Fast Event-Triggered Level

104 Ticks in Event-Triggered Level
54 Ticks in Measurement Level
74 Ticks in Interlocking Level

Tint 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

11.74
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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

Technical Data
11.74 CFC
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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

Technical Data
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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
TT 2.5
TSHORT 1.9
UINT_DINT 3.0
XOR2 2.6

Technical Data
11.74 CFC

1892 SIPROTEC 5, Transformer Differential Protection, Manual
C53000-G5040-C016-8, Edition 07.2017



siemens.com/siprotec

SIPROTEC 5 Compact
Universal Protection Device 7SX800 

Catalog • Edition 2





SIPROTEC 5 Compact

Cata log  Ed i t ion  2

SIPROTEC 5 Compact

Overview

7SX800 Universal Protection Device

Application Examples

Overview of functions

SIPROTEC 5 Compact – System

Functional Integration

Protection

Control

Automation

Monitoring

Data Acquisition and Recording

Communication

Safety and Security Concept

Test and Diagnostics

SIPROTEC 5 Compact – hardware

Hardware

Integrated interfaces

Terminals

Standard variants

SIPROTEC 5 Compact – engineering

WEB Monitor

DIGSI 5

IEC 61850 system configurator

SIPROTEC DigitalTwin

SIPROTEC Dashboard

SIGRA

1

1.1

1.2

1.3

1.4

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

3.3

3.4

4

4.1

4.2

4.3

4.4

4.5

4.6

Content

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 3



Attachment

Selection and Ordering Data

Accessories

Connection Diagrams

Assembly Dimensions

Grouping Measured Values

Technical Data

Legal Notices

5

5.1

5.2

5.3

5.4

5.5

5.6

5.7

Content

4 SIPROTEC 5 Compact ⋅ Catalog – Edition 2



[ph_SIPROTEC 5 Compact, 2, --_--]

Figure /1 SIPROTEC 5 Compact

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 develop-
ment 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.
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

Editorial

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 5



∣ From Siemens
SIPROTEC has stood for reliable protection for over 100 years.
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 protec-
tion 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 switch-

gears

[ph_SIPROTEC5_C_W9, 2, --_--]

Figure 1.1/1 SIPROTEC 5 Compact – Rear View

SIPROTEC 5 Compact
Overview
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[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.

SIPROTEC 5 Compact
7SX800 Universal Protection Device

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 7
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Description
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 appli-
cations 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 compre-
hensively 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 protec-

tion 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 require-

ments (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.

• Directional and non-directional overcurrent protection with
additional functions

• Motor protection functions: Startup time monitoring, thermal
overload protection for stator and rotor, restart inhibit, unbal-
anced-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 (under-
voltage-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 func-

tions in the device

[ph_SIPROTEC 5 Compact, 2, --_--]

Figure 1.2/2 SIPROTEC 5 Compact – Universal Protection Device

SIPROTEC 5 Compact
7SX800 Universal Protection Device
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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
logs (IEC 60870-5-103, DNP3 serial) or for time synchroniza-
tion 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-coil-
ground 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 over-

current, 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 medium-

voltage and subordinate low-voltage power system
• Reverse-power protection
• Load shedding applications

1 Under development

SIPROTEC 5 Compact
7SX800 Universal Protection Device
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Overcurrent Protection

[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

SIPROTEC 5 Compact
Application Examples – Overcurrent protection
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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 protec-
tion for power line runs with an infeed at both ends (Figure
1.3/2). Directional comparison protection is used for the selec-
tive 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.

[dw_DwDOCP07_SIP5C, 1, en_US]

Figure 1.3/2 Principle of directional comparison protection for power
line runs with infeed at two ends

SIPROTEC 5 Compact
Application Examples – Directional comparison protection
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Induction Motor: Protection and Control

[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

SIPROTEC 5 Compact
Application Examples – Induction Motor
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Application Templates
Application templates are available in DIGSI 5 for standard appli-
cations. They contain basic configurations and default settings.

ANSI Function Abbr.

Av
ail

ab
le Application templates (template)

1 2 3 4 5 6 7

Protection functions for 3-pole tripping ■
14 Locked rotor ■ ■ ■
24 Overexcitation protection V/f ■
25 Synchrocheck, synchronization function Sync ■
27 Undervoltage protection V< ■ ■ ■

Directional reactive power undervoltage protection (under-
voltage-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>

■

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

bank
θ, I2t ■

49R Thermal overload protection, rotor (motor) θR ■ ■ ■
50N/51N
TD

Overcurrent protection, ground IN> ■ ■ ■ ■ ■ ■

50/51 TD Overcurrent protection, phases I> ■ ■ ■ ■ ■ ■ ■
Instantaneous tripping at switch onto error SOTF ■

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) admit-
tance 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-

itor bank
I> ■

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"

or "positive-sequence system V1" or "universal Vx"
V> ■ ■

SIPROTEC 5 Compact
Overview of functions
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ANSI Function Abbr.

Av
ail

ab
le Application templates (template)

1 2 3 4 5 6 7

60 Voltage-comparison supervision ΔV> ■
60C Current-unbalance protection for capacitor banks Iunbal> ■
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 detec-
tion for grounded arc suppression coils and isolated power
systems"

∠(U0h,
I0h)

■

Directional intermittent ground-fault protection IIEdir> ■
74TC Trip-circuit supervision AKU ■
74CC Single circuit monitoring ■
79 Automatic reclosing AREC ■
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; df/

dt<>
■ ■

81U Underfrequency load shedding df/dt ■
Vector-Jump Protection Δφ> ■

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 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

SIPROTEC 5 Compact
Overview of functions
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(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

SIPROTEC 5 Compact
Overview of functions
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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:
• 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 high-
performance 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 acquisi-
tion 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.

SIPROTEC 5 Compact – System
Functional Integration
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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 meas-
urement 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 high-precision measured values and status information
provided by the SIPROTEC 5 devices can be transmitted to auto-
mation systems such as a SICAM substation automation tech-
nology and power systems control or central analysis systems
(for example, SIGUARD PDP) via the high-performance commu-
nications 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.

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.

SIPROTEC 5 Compact – System
Functional Integration
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Protection

[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 excep-
tional flexibility and a perfect adaptation of the protection func-
tionality to the conditions of the system and is still capable of
further changes in the future.
The available device functions are described in the following
sections.

Overexcitation Protection (ANSI 24)
The overexcitation protection is used for detecting high induc-
tion values in generators and transformers. It protects the equip-
ment 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 unbal-
ance is excessive.
Within this function, the following maximum number of stages
can be operated simultaneously: 1 dependent stage with user-
defined characteristics and 2 independent stages.

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:

– 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).

Evaluation of the frequency difference causes the function to
switch automatically between the synchronous and asynchro-
nous 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.
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.

Undervoltage Protection (ANSI 27)
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
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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 unbal-

anced 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 prob-
lems.

– 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 applica-

tions
– 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 under-
voltage-controlled reactive power direction protection (QU
protection) is required at the power-system interconnection
point. The QU protection detects critical power-system situa-
tions and ensures that the power-generation system is discon-
nected 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 medium-
voltage 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 reactive-
power 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.

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.

[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.
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 distur-
bance 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 compen-
sated, 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 under-
current protection handles this task.
The function consists of an undercurrent stage with a current-
independent time delay. A maximum of 2 stages can be oper-
ated in parallel.
Optionally, the auxiliary contacts of the local circuit breaker are
evaluated in order to prevent overfunction.

Temperature Supervision (ANSI 38)
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 func-
tion is designed so that the temperatures from up to 12 meas-
uring points can be processed. The integrated broken-wire
detection sends an alarm indication depending on the meas-
uring 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

3-phase current machines. It operates on the basis of symmetric
components. The protection function evaluates the negative-
sequence 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 func-
tion.

[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 indica-
tion 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 (advanta-
geous for conductor break monitoring).
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).
With the negative-sequence overcurrent protection 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 (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 interrup-
tions (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.
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Overcurrent Protection, Negative-Sequence System with
Direction (ANSI 46, 67)
The function overcurrent protection, negative-sequence system
with direction serves as the backup short-circuit protection for
unbalanced faults.
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 interrup-
tions (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.

Overvoltage Protection Functions (ANSI 59, 47, 59N)
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).
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)

• Optionally, measurement of phase-to-phase voltages or
phase-to-ground voltages

• Measuring methods: optionally, measurement of the funda-
mental component or of the RMS value (true RMS value).

Overvoltage protection with positive-sequence voltage
(ANSI 59)

• Detecting symmetrical, stationary overvoltages with positive-
sequence 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 overvol-
tages 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 equiva-
lent circuit of the line.

Overvoltage protection with negative-sequence voltage
(ANSI 47)

• Monitoring the power system and electric machines for
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 attenu-
ation of harmonics and transients) or of the RMS value

Overvoltage protection with any voltage (ANSI 59)

• Detection of any 1-phase overvoltage for special applications
• Measuring methods: optionally, measurement of the funda-

mental component or of the RMS value (true RMS value)

Starting Time Supervision (ANSI 48)
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.

[dwtherms-200712-03.tif, 1, en_US]

Figure 2.2/3 Thermal Characteristic Curve of the Starting Time Moni-
toring

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 meas-
urement and via circuit-breaker position contacts. The current
detection logic is phase-segregated and can therefore also be
used in 1-pole tripping schemes.
The circuit-breaker failure protection can be initiated by all inte-
grated 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 relia-
bility, an external start can be applied with 2 binary inputs in
parallel. Various delays may take place for 1-pole and 3-pole
starting.

External Trip Initiations
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 moni-
tors 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 initia-
tions.

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 instan-
taneous 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,

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.

Load-Jam Protection (ANSI 50L)
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.
The rotor blocking results in a current jump in the phases. The
current jump is detected by the function as a recognition charac-
teristic.
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.

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 single-
side 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 inverse-
time overcurrent protection stage are preconfigured. Addi-
tional 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.
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[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. Alterna-
tively, the function can also be used as high-impedance
restricted ground-fault protection.
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-coil-
ground 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.

Intermittent Ground-Fault Protection
Intermittent (reigniting) faults occur due to insulation weak-
nesses 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 intermit-
tent 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.

Transformer Inrush-Current Detection
When the device is used on a power transformer, large magnet-
izing 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.
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-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 current-
dependent protection equipment.
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
Characteristic curve ANSI/IEEE IEEE/IEC 60255-3
Inverse • •
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

For generator protection applications, the function under-
voltage 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 synchro-
nous generated voltage and with it the short-circuit current are
reduced and can drop below the pickup value. With the under-
voltage 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 overvol-
tages.
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

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 permis-
sible 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).

[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 direc-
tional 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 overcurrent-
protection stage (inverse-time overcurrent protection stage) are
preconfigured. Additional definite-time overcurrent protection
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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 avail-
able.
Figure 2.2/6 shows the free configurability of the directivity of
the ground function. The characteristic can be rotated for the
phase function.

[dw_DwDirRot, 1, en_US]

Figure 2.2/6 Directivity of the Ground Function

Apart from the characteristics, the stages are structured identi-
cally.

• 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 compo-
nent 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
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-suppression-
coil-ground system) or var-metric (sin φ, in the isolated power
system) method of measurement for the direction determina-
tion of static ground faults. For direction determination, the
current component which is perpendicular to the set direction-
characteristic 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 direction-
characteristic curve). Therefore, highly sensitive and precise
measurements are possible.

[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 toler-
ances.
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[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 determina-
tion 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 direc-
tion 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 measure-
ment 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.

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 indica-
tion is generated.

Automatic Reclosing (ANSI 79)
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. Reclo-
sure is performed by an automatic reclosing function (AR). Each
protection function can be configured to start or block the auto-
matic 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.
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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 equip-
ment).

• 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.
Different frequency-measuring elements with high accuracy and
short pickup times are available. Tripping by frequency-meas-
uring 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.

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 func-
tion 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

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 opti-
mized for the specific application by defining the measuring-
window length.
The function is automatically blocked in the event of undervol-
tages, 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 zero-
sequence 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 vari-
able is the zero-sequence current in the neutral point.

[dwgrdpri-170712-01.tif, 2, en_US]

Figure 2.2/9 Restricted Ground-fault Protection Basic Principle
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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 deter-
mines 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-and-
a-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.

[dw_fault_M1 side, 2, en_US]

Figure 2.2/11 Measuring Point Selection for Multiple Infeeds on the
Neutral Side

Fault Locator (FL)
Single ended fault locator
The integrated fault locator calculates the fault impedance and
the fault distance. The result is displayed in ohms, miles, kilome-
ters, or in percent of the line length. The influence of parallel
lines and of load currents can also be compensated.
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Control

[dw_steuerung_SIP5C, 1, en_US]

Figure 2.3/1 SIPROTEC 5 Compact – Functional Integration – Control

SIPROTEC 5 Compact includes all control and supervision func-
tion 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 func-
tions 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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Automation

[dw_automation_SIP5C, 1, en_US]

Figure 2.4/1 SIPROTEC 5 Compact – Functional Integration – Automa-
tion

The integrated CFC (Continuous Function Chart) graphical auto-
mation 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 prob-

lems
Of course, SIPROTEC 5 Compact provides a substation automa-
tion system, such as SICAM PAS/PQS, with all necessary informa-
tion, thus ensuring consistent, integrated, and efficient solu-
tions 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

[dw_Monitoring_SIP5C, 1, en_US]

Figure 2.5/1 SIPROTEC 5 Compact – Functional Integration – Moni-
toring

SIPROTEC 5 Compact devices can take on a wide variety of moni-
toring 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 moni-
toring 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 appro-
priate corrective actions.
Monitoring power-system stability
Grid Monitoring combines all of the monitoring systems that are
necessary to assure power-system stability during normal opera-
tion. SIPROTEC 5 Compact provides all necessary functionalities,
such as fault recorders, continuous recorders, for Grid Moni-
toring. 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 signifi-
cantly 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

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 condi-
tion-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
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 over-
view 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 hard-
ware. 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 evalu-
ation 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 positive-
sequence voltage

• V0/V1: ratio of the zero-sequence voltage to the positive-
sequence voltage

All the measured values are displayed under Power quality
basic > Voltage unbalance of a specific function group in the
HMI.
The specific function group in which the function Voltage
unbalance is instantiated must be connected to the 3-phase
voltage measuring point.

Voltage Variation
The function Voltage variation is used for measuring and moni-
toring 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 indica-
tions, and write their values as tracks.

[dw_PQ_VoltVar_event_duration, 1, en_US]

Figure 2.5/2 Duration of a Voltage Dip or Overvoltage Event

THD and Harmonics
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.
The function THD and harmonics serves for the calculation of
the following values:

• 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 func-
tion 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 Online-
Editor. If routed, the TDD values are available in the communica-
tion 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 user-
defined signal)
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Data Acquisition and Recording

[dw_data_SIP5C, 1, en_US]

Figure 2.6/1 SIPROTEC 5 Compact – Functional Integration – Data
Acquisition and Recording

The recorded and logged bay data is comprehensive. It repre-
sents 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 repre-
sent 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-

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 communica-
tion 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 (instru-
ment transformer)

• Synchrophasor measured values with high-precision time
stamping for subsequent tasks such as grid stability moni-
toring.

• Detection of current and voltage signals up to the 50 th
harmonic with a high accuracy for selected protection func-
tions (for example thermal overload protection, peak over-
voltage 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 transmis-
sion 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 accu-
racy.

2 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 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 meas-
ured 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 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 reso-
lution.
The time synchronization is optionally realized via:

• 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 gener-
ally support redundant time synchronization. The time informa-
tion 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 event-
log 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 irregulari-
ties 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 activi-
ties (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.

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
fault

Event-driven recording of
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 event-
driven recording of user-
defined 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 diag-
nostic operation, and commu-
nication loads)

3 Under development

SIPROTEC 5 Compact – System
Data Acquisition and Recording

SIPROTEC 5 Compact ⋅ Catalog – Edition 2 35

2.6



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
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Communication

[dw_Communication_SIP5C, 1, en_US]

Figure 2.7/1 SIPROTEC 5 Compact – Functional Integration – Communi-
cation

SIPROTEC 5 Compact devices are equipped with high-perform-
ance 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.

SIPROTEC 5 Compact – System
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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 appli-
cations, for example, IEC 61850, Modbus TCP, time synchroniza-
tion 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 50/125-
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.

[dw_SIP5Comp_rear_optical_interface, 1, --_--]

Figure 2.7/2 Rear Panel with Optical Interfaces
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Communication Interfaces

Port or plug-in module
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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 multi-
mode optical fiber

■

Applications
DIGSI 5 protocol ■ ■ ■
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 ■
DNP3 TCP4 ■ ■
Modbus TCP ■ ■
PROFINET IO4 ■ ■
SUP serial (Slave Unit Protocol) for connecting external temperature or 20-mA measuring devices4 ■
SUP Ethernet (Slave Unit Protocol) for connecting external temperature gages or 20-mA measuring
devices

■ ■

Diagnostics homepage ■ ■
Additional Ethernet logs and services
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) ■ ■

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 appli-
cation. 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 flexi-
bility 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 communica-
tion 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
Messages, measured and metered values can be transferred to a
maximum of 6 clients (substation controllers) via the client-
server 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 func-
tions 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 equip-
ment in order to adapt selected setting parameters to the oper-
ating 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 infor-
mation 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 connec-
tions 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 informa-
tion 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

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 communi-
cation 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 implementa-
tion is compatible with existing solutions, for example with
SIPROTEC 4 or SIPROTEC 5 devices, which will enable a trouble-
free 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 indica-
tions of systems control are also available in protocol exten-
sions. 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 func-
tion numbers can be freely configured here. This enables adap-
tation 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 double-
point 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_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.
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.

[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.

• 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 redun-
dancy is the redundancy of the IO controller or of the communi-
cation 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.

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
VLAN as per IEEE 802.1q is the standard in which various appli-
cations on the same physical Ethernet network can be discon-
nected 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.

[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 inte-
grated 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 inter-
faces. 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 redun-
dancy 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 synchroniza-
tion 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 ordi-
nary 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 power-
management 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 moni-
toring 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 applica-
tions (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 inter-
face 2 within just a few milliseconds (Figure 2.7/8).

[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 interruption-
free. 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 redun-
dancy

Seamless Redundancy with PRP and HSR
New technologies decisively shorten the time for the reconfigu-
ration 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 infor-
mation 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 infor-
mation telegrams are distributed in 2 directions on one
Ethernet ring feeder. The cost for the Ethernet network infra-
structure 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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[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

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 func-
tions, and can be exported into substation control applications.

[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 struc-

ture 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 land-
scape 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.
Safety and cybersecurity includes:
• Security concept in device design
• Information security against IT attacks (IT threats from

outside)

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. Cyberse-
curity measures ensure secure operations in networks. The
manufacturer can support the user with these measures. The
responsibility to implement a comprehensive cybersecurity

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.

• Storage of calibration data in the analog capture modules
enables completely safe exchange or extensions within the
module unit.

• Fully pluggable terminals mean that when devices or modules
are replaced.

• Now that the current transformer is integrated into the
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 trans-
former (1 A, 5 A). The device does not need to be opened for
battery replacement

[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 take-
action instruction.
Hardware monitoring
All hardware in the device is continuously monitored.

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 (incor-
rect or missing connections) and only generate a warning indi-
cation.
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These include:

• Current and voltage balance
• Current and voltage sum
• Phase-sequence supervision
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.
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

• 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 oper-
ation 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.

Consistent administration of device modes
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).

Cybersecurity

[dw_cyber-security_SIP5C, 1, en_US]

Figure 2.8/2 SIPROTEC 5 Compact – Functional Integration – Cyberse-
curity

With the increasing integration of bay devices in Ethernet-based
communication networks, communication must be secured
against internal disturbances and attacks from outside. Stand-
ards and directives such as IEC 62443, IEC 62351, NERC CIP
(North American Electric Reliability Corporation – Critical Infra-
structure 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 cyber-
security 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-

SIPROTEC 5 Compact – System
Safety and Security Concept – Cybersecurity

48 SIPROTEC 5 Compact ⋅ Catalog – Edition 2

2.8



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 trans-
mission 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, confir-
mation ID entering the confirmation ID is required for safety-crit-
ical 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 pass-
words 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 integ-
rity 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.
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

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 auto-
mation 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 deacti-
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.
It is generally not desirable to have to enter login data, connec-
tion 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 deacti-
vated 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.
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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

[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 anti-
virus 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 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 authenti-
cated, for example, by DIGSI 5, in the gateway and the commu-

nication is encrypted via VPN. This is fully supported by the
communication services of DIGSI 5.

[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.
Security-Patch Management (Security Updates) for
SIPROTEC 5 and DIGSI 5
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 soft-
ware 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 down-
loading 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 respon-
sible 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 iden-
tity which is then reported to the authenticators (normally

SIPROTEC 5 Compact – System
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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

SIPROTEC 5 Compact – System
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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 func-

tions
• Communication test including loop test
• Analysis of function charts

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.

[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

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 simu-
lates 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 secon-
dary 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 interac-
tion between several devices.

Hardware and Wiring Test
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.

[sc_Analog_Inputs, 1, en_US]

Figure 2.9/2 Display of Analog Measuring Points in Phasor Diagrams
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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.

[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 circuit-
breaker test can also be deactivated and activated without an
interlocking check.

Communication Testing
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 moni-
tored continuously during operation. The integrated test tools
support the user in the testing and monitoring of communica-
tion 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 config-
ured 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

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 communi-
cation 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 moni-
toring of Ethernet modules via the SNMP protocol.
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.

SIPROTEC 5 Compact – System
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[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 indi-
cates which timer is setting the system time and issues a state-
ment regarding the quality of the time source. Synchronization
via external clocks can thus be monitored and displayed during
operation (Figure 2.9/6).

[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.

Function charts (CFC) can thus be created offline in the office
and tested without needing a device.

[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.

SIPROTEC 5 Compact – System
Test and Diagnostics

54 SIPROTEC 5 Compact ⋅ Catalog – Edition 2

2.9



SIPROTEC 5 Compact Hardware
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 serv-

icing
– 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 on-
site operation panel features a graphical color display, keyboard,
and 8 dual color LEDs.

Operation Panel

[le_SIP5C_operation panel, 2, --_--]

Figure 3.1/1 SIPROTEC 5 Compact Operation Panel

(1) Color display
(2) LEDs (green or red, configurable)
(3) Display of the LED labeling in the display
(4) USB interface
(5) Numerical keys and function keys
(6) Control/command keys
(7) Context-sensitive keys with labeling in the display
(8) Navigation keys

On-site operation panel elements
The central element is the graphical color display. With its high
resolution, it provides ample space for icons in graphical repre-
sentations.
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.

SIPROTEC 5 Compact – hardware
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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.

[sc_SIP5CompactDisplay v3, 1, --_--]

Figure 3.1/2 Display – Control Display

The O and I keys (red and green) for the direct control of equip-
ment, 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 opera-

tion

Surface Assembly Frame for Wall Installation
An assembly frame for the SIPROTEC 5 Compact device can be
ordered as an accessory to install it on the wall. Depending on

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.

[ph_SIP5_C_Surface, 2, --_--]

Figure 3.1/3 SIPROTEC 5 Compact with Surface Assembly Frame

Hardware Properties 7SX800
Hardware expandable (modular) no
Binary inputs 4/14
Binary outputs 5/11
Current inputs 4
Voltage inputs 4
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 8
Power supply DC 24 to 250 V/AC 115 to 230 V

Table 3.1/1 Hardware Properties

SIPROTEC 5 Compact – hardware
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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.

[dw_SIP5Comp_rear_optical_interface, 1, --_--]

Figure 3.2/1 Rear View of the Device with Integrated Interfaces

Integrated Redundant Ethernet Interface (Port F)
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

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.

6 In preparation

SIPROTEC 5 Compact – hardware
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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.

[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 trans-
formers is available in 2 variants:

• 4 protection-class current transformers
• 3 protection-class current transformers + 1 sensitive protec-

tion-class current transformer
The terminal design provides the following advantages for the
connection of currents:

• Exchange of the current-transformer type also possible retro-
actively on-site (for example, sensitive to normal ground-
current 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).

[terminal blocks, 1, --_--]

Figure 3.3/2 Voltage and Current Terminal Block with Jumpers

SIPROTEC 5 Compact – hardware
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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

SIPROTEC 5 Compact – hardware
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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 func-
tion 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 reor-
dered at any time.

SIPROTEC 5 Compact – engineering
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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 commis-
sioning and monitoring tool that provides an easy-to-under-
stand 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 communi-
cation network:

• During commissioning
– 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 func-

tional 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.
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 speci-
fied 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
quality.

[scwebmonitor1, 5, en_US]

Figure 4.1/1 Buttons for the Browser-Based User Interface

[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

SIPROTEC 5 Compact – engineering
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Description
DIGSI 5 is the versatile engineering tool for parameterization,
commissioning, and operating all SIPROTEC 5 devices. Its inno-
vative 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 inter-
faces 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 substa-
tion 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 partici-
pants.

• 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 equip-
ment.

• SIGRA for simple, fast, and convenient analysis of fault
records, such as those recorded during faults in power plants
by fault recorders.

Languages: English, German, French, Italian, Portuguese,
Spanish, Turkish, Czech, Polish, and Russian (selectable)

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. Proj-
ects 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 func-
tional naming. Contains SIGRA for a professional analysis of
fault records.

[sc_DIGSI 5_SplashScreen, 2, --_--]
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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 engi-
neering 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 evalua-
tion 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 applica-
tion, 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 consis-
tency checks allow fast project engineering. Then, you must
configure the system (routings, implementation of corre-
sponding logic into function charts (CFC)) and set the parame-
ters.
The new program structure of DIGSI 5 is designed to support the
required work steps during a project optimally. The application-
oriented 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, commis-
sioning, 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 communica-
tion mappings, or for creating function charts (CFC).
In the lower section of the screen view, you can access the prop-
erties 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 single-
line 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.

[sc_SLE_two_bays, 1, en_US]

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 selec-
tion that you can use for this. The consistency of the device

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 secon-
dary 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 single-
line 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: Infor-
mation 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.
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 infor-
mation 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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[sc_change CT ratio, 1, en_US]

Figure 4.2/3 Graphical Linkage of Primary and Secondary Equipment

[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 func-
tion-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 func-
tions such as timers, command chains for switching sequences,
and much more.
The use of the editor is more efficient than ever before. You
thus need less building blocks in order to achieve your objec-

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_CFC, 1, en_US]

Figure 4.2/5 Simple Creation of Automations with the CFC Editor

Setting the Parameters of the Device
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).
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[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)

[sc_Favorite_Settings, 1, en_US]

Figure 4.2/7 Favorites View

Cooperating in Teams
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 indi-
vidual 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 commis-
sioning 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

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 engi-
neering and logic at an early stage.
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 protec-
tion, 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_Test sequence, 1, en_US]

Figure 4.2/8 Definition of Test Sequences for Comprehensive Tests of
Device Configurations
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[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 engi-
neered 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 inter-
face. In order to work with a physical device, connect the online
device and offline configuration via drag and drop, and you are
done.

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.
Besides efficient data exchange for the levels of power automa-
tion, the XML data format also supports easy exchange of data
with other applications.
Via the import interface, you can read data from other applica-
tions into DIGSI 5. Thus, this enables external project engi-
neering 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 applica-
tions: for example, network calculation, protection-data admin-
istration/evaluation, and data for the protection-function test.

[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 17 Unlimited Unlimited
Copy and paste ■ ■ ■
Multilingualism is supported ■ ■ ■
Single-line diagrams and device displays
Single-Line Editor with ANSI and IEC standard icons available – ■ ■
Device Display Editor permits creation of user-defined displays and icons 8 ■ ■
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 logs ■ ■ ■
Graphical network view of devices – ■ ■
Inter-device communication (via IEC 61850 System Configurator) – ■ ■
IEC 61850
IEC 61850 Edition 2 fully supported – ■ ■
IEC 61850 structure editor for flexible engineering and functional naming – – ■
Access and communication
Via USB and Ethernet ■ ■ ■
Access to communication partners via system interface ■ ■ ■
Online
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
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 ■ ■ ■
Export and import
SCL formats (IEC 61850– ICD/IID/MICS) – ■ ■
Device configurations (full and partial) ■ ■ ■
Single-line diagrams/topology ■ ■ 10 ■
Display pages ■ ■ ■
Test object definition (RIO) ■ ■ ■
Documentation
Printing and exporting project documentation ■ ■ ■
Creation of user-defined print formats ■ ■ ■

7 8 SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82); alternatively 1 modular SIPROTEC 5 device
8 For SIPROTEC 5 Compact (7SX800) or non-modular SIPROTEC 5 devices (7xx82)
9 SIGRA available as optional package
10 WMF export only
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Compact Standard Premium
Safeguarding and security
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) ■ ■ ■
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DIGSI 5 Order Variants

DIGSI 5 Compact DIGSI 5 Standard DIGSI 5 Premium with SIGRA
Description • Software for the configuration and

operation of smaller projects
including transmission of process data
from the device

• Includes graphical editors for Contin-
uous 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.

• 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, device
display pages, and the network
topology

• SIGRA for professional fault-record
analysis is available as an option

• 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

Product features All features are listed in the Overview of Functions, Page 68 table.
Authorization No license key necessary Authorization required using the license key;

can be used on one computer per license.
Available interface
languages

German, English, Portuguese, Spanish, Italian, French, Russian, Polish, Czech, and Turkish (selectable)

Contained in the scope
of delivery of the DVD
version

• Program, device drivers, and online
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

• Program, device drivers, and online
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

• Program, device drivers, and online
documentation on DVD-ROM

• USB stick with the number of licenses
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.
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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
5 single licenses Download 7XX8002-1SA05
10 single licenses Download 7XX8002-1SA10

DIGSI 5 Premium with SIGRA 1 single license Download 7XX8002-1PA01
5 single licenses Download 7XX8002-1PA05
10 single licenses Download 7XX8002-1PA10

DIGSI 5 Premium Trial (Premium full version
for 30 days) Unlimited DVD/USB11 7XX8002-1PT00

DIGSI 5 Premium Scientific (only for technical
colleges) 10 single licenses Download 7XX8002-1PC10

DIGSI 5 Premium Sales (only for Siemens sales and
distribution Dept.) 10 single licenses Download 7XX8002-1PS10

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

Upgrade from DIGSI 4 professional to
DIGSI 5 standard 10 single licenses Download 7XX8002-0US10

Upgrade from DIGSI 4 professional to
DIGSI 5 premium 10 single licenses Download 7XX8002-1US10

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Standard 10 single licenses Download 7XX8002-0UC10

Upgrade from DIGSI 4 Professional + IEC 61850 to
DIGSI 5 Premium 10 single licenses Download 7XX8002-1UC10

SIGRA option package for DIGSI 5 Standard 1 single license DVD/USB11 7XS5412-2AA00
5 single licenses DVD/USB11 7XS5413-2AA00
10 single licenses DVD/USB11 7XS5414-2AA00

Table 4.2/1 DIGSI 5 Selection and Ordering Data

11 Exclusively physical delivery (DVD/USB)
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Description
The IEC 61850 System Configurator is the manufacturer-inde-
pendent 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 configura-
tion 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 substa-
tion 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 communica-
tion 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 knowl-
edge 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.)

• Proven by experience from worldwide standardization activi-
ties 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

[sc_IEC 61850 SysConf, 2, --_--]

Figure 4.3/1 Splash Screen for the IEC 61850 System Configurator
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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 influ-
ence of the standard is extended to more sectors of the energy-
supply 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 omis-
sions 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.

• Converting the complexity of the IEC 61850 data model into
your familiar user language

• 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 expan-
sion concepts.

• Full compatibility and interoperability with IEC 61850 Editions
1, 2.0, and 2.1

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.
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[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 func-
tions 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.

[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-

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 manufac-
turer 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.
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 associ-
ated with a given switching object into a logical node (LN).
Logical nodes (LN) can be added from a library. These instruc-
tions 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 your-
self 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 topo-
logical 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
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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, func-

tion 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 availa-
bility 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

[sc_SIPROTEC DigitalTwin energy aut, 1, en_US]

Figure 4.4/1 SIPROTEC DigitalTwin within the Power Automation
System
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Testing the Device
• Infeed of static currents and voltages
• Simulation of binary inputs and analog values
• Device operation (display, LED)

[sc_SIPROTEC-DigitalTwin-Analog-Values, 1, --_--]

Figure 4.4/2 SIPROTEC DigitalTwin – Analog Value

Testing the Protection Function
• With static values
• With COMTRADE output
• With State Sequencer

[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

[sc_SIPROTEC-DigitalTwin-Binary-Inputs, 1, --_--]

Figure 4.4/4 SIPROTEC DigitalTwin – Binary Input

IEC 61850 communication
• GOOSE, MMS, and interlocking
• SCADA systems
• Process bus

[sc_SIPROTEC-DigitalTwin-Binary-Outputs, 1, --_--]

Figure 4.4/5 SIPROTEC DigitalTwin – Binary Output
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Transparency Increases Efficiency
Protection relays sit at the very heart of our power grid infra-
structure. 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.
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.
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.
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 cross-

vendor support for IEC 61850 enabled protection devices
• Highest cybersecurity standards

Main Features
Monitor the status of your protection relay fleet:

Multiple Views

• Map view, substation view, device and measurement data
views

• Drill down option for each event
Fault Analysis

• Automated fault record and fault log retrieval
• Fault record visualization
Device Management

• Firmware cross-check on station and grid-level
• Settings monitoring on station and grid-level
SICAM GridEdge

• Full data transparency via direct device access
• Cross-vendor compatible for IEC 61850 enabled protection

relays
• Modular extensible functionality via containerized applica-

tions
• Secure decoupling from relays to the cloud
Condition Monitoring Views

• Circuit breaker I2t statistics
• Hotspot measurements for transformers and switchgear
• Transformer tap position statistics

[IoT, 1, --_--]

Figure 4.5/1 Grid Diagnostic Suite
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[sc_SIPROTEC_Dashboard, 1, --_--]

Figure 4.5/2 IoT Architecture for Power Automation Systems
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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 meas-
ured 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 func-
tion 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)

• Additional-value calculation, for example positive-sequence
impedances, RMS values, symmetrical components, vectors

• 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 operating-
system 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

[sc_SIGRA_Splash, 1, --_--]

Figure 4.6/1 Fault-Record Analysis with SIGRA
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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_TimeSignalsDiagram, 1, en_US]

Figure 4.6/2 SIGRA Time Signals

[sc_VectorDiagram, 1, en_US]

Figure 4.6/3 SIGRA Phasor Diagram

[sc_circle diagram, 1, en_US]

Figure 4.6/4 SIGRA Locus Diagrams

12 PC: Windows computer
13 VM: Virtual machines (for example VMWare)
14 32 bit: Operating system with 32-bit support (DIGSI 5 cannot be installed or used on a 32-bit operating system)
15 64-bit: Operating system with 64-bit support
16 Including security update KB3033929 or other security patch incorporating this security update

SIPROTEC 5 Compact – engineering
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[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

SIPROTEC 5 Compact – engineering
SIGRA
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Selection and Ordering Data

Description Variants Order No.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Universal protection device 7 S X 8 0 0 0 - 3 ☐ ☐ 5 ☐ - 1 ☐ A 0
▲ ▲ ▲ ▲

Binary inputs/outputs │ │ │ │
4 BI, 5 BO (4 F, 1 life contact) A │ │ │
14 BI, 11 BO (10 F, 1 life contact) B │ │ │

Measuring inputs │ │ │
4 x Ip, 4 x U A │ │
3 x Ip, 1 x lee, 4 x U B │ │

Front view │ │
Standard 0 │
US 1 │

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

Attachment
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ANSI 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

Instantaneous tripping at switch onto fault (SOTF)
50HS Instantaneous high-current tripping
50/51N Overcurrent protection with positive-sequence system current I1
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)

Attachment
Selection and Ordering Data – Functions/Function Points
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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 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

Attachment
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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:

Pre-configuration Short code
20 function points ZP02
50 function points ZP05
100 function points ZP10
150 function points ZP15
200 function points ZP20

Attachment
Selection and Ordering Data – Functions/Function Points
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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

Attachment
Accessories
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[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

Attachment
Connection Diagrams
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[dw_SIP5-compact_dimensional_drawing, 2, en_US]

[dw_drilling_sourface_mounting_in_SIP5Comp, 1, en_US]

Attachment
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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

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.

Attachment
Grouping Measured Values
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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

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

Power Supply

Power Supply via Integrated Power Supply
Permissible voltage ranges 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
AC 115V, 230 V at 50
Hz, 60 Hz

Superimposed alternating voltage, peak-to-
peak, IEC 60255-11, IEC 61000-4-17

≤ 15 % of the DC auxil-
iary 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

Internal Fuse
DC 24 V to DC 250 V
AC 115 V to AC 230 V
4 A time-lag, AC 250 V, DC 300 V, UL recognized
SIBA type 179200
Power Consumption (Life Relay Active)
– 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 auxil-
iary voltage
IEC 61000-4-11
IEC 61000-4-29

In each permissible AC and DC voltage range ≥
50 ms

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

Standard Binary Input
Dropout time18 Capacitive load

(supply-line capaci-
tance)

Dropout time

< 5 nF < 4 ms
< 10 nF < 6 ms
< 50 nF < 10 ms
< 220 nF < 35 ms

Control voltage 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

Vhigh ≥ DC 19 V

Range 2 for 110 V and
125 V
Control voltage

Vlow ≤ DC 44 V

Vhigh ≥ DC 88 V

Range 3 for 220 V and
250 V
Control voltage

Vlow ≤ DC 88 V

Vhigh ≥ DC 176 V

Maximum admissible
voltage

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.

Relay Outputs

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)

5 A

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

5 A

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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Fast relay (type F)
Switching time OOT19 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 suppres-
sion capacitors across
the contacts

4.7 nF, ± 20 %, AC 250 V

Monitoring 2-channel activation

Light-Emitting Diodes in the On-Site Operation Panel

Status Color Quantity
RUN Green 1
ERROR Red 1
Routable (adjustable
with DIGSI 5) Only the
defined color can be
used in operation.

2-colored: red or green 8

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 commu-
nication 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

Protocol DIGSI 5 protocol (secure Web service protocol)
IEC 61850 (MMS and GOOSE)
Modbus TCP
You can switch other network services like
SNMP, RSTP, PRP, HSR, SNTP, and SUP Ethernet
on and off.

Max. line length 2 km via 62.5/125-μm multimode optical fiber

Transmitter Power Minimum Typical Maximum 
50 μm/125 μm, NA20

= 0.2
-24.0 dBm -21.0 dBm -17.0 dBm

62.5 μm/125 μm, NA20

= 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, 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.

19 OOT (Output Operating Time): Additional delay of the output medium used, for example, 1 ms with electronic relays
20 Numerical Aperture (NA = sin θ [launch angle])
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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 elec-
tronic equipment (RoHS Directive 2011/65/EU), and elec-
trical 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 Direc-
tive) 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.

Disclaimer of Liability
Subject to changes and errors. The information given in this
document only contains general descriptions and/or perform-
ance 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 perform-
ance 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 docu-
ment, 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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Published by 
 Siemens AG 2021

Smart Infrastructure 
Digital Grid 
Automation Products 
Humboldtstr. 59 
90459 Nuremberg, Germany

www.siemens.com/siprotec

Our Customer Support Center  
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