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Purpose of this Manual

This manual describes the functions, operation, installation, and commissioning of devices 7SA6. In particular,
one will find:

® |nformation regarding the configuration of the scope of the device and a description of the device func-
tions and settings — Chapter 2;

® [nstructions for Installation and Commissioning — Chapter 3;
®  Compilation of the Technical Data — Chapter 4;
® Aswell as a compilation of the most significant data for advanced users — Appendix A.
General information with regard to design, configuration, and operation of SIPROTEC 4 devices are set out in
the SIPROTEC 4 System Description /1/ SIPROTEC 4 System Description.
Target Audience

Protection-system engineers, commissioning engineers, persons entrusted with the setting, testing and main-
tenance of selective protection, automation and control equipment, and operating personnel in electrical
installations and power plants.

Applicability of this Manual
This manual applies to: SIPROTEC 4 Distance Protection 7SA6; Firmware-Version V4.74 and higher.

Indication of Conformity

approximation of the laws of the Member States relating to electromagnetic compatibility
(EMC Council Directive 2004/108/EC) and concerning electrical equipment for use within
specified voltage limits (Low-voltage directive 2006/95 EC).

This conformity is proved by tests conducted by Siemens AG in accordance with the Council
Directives in agreement with the generic standards EN61000-6-2 and EN 61000-6-4 for the
EMC directive, and with the standard EN 60255-27 for the low-voltage directive. The device
has been designed and produced for industrial use.

The product conforms with the international standard of the series IEC 60255 and the German
standard VDE 0435.

( € This product complies with the directive of the Council of the European Communities on the

Additional Standards IEEE Std C37.90 (see Chapter 4, “Technical Data”)

IND. CONT. EQ. i IND. CONT. EQ.
cus O9CA X us

LISTED

[ul-schutz-110602-kn, 1, --_--]
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Additional Support

For questions about the SIPROTEC 4 system, please contact your Siemens sales partner.
Our Customer Support Center provides a 24-hour service.

Phone: +49 (180) 524-8437

Fax: +49 (180) 524-2471

e-mail: support.ic@siemens.com

Training Courses

Enquiries regarding individual training courses should be addressed to our Training Center:
Siemens AG

Siemens Power Academy TD

Humboldt Street 59 59

90459 Nuremberg

Phone: +49 (911) 433-7415

Fax: +49 (911) 433-5482

Internet: www.siemens.com/energy/power-academy

e-mail: poweracademy.ic-sg@siemens.com

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:

A DANGER

GEFAHR bedeutet, dass Tod oder schwere Verletzungen eintreten werden, wenn die angegebenen
MaBnahmen nicht getroffen werden.

< Beachten Sie alle Hinweise, um Tod oder schwere Verletzungen zu vermeiden.

< Danger indicates that death, severe personal injury or substantial material damage will result if proper
precautions are not taken.

A WARNING

WARNING means that death or severe injury may result if the measures specified are not taken.

< Comply with all instructions, in order to avoid death or severe injuries.

A CAUTION

CAUTION means that medium-severe or slight injuries can occur if the specified measures are not taken.

< Comply with all instructions, in order to avoid moderate or minor injuries.

NOTE

i 0

indicates information on the device, handling of the device, or the respective part of the instruction manual
which is important to be noted.

4 SIPROTEC 4, 7SA6, Manual
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Typographic and Symbol Conventions

The following text formats are used when literal information from the device or to the device appear in the
text flow:

Parameter Names

Designators of configuration or function parameters which may appear word-for-word in the display of the
device or on the screen of a personal computer (with operation software DIGSI), are marked in bold letters in
monospace type style. The same applies to titles of menus.

1234A

Parameter addresses have the same character style as parameter names. Parameter addresses contain the
suffix A in the overview tables if the parameter can only be set in DIGSI via the option Display additional
settings.

Parameter Options
Possible settings of text parameters, which may appear word-for-word in the display of the device or on the

screen of a personal computer (with operation software DIGSI), are additionally written in italics. The same
applies to the options of the menus.

Indications

Designators for information, which may be output by the relay or required from other devices or from the
switch gear, are marked in a monospace type style in quotation marks.

Deviations may be permitted in drawings and tables when the type of designator can be obviously derived
from the illustration.

The following symbols are used in drawings:

[PowerSystemFault > Device-internal logical input signal

—{Reset Device-internal logical output signal
[310 >%€ Internal input signal of an analog quantity
15 External binary input signal with number (binary input,
I >Test mode input indication)
1114 External binary output signal with number
~(Repri = ) (example of a value indication)
501 External binary output signal with number (device indication) used as

(ORelay PICKUP )~ input signal

[1234[Function |

. Example of a parameter switch designated FUNCTION with address
i _ON 1234 and the possible settings Ein and Aus

_)/I—

OFF

e

Besides these, graphical symbols are used in accordance with IEC 60617-12 and IEC 60617-13 or similar.
Some of the most frequently used are listed below:

[
%ﬁ | Analog i iabl

T — nalog input variable

Reset input
=
_ZC AND-gate operation of input values

Inversion of the

Signal
—_C 21— OR-gate operation of input values
=1 Exclusive OR gate (antivalence): output is active, if only one of the
— inputs is active

SIPROTEC 4, 7SA6, Manual 5
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Coincidence gate: output is active, if both inputs are active or inactive
at the same time

ﬂ Dynamic inputs (edge-triggered) above with positive, below with
]

negative edge

Formation of one analog output signal from a number of analog input
signals

kot

ﬂ Limit stage with setting address and parameter designator (name)
TI>>
[1208]T Ip |
Timer (pickup delay T, example adjustable) with setting address and
] H B parameter designator (name)
— . .
-0 T Timer (dropout delay T, example non-adjustable)
—>J;|— — Dynamic triggered pulse timer T (monoflop)
—SQ Static memory (SR flipflop) with setting input (S), resetting input (R),
—RQ output (Q) and inverted output (Q), setting input dominant
—RQ Static memory (RS-flipflop) with setting input (S), resetting input (R),
—{sQ output (Q) and inverted output (Q), resetting input dominant
6 SIPROTEC 4, 7SA6, Manual
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1 Introduction

The SIPROTEC 4 7SA6 is introduced in this chapter. The device is presented in its application, characteristics,
and functional scope.

1.1 Overall Operation 16
1.2 Application Scope 19
1.3 Characteristics 21
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Introduction
1.1 Overall Operation

1.1 Overall Operation

The digital Distance Protection 7SA6 is equipped with a powerful microprocessor system. This provides fully
digital processing of all functions in the device, from the acquisition of the measured values to the output of
commands to the circuit breakers. The following figure shows the basic structure of the 7SA6.

Analog Inputs

The measuring inputs Ml transform the currents and voltages derived from the instrument transformers and
match them to the internal signal levels for processing in the device. The device has 4 current and 4 voltage
inputs. Three current inputs are provided for measurement of the phase currents, a further measuring input
(I,) may be configured to measure the earth current (residual current from the current transformer star-point),

the earth current of a parallel line (for parallel line compensation) or the star-point current of a power trans-
former (for earth fault direction determination).
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, o T e i
”_1: 3‘8 A —lé—(/ Error :
! !
2 B¢ —g
o -

!

Output Relays |
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l:—i
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[hw-struktur-7sa6-wlk-090802, 1, en_GB]
Figure 1-1 Hardware structure of the digital Distance Protectiones 7SA6

A voltage measuring input is provided for each phase-earth voltage. A further voltage input (U,) may be

selected to measure either the displacement voltage, or the additional voltage for synchronism and voltage
check or for any other voltage U, (for overvoltage protection). The analogue values are transferred to the IA

input amplifier group.
The input amplifier group IA provides high-resistance termination for the analog input quantities. It consists of
filters that are optimized for measured value processing with regard to bandwidth and processing speed.
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1.1 Overall Operation

The AD analog-to-digital converter group contains analog/digital converters and memory chips for data
transfer to the microcomputer system.

Microcomputer System
Apart from processing the measured values, the microcomputer system pC also executes the actual protection
and control functions. This especially includes:
®  Filtering and conditioning of the measured signals

®  Continuous monitoring of the measured quantities

®  Monitoring of the pickup conditions for the individual protection functions
®  Monitoring of limit values and time sequences

®  Control of signals for logical functions

®  Reaching trip and close command decisions

®  Recording of messages, fault data and fault values for analysis

e  Administration of the operating system and its functions, e.g. data storage, realtime clock, communica-
tion, interfaces, etc.

The information is provided via output amplifier OA.

Binary Inputs and Outputs

Binary inputs from and outputs to the computer system are routed via the /0 modules (inputs and outputs).
The computer system obtains information from the system (e.g remote resetting) or from the external equip-
ment (e.g. blocking commands). Outputs are commands that are issued to the switching devices and
messages for remote signaling of important events and states.

Front Elements

LEDs and an LC display provide information on the function of the device and indicate events, states and
measured values.

Integrated control and numeric keys in conjunction with the LCD facilitate local communication with the
device. Thus, all information of the device, e.g. configuration and setting parameters, operating and fault
messages, and measured values can be retrieved or changed (see also chapter 2 and SIPROTEC 4 System
Description).

Devices with control functions also allow control of switchgear from the front panel.

Serial Interfaces

The serial operator interface in the front cover enables communication with a personal computer when using
the DIGSI operating program. This allows all device functions to be handled conveniently.

The serial service interface can also be used for communication with a personal computer using DIGSI. This
port is especially well suited for a permanent connection of the devices to the PC or for operation via a
modem.

All device data can be transmitted to a control center through the serial system interface. Various protocols
and physical arrangements are available for this interface to suit a particular application.

An additional interface is provided for time synchronization of the internal clock through external synchroniza-
tion sources.

Further communication protocols can be realized via additional interface modules.

Protection Data Interface (optional)

Depending on the version one Protection Data Interface can be included. This interface facilitates the transfer
of teleprotection signals as well as further signals such as e.g. remote close between relays at opposite termi-
nals.

SIPROTEC 4, 7SA6, Manual 17
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Introduction
1.1 Overall Operation

Power Supply

The functional units described are powered by a power supply, PS, with adequate power in the different
voltage levels. Brief supply voltage dips which may occur during short circuits in the auxiliary voltage supply of
the substation, are usually bridged by a capacitor (see also Technical Data, Section 4.7 General).
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1.2 Application Scope

1.2  Application Scope

The digital distance protection SIPROTEC 4 7SA6 is a selective and extremely fast protection for overhead lines
and cables with single- and multi-ended infeeds in radial, ring or any type of meshed systems at any voltage
levels. The network neutral can be earthed, compensated or isolated.

The device incorporates the functions which are normally required for the protection of an overhead line
feeder and is therefore capable of universal application. It may also be applied as time-graded back-up protec-
tion to all types of comparison protection schemes used on lines, transformers, generators, motors and
busbars at all voltage levels.

The devices located at the ends of the protected zone exchange measuring information via teleprotection
functions with conventional connections (contacts) or via optional protection data interfaces using dedicated
communication links (usually fibre optic cables) or a communication network. If the 7SA6 devices are
equipped with one protection data interface, they can be used for a protection object with two ends. Lines
with three terminals ("T" type feeders) require at least one device with two protection data interfaces
(7SA522).

Protection Functions

The basic function of the device is the recognition of the distance to the fault with distance protection meas-
urement. In particular for complex multiphase faults, the distance measurement is designed with multiple
measuring elements. Different pickup schemes enable adaptation to system conditions and the user's protec-
tion philosophy. The network neutral can be isolated, compensated or earthed (with or without earth current
limiting). The use on long, heavily-loaded lines is possible with or without series compensation.

The distance protection may be supplemented by teleprotection using various signal transmission schemes
(for fast tripping on 100 % of the line length). In addition, an earth fault protection for high resistance earth
faults (ordering option) is available. It may be directional or non-directional and may also be incorporated in
signal transmission schemes. On lines with weak or no infeed at one line end, it is possible to achieve fast
tripping at both line ends by means of the signal transmission schemes. When switching onto a fault along the
line, an undelayed trip signal can be emitted.

In the event of a failure of the measured voltages due to a fault in the secondary circuits (e.g. trip of the
voltage transformer mcb or a blown fuse), the device can automatically revert to emergency operation with an
integrated overcurrent protection, until such time as the measured voltage returns. Alternatively, the time
delayed overcurrent protection may be used as back-up time delayed overcurrent protection, i.e. it functions
independently and in parallel to the distance protection.

Depending on the version ordered, most short-circuit protection functions may also trip single-pole. They may
operate in co-operation with an integrated automatic reclosure (optional ordering feature) with which single-
pole, three-pole or single- and three-pole automatic reclosures as well as multi-shot automatic reclosure are
possible on overhead lines. Before reclosure after three-pole tripping, the valid status for reclosure can be
checked by the device through voltage and/or synchronism check (optional ordering feature). It is possible to
connect an external automatic reclosure and/or synchronism check, as well as double protection with one or
two automatic reclosure functions.

In addition to the previously mentioned fault protection functions, additional functions are available: - func-
tions such as earth fault detection (for isolated or compensated systems), - multistage overvoltage, under-
voltage and frequency protection, - circuit breaker failure and protection against the effects of power swings
(for impedance pickup simultaneously active as power swing blocking for the distance protection), - a thermal
overload protection which protects the equipment (especially cables) from excessive heating due to overload.
To assist in localizing the fault as fast as possible after an incident, a fault location with optional load compen-
sation for improved accuracy is incorporated in the device.

Digital Transmission of Protection Data (optional)

If the distance protection is to be complemented by digital teleprotection schemes, the data required for this
purpose can be transmitted via the protection data interface by employing a digital communication link.
Communication via the protection data interfaces can be used for transmitting additional information, e.qg.
measured values, binary commands and other information can be transmitted.
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1.2 Application Scope

Control Functions

The device is equipped with control functions which operate, close and open, switchgear devices via control
keys, the system interface, binary inputs and a PC with DIGSI software. The status of the primary equipment
can be transmitted to the device via auxiliary contacts connected to binary inputs. The present status (or posi-
tion) of the primary equipment can be displayed on the device, and used for interlocking or plausibility moni-
toring. The number of the devices to be switched is limited by the binary inputs and outputs available in the
device or the binary inputs and outputs allocated for the switch position feedbacks. Depending on the mode
of operation, one binary input (single point indication) or two binary inputs (double point indication) can be
used. The capability of switching primary equipment can be restricted by appropriate settings for the
switching authority (remote or local), and by the operating mode (interlocked/non-interlocked, with or
without password validation). Interlocking conditions for switching (e.g. switchgear interlocking) can be
established using the integrated userdefined logic.

Indications and Measured Values; Fault Recording

The operational indications provide information about conditions in the power system and the device. Meas-
urement quantities and values that are calculated can be displayed locally and communicated via the serial
interfaces.

Device messages can be assigned to a number of LEDs on the front panel (programmable), can be externally
processed via output contacts (programmable), linked with user-definable logic functions and/or issued via
serial interfaces (see Communication below).

During a fault (system fault) important events and changes in conditions are saved in fault logs. Instantaneous
fault values are also saved in the device and may be analyzed at a later time.

Communication

Serial interfaces are available for the communication with operating, control and memory systems.

A 9-pin DSUB socket on the front panel is used for local communication with a personal computer. By means
of the SIPROTEC 4 operating software DIGSI, all operational and evaluation tasks can be executed via this oper-
ator interface, such as specifying and modifying configuration parameters and settings, configuring userspe-
cific logic functions, retrieving operational and fault messages and measured values, reading out and
displaying fault recordings, inquiring device conditions and measured values, issuing control commands.

To establish an extensive communication with other digital operating, control and memory components the
device may be provided with further interfaces depending on the order variant.

The service interface can be operated via the R$232 or RS485 interface and also allows communication via
modem. For this reason, remote operation is possible via PC and the DIGSI operating software, e.g. to operate
several devices via a central PC.

The system interface is used for central communication between the device and a control center. It can be
operated through the RS232, the RS485 or the FO port. Several standardized protocols are available for data
transmission. An EN 100 module allows integrating the devices into 100 MBit Ethernet communication
networks of the process control and automation system, using IEC 61850 protocols. In parallel to the link with
the process control and automation system, this interface can also handle DIGSI communication and inter-
relay communication using GOOSE messaging.

Another interface is provided for the time synchronization of the internal clock via external synchronization
sources (IRIG-B or DCF77).

Other interfaces provide for communication between the devices at the ends of the protected object. These
protection data interfaces have been mentioned above in the protection functions.

The operator and service interface allow operation of the device remotely or locally, using a standard browser.
This can be used during commissioning, maintenance and also during operation of the devices at all ends of
the protected object using a communication network. For this application, a special tool, the “"WEB Monitor”, is
provided. This tool has been optimized for distance protection.
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1.3 Characteristics

General Features

Powerful 32-bit microprocessor system

Complete digital processing of measured values and control, from the sampling and digitizing of the
measure quantities up to the closing and tripping commands to the circuit breakers

Complete galvanic separation and interference immunity of the internal processing circuits from the
measurement, control, and power supply circuits by analog input transducers, binary inputs and outputs
and the DC/DC or AC/DC converters

Complete scope of functions which is normally required for the protection of a line feeder

digital protection data transmission, may be used for teleprotection with permanent monitoring of
disturbance, fault or transfer time deviations in the communication network with automatic runtime re-
adjustment

Distance protection system realizable for up to three ends

Simple device operation using the integrated operator panel or a connected personal computer with
operator guidance

Storage of fault indications and instantaneous values for fault recording

Distance Protection

®  Protection for all types of faults in systems with earthed, compensated or isolated starpoint

e  different pickup schemes enable the adaptation to different system conditions and the user philosophy:
either overcurrent pickup, voltage and phase-angle controlled pickup or impedance pickup

®  eijther polygonal or circle tripping characteristic

® reliable differentiation between load and short-circuit conditions also in long, high-loaded lines

® high-sensitivity in the case of a system with week in-feed, extreme stability against load jumps and power
swings

®  optimum adaptation to the line parameters by means of the polygonal tripping characteristic with diverse
configuration parameters and,load trapezoid” (elimination of the possible load impedance)

® resistance tolerance (margin) for arc faults and fault resistance can be increased by extending the circle
tripping characteristic in R direction

® 6 measuring systems for each distance zone

e 7 distance zones, selectable as forward, reverse or non-directional, one of which may be used as a
controlled overreach zone

® 10 time stages for the distance zones

®  direction determination is done with unfaulted loop (quadrature) voltages and voltage memory, thereby
achieving unlimited directional sensitivity, which is not affected by capacitive voltage transformer transi-
ents

®  suitable for lines with series compensation

® insensitive to current transformer saturation

®  compensation against the influence of a parallel line can be implemented

®  shortest tripping time is approx. 17 ms (for f = 50 Hz) or 15 ms (for f, = 60 Hz)

®  phase segregated tripping (in conjunction with single-pole or single- and three-pole auto-reclosure)

® non-delayed tripping following switch onto fault is possible

® seperate earth impedance compensation setting pair (RE/RL and XE/XL) for zone 1 and other zones
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Power Swing Supplement (optionally for impedance pickup)

Power swing detection with dZ/dt measurement from three measuring systems
Power swing detection up to 10 Hz swing frequency

remains in service also during single-pole dead times

settable power swing programs

prevention of undesired tripping by the distance protection during power swings

Tripping for out-of-step conditions can be configured

Teleprotection Supplement

different schemes which may be set
transfer trip (direct, via pickup or a separately settable overreach zone)

comparison schemes (permissible overreach transfer trip = POTT or blocking schemes with separate over-
reach zone or directional pickup)

pilot wire comparison/reverse interlocking (with direct current for local connections or extremely short
lines)

suitable for lines with two or three ends
phase segregated transmission possible in lines with two ends

optional signal exchange of the devices via dedicated communication connections (in general optical
fibres) or a communication network, in this case a phase segregated transmission with two or three line
ends and continuous monitoring of the communication paths and the signal propagation delay with
automatic re-adjustment takes place

Earth Fault Protection (optional)

22

Time overcurrent protection with a maximum of three definite time stages (DT) and one inverse time
stage (IDMT) for high resistance earth faults in earthed systems

For inverse-time overcurrent protection a selection from various characteristics based on several stand-
ards is possible

The inverse time stage can additionally be set as fourth definite time stage

High-sensitivity (depending on the version from 3 mA is possible)

Phase current restraint against error currents due to tolerances in the current transformer measurement
Second harmonic inrush restraint

Optional earth fault protection with an inverse tripping time dependent on zero sequence voltage or zero
sequence power

Each stage can be set to be non-directional or directional in the forward or reverse direction
Single-pole tripping enabled by integrated phase selector

Direction determination with automatic selection of the larger of zero sequence voltage or negative
sequence voltage (U, I, or U,), with zero sequence system quantities (I, U,), with zero sequence current
and transformer starpoint current (I, I,), with negative sequence system quantities (I,, U,) or with zero
sequence power (I - 3U,)

One or more stages may function in conjunction with a signal transmission supplement; also suited for
lines with three ends

Instantaneous tripping by any stage when switching onto a fault
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Transmission of Information (only with Digital Protection Data Transmission)
®  Transmission of the measured values from all ends of the protected object
®  Transmission of four commands to all ends

®  Transmission of twenty-four additional binary signals to all ends

Tripping at Line Ends with no or Weak Infeed
®  Possible in conjunction with teleprotection schemes
®  Allows fast tripping at both line ends, even if there is no or only weak infeed available at one line end
®  Phase segregated tripping and single-pole automatic reclosure is possible (version with single-phase trip-
ping)
External Direct and Remote Tripping
®  Tripping at the local line end from an external device via a binary input
®  Tripping of the remote line end by internal protection functions or an external device via a binary input
(with teleprotection)
Time Overcurrent Protection

®  Optional as emergency function in the case of measured voltage failure, or as backup function inde-
pendent of the measured voltage

®  Two definite time stages (DT) and one inverse time stage (IDMT), each for phase currents and earth
current

®  For inverse-time overcurrent protection select from various characteristics based on several standards
®  Blocking capability e.g. for reverse interlocking with any stage
® |nstantaneous tripping by any stage when switching onto a fault

® Additional stage, e.g. stub protection, for fast tripping of faults between the current transformer and line
isolator (when the isolator switching status feedback is available); particularly well suited to substations
with 17/, circuit breaker arrangements.

Instantaneous High-Current Switch-onto-Fault Protection
®  Fast tripping for all faults on total line length
®  Selectable for manual closure or following each closure of the circuit breaker

® with integrated line energisation detection

Sensitive Earth Fault Detection (optional)
®  for compensated or isolated networks
®  Detection of the displacement voltage
®  Determination of grounded phase
®  Sensitive earth fault directional determination

®  Angle error correction for current transformers

Automatic reclosure function (optional)
®  For reclosure after 1-pole, 3-pole or 1-pole and 3-pole tripping
®  Single or multiple reclosure (up to eight reclosure attempts)
®  \With separate action time setting for the first 4 reclose attempts, optionally without action times

®  With separate dead times after 1-pole and 3-pole tripping, separate for the first four reclosure attempts
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®  (Controlled optionally by protection pickup with separate dead times after 1-pole , 2-pole or 3-pole pickup

®  Optionally with adaptive dead time, reduced dead time and dead line check

Synchronism and voltage check (optional)
®  Verification of the synchronous conditions before reclosing after three-pole tripping

® Fast measurement of the voltage difference U, the phase angle difference ¢ and the frequency
difference f

®  Alternatively, check of the de-energized state before reclosing

®  (Closing at asynchronous system conditions with consideration of the CB closing time to achieve system
re-connection when voltages are in phase

®  Settable minimum and maximum voltage

®  \Verification of the synchronous conditions or de-energized state before manual closing of the circuit
breaker is possible with separate setting thresholds and states

®  Phase angle compensation for voltage measurement behind a transformer

®  Measuring voltages optionally phase-phase or phase-earth

Voltage Protection (optional)
®  Overvoltage and undervoltage detection with different stages
®  Two overvoltage stages for the phase-earth voltages
®  Two overvoltage stages for the phase-phase voltages
®  Two overvoltage stages for the positive sequence voltage, optionally with compounding
®  Two overvoltage stages for the negative sequence voltage
®  Two overvoltage stages for the zero sequence voltage or any other single-phase voltage
®  Settable dropout to pickup ratios
®  Two undervoltage stages for the phase-earth voltages
®  Two undervoltage stages for the phase-phase voltages
®  Two undervoltage stages for the positive sequence voltage

®  Settable current criterion for undervoltage protection functions

Frequency Protection (optional)

®  Monitoring on underfrequency (f<) and/or overfrequency (f>) with 4 frequency limits and delay times
that are independently adjustable

® Very insensitive to harmonics and abrupt phase angle changes

® |arge frequency range (approx. 25 Hz to 70 Hz)

Fault Location
® |nitiated by trip command or dropout of the pickup
®  Computation of the distance to fault with dedicated measured value registers
®  Fault location output in Ohm, kilometers or miles and % of line length
®  Parallel line compensation can be selected

®  Taking into consideration the load current in case of single-phase earth faults fed from both sides (config-
urable)

®  Qutput of the fault location in the BCD code or as analog value (depending on the options ordered)
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Circuit Breaker Failure Protection (optional)

e  With definite time current stages for monitoring the current flow through every pole of the circuit
breaker

®  Separate pickup thresholds for phase and earth currents

® Independent timers for single-pole and three-pole tripping
®  Start by trip command of every internal protection function
®  Start by external trip functions possible

®  Single-stage or two-stage

®  Short dropout and overshoot times

Thermal Overload Protection (optional)
®  Thermal replica of the current heat losses of the protected object
® R.M.S. measurement of all three phase currents

®  Settable thermal and current-dependent warning stages

Analog Outputs (optional)
®  Qutput of up to four analog measured values (depending on the options ordered): Measured values, fault
location, breaking fault current
User-defined Logic Functions (CFC)

®  Freely programmable combination of internal and external signals for the implementation of user-
defined logic functions

®  Alltypical logic functions

®  Time delays and limit value inquiries

Commissioning; operation (only with digital transmission of protection data)
®  Display of magnitude and phase angle of local and remote measured values

®  Display of measured values of the communication link, such as transmission delay and availability

Command Processing

®  Switchgear can be switched on and off manually via local control keys, the programmable function keys
on the front panel, via the system interface (e.g. by SICAM or LSA), or via the operator interface (using a
personal computer and the operating software DIGSI)

®  Feedback on switching states via the circuit breaker auxiliary contacts (for commands with feedback)

®  Monitoring of the circuit breaker position and of the interlocking conditions for switching operations.

Monitoring Functions

®  Availability of the device is greatly increased because of self-monitoring of the internal measurement
circuits, power supply, hardware and software

®  Monitoring of the current and voltage transformer secondary circuits by means of summation and
symmetry checks

®  Trip circuit supervision
®  Checking for the load impedance, the measured direction and the phase sequence

®  Monitoring of the signal transmission of the optional digital communication path
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Additional Functions

26

Battery buffered real time clock, which may be synchronised via a synchronisation signal (e.g. DCF77,
IRIGB via satellite receiver), binary input or system interface

Continuous calculation and display of measured quantities on the front display. Indication of measured
values of the remote end or of all ends (for devices with protection data interfaces)

Fault event memory (trip log) for the last eight network faults (faults in the power system), with real time
stamps

Earth fault protocols for up to eight earth faults (devices with sensitive earth fault detection)
Fault recording and data transfer for fault recording for a maximum time range of approx. 30 seconds

Switching statistics: Counting of the trip and close commands issued by the device, as well as recording
of the fault current data and accumulation of the interrupted fault currents

Communication with central control and memory components possible via serial interfaces (depending
on the options ordered), optionally via RS232, RS485, modem connection or fibre optic cable

Commissioning aids such as connection and direction checks as well as circuit breaker test functions

The WEB monitor (installed on a PC or a laptop) widely supports the testing and commissioning proce-
dure by providing a graphic presentation of the protection system with phasor diagrams. All currents and
voltages from all ends of the system are displayed on the screen provided that the devices are connected
via protection data interfaces.
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2 Functions

This chapter describes the individual functions of the SIPROTEC 4 device 7SA6. It shows the setting possibilities
for each function in maximum configuration. Guidelines for establishing setting values and, where required,
formulae are given.

Based on the following information, it can also be determined which of the provided functions should be

used.
2.1 General 28
2.2 Distance Protection 53
2.3 Power swing detection (optional) 117
2.4 Protection data interfaces and communication topology (optional) 122
2.5 Remote signals via protection data interface (optional) 130
2.6 Teleprotection for distance protection 132
2.7 Earth fault overcurrent protection in earthed systems (optional) 162
2.8 Teleprotection for earth fault overcurrent protection (optional) 191
2.9 Measures for Weak and Zero Infeed 208
2.10 External direct and remote tripping 219
2.11 Overcurrent protection (optional) 221
2.12 Instantaneous high-current switch-on-to-fault protection (SOTF) 236
2.13 Earth fault detection in non-earthed systems (optional) 238
2.14 Automatic reclosure function (optional) 245
2.15 Synchronism and voltage check (optional) 272
2.16 Under and over-voltage protection (optional) 284
2.17 Frequency protection (optional) 303
2.18 Fault locator 309
2.19 Circuit breaker failure protection (optional) 314
2.20 Thermal overload protection (optional) 330
2.21 Analog outputs (optional) 334
2.22 Monitoring Functions 338
2.23 Function Control and Circuit Breaker Test 358
2.24 Auxiliary Functions 377
2.25 Command Processing 396
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2.1 General

A few seconds after the device is switched on, the default display appears on the LCD.

Depending on the device version either measured values (four-line display) or a single-phase switching
diagram of the feeder status (graphic display) is displayed in the 7SA6

Configuration settings can be entered by using a PC and the DIGSI operating software and transferred via the
operator interface on the front panel of the device or via the service interface. The procedure is described in
detail in the SIPROTEC 4 System Description. Entry of password no. 7 (parameter set) is required to modify
configuration settings. Without the password, the settings may be read, but may not be modified and trans-
mitted to the device.

The function parameters, i.e. function options, threshold values, etc., can be changed via the front panel of
the device, or via the operator or service interface from a personal computer using DIGSI. The level 5 password
(individual parameters) is required.

2.1.1  Functional Scope

2.1.141 Configuration of the Scope of Functions

The 7SA6 device contains a series of protection and additional functions. The hardware and firmware is
designed for this scope of functions. Additionally, the command functions can be matched to the system
conditions. Furthermore, individual functions may be enabled or disabled during configuration, or interaction
between functions may be adjusted.

Example for the configuration of scope of functions:

A substation has feeders with overhead lines and transformers. Fault location is to be performed on the over-
head lines only. In the devices for the transformer feeders this function is therefore set to ,Disabled”.

The available protection functions and additional functions can be configured as Enabled or Disabled. For
some functions, a choice between several options is possible which are described below.

Functions configured as Disabled are not processed by the 7SA6. There are no indications, and corre-
sponding settings (functions, limit values) are not displayed during setting.

° NOTE

l The functions and default settings available depend on the device version ordered.

2.1.1.2 Setting Notes

Configuring the functional scope

The scope of functions with the available options is set in the Functional Scope dialog box to match plant
requirements.

Most settings are self-explanatory. Besonderheiten are described below.

Special Cases

If use of the setting group changeover function is desired, address 103 Grp Chge OPTION should be set to
Enabled. In this case, up to four different groups of settings may be changed quickly and easily during device
operation (see also Section 2.1.3). With the setting Disabled only one parameter group is available.

Address 110 Trip mode is only valid for devices that can trip single-pole or three-pole. Set 1-/3pole to
enable also single-pole tripping, i.e. if you want to utilise single-pole or single-pole/three-pole automatic reclo-
sure. This requires that an internal automatic reclosure function exists or that an external reclosing device is
used. Furthermore, the circuit breaker must be capable of single-pole tripping.
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° NOTE

l If you have changed address 110, save your changes first via OK and reopen the dialog box since the other
setting options depend on the selection in address 110.

The type of characteristic to be used by the distance protection function can be selected in address 115 DIS
Charact. (only for region Germany, 10th digit of the ordering code = A). The characteristics Quadrilat-
eral and Circle are available.

If the circle characteristic is used, the same aspects apply for pickup of the distance protection (address 114
Dis. PICKUP) as for the polygon characteristic. In other words, if you set Dis. PICKUP = Z< (quad-
rilat. ), the implicit pickup of the distance protection also follows the circle characteristics: the largest
sections of each distance zone constitute the pickup criteria.

You can select from various pickup procedures for the distance protection relay: The properties of these proce-
dures are described in detail in Section 2.2.1 Distance protection, general settings. If the fault current magni-
tude is a reliable criterion for distinction between a fault occurrence and load operation (incl. tolerable over-
load), set address 114 Dis. PICKUP = I> (overcurr.) (overcurrent pickup). If the voltage surge is
required as another pickup criterion, set U/I (voltage- dependent current pickup). For heavily loaded high-
voltage lines and very-high-voltage lines the setting U/I/¢ (voltage and phase-angle dependent current
pickup) may be required. With the setting Z< (quadrilat.) (pickup) the R and X reaches of the distance
zones which are set highest establish the pickup criteria. If you set 114 Dis. PICKUP = Disabled, the
distance protection function and all associated functions will not be available.

If a pickup of zone Z1 of the distance protection shall be possible only after exceeding an additional current
threshold value, set the parameter 119 Iph>(Z1) to Enabled. Select the setting Disabled if the additional
threshold value is not required.

Please note that the power swing supplement (see also Section 2.3 Power swing detection (optional)) only
works together with the Z< (quadrilat.) pickup. In all other cases it is ineffective, even though you have
set address 120 Power Swing = Enabled.

To complement the distance protection by teleprotection schemes, you can select the desired scheme at
address 121 Teleprot. Dist..You can select the permissive underreach transfer trip with pickup PUTT
(Pickup) and with overreach zone PUTT (Z1B), the teleprotection scheme POTT, directional comparison
pickup Dir.Comp.Pickup, unblocking with Z1B UNBLOCKING, blocking scheme BLOCKING, and the
schemes with pilot wire comparison Pilot wire compand Rev. Interlock. |f the device featuresa
protection data interface for communication via a digital transmission line, set SIGNALv. ProtInt here. The
procedures are described in detail in Section 2.6 Teleprotection for distance protection. If you do not want to
use teleprotection in conjunction with distance protection set Disabled.

For communication of the protection signals the device may feature a protection data interface (depending on
the ordered version). To communicate via this protection data interface, instruct the device at address 145 to
use the protection data interface 1 P. INTERFACE 1 (Enabled). A protected object with two terminals
requires one protection data interface for each of the two relays. If there is more than one end, it must be
ensured that all associated devices are connected directly or indirectly (via other devices) which means that at
least one of the devices must be equipped with two protection data interfaces (e.g. 7SA522). Section

2.4 Protection data interfaces and communication topology (optional)Protection Data Topology provides
more information.

With address 125 Weak Infeed you can select a supplement to the teleprotection schemes. Set Enabled to
apply the classical scheme for echo and weak infeed tripping. The setting Logic no. 2 switches this func-
tion to the French specification. This setting is available in the device variants for the region France (only
version 7SA6***-**D** or 10th digit of order number = D).

At address 126 Back-Up O/C you can set the characteristic group that the time overcurrent protection uses
for operation. In addition to the definite time overcurrent protection, you can configure an inverse time over-
current protection depending on the ordered version. The latter operates either according to an IEC character-
istic (Toc IEC) or an ANSI characteristic (TOC ANSI). The various characteristic curves are illustrated in the
Technical Data. With the device version for the region Germany (10th digit of ordering code = A), the third
definite time overcurrent stage is only availabe if the setting ToC IEC /w 3STis active. You can also disable
the time overcurrent protection (Disabled).

At address 131 Earth Fault O/C you can set the characteristic group which the earth fault protection uses
for operation. In addition to the definite time overcurrent protection, which covers up to three phases, an
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inverse-time earth fault protection function may be configured depending on the ordered version. The latter
operates either according to an IEC characteristic (ToC IEC) or an ANSI characteristic (TOC ANSI) or
according to a logarithmic-inverse characteristic (TOC Logarithm.). If an inverse-time characteristic is not
required, the stage usually designated “inverse time” can be used as the fourth definite time stage (Definite
Time). Alternatively, it is possible to select an earth fault protection with inverse-time characteristic U0
inverse (only for region Germany, 10th digit of the ordering code = A) or a zero sequence power protection
Sr inverse (only for region France, 10th digit of ordering code = D). For the characteristics please refer to
the Technical Data. You can also disable the earth fault protection (Disabled).

When using the earth fault protection, it can be complemented by teleprotection schemes. Select the desired
scheme at address 132 Teleprot. E/F.You can select the direction comparison scheme
Dir.Comp.Pickup, the unblocking scheme UNBLOCKING and the blocking scheme BLOCKING. The proce-
dures are described in detail in Section 2.8 Teleprotection for earth fault overcurrent protection (optional). If
the device features a protection data interface for communication via a digital link, set SIGNALv. ProtInt
here. If you do not want to use teleprotection in conjunction with earth fault protection set Disabled.

Address 145 P. INTERFACE 1 is also valid for communication of the teleprotection for earth fault protection
via teleprotection interface, as described above.

If the device features an automatic reclosing function, address 133 and 134 are of importance. Automatic
reclosure is only permitted for overhead lines. It must not be used in any other case. If the protected object
consists of a combination of overhead lines and other equipment (e.g. overhead line in unit with a trans-
former or overhead line/cable), reclosure is only permissible if it can be ensured that it can only take place in
the event of a fault on the overhead line. If no automatic reclosing function is desired for the feeder at which
7SA6 operates, or if an external device is used for reclosure, set address 133 Auto Reclose to Disabled.

Otherwise set the number of desired reclosing attempts there. You can select 1 AR-cycleto 8 AR-cycles.
You can also set ADT (adaptive dead times); in this case the behaviour of the automatic reclosure function is
determined by the cycles of the remote end. The number of cycles must however be configured at least in one
of the line ends which must have a reliable infeed. The other end — or other ends, if there are more than two
line ends — may operate with adaptive dead time. Section 2.14 Automatic reclosure function (optional)
provides detailed information on this topic.

The AR control mode at address 134 allows a total of four options. On the one hand, it can be determined
whether the auto reclose cycles are carried out according to the fault type detected by the pickup of the
starting protection function(s) (only for three-pole tripping) or according to the type of trip command. On the
other hand, the automatic reclosure function can be operated with or without action time.

The setting AUS und Twirk|AUS ohne TwirkTrip without T-action ... (default setting = Trip with T-
action ... ) is preferred if single-pole or single-pole/three-pole auto reclose cycles are provided for and possible.
In this case, different dead times (for every AR cycle) are possible after single-pole tripping and after three-
pole tripping. The tripping protection function determines the type of tripping: Single-pole or three-pole. The
dead time is controlled in dependence on this.

The setting Anr. und Twirk/Anr. ohne Twirk (Pickup with T-action) is only possible and visible if only
three-pole tripping is desired. This is the case when either the ordering number of the device model indicates
that it is only suited for three-pole tripping, or when only three-pole tripping is configured (address 110 Trip
mode = 3pole only, see above). In this case, different dead times can be set for the auto reclose cycles
following 1-, 2- and 3-phase faults. The decisive factor here is the pickup situation of the protection functions
at the instant the trip command disappears. This operating mode enables making the dead times dependent
on the type of fault also for three-pole reclosure cycles. Tripping is always three-pole.

The setting ... und Twirk with action time) provides an action time for each auto-reclose cycle. The action
time is started by a general pickup of all protection functions. If there is no trip command yet when the action
time has expired, the corresponding automatic reclosure cycle cannot be executed. Section 2. 74 Automatic
reclosure function (optional) provides detailed information on this topic. This setting is recommended for
time-graded protection. If the protection function which is to operate with automatic reclosure, does not have
a general pickup signal for starting the action times, select ... ohne Twirk (without action time).

Address 137 U/O VOLTAGE allows activating the voltage protection function with a variety of undervoltage
and overvoltage protection stages. In particular, the overvoltage protection with the positive sequence system
of the measuring voltages provides the option to calculate the voltage at the other, remote line end via inte-
grated compounding. This is particularly useful for long transmission lines where no-load or low-load condi-
tions prevail and an overvoltage at the other line end (Ferranti effect) is to cause tripping of the local circuit
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2.1.1.3

2.1 General

breaker. In this case set address 137 U/O VOLTAGE to Enabl. w. comp. (enabled with compounding). Do
not use compounding on lines with series capacitors!

For the fault location you can determine at address 138 Fault Locator, in addition to Enabled and Disa-
bled, that the fault distance is output in BCD code (4 bit units, 4 bit tens and 1 bit hundreds and “data valid”)
via binary outputs (with BCD-output). A corresponding number of output relays (No. 1143 to 1152) must
be made available and allocated for this purpose.

For the trip circuit supervision set at address 140 Trip Cir. Sup. the number of trip circuits to be moni-
tored: 1 trip circuit, 2 trip circuitsor 3 trip circuits, unlessyou omitit (Disabled).
Depending on the ordered version, the device features a number of analog outputs (0 to 20 mA). 2 outputs
can be available at port B (mounting location “B”), 2 further outputs at port D (mounting location “D”). You can
select for the available analog outputs at address 150 to 153 the kind of analog quantities that are output.
Several measured values and the fault location are available.

Settings

Addr.

Parameter

Setting Options

Default Setting

Comments

103

Grp Chge OPTION

Disabled
Enabled

Disabled

Setting Group Change Option

110

Trip mode

3pole only
1-13pole

3pole only

Trip mode

114

Dis. PICKUP

Z< (quadrilat.)
I> (overcurr.)

Z< (quadrilat.)

Distance protection pickup
program

ul
Ulllp
Disabled

115

DIS Charact. Quadrilateral Quadrilateral Characteristic of distance zones

Circle

119

Disabled
Enabled

Iph>(Z1) Disabled Additional Threshold Iph>(Z1)

120

Disabled
Enabled

Power Swing Disabled Power Swing detection

121

PUTT (Z1B)

PUTT (Pickup)
POTT
Dir.Comp.Pickup
UNBLOCKING
BLOCKING

Rev. Interlock
Pilot wire comp
SIGNALv.Protint
Disabled

Teleprot. Dist. Disabled Teleprotection for Distance prot.

122

DTT Direct Trip Disabled

Enabled

Disabled DTT Direct Transfer Trip

124

Disabled
Enabled

SOTF Overcurr. Disabled Instantaneous HighSpeed SOTF

Overcurrent

125

Disabled
Enabled
Logic no. 2

Weak Infeed Disabled Weak Infeed (Trip and/or Echo)
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Addr.

Parameter

Setting Options

Default Setting

Comments

126

Back-Up O/C

Disabled

TOC IEC

TOC ANSI

TOC IEC Jw 3ST

TOCIEC

Backup overcurrent

130

Sens. Earth Flt

Disabled
Enabled

Disabled

Sensitive Earth Flt.(comp/ isol.
starp.)

131

Earth Fault O/C

Disabled

TOC IEC

TOC ANSI

TOC Logarithm.
Definite Time
U0 inverse
Srinverse

Disabled

Earth fault overcurrent

132

Teleprot. E/F

Dir.Comp.Pickup
SIGNALv.Protint
UNBLOCKING
BLOCKING
Disabled

Disabled

Teleprotection for Earth fault over-
curr.

133

Auto Reclose

1 AR-cycle
2 AR-cycles
3 AR-cycles
4 AR-cycles
5 AR-cycles
6 AR-cycles
7 AR-cycles
8 AR-cycles
ADT
Disabled

Disabled

Auto-Reclose Function

134

AR control mode

Pickup w/ Tact
Pickup wlo Tact
Trip w/ Tact
Trip wlo Tact

Trip w/ Tact

Auto-Reclose control mode

135

Synchro-Check

Disabled
Enabled

Disabled

Synchronism and Voltage Check

136

FREQUENCY Prot.

Disabled
Enabled

Disabled

Over | Underfrequency Protection

137

U/O VOLTAGE

Disabled
Enabled
Enabl. w. comp.

Disabled

Under | Overvoltage Protection

138

Fault Locator

Enabled
Disabled
with BCD-output

Enabled

Fault Locator

139

BREAKER FAILURE

Disabled
Enabled
enabled w/ 310>

Disabled

Breaker Failure Protection
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Addr.

Parameter

Setting Options

Default Setting

Comments

140

Trip Cir. Sup.

Disabled

1 trip circuit
2 trip circuits
3 trip circuits

Disabled

Trip Circuit Supervision

142

Ther. OVERLOAD

Disabled
Enabled

Disabled

Thermal overload protection

145

P. INTERFACE 1

Enabled
Disabled
|EEE C37.94

Enabled

Protection Interface 1 (Port D)

147

NUMBER OF RELAY

2 relays
3 relays

2 relays

Number of relays

150

AnalogOutput B1

Disabled

IL2 [%]

UL23 [%]

|P| [%]

|QI [%]

d [%]

d [km]

d [miles]
Imax TRIP [pri]

Disabled

Analog Output B1 (Port B)

151

AnalogOutput B2

Disabled

IL2 [%]

UL23 [%]

[P [%]

|QI [%]

d [%]

d [km]

d [miles]
Imax TRIP [pri]

Disabled

Analog Output B2 (Port B)

152

AnalogOutput D1

Disabled

IL2 [%]

UL23 [%]

[P| [%]

Q| [%]

d [%]

d [km]

d [miles]
Imax TRIP [pri]

Disabled

Analog Output D1 (Port D)

153

AnalogOutput D2

Disabled

IL2 [%]

UL23 [%]

1P| [%]

|QI [%]

d [%]

d [km]

d [miles]
Imax TRIP [pri]

Disabled

Analog Output D2 (Port D)
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2.1.2

2.1.2.1

General

Power System Data 1

The device requires some plant and power system data in order to be able to adapt its functions accordingly,
depending on the actual application. The data required include for instance rated data of the substation and
the measuring transformers, polarity and connection of the measured quantities, if necessary features of the
circuit breakers, and others. Furthermore, there are several function parameters associated with several func-
tions rather than one specific protection, control or monitoring function. The Power System Data 1 can only be
changed from a PC running DIGSI and are discussed in this section.

Setting Notes

In DIGSI double-click on Settings to display the relevant selection. A dialog box with the tabs Transformers,
Power System and Breaker will open under Power System Data 1 in which you can configure the indi-
vidual parameters. The following subsections are structured in the same way.

Current Transformer Polarity

In address 201 CT Starpoint, the polarity of the wye-connected current transformers is specified (the
following figure also goes for only two current transformers). The setting determines the measuring direction
of the device (forward = line direction). A change in this setting also results in a polarity reversal of the earth
current inputs I or I .

Busbar
e e e _h'
IL1 Pl 1T T IE
J |—7 IL2 E E E
P1 | sT— IL3 P1 s1 IL3
g g — L2
P2l 1] 1782 IE L1
.||_4__4__J
Line Line
[201 |CT starpoint [201 | CT Starpoint
: towards Line towards Line
_/: towards Busbar —\\: towards Busbar

[polung-stromwandler-020313-kn, 1, en_GB]
Figure 2-1 Polarity of current transformers

Nominal Values of the Transformers

In the addresses 203 Unom PRIMARY and 204 Unom SECONDARY the device obtains information on the
primary and secondary rated voltage (phase-to-phase voltage) of the voltage transformers; in addresses 205
CT PRIMARY and 206 CT SECONDARY the primary and secondary rated current transformers are set.

It is important to ensure that the secondary CT nominal current matches the rated current of the device, other-
wise the device will be blocked. The nominal current is set with jumpers on the measuring module (see

3.1.2 Hardware Modifications).

Correct entry of the primary data is a prerequisite for the correct computation of operational measured values
with primary magnitude. If the settings of the device are performed with primary values using DIGSI, these
primary data are an indispensable requirement for the correct function of the device.

Voltage Connection

34

The device features four voltage measuring inputs, three of which are connected to the set of voltage trans-
formers. Various possibilities exist for the fourth voltage input U,.
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®  Connection of the U, input to the open delta winding Ue-n of the voltage transformer set:

Address 210 is then set to: U4 transformer = Udelta transf..

When connected to the e-n winding of a set of voltage transformers, the voltage transformation ratio of
the voltage transformers is usually:

L"'Nprim /UNsec /UNsec
VETRIVE B

The factor Uph/Udelta (secondary voltage, address 211 Uph / Udelta) must be set to 3/v3 =+v3 ~ 1.73.
For other transformation ratios, e.g. the formation of the displacement voltage via an interconnected
transformer set, the factor must be corrected accordingly. This factor is important if the 3U > protection
stage is used and for monitoring the measured values and the scaling of the measured values and fault
recording values.

®  Connection of the U, input to perform the synchronism check:
Address 210 is then set to: U4 transformer = Usy2 transf..
If the voltage transformers for the protection functions U ; are located on the outgoing feeder side, the
U, transformer has to be connected to a busbar voltage U ,. Synchronisation is also possible if the
voltage transformers for the protection functions U, ; are connected on busbar side, in which case the
additional U, transformer must be connected to a feeder voltage.

If the transformation ratio differs, this can be adapted with the setting in address 215 Usy1/Usy2

ratio. In address 212 Usy2 connection, the type of voltage connected to measuring point U_ , for

oy If the
two measuring points used for synchronism check — e.g. feeder voltage transformer and busbar voltage
transformer — are not separated by devices that cause a relative phase shift, then the parameter in
address 214 ¢ Usy2-Usyl is not required. This parameter can only be changed in DIGSI at Display Addi-
tional Settings. If, however, a power transformer is connected in between, its vector group must be
adapted. The phase angle from U, ;1 to U, , is evaluated with positive sense.

sy2
synchronism check is set. The device then automatically selects the voltage at measuring point U

Example: (see also Figure 2-2)
Busbar 400 kV primary, 110 V secondary,

Feeder 220 kV primary, 100 V secondary,

Transformator 400 kV / 220 kV, vector group Dy(n) 5

The transformer vector group is defined from the high voltage side to the low voltage side. In this
example, the feeder transformers are those of the low voltage side of the transformer. Since the device
“looks” from the direction of the feeder transformers, the angle is 5 - 30° (according to the vector group)
negative, i.e. - 150°. A positive angle is obtained by adding 360°: Address 214: ¢ Usy2-Usy1 = 360° - 150°
=210°.

Adresse 214: ¢ Usy2-Usyl =360°- 150° =210°.

The busbar transformers supply 110 V secondary for primary operation at nominal value while the feeder
transformers supply 100 V secondary. Therefore, this difference must be balanced:

Address 215: Usyl/Usy2 ratio=100V/110V=0,91.
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L Busb
usbar
N L2 400 kv
/
Dy5 " 400 kV
400 kV/220 kV ' 110V
(Any Voltage)
N1
220 kV/100 V
uL1
m Usy2
—
PSS
— UL3
[
AN "
vVVvYy 210 |U4 transformer = Usy?2 transformer
Feeder 220 kV 212 | Usy2 connection =L3-L1
214 | ¢ Usy2-Usy1 =210°
215 | Usy1/Usy2 ratio =0.91
[sammelschienespg-trafo-wlk-200802, 1, en_GB]
Figure 2-2 Busbar voltage measured via transformer

®  Connection of the U, input to any other voltage U,, which can be processed by the overvoltage protec-
tion function:
Address 210 is then set to: U4 transformer = Ux transformer.

® IftheinputU, is not required, set:

Address 210 U4 transformer = Not connected.

Factor Uph / Udelta (address 211, see above) is also of importance in this case, as it is used for scaling
the measured data and fault recording data.

Current Connection

The device features four current measurement inputs, three of which are connected to the set of current
transformers. Various possibilities exist for the fourth currentinputI,.:
®  Connection of the I, input to the earth current in the starpoint of the set of current transformers on the
protected feeder (normal connection):
Address 220 is then set to: I4 transformer = In prot. lineand address221I4/Iph CT=1.

®  Connection of the I, input to a separate earth current transformer on the protected feeder (e.g. a
summation CT or core balance CT):
Address 220 is then set to: I4 transformer = In prot. lineandaddress 221 I4/Iph CT is set:

7 _ _Ratio of earth current transformer
PhCT ™ Ratio of phase current transformers

l4
[uebersetzung-erd-phase-260702-wlk, 1, en_GB]

This is independent of whether the device has a normal measuring current input for I, or a sensitive meas-
uring current input (or sensitive earth fault detection in unearthed power systems).

Example:

Phase current transformers 500 A/ 5 A

Earth current transformer 60 A/ 1 A
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601

4/l et = 555 = 0.600

[formel-strmwd -parallelschit-270702-wlk, 1, en_GB]

®  Connection of the I, input to the earth current of the parallel line (for parallel line compensation of the
distance protection and/or fault location):
Address 220 is then set to: I4 transformer = In paral. lineand usually address 221 14/Iph CT
=1.
If the set of current transformers on the parallel line however has a different transformation ratio to
those on the protected line, this must be taken into account in address 221:
Address 220 is then set to: I4 transformer = In paral. lineand address22114/Iph CT =1

paral. line I
Beispiel:
Current transformers on protected line 1200 A

N prot. line

Current transformers on parallel line 1500 A

1500

[formel-strmwdl-parallelschlt-2tesbeisp-270702-wlk, 1, en_GB]

®  Connection of the I, input to the starpoint current of a transformer; this connection is occasionally used
for the polarisation of the directional earth fault protection:

Address 220 is then set to: I4 transformer = IY starpoint, and address 221 14/Iph CTis
according to transformation ratio of the starpoint transformer to the transformer set of the protected
line.

®  Wird der I,-Eingang nicht bendtigt, so wird eingestellt:
Adresse 220 I4 transformer = Not connected,

Adresse 221 I4/Iph CT ist dann irrelevant.
Fir die Schutzfunktionen wird in diesem Fall der Nullstrom aus der Summe der Phasenstrome berechnet.

Rated frequency

The rated frequency of the power system is set at address 230 Rated Frequency. The factory presetting
according to the ordering code (MLFB) only needs to be changed if the device is applied in a region different
from the one indicated when ordering. You can set 50 Hz or 60 Hz

System Starpoint

The manner in which the system starpoint is earthed must be considered for the correct processing of earth
faults and double earth faults. Accordingly, set for address 207 SystemStarpoint = Solid Earthed,
Peterson-Coil or Isolated. For low-resistant earthed systems set Solid Earthed.

Phase Sequence

Use address 235 PHASE SEQ. to change the default setting (L1 L2 L3 for clockwise rotation) if your power
system has a permanent anti-clockwise phase sequence (L1 L3 L2).

Distance Unit

Address 236 Distance Unit determines the distance unit (kmor Miles) for the fault location indications. If
the compounding function of the voltage protection is used, the overall line capacitance is calculated from the
line length and the capacitance per unit length. If compounding is not used and fault location is not available,
this parameter is of no consequence. Changing the distance unit will not result in an automatic conversion of
the setting values which depend on this distance unit. They have to be re-entered into their corresponding
valid addresses.
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Mode of the earth impedance (residual) compensation

Matching of the earth to line impedance is an essential prerequisite for the accurate measurement of the fault
distance (distance protection, fault locator) during earth faults. In address 237 Format Z0/Z1 the format for
entering the residual compensation is determined. It is possible to use either the ratio RE/RL, XE/XL or to
enter the complex earth (residual) impedance factor K0. The setting of the earth (residual) impedance factors
is done in the power system data 2 (refer to Section 2.7.4 Power System Data 2).

Single-pole tripping on an earth fault

Address 238 EarthF1t0/C 1p specifies whether the earth-fault settings for single-pole tripping and blocking
in the single-pole dead time are accomplished together for all stages (setting stages together) or sepa-
rately (setting stages separat.). The actual settings are specified in the area of earth fault protection for
earthed systems (see section 2.7.2) with the irrelevant addresses hidden. This parameter can only be altered
with DIGSI under Additional Settings.

Closing time of the circuit breaker

The circuit breaker closing time T-CB close at address 239 is required if the device is to close also under
asynchronous system conditions, no matter whether for manual closing, for automatic reclosing after 3-pole
tripping, or both. The device will then calculate the time for the close command such that the voltages are
phase-synchronous the instant the breaker poles make contact.

Trip command duration

In address 240 the minimum trip command duration TMin TRIP CMD is set. It applies to all protection and
control functions which may issue a trip command. It also determines the duration of the trip pulse when a
circuit breaker test is initiated via the device. This parameter can only be altered in DIGSI at Display Additional
Settings.

In address 241 the maximum close command duration TMax CLOSE CMD is set. It applies to all close
commands issued by the device. It also determines the length of the close command pulse when a circuit
breaker test cycle is issued via the device. It must be long enough to ensure that the circuit breaker has
securely closed. There is no risk in setting this time too long, as the close command will in any event be termi-
nated following a new trip command from a protection function. This parameter can only be altered in DIGSI
at Display Additional Settings.

Circuit breaker test

7SA6 allows a circuit-breaker test during operation using a trip-and-close command entered on the front panel
or from DIGSI. The duration of the trip command is set as explained above. Address 242 T-CBtest-dead
determines the duration from the end of the trip command until the start of the close command for this test. It
should not be less than 0.1 s.

2.1.2.2 Settings
Addresses which have an appended “A” can only be changed with DIGSI, under “Additional Settings”.
Addr. Parameter Setting Options Default Setting Comments
201 CT Starpoint towards Line towards Line CT Starpoint
towards Busbar
203 Unom PRIMARY 1.0..1200.0 kV 400.0 kv Rated Primary Voltage
204 Unom SECONDARY 80..125V 100V Rated Secondary Voltage (Ph-Ph)
205 CT PRIMARY 10.. 5000 A 1000 A CT Rated Primary Current
206 CT SECONDARY 1A 1A CT Rated Secondary Current
5A
207 SystemStarpoint Solid Earthed Solid Earthed System Starpoint is
Peterson-Coil
Isolated
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Addr. Parameter Setting Options Default Setting Comments
210 U4 transformer Not connected Not connected U4 voltage transformer is
Udelta transf.
Usy2 transf.
Ux transformer
211 Uph / Udelta 0.10..9.99 1.73 Matching ratio Phase-VT To Open-
Delta-VT
212 Usy2 connection L1-E L1-L2 VT connection for Usy2
L2-E
L3-E
L1-L2
L2-13
L3-L1
214A @ Usy2-Usy1 0..360° 0° Angle adjustment Usy2-Usy1
215 Usy1/Usy2 ratio 0.50 .. 2.00 1.00 Matching ratio Usy1 / Usy2
220 14 transformer Not connected In prot. line 14 current transformer is
In prot. line
In paral. line
IY starpoint
221 14/lph CT 0.010 .. 5.000 1.000 Matching ratio 14/lph for CT's
230 Rated Frequency 50 Hz 50 Hz Rated Frequency
60 Hz
235 PHASE SEQ. L1L21L3 L1L2L3 Phase Sequence
L1L3L2
236 Distance Unit km km Distance measurement unit
Miles
237 Format Z0/Z1 RE/RL, XE/XL RE/RL, XE/XL Setting format for zero seq.comp.
KO format
238A EarthFItOIC 1p stages together stages together Earth Fault O/C: setting for 1pole
stages separat. AR
239 T-CB close 0.01..0.60 sec 0.06 sec Closing (operating) time of CB
240A TMin TRIP CMD 0.02 .. 30.00 sec 0.10 sec Minimum TRIP Command Duration
241A TMax CLOSE CMD 0.01 .. 30.00 sec 0.10 sec Maximum Close Command Dura-
tion
242 T-CBtest-dead 0.00 .. 30.00 sec 0.10 sec Dead Time for CB test-autoreclo-
sure
2.1.3 Change Group
2.1.3.1 Purpose of the Setting Groups

Up to four different setting groups can be created for establishing the device's function settings. During opera-
tion, the user can locally switch between setting groups using the operator panel, binary inputs (if so config-
ured), the operator and service interface from a personal computer or via the system interface. For reasons of
safety, it is not possible to change between setting groups during a power system fault.

A setting group includes the setting values for all functions that have been selected during configuration
(Section 2.1.1.2 Setting Notes) as Enabled or an other active option. In 7SA6devices, four independent
setting groups (A to D) are available. Whereas setting values and options may vary, the selected scope of func-
tions is the same for all groups.
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Setting groups enable the user to save the corresponding settings for each application. When they are needed,
settings may be loaded quickly. All setting groups are stored in the relay. Only one setting group may be active
at a given time.
2.1.3.2 Setting Notes
General
If you do not want to change between several setting groups, then set only setting group A. Then, the rest of
this section is not applicable.
If multiple setting groups are desired, the setting group change option must be set to Grp Chge OPTION =
Enabled (Section 2.1.1.2 Setting Notes. address 103). Now the 4 setting groups A to D are available. They
are configured individually as required in the following. To find out how to proceed, how to copy and to reset
settings groups to the delivery state, and how to switch between setting groups during operation, please refer
to the SIPROTEC 4 System Description.
Two binary inputs enable changing between the 4 setting groups from an external source.
2.1.3.3 Settings
Addr. Parameter Setting Options Default Setting Comments
302 CHANGE Group A Group A Change to Another Setting Group
Group B
Group C
Group D
Binary Input
Protocol
2.1.34 Information List
No. Information Type of Comments
Informa-
tion
- P-GrpA act IntSP Setting Group A is active
- P-GrpB act IntSP Setting Group B is active
- P-GrpC act IntSP Setting Group C is active
- P-GrpD act IntSP Setting Group D is active
7 >Set Group BitO SP >Setting Group Select Bit O
8 >Set Group Bit1 SP >Setting Group Select Bit 1
2.1.4 Power System Data 2
The general protection data (P.System Data 2) include settings associated with all functions rather than a
specific protection, monitoring or control function. In contrast to the P.System Data 1 as discussed before,
these can be changed over with the setting groups and can be configured via the operator panel of the device.
2.1.4.1 Setting Notes

Rating of the Protected Object

40

The rated primary voltage (phase-to-phase) and rated primary current (phases) of the protected equipment
are entered in the addresses 1103 FullScaleVolt. and 1104 FullScaleCurr.. These settings are
required for indication of operational measured values in percent. If these rated values match the primary VT's
and CT's, they correspond to the settings in address 203 and 205 (Section 2.7.2.1 Setting Notes).
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General Line Data

The settings of the line data in this case refer to the common data which is independent of the actual distance

protection grading.

The line angle (address 1105 Line Angle) may be derived from the line parameters. The following applies:

tan ¢ = s or = arctan(xL)
¢ = R_L ¢ = R_L

[formel-allg-ltgdaten-1-0z-310702, 1, en_GB]

where R, is the resistance and X, the reactance of the protected feeder. The line parameters may either apply

to the entire line length, or be per unit of line length as the quotient is independent of length. Furthermore, it
makes no difference whether the quotients are calculated with primary, or secondary values.

The line angle is of major importance, e.g. for earth impedance matching according to amount and angle or
for compounding in overvoltage protection.

Calculation Example:

110 kV overhead line 150 mm? with the following data:
R, =0,19 Q/km
X', = 0,42 Qlkm

The line angle is computed as follows

XL _ X4 042Q/km
t =L 21 _JALSl KM _ 509 = 65.7°
M =R TR, 0190/km ¢

[formel-allg-Itgdaten-2-0z-310702, 1, en_GB]

In address 1105 the setting Line Angle = 66°is entered.

Address 1211 Distance Angle specifies the angle of inclination of the R sections of the distance protection
polygons. Usually you can also set the line angle here as in address 1105.

The directional values (power, power factor, work and based on work: minimum, maximum, average and
threshold values), calculated in the operational measured values, are usually defined positive in the direction
towards the protected object. This requires that the connection polarity for the entire device was configured
accordingly in the Power System Data 1 (compare also “Polarity of Current Transformers”, address 201). But it
is also possible to define the “forward” direction for the protection functions and the positive direction for the
power etc. differently, e.g. so that the active power flow (from the line to the busbar) is indicated in the posi-
tive sense. Set under address 1107 P,Q sign the option reversed. If the setting is reversed (default), the
positive direction for the power etc. corresponds to the “forward” direction for the protection functions.

The reactance value X' of the protected line is entered as reference value x' at address 1110 in Q/km if the
distance unit was set as kilometers (address 236, see section 2.1.2.1 Setting Notes at “Distance Unit"), or at
address 1112 in Q/mile if miles were selected as distance unit. The corresponding line length is entered at
address 1111 Line Length in kilometers or at address 1113 in miles. If the distance unit in address 236 is
changed after the reactance per unit length in address 1112 or 1111 or the line length in address 1113 or
1110 have been entered, the line data have to be re-entered for the changed unit of length.

The capacitance value C' of the protected line is required for compounding in overvoltage protection. Without
compounding it is irrelevant.

It is entered as a reference value ¢' at address 1114 in pF/km if set to distance unit kilometers (address 236,
see Section 2.1.2.1 Setting Notes at “Distance Unit”), or at address 1115 in pF/mile if miles were set as
distance unit. If the distance unit is changed in address 236, then the relevant line data in the addresses from
1110 to 1115 have to be re-entered for the changed unit of length.

When entering the parameters with a personal computer running the DIGSI software, the values can also be
entered as primary values. If the nominal quantities of the primary transformers (U, I) are set to minimum,
primary values allow only a rough setting of the value parameters. In such cases it is preferable to set the
parameters in secondary quantities.

For conversion of primary values to secondary values the following applies in general:
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_ Ratio of current transformers -,
S€C  Ratio of voltage transformers ~ P'M

[formel-allg-Itgdaten-3-0z-310702, 1, en_GB]
Likewise, the following goes for the reactance setting of a line:

—M.xv

X' = .
sec rm
Nyp =P

[formel-allg-Itgdaten-4-0z-310702, 1, en_GB]

where
Ner = Current transformer ratio
Ny = Transformation ratio of voltage transformer

The following applies for the capacitance per distance unit:

' NVT '
Csec:N_CT'C

[formel-kapazitaetsbelag-wlk-190802, 1, en_GB]

prim

Calculation Example:

110 kV overhead line 150 mm? as above

R, =0.19 Qlkm

X =0.42 Qlkm

c =0.008 pFlkm
Current Transformer 600A/1TA
Voltage transformer 110 kv /0.1 kv

The secondary per distance unit reactance is therefore:

_Ner . _ _600A/1A

X = - _OUIATMTA
se¢ = Nyp ~ P™ T T10KV/ 0.1 KV

-0.42 /km = 0.229 Q/km

[formel-allg-Itgdaten-5-0z-310702, 1, en_GB]
In address1110 the setting x' = 0,229 Q/km is entered.

The secondary per distance unit capacitance is therefore:

, Nvt 110 kV /0.1 kV
Csec = N;Cp”m = —660—A—/1—A—-"0008 MF/km20015 HF/Km

[formel-kapazitaetsbelag-beispiel-wlk-190802, 1, en_GB]

In address 1114 the setting ¢' = 0,015 pF/km is entered.

Earth impedance ratio

42

Setting of the earth to line impedance ratio is an essential prerequisite for the accurate measurement of the
fault distance (distance protection, fault locator) during earth faults. This compensation is either achieved by
entering the resistance ratio R/R, and the reactance ratio X./X or by entry of the complex earth (residual)
compensation factor K. Which of these two entry options applies, was determined by the setting in address
237 Format Z0/Z1 (refer to Section 2.71.2.7 Setting Notes). Only the addresses applicable for this setting will
be displayed.
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Earth Impedance (Residual) Compensation with Scalar Factors R/R _and X./X,

When entering the resistance ratio Ri/R, and the reactance ratio X./X the addresses 1116 to 1119 apply. They
are calculated separately, and do not correspond to the real and imaginary components of Z./Z,. A computa-

tion with complex numbers is therefore not necessary! The ratios are obtained from system data using the
following formulas:

Resistance ratio: Reactance ratio:

Re_1.(Ro_y) Xe_1(Zooq)
R, 3 ‘R XL 3 Ny
With

R, = Zero sequence resistance of the line

Xo = Zero sequence reactance of the line

R, = Positive sequence resistance of the line

X, = Positive sequence reactance of the line

These values can be applied either to the entire line or as per unit of length values since the quotients are
independent of length. Furthermore, it makes no difference whether the quotients are calculated with
primary, or secondary values.

Calculation Example

110 kV overhead line 150 mm?2 with the data

R/s =0.19 Q/km positive sequence impedance
X,ls =0.42 Q/km positive sequence impedance
Ry/s =0.53 Q/km zero sequence impedance
Xols =1.19 Q/km zero sequence impedance
where s = line length)

For earth impedance ratios, the following emerge:

[formel-erdimp-anpass-2-0z-310702, 1, en_GB]

The earth impedance (residual) compensation factor setting for the first zone Z1 may be different from that of
the remaining zones of the distance protection. This allows the setting of the exact values for the protected
line, while at the same time the setting for the back-up zones may be a close approximation even when the
following lines have substantially different earth impedance ratios (e.g. cable after an overhead line). Accord-
ingly, the settings for the address 1116 RE/RL (Z1) and 1117 XE/XL (21) are determined with the data of
the protected line, while the addresses 1118 RE/RL (> 2Z1) and 1119 XE/XL (> Z1) apply to the remaining
zones Z1B and Z2 up to Z6 (as seen from the relay location).

i @

NOTE

When the addresses 1116 RE/RL (Z1) and 1118 RE/RL (> Z1) are set to about 2.0 or more, please keep
in mind that the zone reach in R direction should not be set higher than the value determined previously
(see Section 2.2.2.2 Setting Notes/margin heading Resistance Tolerance). If this is not observed, it may
happen that phase-toearth impedance loops are measured in an incorrect distance zone, which may lead to
loss of tripping coordination in the case of earth faults with fault resistances.
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Earth Impedance (Residual) Compensation with Magnitude and Angle (K,-Factor)

When the complex earth impedance (residual) compensation factor K, is set, the addresses 1120 to 1123

apply. In this case it is important that the line angle is set correctly (address 1105, see margin heading
“General Line Data”) as the device needs the line angle to calculate the compensation components from the
K,- These earth impedance compensation factors are defined with their magnitude and angle which may be

calculated with the line data using the following equation:

[formel-erdimp-anpass-betr-wi-1-0z-310702, 1, en_GB]

Where
Z, = (complex) zero sequence impedance of the line
Z, = (complex) positive sequence impedance of the line

These values can be applied either to the entire line or as per unit of length values since the quotients are
independent of length. Furthermore, it makes no difference whether the quotients are calculated with
primary, or secondary values.

For overhead lines it is generally possible to calculate with scalar quantities as the angle of the zero sequence
and positive sequence system only differ by an insignificant amount. With cables however, significant angle
differences may exist as illustrated by the following example.

Calculation Example:

110 kV single-conductor oil-filled cable 3 - 185 mm? Cu with the following data

Z,ls =0.408 - e/73 Q/km positive sequence impedance
Z,ls =0.632 - &84 Q/km zero sequence impedance

(where s =line length

The calculation of the earth impedance (residual) compensation factor K, results in:

Z ; o720 i o
fo _ 0632 j(184°-73") _ 4 g5 oI%48°_ 4 55.(0.579-]0.815)

Z, 0408 .
= 0.898 - j1.263
[formel-erdimp-anpass-betr-wi-2-0z-310702, 1, en_GB]
1 (% )21, i a1 B
Ko = 3+(52-1) =3 (0a98-j1.263-1) = 1 . (-0.102j1.260)

[formel-erdimp-anpass-betr-wi-3-0z-310702, 1, en_GB]

The magnitude of K, is therefore

Ko, = %-J(—o.1022)+(—1.2632) - 0.42
[formel-erdimp-anpass-betr-wi-4-0z-310702, 1, en_GB]

When determining the angle, the quadrant of the result must be considered. The following table indicates the
quadrant and range of the angle which is determined by the signs of the calculated real and imaginary part of

Ko
Table 2-1 Quadrants and ranges of the angle K,
Real part| Imaginary | tan ¢(KO) Quadrant/range Calculation
part
+ + 10°... +90° arc tan (|Im| / |Rel)
- - IV-90°... 0° —arctan (|Im| I |Re|)
44 SIPROTEC 4, 7SA6, Manual
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Real part| Imaginary | tan ¢(KO) Quadrant/range Calculation
part
- - + l-90° ... -180° arc tan (|lm| / |Re|) —-180°
- + - I1+90°... +180° —arc tan (|/Im| / |Re|) +180°

In this example the following result is obtained:

o(Ky) = arctan(;'?gg) —-180° = —94.6°

[formel-erdimp-anpass-betr-wi-5-0z-310702, 1, en_GB]

The magnitude and angle of the earth impedance (residual) compensation factors setting for the first zone Z1
and the remaining zones of the distance protection may be different. This allows the setting of the exact
values for the protected line, while at the same time the setting for the back-up zones may be a close approxi-
mation even when the following lines have substantially different earth impedance factors (e.g. cable after an
overhead line). Accordingly, the settings for the address 1120 KO (2z1) and 1121 Angle KO (Z1)) are deter-
mined with the data of the protected line, while the addresses 1122 K0 (> 21) and 1123 Angle KO (>

Z1) apply to the remaining zones Z1B and Z2 up to Z6 (as seen from the relay location).

° NOTE

l If a combination of values is set which is not recognized by the device, it operates with preset values K, = 1
- €%, The information D7s. Errork0(z1) (No. 3654) or D7sErrork0(>z1) (No. 3655) appears in the
event logs.

Parallel line mutual impedance (optional)

If the device is applied to a double circuit line (parallel lines) and parallel line compensation for the distance
and/or fault location function is used, the mutual coupling of the two lines must be considered. A prerequisite
for this is that the earth (residual) current of the parallel line has been connected to the measuring input I, of
the device and that this was configured with the power system data (Section 2.7.2.1 Setting Notes) by setting
the appropriate parameters.

The coupling factors may be determined using the following equations:

Resistance ratio: Reactance ratio:

Ru_ 1 Rou Zw_ 1 Xou

R 3 Ry X, 3 X
mit
Rom = Mutual zero sequence resistance (coupling resistance) of the line
Xom = Mutual zero sequence reactance (coupling reactance) of the line
R, = Positive sequence resistance of the line
X, = Positive sequence reactance of the line

These values can be applied either to the entire double circuit line length or based on a per unit of line length,
since the quotient is independent of length. Furthermore, it makes no difference whether the quotients are
calculated with primary, or secondary values.

These setting values only apply to the protected line and are entered in the addresses 1126 RM/RL Paral-
Line and 1127 XM/XL Paralline.

For earth faults on the protected feeder there is in theory no additional distance protection or fault locator
measuring error when the parallel line compensation is used. The setting in address 1128 RATIO Par. Comp
is therefore only relevant for earth faults outside the protected feeder. It provides the current ratio I /I, for the
earth current balance of the distance protection (in Figure 2-3 for the device at location II), above which
compensation should take place. In general, a presetting of 85 % is sufficient. A more sensitive (larger) setting
has no advantage. Only in the case of a severe system asymmetry, or a very small coupling factor (X,,/X, below
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approximately 0.4), may a smaller setting be useful. A more detailed explanation of parallel line compensation
can be found in Section 2.2.7 Distance protection, general settings under distance protection.

»l
X >
I A PV
|
EP i
b I
- — ——— - |
IE :
n__ ’
| >
[reichw-paralltg-komp-0z-010802, 1, en_GB]
Figure 2-3 Distance with parallel line compensation at Il

The current ratio may also be calculated from the desired distance of the parallel line compensation and vice

versa. The following applies (refer to Figure 2-3):

e _ xvi X 2

lep  2-x7I g1
le/lgp

[formel-koppimp-paraltg-2-0z-010802, 1, en_GB]

Current transformer saturation

7SA6 contains a saturation detector which largely detects the measuring errors resulting from the saturation
of the current transformers and initiates a change of the measurement method of the distance protection. The
threshold above which the saturation detector picks up can be set in address 1140 I-CTsat. Thres.. This
is the current level above which saturation may be present. The setting « disables the saturation detector. This
parameter can only be altered in DIGSI at Display Additional Settings. If current transformer saturation is
expected, the following equation may be used as a thumb rule for this setting:

Setting value I-CTsat. Thres. = % lnom
[formel-stromwdl-saettigung-0z-010802, 1, en_GB]
) Pn +P;
With n' = n. ——— = Actual Overcurrent Factor
P’ +P;
[formel-effkt-ueberstrfkt-wlk-090802, 1, en_GB]
Py = Nominal CT burden [VA]
P, = Nominal CT internal burden [VA]
p' = Actual connected burden (protection device + connection cable)
- NOTE
l The parameter is only relevant for distance protection.

Circuit breaker status

Information regarding the circuit breaker position is required by various protection and supplementary func-
tions to ensure their optimal functionality. The device has a circuit breaker status recognition which processes
the status of the circuit breaker auxiliary contacts and contains also a detection based on the measured
currents and voltages for opening and closing (see also Section 2.23.7 Function Control).

In address 1130 the residual current PoleOpenCurrent is set, which will definitely not be exceeded when
the circuit breaker pole is open. If parasitic currents (e.g. through induction) can be excluded when the circuit
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breaker is open, this setting may be very sensitive. Otherwise this setting must be increased. Usually the
presetting is sufficient. This parameter can only be altered in DIGSI at Display Additional Settings.

The residual voltage PoleOpenVoltage, which will definitely not be exceeded when the circuit breaker pole
is open, is set in address 1131. Voltage transformers must be on the line side. The setting should not be too
sensitive because of possible parasitic voltages (e.g. due to capacitive coupling). It must in any event be set
below the smallest phase-earth voltage which may be expected during normal operation. Usually the preset-
ting is sufficient. This parameter can only be altered in DIGSI at Display Additional Settings.

The switch-on-to-fault activation (seal-in) time SI Time all C1l. (address 1132) determines the activation
period of the protection functions enabled during each energization of the line (e.qg. fast tripping high-current
stage). This time is started by the internal circuit breaker switching detection when it recognizes energization
of the line or by the circuit breaker auxiliary contacts, if these are connected to the device via binary input to
provide information that the circuit breaker has closed. The time should therefore be set longer than the
circuit breaker operating time during closing plus the operating time of this protection function plus the circuit
breaker operating time during opening. This parameter can only be altered in DIGSI at Display Additional
Settings.

In address 1134 Line Closure the criteria for the internal recognition of line energization are determined.
only with ManCl means that only the manual close signal via binary input or the integrated control is eval-
uated as closure.

With the following 3 setting options, the manual close signal via binary input or the integrated control are
determined as closure always in addition.

I OR U or ManCl means that closure (message L7ne closure, no.590) is detected if voltages and
currents exceed their corresponding pole open thresholds within the time SI Time all C1. (address
1132).

CB OR I or M/cimplies that either the currents or the states of the circuit breaker auxiliary contacts are
used to determine closure of the circuit breaker. If the voltage transformers are not situated on the line side,
the setting CB OR I or M/C must be used.

In the case of I or Man.Close only the currents or the manual close signal or the integrated control are
used to recognize closing of the circuit breaker.

Before each line energization detection, the breaker must be recognized as open for the settable time 1133 T
DELAY SOTF.

Address 1135 Reset Trip CMD determines under which conditions a trip command is reset. If Currento-
penPole is set, the trip command is reset as soon as the current disappears. It is important that the value set
in address 1130 PoleOpenCurrent (see above) is undershot. If Current AND CBis set, the circuit breaker
auxiliary contact must send a message that the circuit breaker is open. It is a prerequisite for this setting that
the position of the auxiliary contacts is allocated via a binary input.

For special applications, in which the device trip command does not always lead to a complete cutoff of the
current, the setting Pickup Reset can be chosen. In this case, the trip command is reset as soon as the
pickup of the tripping protection function drops off and - just as with the other setting options- the minimum
trip command duration (address 240) has elapsed. The setting Pickup Reset makes sense, for instance,
during the test of the protection equipment, when the system-side load current cannot be cut off and the test
current is injected in parallel to the load current.

While the time ST Time all Cl. (address 1132, refer above) is activated following each recognition of line
energization, SI Time Man.C1 (address 1150) is the time following manual closure during which special
influence of the protection functions is activated (e.g. increased reach of the distance protection). This param-
eter can only be altered in DIGSI at Display Additional Settings.
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NOTE

°®

l For CB Test and automatic reclosure the CB auxiliary contact status derived with the binary inputs >CB1 ...
(No. 366 to 371,410 and 411) is relevant to indicate the CB switching status. The other binary inputs
>CB ... (No. 351 to 353, 379 and 380) are used for detecting the status of the line (address 1134) and for
reset of the trip command (address 1135). Address 1135 is also used by other protection functions, e.g. by
the echo function, energization in case of overcurrent etc. For use with one circuit breaker only, both
binary input functions, e.g. 366 and 351, can be allocated to the same physical input. For applications with
2 circuit breakers per feeder (1.5 circuit breaker systems or ring bus), the binary inputs >CB1... must be
connected to the correct circuit breaker. The binary inputs >CB... then need the correct signals for detecting
the line status. In certain cases, an additional CFC logic may be necessary.

Address 1136 OpenPoleDetect. defines the criteria for operating the internal open-pole detector (see also
Section 2.23.1 Function Control, Subsection Open-Pole Detector). When using the default setting w/ meas-
urement, all available data are evaluated that indicate single-pole dead time. The internal trip command and
pickup indications, the current and voltage measured values and the CB auxiliary contacts are used. To eval-
uate only the auxiliary contacts including the phase currents, set the address 1136 to Current AND CB. If
you do not wish to detect single-pole dead time, set OpenPoleDetect. t0 OFF.

For manual closure of the circuit breaker via binary inputs, it can be specified in address 1151 MAN. CLOSE
whether the integrated manual CLOSE detection checks the synchronism between the busbar voltage and the
voltage of the switched feeder. This setting does not apply for a close command via the integrated control
functions. If the synchronism check is desired, the device must either feature the integrated synchronism
check function or an external device for synchronism check must be connected.

If the internal synchronism check is to be used, the synchronism check function must be enabled; an addi-
tional voltage U, for synchronism check has to be connected to the device and this must be correctly para-
meterised in the Power System Data (Section 2.1.2.7 Setting Notes, address 210 U4 transformer = Usy2
transf. and the associated factors).

If no synchronism check is to be performed with manual closing, set MAN. CLOSE = w/o Sync-check. If a
check is desired, set with Sync-check. To not use the MANUAL CLOSE function of the device, set MAN..
CLOSE to NO. This may be reasonable if the close command is output to the circuit breaker without involving
the 7SA6, and the relay itself is not desired to issue a close command.

For commands via the integrated control (on site, DIGSI, serial interface) address 1152 Man.Clos. Imp.
determines whether a close command via the integrated control regarding the MANUAL CLOSE handling for
the protection functions (like instantaneous re-opening when switching onto a fault) is to act like a MANUAL
CLOSE command via binary input. This address also informs the device to which switchgear this applies. You
can select from the switching devices which are available to the integrated control. Select the circuit breaker
which operates for manual closure and, if required, for automatic reclosure (usually QO0). If kein s set here, a
CLOSE command via the control will not generate a MANUAL CLOSE impulse for the protection function.

Three-pole coupling

Three-pole coupling is only relevant if single-pole auto-reclosures are carried out. If not, tripping is always
three-pole. The remainder of this margin heading is then irrelevant.

Address 1155 3pole coupling determines whether any multi-phase pickup leads to a three-pole tripping
command, or whether only multi-pole tripping decisions result in a three-pole tripping command. This setting
is only relevant for versions with single-pole and three-pole tripping and is only available there.

More information on the function is also given in Section 2.23.1 Function Control Pickup Logic for the Entire
Device.

With the setting with PICKUP every fault detection in more than one phase leads to three-pole coupling of
the trip outputs, even if only a single-phase earth fault is situated within the tripping region, and further faults
only affect the higher zones, or are located in the reverse direction. Even if a single-phase trip command has
already been issued, each further fault detection will lead to three-pole coupling of the trip outputs.

If, on the other hand, this address is set to with TRIP, three-pole coupling of the trip output (three-pole trip-
ping) only occurs when more than one pole is tripped. Therefore, if a single-phase fault occurs within the trip
zone and a further fault outside of it, single-pole tripping is possible. A further fault during the single-pole trip-
ping will only lead to a three-pole coupling, if it occurs within the trip zone.
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This parameter is valid for all protection functions of 7SA6 which are capable of single-pole tripping.

The difference made by this parameter becomes apparent when multiple faults are cleared, i.e. faults occur-
ring almost simultaneously at different locations in the network.

If, for example, two single-phase earth faults occur on different lines — these may also be parallel lines —
(Figure 2-4), the protection relays detect the fault type on all four line ends L1-L2-E, i.e. the pickup image
corresponds to a two-phase earth fault. If single pole tripping and reclosure is employed, it is therefore desir-
able that each line only trips and recloses single pole. This is possible with setting 1155 3pole coupling =
with TRIP. Each of the four devices detects a single-pole internal fault and can thus trip single-pole.

L1-E[1

1 —
O_ L L1 _Q
1 1
L] L1
L2-E
[mehrfachfehler-doppelltg-0z-010802, 1, en_GB]
Figure 2-4 Multiple fault on a double-circuit line

In some cases, however, three-pole tripping would be preferable for this fault scenario, for example in the
event that the double-circuit line is located in the vicinity of a large generator unit (Figure 2-5). This is because
the generator considers the two single-phase ground faults as one double-phase ground fault, with corre-
spondingly high dynamic load on the turbine shaft. With the setting 1155 3pole coupling=with
PICKUP, the two lines are switched off three-pole, since each device picks up as with L1-L2-E, i.e. as with a
multi-phase fault.

&U-E
1 1
L1 L1

o8 O

1 1
L] L1
11 L2-E

[generator-mehrfachfehler-doppelltg-0z-010802, 1, en_GB]
Figure 2-5 Multiple fault on a double-circuit line next to a generator

Address 1156 Trip2phF1lt determines that the short-circuit protection functions perform only a single-pole
trip in case of isolated two-phase faults (clear of ground), provided that single-pole tripping is possible and
permitted. This allows a single-pole reclose cycle for this kind of fault. You can specify whether the leading
phase (1pole leading @), or the lagging phase (Ipole lagging @) is tripped. The parameter is only
available in versions with single-pole and three-pole tripping. This parameter can only be altered using DIGSI
at Additional Settings. If this possibility is to be used, you have to bear in mind that the phase selection
should be the same throughout the entire network and that it must be the same at all ends of one line. More
information on the functions is also contained in Section 2.23.7 Function Control Pickup Logic of the Entire
Device. The presetting 3pole is usually used.

2.1.4.2  Settings
Addresses which have an appended “A” can only be changed with DIGSI, under “Additional Settings”.
The table indicates region-specific presettings. Column C (configuration) indicates the corresponding secon-
dary nominal current of the current transformer.
Addr. Parameter (@ Setting Options Default Setting Comments
1103 FullScaleVolt. 1.0..1200.0 kV 400.0 kV Measurement: Full Scale
Voltage (100%)
1104 FullScaleCurr. 10..5000 A 1000 A Measurement: Full Scale
Current (100%)
1105 Line Angle 10..89° 85° Line Angle
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Addr. Parameter C Setting Options Default Setting Comments
1107 P,Q sign not reversed not reversed P,Q operational measured
reversed values sign
1110 X' 1A 0.0050 .. 9.5000 Q/km 0.1500 Q/km X' - Line Reactance per
5A  0.0010 .. 1.9000 Q/km 0.0300 Q/km length unit
1111 Line Length 0.1 ..1000.0 km 100.0 km Line Length
1112 X' 1A 0.0050 .. 15.0000 Q/mi 0.2420 Q/mi X' - Line Reactance per
5A  [0.0010 .. 3.0000 Q/mi 0.0484 QImi length unit
1113 Line Length 0.1 .. 650.0 Miles 62.1 Miles Line Length
1114 c 1A 0.000 .. 100.000 pF/km 0.010 pF/km ' - capacit. per unit line
5A  {0.000 .. 500.000 uF/km 0.050 pF/km len. pF/km
1115 c' 1A 0.000 .. 160.000 pF/mi 0.016 pF/mi ' - capacit. per unit line
5A  |0.000 .. 800.000 pF/mi 0.080 pF/mi len. uF/imile
1116 RE/RL(Z1) -0.33..10.00 1.00 Zero seq. comp. factor
RE/RL for Z1
1117 XEIXL(Z1) -0.33..10.00 1.00 Zero seq. comp. factor
XE/XL for Z1
1118 RE/RL(>Z1) -0.33..10.00 1.00 Zero seq. comp.factor RE/
RL(>Z1)
1119 XE/IXL(>Z1) -0.33..10.00 1.00 Zero seq. comp.factor XE/
XL(>Z1)
1120 KO (Z1) 0.000 .. 4.000 1.000 Zero seq. comp. factor KO
for zone Z1
1121 Angle KO(Z1) -180.00 .. 180.00° 0.00° Zero seq. comp. angle for
zone Z1
1122 KO (>Z21) 0.000 .. 4.000 1.000 Zero seq.comp.factor
KO,higher zones >Z1
1123 Angle KO(>Z1) -180.00 .. 180.00°° 0.00° Zero seq. comp. angle,
higher zones >Z1
1126 RMIRL ParalLine 0.00..8.00 0.00 Mutual Parallel Line comp.
ratio RM/RL
1127 XM/XL ParalLine 0.00 .. 8.00 0.00 Mutual Parallel Line comp.
ratio XM/XL
1128 RATIO Par. Comp 50..95% 85 % Neutral current RATIO
Parallel Line Comp
1130A PoleOpenCurrent 1A 0.05..1.00A 0.10 A Pole Open Current
5A  [0.25..5.00A 0.50 A Threshold
1131A  |PoleOpenVoltage 2..70V 30V Pole Open Voltage
Threshold
1132A  |SITime all Cl. 0.01 .. 30.00 sec 0.05 sec Seal-in Time after ALL
closures
1133A  |T DELAY SOTF 0.05 .. 30.00 sec 0.25 sec minimal time for line open
before SOTF
1134 Line Closure only with MancCl only with ManCl Recognition of Line
| OR U or ManCl Closures with
CB ORI or MIC
| or Man.Close
1135 Reset Trip CMD CurrentOpenPole CurrentOpenPole RESET of Trip Command
Current AND CB
Pickup Reset
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Addr. Parameter C Setting Options Default Setting Comments
1136 OpenPoleDetect. OFF w/ measurement open pole detector
Current AND CB
w/ measurement
1140A  |I-CTsat. Thres. 1A 0.2..50.0A; = 20.0 A CT Saturation Threshold
5A 1.0..250.0 A; = 100.0 A
1150A  |SI Time Man.Cl 0.01 .. 30.00 sec 0.30 sec Seal-in Time after MANUAL
closures
1151 MAN. CLOSE with Sync-check NO Manual CLOSE COMMAND
w/o Sync-check generation
NO
1152 Man.Clos. Imp. (Einstellmdglichkeiten none MANUAL Closure Impulse
anwendungsabhangig) after CONTROL
1155 3pole coupling with PICKUP with TRIP 3 pole coupling
with TRIP
1156A  |Trip2phFlt 3pole 3pole Trip type with 2phase
1pole leading @ faults
Tpole lagging @
1211 Distance Angle 30..90° 85° Angle of inclination,
distance charact.
2.1.4.3 Information List
No. Information Type of Comments
Informa-
tion
301 Pow.Sys.Flt. out Power System fault
302 Fault Event ouT Fault Event
303 E/F Det. ouT E/FIt.det. in isol/comp.netw.
351 >CB Aux. L1 SP >Circuit breaker aux. contact: Pole L1
352 >CB Aux. L2 SP >Circuit breaker aux. contact: Pole L2
353 >CB Aux. L3 SP >Circuit breaker aux. contact: Pole L3
356 >Manual Close SP >Manual close signal
357 >Blk Man. Close SP >Block manual close cmd. from external
361 >FAIL:Feeder VT SP >Failure: Feeder VT (MCB tripped)
362 >FAIL:U4 VT SP >Failure: Usy4 VT (MCB tripped)
366 >CB1 Pole L1 SP >CB1 Pole L1 (for AR,CB-Test)
367 >CB1 Pole L2 SP >CB1 Pole L2 (for AR,CB-Test)
368 >CB1 Pole L3 SP >CB1 Pole L3 (for AR,CB-Test)
371 >CB1 Ready SP >CB1 READY (for AR,CB-Test)
378 >CB faulty SP >CB faulty
379 >CB 3p Closed SP >CB aux. contact 3pole Closed
380 >CB 3p Open SP >CB aux. contact 3pole Open
381 >1p Trip Perm SP >Single-phase trip permitted from ext.AR
382 >Only 1ph AR SP >External AR programmed for 1phase only
383 >Enable ARzones SP >Enable all AR Zones | Stages
385 >Lockout SET SP >Lockout SET
386 >Lockout RESET SP >Lockout RESET
410 >CB1 3p Closed SP >CB1 aux. 3p Closed (for AR, CB-Test)
411 >CB1 3p Open SP >CB1 aux. 3p Open (for AR, CB-Test)
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2.1 General
No. Information Type of Comments
Informa-
tion
501 Relay PICKUP out Relay PICKUP
503 Relay PICKUP L1 ouT Relay PICKUP Phase L1
504 Relay PICKUP L2 ouT Relay PICKUP Phase L2
505 Relay PICKUP L3 out Relay PICKUP Phase L3
506 Relay PICKUP E ouT Relay PICKUP Earth
507 Relay TRIP L1 out Relay TRIP command Phase L1
508 Relay TRIP L2 ouT Relay TRIP command Phase L2
509 Relay TRIP L3 ouTt Relay TRIP command Phase L3
510 Relay CLOSE out Relay GENERAL CLOSE command
511 Relay TRIP outT Relay GENERAL TRIP command
512 Relay TRIP 1pL1 ouTt Relay TRIP command - Only Phase L1
513 Relay TRIP 1pL2 out Relay TRIP command - Only Phase L2
514 Relay TRIP 1pL3 ouT Relay TRIP command - Only Phase L3
515 Relay TRIP 3ph. ouTt Relay TRIP command Phases L123
530 LOCKOUT IntSP LOCKOUT is active
533 IL1 = Vi Primary fault current IL1
534 IL2 = Vi Primary fault current IL2
535 IL3 = Vi Primary fault current IL3
536 Definitive TRIP ouT Relay Definitive TRIP
545 PU Time Vi Time from Pickup to drop out
546 TRIP Time Vi Time from Pickup to TRIP
560 Trip Coupled 3p ouT Single-phase trip was coupled 3phase
561 Man.Clos.Detect ouTt Manual close signal detected
562 Man.Close Cmd out CB CLOSE command for manual closing
563 CB Alarm Supp ouTt CB alarm suppressed
590 Line closure ouT Line closure detected
591 1pole open L1 out Single pole open detected in L1
592 1pole open L2 ouT Single pole open detected in L2
593 1pole open L3 ouT Single pole open detected in L3
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2.2

2.2.1

2.2.11

2.2 Distance Protection

Distance Protection

Distance protection is the main function of the device. It is characterized by high measuring accuracy and the
ability to adapt to the given system conditions. It is supplemented by a number of additional functions.

Distance protection, general settings

Earth Fault Detection

Functional Description

Recognition of an earth fault is an important element in identifying the type of fault, as the determination of
the valid loops for measurement of the fault distance and the shape of the distance zone characteristics
substantially depend on whether the fault at hand is an earth fault or not. The 7SA6 has a stabilized earth
current measurement, a zero sequence current/negative sequence current comparison as well as a displace-
ment voltage measurement.

Furthermore, special measures are taken to avoid a pickup for single earth faults in an isolated or resonan-
tearthed system.

Earth Current 31

For earth current measurement, the fundamental component of the sum of the numerically filtered phase
currents is supervised to detect if it exceeds the set value (parameter 310> Threshold). It is stabilized
against spurious operation resulting from unsymmetrical operating currents and error currents in the secon-
dary circuits of the current transformer due to different degrees of current transformer saturation during
short-circuits without earth: the actual pick-up threshold automatically increases as the phase current
increases (Figure 2-6). The dropout threshold is approximately 95 % of the pickup threshold.

4

310

Release

Slope:
310>/Iphmax

310> =

— Blocking

IPh max

[erdstrom-ansprechkennl-270702-wlk, 1, en_GB]
Figure 2-6 Earth current stage: pickup characteristic

Negative Sequence Current 31,

On long, heavily loaded lines, large currents could cause excessive restraint of the earth current measurement
(ref. Figure 2-6). To ensure secure detection of earth faults in this case, a negative sequence comparison stage
is additionally provided. In the event of a single-phase fault, the negative sequence current I, has approxi-
mately the same magnitude as the zero sequence current I,. When the ratio zero sequence current / negative
sequence current exceeds a preset ratio, this stage picks up. For this stage a parabolic characteristic provides
restraint in the event of large negative sequence currents. Figure 2-7 illustrates this relationship. A release by
means of the negative sequence current comparison stage requires currents of at least 0.2-I for 31, and 31,.
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Figure 2-7 Characteristic of the Iy/I, stage

Displacement Voltage 3U,

For the neutral displacement voltage recognition the displacement voltage (3-U,) is numerically filtered and

the fundamental frequency is monitored to recognize whether it exceeds the set threshold. The dropout
threshold is approximately 95 % of the pickup threshold. In earthed systems (3U0> Threshold) it can be
used as an additional criterion for earth faults. For earthed systems, the U, ~criterion may be disabled by

applying the « setting.

Logical Combination for Earthed Systems

54

The current and voltage criteria supplement each other, as the displacement voltage increases when the zero
sequence to positive sequence impedance ratio is large, whereas the earth current increases when the zero
sequence to positive sequence impedance ratio is smaller. Therefore, the current and voltage criteria for
earthed systems are normally ORed. However, the two criteria may also be ANDed (settable, see Figure 2-8).
Setting 3U0> Threshold to infinite makes this criterion ineffective.

If the device detects a current transformer saturation in any phase current, the voltage criterion is indeed
crucial to the detection of an earth fault since irregular current transformer saturation can cause a faulty
secondary zero-sequence current although no primary zero-sequence current is present.

If displacement voltage detection has been made ineffective by setting 3U0> Threshold to infinite, earth
fault detection with the current criterion is possible even if the current transformers are saturated.

The earth fault detection alone does not cause a general fault detection of the distance protection, but merely
controls the further fault detection modules. It is only alarmed in case of a general fault detection.
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[ Curr.Transf.Satur.

310> Threshold [1203]
I

[1Ph 310
™ | EIF recognition [1209]

. H
B ] > >1 310> OR 3U0>
310> AND 3U0> | —~— FCT EarthFItO/C

[312 M

[3U0 T‘ ’(

[310

[ ]

3U0> &
| 3U0> Threshold [1204]
[logik-der-erdfehlererkennung-240402-wlk, 1, en_GB]
Figure 2-8 Earth fault detection logic for earthed systems

Earth fault detection during single-pole open condition

In order to prevent undesired pickup of the earth fault detection caused by load currents during single-pole
open condition, a modified earth fault detection is used during single-pole open condition in earthed power
systems (Figure 2-9). In this case, the magnitudes of the currents and voltages are monitored in addition to
the angles between the currents.

[IL2 +— max. (IL2, IL3) <2 x |
L_ min. (IL2, IL3)

| i3 ] Angle Criteria for

Load Condition

— Earth Fault Recog.

[UL2-E max. (UL2, UL3) <

1.5 x min. (UL2,
[UL3-E uL3)
[310 I

310>

[ 1203] 310> Threshold |

[erdfehlererkennung-waehrend-einpoliger-abschaltung-wlk-260702, 1, en_GB]
Figure 2-9 Earth fault detection during single-pole open condition (example: single-pole dead time L1)

Logical Combination for Non-earthed Systems

In compensated or isolated networks, an earth pickup is only initiated after a pickup of the zero-sequence
current criterion. It should be considered that the zero-sequence voltage criterion with the parameter 1205
3U0> COMP/ISOL. is used for the confirmation of an earth pickup in case of double earth faults with current
transformer saturation.

The 310 threshold is reduced in case of asymmetrical phase-to-phase voltages in order to allow earth pickup
even in the case of double earth faults with very low zero sequence current. The zero-sequence voltage crite-
rion is not used solely as the distance measurement for phase-to-earth loops tends to overreach if the earth
current is missing. If the current transformer is saturated and the parameter 1205 is not set to o, an earth
fault detection by means of the 10 criterion alone is not possible and a verification of the pickup by means of
the UO criterion is initiated.

The maximum asymmetry to be expected for a load current or a single earth fault can be set via parameter
1223 Uph-ph unbal.. Furthermore, in these systems, a simple earth fault is assumed initially and the pickup
is suppressed in order to avoid erroneous pickup as a result of the earth fault inception transients. After a
configurable delay time T3I0 1PHAS, the pickup is released again; this is necessary to ensure that the
distance protection is still able to detect a double earth fault with one base point on a dead-end feeder. If the
phase-tophase voltages are asymmetrical, this indicates a double earth fault and the pickup is released imme-
diately.
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2.2.1.2

56

[1223] Uph-ph unbal.
|

[UL1-L2
Max — * (1) —L

[UL2-13 r o a<b | —{UPh-UPh symmet. >
Min

[UL3-L1

[symmetrieerkennung-st-090705, 1, en_GB]

Figure 2-10 Symmetry detection for phase-to-phase voltages
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[erdfehlererk-isoliert-geloescht-st-090705, 2, en_GB]
Figure 2-11 Earth fault detection in isolated or resonant-earthed systems

Pickup

Fault detection has to detect a faulty condition in the power system and initiate all necessary procedures for
selective clearance of the fault:

®  Start of the delay times for the directional and non-directional final stages,
® Determination of the faulted loop(s),

®  Enabling of impedance calculation and direction determination,

®  Enabling of trip command,

® |[nitiation of supplementary functions

® |ndication/output of the faulted conductor(s).

SIPROTEC 4, 7SA6, Manual
C53000-G1176-C156-9, Edition 05.2016



Functions
2.2 Distance Protection

Depending on the version ordered, the 7SA6 distance protection features a range of fault detection modes
from which the appropriate method for the particular system conditions can be selected. If the device only
features impedance fault detection according to its ordering code or if you have set the pickup mode Dis.
PICKUP = Z< (quadrilat.) (address 114) during configuration, please continue with section

2.2.1 Distance protection, general settings “Calculation of the Impedances”. This impedance pickup works
implicitly, i.e the above-mentioned operations are executed automatically as soon as a fault is detected in one
of the distance zones.

Overcurrent Pickup

Overcurrent pickup is a phase-selective pickup procedure. After numeric filtering, the currents are monitored
in each phase if a settable value is exceeded. A signal is output for the phase(s) where the set threshold has
been exceeded.

For processing the measured values (see Section 2.2.1 Distance protection, general settings “Calculation of
the impedances”) the phase-selective pickup signals are converted into loop information. This depends on the
earth fault detection and - in earthed power systems - on the parameter 1ph FAULTS according to Table 2-2.
For single-phase pickup without earth fault detection in non-earthed power systems the phase-to-phase loop
is always selected.

The phases that have picked up are signalled. If an earth fault has been detected, it will also be alarmed.

Die Anregung fallt zurlick, wenn ca. 95 % des Ansprechwertes unterschritten sind.

Table 2-2 Loops and phase indications for single-phase overcurrent pickup
Pickup Earth Fault |Parameter Valid Loop Alarmed
Module Detection lph FAULTS Phase(s)
L1 no L3-L1 L1, L3

L2 no phase-to-phase [L1-L2 L1, L2
L3 no L2-L3 L2, L3

L1 no L1-E L1

L2 no f))hase-to-earth Lo-E L

L3 no L3-E L3

L1 yes L1-E L1, E

L2 yes any L2-E L2, E

L3 yes L3-E L3, E

Donly active for earthed power systems

Voltage dependent current pickup U/I(optional)

The U/T pickup is a per phase and per loop pickup mode. Here the phase currents must exceed a threshold,
while the threshold value depends on the magnitude of the loop voltage.

Pickup on earth faults is effectively suppressed in networks with non-earthed neutral points by means of the
measures described above in Section “Earth Fault Detection”.

The basic characteristics of the U/l pickup can be seen from the current-voltage characteristic shown in

Figure 2-12. The first requirement for every phase pickup is that the minimum current Iph> is exceeded. For
the evaluation of phase-to-phase loops, both relevant phase currents have to exceed this value. Above this
current, the current pickup is voltage-dependent with the slope being determined by the setting parameters

U (I>) and U(I>>) . For short-circuits with large currents the overcurrent pickup Iph>> is superimposed. The
bold dots in Figure 2-12 mark the setting parameters which determine the geometry of the current/voltage
characteristic.

The phases that have picked up are signalled. The picked up loops are relevant for processing the measured
values.

Loop pickup will drop out if the signal falls below 95 % of the respective current value or exceeds approx. 105
% of the respective voltage value.

SIPROTEC 4, 7SA6, Manual 57
C53000-G1176-C156-9, Edition 05.2016



Functions

2.2 Distance Protection

Load Area

- <|c

[
o

40—

30—

20—

10—

Iph> Iph>>

[u-i-kennlinie-wlk-260702, 1, en_GB]

Figure 2-12 U/I characteristic

Pickup modes

58

The adaptation to different network conditions is determined by pickup modes.

The setting (PROGAM U/I) determines whether the phase-to-phase loops or the phase—to-earth loops are
always valid, or whether this depends on the earth fault detection. This allows a very flexible adaptation to the
network conditions. Optimum control mainly depends on whether the network neutral is not earthed (isolated
or compensated), has a low—-resistance or effective earthing. Setting notes are given in Section 2.2.1.4 Setting
Notes.

The evaluation of phase—to-earth loops is characterized by a high sensitivity in the event of earth faults and is
therefore highly advantageous in networks with earthed star points. It automatically adapts to the prevailing
infeed conditions; i.e. in the weak-infeed operation mode it becomes more current-sensitive, with high load
currents the pickup threshold will be higher. This applies in particular if the network neutral is earthed low-
resistance. If only the phase-to-earth loops are evaluated, it must be ensured that the overcurrent stage
Iph>> responds in the event of phase-to-phase faults. If only one measuring system picks up, it can be
decided whether this will result in a pickup of the phase-to-earth loops or the phase-to-phase loops in the
earthed network (see Table 2-3).

Table 2-3 Loops and phase indications for single-phase overcurrent pickup U/l; Phase-to-earth voltages
program

Pickup |Meas- Meas- Earth Fault |Parameter Valid Alarmed

Module |uring uring Detection |1ph FAULTS |Loop Phase(s)
Current |Voltage

L1 L1 L1-E no L3-L1 L1, L3

L2 L2 L2-E no phase-to-phase|L1-L2 L1, L2

L3 L3 L3-E no L2-L3 L2, L3

L1 L1 L1-E no L1-E L1

12 12 L2-E no phase-to-earth | ¢ 12

L3 L3 L3-E no L3-E L3
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Pickup |Meas- Meas- Earth Fault |Parameter Valid Alarmed

Module |uring uring Detection |lph FAULTS |(Loop Phase(s)
Current |Voltage

L1 L1 L1-E yes L1-E L1, E

L2 L2 L2-E yes any L2-E L2, E

L3 L3 L3-E yes L3-E L3, E

" Only active for earthed power systems

When evaluating the phase-to-phase loops, the sensitivity is particularly high for phase-to-phase faults. In
extensive compensated networks this selection is advantageous because it excludes pickup as a result of
single earth faults on principle. With two- and three-phase faults it automatically adapts to the prevailing
infeed conditions, i.e. in weak-infeed operation mode it becomes more current-sensitive, with strong infeed
and high load currents the pickup threshold will be higher. If only phase—to-phase loops are evaluated, the
measuring loop is independent of the earth-fault detection, therefore this procedure is not suitable for earthed
networks (see Table 2-4).

Table 2-4 Loops and phase indications for single-phase overcurrent pickup U/[; Phase-to-phase voltages
program
Pickup |Meas- |Meas- Earth Fault | Parameter Valid Alarmed
Module |uring uring Detection lph FAULTS |Loop Phase(s)
Current |Voltage

L1 L1 L1-L2 L1-L2 L1, L2

L2 L2 L2-L3 any any L2-L3 L2, L3

L3 L3 L3-L1 L3-L1 L1, L3

If the option has been chosen whereby voltage loop selection is dependent on earth-fault detection, then high
sensitivity applies to phase-to-earth faults and to phase—to-phase faults. On principle, this option is inde-
pendent of the treatment of the network neutral, however, it requires that the earth—fault criteria according
to Section Earth Fault Detection are met for all earth faults or double earth faults (see Table 2-5).

Table 2-5 Loops and phase indications for single-phase overcurrent pickup U/[; Phase-to-earth-voltages
program for earth fault, phase-to-phase voltages without earth fault

Pickup |Meas- Meas- Earth Fault | Parameter |Valid Alarmed
Module |uring uring Detection |1lph FAULTS |Loop Phase(s)
Current |Voltage

L1 L1 L1-L2 no L1-L2 L1, L2
L2 L2 L2-L3 no any L2-L3 L2, L3
L3 L3 L3-L1 no L3-L1 L1, L3

L1 L1 L1-E yes L1-E L1, E

L2 L2 L2-E yes any L2-E L2, E

L3 L3 L3-E yes L3-E L3, E

Finally, it is also possible to only evaluate phase-to-earth voltage loops if an earth fault has been detected. For
phase-to-phase faults only the overcurrent Iph>> will then pick up. This is advantageous in networks with
neutral points that have been earthed low-resistance, i.e. using earth-fault current limiting measures (so-
called semi—solid earthing). In these cases only earth faults must be detected by the U/I pickup. In such
networks it is usually even undesirable that phase-to-phase faults lead to a U/l pickup.

The measuring loop is independent of the setting 1ph FAULTS. Table 2-6 shows the assignment of phase
currents, loop voltages and measuring results.
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Table 2-6 Loops and phase indications for single-phase overcurrent pickup U/I; Phase-to-earth voltages
program for earth fault, I>> without earth fault

Pickup |Meas- Meas- Earth Fault | Parameter |Valid Alarmed

Module |uring uring Detection |1ph FAULTS |Loop Phase(s)
Current |Voltage

L1 L1 L1-E yes L1-E L1, E

L2 L2 L2-E yes any L2-E L2, E

L3 L3 L3-E yes L3-E L3,E

L1 L1 L1-E no no pickup

L2 L2 L2-E no any no alarm

L3 L3 L3-E no durch U, (</T>

The pickup signals of the loops are converted into phase signals so that the faulted phase(s) can be indicated.
If an earth fault has been detected, it will also be alarmed.

Voltage and angle-dependent current pickup U/l/¢p(optional)

60

Phase-angle controlled U/T pickup can be applied when the U/I characteristic criteria can no longer distinguish
reliably between load and short-circuit conditions. This is the case with small source impedances together with
long lines or a sequence of lines and intermediate infeed. Then the local measured voltage will only drop to a
small extent in the event of a short-circuit at the line end or in the back-up range of the distance protection so
that the phase angle between current and voltage is required as an additional criterion for fault detection.
The U/Tl$ pickup is a per phase and per loop pickup mode. It is crucial for the phase currents to exceed the
pickup threshold, with the pickup value being dependent on the size of the loop voltages and the phase angle
between current and voltage.

A precondition for measuring the phase-to-phase angles is that the associated phase currents as well as the
current difference relevant for the loop have exceeded a minimum value Iph> that can be set. The angle is
determined by the phase—to—phase voltage and its corresponding current difference.

A precondition for measuring the phase-to-earth angle is that the associated phase current has exceeded a
settable minimum value Iph> and that an earth fault has been detected or only phase-to-earth measurements
have been stipulated by setting parameters. The angle is determined by the phase-to-earth voltage and its
corresponding phase current without considering the earth current.

Pickup on earth faults is effectively suppressed in networks with non-earthed neutral points by means of the
measures described in Section “Earth Fault Detection”.

The basic characteristics of the U/l/¢ pick-up can be seen from the current—voltage characteristic shown in
Figure 2-13. Initially it is shaped like the U/I pickup characteristic (Figure 2-12).

For angles in the range of large phase difference, i.e. in the short-circuit angle area above the threshold angle
@>, the characteristic between U(I>) and U(lp>) also takes effect; it is cut off by the overcurrent stage I¢p>.
The bold dots in Figure 2-13 mark the settings which determine the geometry of the current/voltage charac-
teristic. The angle-dependent area, i.e. the area within the short-circuit angle of the characteristic in

Figure 2-13, can either be set to affect in forward direction (in direction of line) or in both directions.
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Figure 2-13 U/l characteristic

Loop pickup will drop out if the signal falls below 95% of the respective current value or exceeds approx. 105%
of the respective voltage value. A hysteresis of 5° applies to phase-angle measuring.

The adaptation to different network conditions is determined by pickup modes. As the U/1/¢ pickup is an exten-
sion of the U/T pickup, the same program options are available. Table 2-3 to Table 2-6 also apply for single—
phase pickup.

2.2.1.3 Calculation of the Impedances

A separate measuring system is provided for each of the six possible impedance loops L1-E, L2-E, L3-E, L1-L2,
L2-L3, L3-L1. The phase-to-earth loops are evaluated when an earth fault detection is recognized and the
phase current exceeds a settable minimum value Minimum Iph>. The phase-to-phase loops are evaluated
when the phase current in both of the affected phases exceeds the minimum value Minimum Iph>.

A jump detector synchronizes all the calculations with the fault inception. If a further fault occurs during the
evaluation, the new measured values are immediately used for the calculation. The fault evaluation is there-
fore always done with the measured values of the current fault condition.

Phase-to-Phase Loops

To calculate the phase-to-phase loop, for instance during a two-phase short circuit L1-L2 (Figure 2-14), the
loop equation is:

Ly Z-15 4=V, - Uy,

with

U1 the (complex) measured quantities and

Z=R+jX the (complex) line impedance.

The line impedance is computed to be

7 = U g-Y

Ui g
L
L i-Io

[formel-leitungsimpedanz-wlk-260702, 1, en_GB]
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Figure 2-14  Two-phase fault clear of earth, fault loop

The calculation of the phase-to-phase loops does not take place as long as one of the concerned phases is
switched off (during single-pole dead time) to avoid an incorrect measurement with the undefined measured
values existing during this state. A state recognition (refer to Section 2.23.1 Function Control) provides the
corresponding blocking signal. A logic block diagram of the phase-to-phase measuring system is shown in
Figure Figure 2-15.

[UL1
[uL2 o
[ 2 HRU2
[IL2 5
D
=
% HXL1-L2
N =

[Minimum Iph> [1202]

Release from circuit breaker
position logic
[L1 Open

[L2 Open

[logik-fuer-ein-leiter-leiter-messwerk-240402wlk, 1, en_GB]

Figure 2-15 Logic for a phase—phase measuring unit, shown by the example of the L1-L2 loop

Phase-to-Earth Loops

62

For the calculation of the phase-to-earth loop, for example during an L3-E short-circuit (Figure 2-16) it must be
noted that the impedance of the earth return path does not correspond to the impedance of the phase.

{1 . L1
{1 . L2
IL ZL
> 3 . L3
UL3E
IE ZE
> { T . E

[kurzschluss-einer-leiter-erde-schleife-wlk-260702, 1, en_GB]

Figure 2-16 Single-phase earth fault, fault loop

In the faulted loop

Uisg = lis (RL-1IXD - g+ (i_f ' RL+j())§_E) 'XL)

[leitererdeschleifeanpasstfktrx-formel-wlk-040527, 1, en_GB]
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the voltage U, 5, the phase current I 5 and the earth current I are measured. The impedance to the fault loca-
tion results from:

e X
U COS((PU—(PL)—I—' X cos(py —9g)
Riae = 'LLG;E . Xe Re) e LS, L Re Xe (lg)2
It e Lt SR ol (v
[leitererdeschleifer-formel-wlk-040527, 1, en_GB]
and
. le Rg
U 3'”(‘PU—(P|_)—|—"R—‘ sin(oy - 9g)
ALoe = 'LL33_E . Xe Rey e - Re Xe (lg)2
R 1 e m w ()
[leitererdeschleifex-formel-wlk-040527, 1, en_GB]
with
Use = r.m.s.value of the short-circuit voltage
I =r.m.s. value of the phase short-circuit current
I =r.m.s. value of the earth short-circuit current
Py = phase angle of the short-circuit voltage
oy = phase angle of the phase short-circuit current
Pe = phase angle of the earth short-circuit current

The factors R/R and X /X, are dependent only on the line constants, and no longer on the distance to fault.

The calculation of the phase-to-earth loops does not take place as long as the concerned phase is switched off
(during single-pole dead time) to avoid an incorrect measurement with the now undefined measured values.
A state recognition provides the corresponding blocking signal. A logic block diagram of the phase-to-earth
measuring system is shown in Figure 2-17.

[UL1-E
[310P (Parallel Line) W
-
[0 3 HruE
[IL1 % HXL1-E
5
[2]
& |> é
| Minimum Iph> | 1202|

| Earth Fault Recogn.

[L1 Open

[logik-fuer-ein-leiter-erde-messwerk-240402wlk, 1, en_GB]

Figure 2-17 Logic of the phase-earth measuring system

Unfaulted Loops

The above considerations apply to the relevant short-circuited loop. A pickup with the current-based fault
detection modes (I>, U/1, U/l/p) guarantees that only the faulty loop(s) is/are released for the distance calcula-
tion. All six loops are calculated for the impedance pickup; the impedances of the unfaulted loops are also
influenced by the short-circuit currents and voltages in the short-circuited phases. During a L1-E fault for
example, the short-circuit current in phase L1 also appears in the measuring loops L1-L2 and L3-L1. The earth
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current is also measured in loops L2-E and L3-E. Combined with load currents which may flow, the unfaulted
loops produce the so called “apparent impedances” which have nothing to do with the actual fault distance.
These “apparent impedances” in the unfaulted loops are usually larger than the short-circuit impedance of the
faulted loop because the unfaulted loop only carries a part of the fault current and always has a larger voltage
than the faulted loop. For the selectivity of the zones, they are usually of no consequence.

Apart from the zone selectivity, the phase selectivity is also important to achieve a correct identification of
the faulted phases, to alarm the faulted phases and especially to enable single-pole automatic reclosure.
Depending on the infeed conditions, close-in short-circuits may cause unfaulted loops to “see” the fault further
away than the faulted loop, but still within the tripping zone. This would cause three-pole tripping and there-
fore void the possibility of single-pole automatic reclosure. As a result power transfer via the line would be
lost.

In the 7SA6 this is avoided by the implementation of a “loop verification” function which operates in two
steps:

Initially, the calculated loop impedance and its components (phase or earth) are used to simulate a replica of
the line impedance. If this simulation returns a plausible line image, the corresponding loop pick-up is desig-
nated as a definitely valid loop.

If the impedances of more than one loop are now located within the range of the zone, the smallest is still
declared to be a valid loop. Furthermore, all loops with an impedance that does not exceed the smallest loop
impedance by more than 50 % are declared as being valid. Loops with larger impedance are eliminated. Those
loops which were declared valid in the initial stage cannot be eliminated by this stage, even if they have larger
impedances.

In this manner unfaulted “apparent impedances” are eliminated on the one hand, while on the other hand,
unsymmetrical multi-phase faults and multiple short-circuits are recognized correctly.

The loops that were designated as being valid are converted to phase information so that the fault detection
correctly alarms the faulted phases.

Double Faults in Earthed Systems

64

In systems with an effectively or low-resistant earthed starpoint, each connection of a phase with earth results
in a short-circuit condition which must be isolated immediately by the closest protection systems. Fault detec-
tion occurs in the faulted loop associated with the faulted phase.

With double earth faults, fault detection is generally in two phase-to-earth loops. If both earth loops are in the
same direction, a phase-to-phase loop may also pick up. It is possible to restrict the fault detection to particular
loops in this case. It is often desirable to block the phase-to-earth loop of the leading phase, as this loop tends
to overreach when there is infeed from both ends to a fault with a common earth fault resistance (Parameter
1221 2Ph-E faults =Block leading #). Alternatively, itis also possible to block the lagging phase-
toearth loop (Parameter 2Ph-E faults = Block lagging #). All the affected loops can also be evaluated
(Parameter 2Ph-E faults =All loops), or only the phase-to-phase loop (Parameter 2Ph-E faults = &-
@ loops only) or only the phase-to-earth loops (Parameter 2Ph-E faults =@-E loops only). All
these restrictions presuppose that the affected loops have the same direction.

In Table 2-7 the measured values used for the distance measurement in earthed systems during double earth
faults are shown.

Table 2-7 Evaluation of the measured loops for double earth faults in an earthed system in case both
earth faults are close to each other

Loop pickup Evaluated loop(s) Setting of parameter1221
L1-E, L2-E, L1-L2 L2-E, L1-L2 2Ph-E faults =Block
L2-E, L3-E, L2-L3 L3-E, L2-L3 leading @

L1-E, L3-E, L3-L1 L1-E, L3-L1

L1-E, L2-E, L1-L2 L1-E, L1-L2 2Ph-E faults =Block
L2-E, L3-E, L2-L3 L2-E, L2-L3 lagging @

L1-E, L3-E, L3-L1 L3-E, L3-L1

L1-E, L2-E, L1-L2 L1-E, L2-E, L1-L2 2Ph-E faults=All loops
L2-E, L3-E, L2-L3 L2-E, L3-E, L2-L3

L1-E, L3-E, L3-L1 L1-E, L3-E, L3-L1
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Loop pickup Evaluated loop(s) Setting of parameter1221
L1-E, L2-E, L1-L2 L1-L2 2Ph-E faults =g-g loops
L2-E, L3-E, L2-L3 L2-13 only

L1-E, L3-E, L3-L1 L3-L1

L1-E, L2-E, L1-L2 L1-E, L2-E 2Ph-E faults=g-E loops
L2-E, L3-E, L2-L3 L2-E, L3-E only

L1-E, L3-E, L3-L1 L1-E, L3-E

During three-phase faults, usually all three phase-to-phase loops pick up In this case the three phase-to-phase
loops are evaluated. If earth fault detection also occurs, the phase-to-earth loops are also evaluated.

Double earth faults in non-earthed systems

In isolated or resonant-earthed networks a single-phase earth fault does not result in a short circuit current
flow. There is only a displacement of the voltage triangle (Figure 2-18). For the system operation this state is
no immediate danger. The distance protection must not pick up in this case even though the voltage of the
phase with the earth fault is equal to zero in the whole galvanically connected system. Any load currents will
result in an impedance value that is equal to zero. Accordingly, a single-phase pickup phase-to-earth is
prevented without earth current pickup in the 7SA6.

UL1=0__E

a) Healthy System, without Earth Fault b) Earth Fault in Phase L1

[erdschluss-im-nicht-geerdeten-netz-260702-wlk, 1, en_GB]

Figure 2-18 Earth fault in non-earthed neutral system

With the occurrence of earth faults — especially in large resonant-earthed systems — large fault inception
transient currents can appear that may evoke the earth current pickup. In case of an overcurrent pick-up there
may also be a phase current pickup. The 7SA6 features special measures against such spurious pickups.

With the occurrence of a double earth fault in isolated or resonant-earthed systems it is sufficient to switch off
one of the faults. The second fault may remain in the system as a simple earth fault. Which of the faults is
switched off depends on the double earth fault preference which is set the same in the whole galvanically-
connected system. With7SA6 the following double earth fault preferences (Parameter 1220 PHASE PREF.
2phe) can be selected:

Acyclic L3 before L1 before L2 L3 (L1) ACYCLIC
Acyclic L1 before L3 before L2 L1 (L3) ACYCLIC
Acyclic L2 before L1 before L3 L2 (L1) ACYCLIC
Acyclic L1 before L2 before L3 L1 (L2) ACYCLIC
Acyclic L3 before L2 before L1 L3 (L2) ACYCLIC
Acyclic L2 before L3 before L1 L2 (L3) ACYCLIC
zyklisch L3 before L1 before L2 before L3 |L3 (L1) CYCLIC
zyklisch L1 before L3 before L2 before L1 |L1 (L3) CYCLIC
All loops are measured All loops

In all eight preference options, one earth fault is switched off according to the preference scheme. The second
fault can remain in the system as a simple earth fault. It can be detected with the Earth Fault Detection in
Nonearthed Systems (optional).
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The 7SA6 also enables the user to switch off both fault locations of a double earth fault. Set the double earth
fault preference to A11 loops.

Table 2-8 lists all measured values used for the distance measuring in isolated or resonant-earthed systems.

Table 2-8 Evaluation of the Measuring Loops for Multi-phase Pickup in the Non-earthed Network
Loop pickup Evaluated loop(s) Setting of parameter 1220
L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe=L3 (L1)
L2-E, L3-E, (L2-L3) L3-E ACYCLIC

L1-E, L3-E, (L3-L1) L3-E

L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe=L1 (L3)
L2-E, L3-E, (L2-L3) L3-E ACYCLIC

L1-E, L3-E, (L3-L1) L1-E

L1-E, L2-E, (L1-L2) L2-E PHASE PREF.2phe =L2 (L1)
L2-E, L3-E, (L2-L3) L2-E ACYCLIC

L1-E, L3-E, (L3-L1) L1-E

L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe =1L1 (L2)
L2-E, L3-E, (L2-L3) L2-E AcYCLIC

L1-E, L3-E, (L3-L1) L1-E

L1-E, L2-E, (L1-L2) L2-E PHASE PREF.2phe =L3 (L2)
L2-E, L3-E, (L2-L3) L3-E ACYCLIC

L1-E, L3-E, (L3-L1) L3-E

L1-E, L2-E, (L1-L2) L2-E PHASE PREF.2phe =L2 (L3)
L2-E, L3-E, (L2-L3) L2-E ACYCLIC

L1-E, L3-E, (L3-L1) L3-E

L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe=L3 (L1)
L2-E, L3-E, (L2-L3) L2-E CYCcLIC

L1-E, L3-E, (L3-L1) L3-E

L1-E, L2-E, (L1-L2) L2-E PHASE PREF.2phe=L1 (L3)
L2-E, L3-E, (L2-L3) L3-E CYCLIC

L1-E, L3-E, (L3-L1) L1-E

L1-E, L2-E, (L1-L2) L1-E, L2-E PHASE PREF.2phe =411 loops
L2-E, L3-E, (L2-L3) L2-E, L3-E

L1-E, L3-E, (L3-L1) L3-E; L1-E

Parallel line measured value correction (optional)

66

During earth faults on parallel lines, the impedance values calculated by means of the loop equations are influ-
enced by the coupling of the earth impedance of the two conductor systems (Figure 2-19). This causes meas-
uring errors in the result of the impedance computation unless special measures are taken. A parallel line
compensation may therefore be activated. In this manner the earth current of the parallel line is taken into
consideration by the line equation and thereby allows for compensation of the coupling influence. The earth
current of the parallel line must be connected to the device for this purpose. The loop equation is then as
shown below, refer also to Figure 2-16.

Ly-Z =1 Zg =g QOMB) =Use
- Re (X Rowm (Xom
g (Rp+iXp) - lg- (R—L ‘Re +J(X—L) 'XL) ~lgp (3_RL ‘Re +J(3—XL) ‘XL) =Uae
[messkorrparall-formel-wlk-040618, 1, en_GB]

where I, is the earth current of the parallel line and the ratios R,,/3R,_and X,,,/3X are constant line parame-

ters, resulting from the geometry of the double circuit line and the nature of the ground below the line. These
line parameters are input to the device — along with all the other line data — during the parameterisation.
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[erdkurzschluss-auf-einer-doppelleitung-wlk-260702, 1, en_GB]
Figure 2-19 Earth fault on a double circuit line

Without parallel line compensation, the earth current on the parallel line will in most cases cause the reach
threshold of the distance protection to be shortened (underreach of the distance measurement). In some
cases — for example when the two feeders are terminated to different busbars, and the location of the earth
fault is on one of the remote busbars (at B in Figure 2-19) — an overreach may occur.

The parallel line compensation only applies to faults on the protected feeder. For faults on the parallel line, the
compensation may not be carried out, as this would cause severe overreach. The relay located in position Il in
Figure 2-19 must therefore not be compensated.

Earth current balance is therefore additionally provided in the device, which carries out a cross comparison of
the earth currents in the two lines. The compensation is only applied to the line end where the earth current
of the parallel line is not substantially larger than the earth current in the line itself. In example in Figure 2-19,
the current I is larger than I,: compensation is applied at I by including Z,, - I, in the evaluation; at Il

compensation is not applied.

Switching onto a fault

If the circuit breaker is manually closed onto a short circuit, the distance protection can issue an instantaneous
trip command. By setting parameters it may be determined which zone(s) is/are released following a manual
close (refer to the following figure). The line energization information (input “SOTF”) is derived from the state
recognition (see Section 2.23.7 Function Control, Detection of the Circuit Breaker Position).

[Z1 without Direction e |
] E|—{ Z1 Instantaneous
3613 :
. >ENABLE Z1Binst 3—{ Z1B Instantaneous
[ Z1B without Directiot» ]
&
>1
[1232| SOTF zone | Sl B
— Z2 Instantaneous
Inactive
/_PICKUP >1 —{ Z3 Instantaneous
19 Zone Z1B = &

Z1B undirect.
Zone Z1
LZ1 undirect.

+—|Z4 Instantaneous

+—| 75 Instantaneous
sa0 L —
(OLine closure ) & {26 delayed

[logikdia-zuschalten-auf-einen-fehler-240402-wilk, 1, en_GB]

Figure 2-20 Circuit breaker closure onto a fault

2.2.1.4 Setting Notes
At address 1201 FCT Distance the distance protection function can be switched ON or OFF.
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Minimum current

The minimum current for fault detection Minimum Minimum Iph> (address 1202) in case of impedance
pickup is set somewhat (approx. 10 %) below the minimum short-circuit current that may occur. For the other
pickup modes it is set at address 1611.

Earth fault detection

In systems with earthed starpoint, the setting 310> Threshold (address 1203) is set somewhat below the
minimum expected earth fault current. 31 is defined as the sum of the phase currents [I,, + 1, + I 5|, which
equals the starpoint current of the set of current transformers. In non-earthed systems the setting value is
recommended to be below the earth current value for double earth faults.

The preset value 310>/ Iphmax =0.10 (address 1207) is usually recommended for the slope of the 3I char-
acteristic. This setting can only be changed in DIGSI at Display Additional Settings.

Addresses 1204 and 1209 are only relevant for earthed power systems. In non-earthed systems, they are
hidden.

When setting 3U0> Threshold (address 1204), care must be taken that operational asymmetries do not
cause a pickup. 3U0 is defined as the sum of the phase-to-earth voltages |U ,  + U, ¢ + U 5 ¢[. If the UO crite-
rion is not required, address 1204 is set to .

In earthed power systems the earth fault detection can be complemented by a zero sequence voltage detec-
tion function. You can determine whether an earth fault is detected when a zero sequence current or a zero
sequence voltage threshold is exceeded or when both criteria are met. 310> OR 3U0> (default setting)
applies at address 1209 E/F recognition if only one of the two criteria is valid. Select 310> AND 3U0>to
activate both criteria for earth-fault detection. This setting can only be changed in DIGSI at Display Additional
Settings. If you want to detect only the earth current, set 310> OR 3U0>and also 3U0> Threshold
(address 1204) to oo.

i 0

NOTE

Under no circumstances set address 1204 3U0> Threshold toes, if you have set address 1209 E/F
recognition = 3I0> AND 3U0>, or earth-fault detection will no longer be possible.

In compensated or isolated networks, an earth pickup is only initiated after the pickup of the zero-sequence
current criterion. Use the zero-sequence voltage criterion with the parameter 1205 3U0> COMP/ISOL. for
the confirmation of an earth pickup in case of double earth faults with current transformer saturation.

If the current transformer is saturated and the parameter 1205 is not set to o, an earth fault detection by
means of the 10 criterion alone is not possible and a verification of the pickup by means of the UO criterion is
initiated.

Address 1223 Uph-ph unbal. allows you to specify how great the asymmetries can become due to load and
single-pole earth fault conditions.

If the earth fault detection by the 10 criterion threatens to pick up due to fault inception transients following
the occurrence of a single earth fault, the detection can be delayed by means of a parameter T3I0 1PHAS
(address 1206).

Application with series-compensated lines

In applications for, or in the proximity of, series-compensated lines (lines with series capacitors) address 1208
SER-COMP. is set to YES, to ensure that the direction determination operates correctly in all cases. The influ-
ence of the series capacitors on the direction determination is described in Section 2.2.2 Distance protection
with quadrilateral characteristic (optional) under margin heading “Direction Determination in Case of Series-
compensated Lines”.

Start of Delay Times

68

As was mentioned in the description of the measuring methods, each distance zone generates an output
signal which is associated with the zone and the affected phase. The zone logic combines these zone fault
detections with possible further internal and external signals. The delay times for the distance zones can be
started either all together on general fault detection by the distance protection function, or individually at the
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moment the fault enters the respective distance zone. Parameter Start Timers (address 1210) is set by
defaultto on Dis. Pickup. This setting ensures that all delay times continue to run together even if the
type of fault or the selected measuring loop changes, e.g. because an intermediate infeed is switched off. It is
also the preferred setting if other distance protection relays in the power system are working with this start
timing. Where grading of the delay times is especially important, for instance if the fault location shifts from
zone Z3 to zone Z2, the setting on Zone Pickup should be chosen.

Angle of inclination of the tripping characteristics

The shape of the tripping characteristic is among other factors influenced by the inclination angle Distance
Angle (address 1211). Details about the tripping characteristics can be found in section 2.2.2 Distance
protection with quadrilateral characteristic (optional) under margin heading “Operating Polygons”). Usually,
the line angle is set here, i.e. the same value as in address Line Angle (Section 2.1.4.1 Setting Notes). Irre-
spective of the line angle it is, however, possible to select a different inclination angle of the tripping charac-
teristic.

Parallel line measured value correction (optional)

The mutual coupling between the two lines of a double-circuit configuration is only relevant to the 7SA6 when
it is applied on a double-circuit line and when it is intended to implement parallel line compensation. A prereg-
uisite is that the earth current of the parallel line is connected to the I, measuring input of the device and this
is entered in the configuration settings. In this case, address 1215 Paral.Line Comp has to be set to YES
(default setting).

The coupling factors were already set as part of the general protection data (Section 2.7.4.1 Setting Notes), as
was the reach of the parallel line compensation.

Double earth faults in effectively earthed systems

The loop selection for double earth faults is set at address 1221 2Ph-E faults (Phase-to-Phase Earth fault
detection). This parameter can only be altered in DIGSI at Display Additional Settings. In most cases, Block
leading @ (blocking of the leading phase, default setting) is favourable because the leading phase-to-earth
loop tends to overreach, especially in conjunction with large earth fault resistance. In certain cases (fault
resistance phase-to-phase larger than phase-to-earth) the setting Block lagging & (blocking of the lagging
phase) may be more favourable. The evaluation of all affected loops with the setting A11 loops allows a
maximum degree of redundancy. It is also possible to evaluate #-@ loops only. This ensures the highest
accuracy for 2-phase-to-earth faults. Finally it is possible to declare only the phase-to-earth loops as valid
(setting #-E loops only).

Double earth faults in non-earthed systems

In isolated or resonant-earthed systems it must be guaranteed that the preference for double earth faults in
whole galvanically-connected systems is consistent. The double earth fault preference is set in address 1220
PHASE PREF.2phe.

7SA6 also enables the user to detect all base points of a multiple earth fault. PHASE PREF.2phe = A11
loops means that each earth fault base point is switched off independant of any preference. It can also be
combined with a different preference. For a transformer feeder, for example, any base point can be switched
off following occurrence of a double earth fault, whereas L1 (L3) ACYCLIC s consistently valid for the
remainder of the system.

If the earth fault detection threatens to pick up due to fault inception transients following the occurrence of a
single earth fault, the detection can be delayed via parameter T310 1PHAS (address 1206). Usually the
presetting (0.04 s) is sufficient. For large resonant-earthed systems the time delay should be increased. Set
parameter T3I0 1PHAS to o if the earth current threshold can also be exceeded during steady-state condi-
tions. Then, even with high earth current, no single-phase pickup is possible anymore. Double earth faults are,
however, detected correctly and evaluated according to the preference mode.
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NOTE

®
l When testing a single earth fault by means of a test equipment, it must be made sure that the phase-to-
phase voltages fulfill the symmetry criterion.

Switching onto a fault

To determine the reaction of the distance protection during closure of the circuit breaker onto a fault, the
parameter in address 1232 SOTF zone is used. The setting Inactive, that there is no special reaction, i.e.
all distance stages operate according to their set zone parameters. The setting Zone Zone Z1B causes all
faults inside the overreaching zone Z1B (in the direction specified for this zone) to be cleared delay after the
closure of the circuit breaker. If Z1B undirect. is set, the zone Z1B is relevant, but it acts in both directions,
regardless of the operating direction set in address 1351 Op. mode Z1B. The setting in Zone Z1 causes all
faults inside the zone Z1 (in the direction specified for this zone) to be cleared without delay after the closure
of the circuit breaker. This setting is only useful if a delay time has been set for the zone Z1. If Z1 undirect.
is set, the zone Z1 is relevant, but it acts in both directions, regardless of the operating direction set in address
1301 Oop. mode Z1. The setting PICKUP implies that the non-delayed tripping following line energization is
activated for all recognized faults in any zone (i.e. with general fault detection of the distance protection).

Load range (only for impedance pickup)

When using the impedance pickup, there may be a risk of encroachment of the load impedance into the trip-
ping characteristics of the distance protection on long heavily loaded lines. To exclude the risk of unwanted
fault detection by the distance protection during heavy load flow, a load trapezoid characteristic may be set
for tripping characteristics with large R-reaches, which excludes such unwanted fault detection by overload.
This load trapezoid characteristicdoes not apply to the other pickup modes since the trip polygons are only
released after pickup and the pickup function fulfills the task of distinguishing clearly between load operation
and short-circuit. This load area is considered in the description of the tripping characteristics (see also Section
2.2.2 Distance protection with quadrilateral characteristic (optional)).

The RvalueR load (@-E) (address 1241) refers to the phase-to-earth loops, R load (@-@) (address
1243) to the phase-to-phase loops. The values are set somewhat (approx. 10 %) below the minimum expected
load impedance. The minimum load impedance appears when the maximum load current and minimum oper-
ating voltage exist.

For a 1-pole tripping, the setting of the load trapezoid characteristic for earth loops must consider the load
current in the earth path. This is very critical for double circuit lines (on a tower with significant coupling
between both lines). Due to the zero sequence mutual coupling, a significant amount of load current will flow
in the “zero sequence” path when the parallel line has a single pole open condition. The R setting for the
ground loops (or load encroachment setting) must take into account the ground current that flows when the
parallel line has a single pole open condition.

Calculation Example 1:

110 kV-overhead line 150 mm?, 3-pole tripping, with the following data:

maximum transmittable power

P = 100 MVA corresponds to
L. =525A

minimum operating voltage

Uonin =0,9 U,

Current Transformer 600 A/5 A
Voltage Transformer 110 kV/0.1 kV

The resultant minimum load impedance is therefore:

Unin _ 0.9-110kV

= = 108.87 Q
M3 max /3525 A

Ry prim =

[formel-dis-lastber-1-0z-010802, 1, en_GB]
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This value can be entered as a primary value when parameterizing with a PC and DIGSI. The conversion to
secondary values is

Ner 600 A/5 A

R| ce = =T Ry i = -108.87 0 = 11.88
Lsec ™ Nyp  -P™ T 110 kV/0.1kV

[formel-dis-lastber-2-0z-010802, 1, en_GB]

when applying a security margin of 10% the following is set:
R load (@-@) =97,98 Q primdr=10,69 Q sekundar
R load (@-E) =97,98 Q primdr = 10,69 Q sekundar

The spread angle of the load trapezoid characteristic ¢ load (#-E) (address 1242) and ¢ load (@-@)
(address 1244) must be greater (approx. 5°) than the maximum arising load angle (corresponding to the
minimum power factor cos¢).

Minimum power factor (example)
cos ¢, =0.63
(‘pmax = 510

Setting valuep load (@-@) =@, +5°=>56°

Calculation Example 2:

For applications with parallel line (zero sequence mutual coupling) and single pole tripping:
400 kV overhead line (220 km) on double tower with the following data:
Maximum power flow per circuit when both lines in service:

P nax = 1200 MVA corresponds to
Lnax =1732A

minimum operating voltage

Ui =0,9 Uy

Current Transformer 2000 A/5 A
Voltage Transformer 400 kV/0,1 kV

Setting parameter  1.54
RE/RL

The resulting minimum load impedance is therefore:

Unin _ _ 0.9-400kV _

= 120 Q
N3 max  A3-1732A

Ry prim ~
[min-lastimpedanz-091028, 1, en_GB]

This value applies for phase-to-phase measurement. The setting for ground loops must also consider the
condition when the parallel line has a single pole open condition. In this state, the load current on the "healthy
line” will increase in the phase with single pole open condition as well as in the ground path. To determine the
minimum load resistance in the ground loops during this state, the magnitude of the load current in the
ground path must be set. For the calculation, it is given as a ratio relative to the load current I calculated
above.

Ratio between I on healthy line and I, when parallel line has a single pole open condition:

I Epole_open - 04

max

[1pol-pause-091028, 1, en_GB]

This ratio depends on the line length as well as on the source and line impedances. If it is not possible to
determine this value from power system simulations, a value between 0.4 for long double lines (200 km) and
0.6 for short lines (25 km) may be assumed.

The resultant minimum load impedance for phase-to-earth loops is therefore:
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Re prim _ 120
) 1+04.(1+1.54)

Ri prim Ph-E = =595Q
prim_ 14 IEpO|e_0pen(1 N RE
I RL

max

[min-lastimp-I-e-091028, 1, en_GB]

This value may be entered as a primary value when parameterizing with a PC and DIGSI. Conversion to secon-
dary quantities is:

N 2000
CT 5
RLSEC = N;—TRLprlm = @— 1209 = 12 Q
0.1
[umrechn-sek01-091028, 1, en_GB]
2000
Ner 5
R. sec_Ph-E ~ N_V—T Ry prim_Ph-E = TL—O— 9950 =5950Q
0.1

[umrechn-sek02-091028, 1, en_GB]

when applying a security margin of 10% the following is set:
R load (@-@) =108 Q primary = 10,8 Q secondary
R load (@-E) =53,5Q primary =5,35 Q secondary

The spread angle of the load trapezoid characteristicis calculated based on the minimum power factor in the
same manner as for single line (Calculation Example 1).

Overcurrent, U/I- and U/l/g-pickup

72

Depending on the ordered version, the 7SA6 distance protection has a series of pick-up modes from which the
one matching the respective network conditions best can be selected (also see order data in the Appendix).

If the device does not feature an explicit pickup function or if during configuration of the protection functions
(Section 2.1.1.2 Setting Notes) you have selected as pickup type Dis. PICKUP = Z< (quadrilat.)
(address 114), the mentioned settings are not relevant and cannot be accessed.

Available pickup modes are described in Section 2.2.1 Distance protection, general settings in detail. If the
device has several alternative pickup modes, one option has been selected when configuring in address 114.
Below, parameters are given and discussed for all pickup modes. With the following settings, only those
parameters will appear that apply for the selected pickup mode.

With the U/I(/) pickup mode you can determine the voltage measurement and, if applicable, the phase-angle
measurement for phase-to-earth measuring units, and for phase-to-phase measuring loops separately.
Address 1601 PROGAM U/I indicates which loop voltages apply to phase-to-earth and which to phase-
tophase:

In networks with earthed starpoint, a selection using Uy, ¢ with earth faults and U, ,, with non-earthed faults

is often preferred (address 1601 PROGAM U/I = LE:Uphe/LL: Uphp). This mode has a maximum sensitivity
for all fault types; however, it requires the unambiguous detection of earth faults via the earth-fault detection
function (also see Section 2.2.1 Distance protection, general settings). Otherwise, a mode using U, , for all
fault types may be useful (address 1601 PROGAM U/I = LE:Uphe/LL: Uphe), accepting lesser sensitivity for
earth-free faults, since the overcurrent stage Iph>> usually picks up there.

In networks with low-resistance earthed starpoint, the U/l/¢ pickup should only come into effect on earth
faults as phase-to-phase faults are detected by the overcurrent pickup. In this case it is reasonable to set
address 1601 PROGAM U/I = LE:Uphe/LL:I>>.

In isolated or resonant-earthed power systems it is possible to control the U/l/¢ pickup using phase-to-phase
voltages only (address 1601 PROGAM U/I = LE:Uphp/LL: Uphp). Naturally, this excludes pickup by single
earth faults, nor does it allow a correct double earth fault detection. It is therefore suitable for small isolated
cable networks.
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Two further general settings refer to the final times, i.e. the tripping times in a worst case scenario for faults
outside all distance zones. They should be set above the delay times for distance zones providing a final
backup option (see also configuration of the function settings for the distance zones in Section 2.2.2.2).
2.2.2.2 Setting Notes).

The directional final time DELAY FORW. PU (address 1602) only works with short-circuits in forward (line)
direction if there is no impedance within a distance zone after pickup.

The non-directional final time DEL.. NON-DIR PU (address 1603) works for all faults if there is no impedance
within a distance zone after pickup.

Overcurrent Pickup

The maximum operational load current that can occur is crucial for the setting of overcurrent pick-up. Pickup
due to overload must be ruled out! Therefore the pickup value Iph>> (address 1610) must be set above the
maximum (over-)load current that is expected (approx. 1.2 times). In this case, it must be ensured that the
minimum fault current is above this value. If this is not the case, U/l pickup is required.

Calculation Example:

The maximum operational current (incl. overload) is 680°A, for current transformers 600°A/5°A, minimum
short circuit current is 1200°A. The following settings are made:

Iph>>=1 -1.2=680A-1.2=816A

This value is sufficiently below the minimum short-circuit current of 1200 A. When configuring via PC and
DIGSI, this value can be entered directly as primary value. The conversion to secondary values is

L max

_ _5A _
Iph>> = 816 A- o = 6.8 A

[formel-dis-allg-einst-anr-0z-010802, 1, en_GB]

The condition for minimum short-circuit current also applies to earth faults (in the earthed network) or to
double earth faults as long as overcurrent pickup is used exclusively.

U/1(/p) pickup

If UIT pickup is required because the minimum short-circuit current is below the maximum load current (incl. a
safety factor of 1.2), the condition for maximum load current in respect to Iph>> still has to be observed.
Then, the minimum current limit Iph> (address 1611) is set to 50% to 80% of the short-circuit current
(minimum 10 % of the nominal current). This also applies to the phase currents during earth faults or double
earth faults.

At address 1630 1ph FAULTS you can select whether a phase-to-earth loop is selected in an earthed network
for single-phase pickup without earth current (I, release). The setting 1ph FAULTS = PHASE-EARTH is useful
if no or only little earth current can flow via the measuring point in the event of earth faults. With 1ph
FAULTS = PHASE-PHASEONLY the leading phase-phase loop is measured in the event of a single-phase
pickup in the earthed network. This parameter can only be altered with DIGSI under Additional Settings.

The meaning of the settings is illustrated in Figure 2-21. Iph> (section a, address 1611) is the minimum
current as described in the previous section, Iph>> (section c) is the overcurrent pickup.
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[dis-para-u-i-phi-anrg-0z-310702, 1, en_GB]

Figure 2-21 Parameters of the U/l/p pickup

Angular dependence is not needed in the majority of cases. Then the voltage-dependent section b is valid and
results in the characteristic a-b-c. When controlling with Uphe the voltages for phase-to-earth current are
inserted in address 1612 Uph-e (I>>) and 1613 Uph-e (I>) for the voltage-dependent section b. When
controlling with Uphph the voltages for phase-to-phase are set in address 1614 Uph-ph (I>>) and 1615
Uph-ph (I>).The relevant settings are determined according to the pickup mode (see above).

The characteristic has to be set such that it is just below the minimum expected voltage at the maximum
expected load current. If in doubt, check the pickup conditions in accordance with the U/I characteristic.

Angular dependence

74

If a distinction between short-circuit and load conditions is not always possible using the U/I characteristic,
which is independent of the phase angle, the angular dependent sections d-e can additionally be used. This is
required for long lines or line sections with intermediate infeed in combination with small source impedances.
Then the local measured voltage will only drop to a small extent in the event of a short-circuit at the line end
or in the back-up range of the distance protection so that the phase angle between current and voltage is
required as an additional criterion for fault detection.

The parameters Iphi> (address 1616) and Uph-e (Iphi>) (address 1617) or Uph-ph (Iphi>) (address
1618) determine the characteristic in the range of large angles ¢, i.e. in the short-circuit angular range. The
threshold angles themselves, which define the short-circuit angle range ¢, are set in address 1620 ¢> and
1621 ¢<. The short-circuit angle range ¢ is located between these two angles. Here, too, the required
voltage settings according to the pickup mode (see above) are relevant.

The characteristic for the load angle range has to be set in a way that is just below the minimum expected
operating voltage at the maximum expected load current. In the range of the short-circuit angles ¢ it must
be ensured that load current may not cause pickup in this area. If reactive power has to be transferred via this
line, it must be ensured that the maximum reactive current at minimum operating voltage is not within the
pickup range, i.e. the short-circuit angle range ¢.. If in doubt, check the pickup conditions in accordance with
the U/l/¢ characteristic. An arithmetic short-circuit calculation is recommended for extensive networks.

The lower threshold angle ¢> (address 1620) should be between the load angle and the short-circuit angle.
Therefore it must be set smaller than the line angle ¢, = arctan (X,/R)) (approx. 10° to 20°). Subsequently, you
should check that the angle is not exceeded during load conditions. If this is the case, for instance because the
reactive power has to be transferred via this line, it must be ensured that the parameters of the voltage-
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dependent segment d, that is Iphi>and Uph-e (Iphi>) or Uph-ph (Iphi>) rule outa pickup as the
result of reactive power (see above).
The upper threshold angle ¢< (address 1621) is not critical. 100° to 120° should be sufficient in all cases.

Angular dependence, i.e. increasing the sensitivity for a large short-circuit angle with sections d and e in the
characteristic, can be limited to the forward direction (line direction) using address 1619 EFFECT e¢. In this
case, 1619 EFFECT ¢ is set to Forward. Otherwise 1619 EFFECT ¢ = forward&reverse is retained. This

parameter can only be changed in DIGSI at Display Additional Settings.

2.2.1.5 Settings
Addresses which have an appended “A” can only be changed with DIGSI, under “Additional Settings”.
The table indicates region-specific presettings. Column C (configuration) indicates the corresponding secon-
dary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
1201 FCT Distance ON ON Distance protection
OFF
1202 Minimum Iph> 1A 0.05..4.00A 0.10A Phase Current threshold for
5A  [0.25..20.00 A 0.50 A dist. meas.
1203 310> Threshold 1A 0.05..4.00A 0.10A 310 threshold for neutral
5A  |0.25..20.00 A 0.50 A current pickup
1204 3U0> Threshold 1..100V; 5V 3U0 threshold zero seq.
voltage pickup
1205 3U0> COMP/ISOL. 10..200V; e ooV 3U0> pickup (compl isol.
star-point)
1206 T310 TPHAS 0.00 .. 0.50 sec; = 0.04 sec Delay 1ph-faults (compl/
isol. star-point)
1207A  |310>/ Iphmax 0.05..0.30 0.10 310>-pickup-stabilisation
(310> llphmax)
1208 SER-COMP. NO NO Series compensated line
YES
1209A  |E/F recognition 310> OR 3U0> 310> OR 3U0> criterion of earth fault
310> AND 3U0> recognition
1210 Start Timers on Dis. Pickup on Dis. Pickup Condition for zone timer
on Zone Pickup start
1211 Distance Angle 30..90° 85° Angle of inclination,
distance charact.
1212 R-reserve NO NO Reserve for fault resistance
YES
1215 Paral.Line Comp NO YES Mutual coupling parall.line
YES compensation
1220 PHASE PREF.2phe L3 (L1) ACYCLIC L3 (L1) ACYCLIC Phase preference for 2ph-e

L1 (L3) ACYCLIC
L2 (L1) ACYCLIC
L1 (L2) ACYCLIC
L3 (L2) ACYCLIC
L2 (L3) ACYCLIC
L3 (L1) CYCLIC
L1 (L3) CYCLIC
All loops

faults
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Addr. Parameter C Setting Options Default Setting Comments
1221A | 2Ph-E faults Block leading @ Block leading @ Loop selection with 2Ph-E
Block lagging @ faults
All loops
@-3 loops only
@-E loops only
1223 Uph-ph unbal. 5..50% 25% Max Uph-ph unbal. for 1ph
FIt. detection
1232 SOTF zone PICKUP Inactive Instantaneous trip after
Zone Z1B SwitchOnToFault
Z1B undirect.
Zone Z1
Z1 undirect.
Inactive
1241 R load (@-E) 1A 0.100 .. 600.000 Q; oo 0 Q R load, minimum Load
5A  [0.020..120.000 Q; e Yo Impedance (ph-e)
1242 ¢ load (@-E) 20..60° 45° PHI load, maximum Load
Angle (ph-e)
1243 R load (0-0) 1A 0.100 .. 600.000 Q; = 0 Q R load, minimum Load
5A  0.020 .. 120.000 Q; e w0 Q Impedance (ph-ph)
1244 ¢ load (0-9) 20..60° 45° PHI load, maximum Load
Angle (ph-ph)
1305 T1-1phase 0.00 .. 30.00 sec; = 0.00 sec T1-1phase, delay for single
phase faults
1306 T1-multi-phase 0.00 .. 30.00 sec; = 0.00 sec T1multi-ph, delay for multi
phase faults
1315 T2-1phase 0.00 .. 30.00 sec; = 0.30 sec T2-1phase, delay for single
phase faults
1316 T2-multi-phase 0.00 .. 30.00 sec; = 0.30 sec T2multi-ph, delay for multi
phase faults
1317A  |Trip 1pole 22 NO NO Single pole trip for faults in
YES 72
1325 T3 DELAY 0.00 .. 30.00 sec; = 0.60 sec T3 delay
1335 T4 DELAY 0.00 .. 30.00 sec; o 0.90 sec T4 delay
1345 T5 DELAY 0.00 .. 30.00 sec; « 0.90 sec T5 delay
1355 T1B-1phase 0.00 .. 30.00 sec; = 0.00 sec T1B-1phase, delay for
single ph. faults
1356 T1B-multi-phase 0.00 .. 30.00 sec; = 0.00 sec T1B-multi-ph, delay for
multi ph. faults
1357 1st AR->Z1B NO YES Z1B enabled before 1st AR
YES (int. or ext.)
1365 T6 DELAY 0.00 .. 30.00 sec; 1.50 sec T6 delay
1601 PROGAM Ul LE:Uphe/LL:Uphp LE:UphelLL:Uphp Pickup program Ul
LE:Uphp/LL:Uphp
LE:Uphe/LL:Uphe
LE:Uphe/LL:I>>
1602 DELAY FORW. PU 0.00 .. 30.00 sec; « 1.20 sec Trip delay for Forward-
PICKUP
1602 DELAY FORW. PU 0.00 .. 30.00 sec; = 1.20 sec Trip delay for Forward-
PICKUP
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Addr. Parameter C Setting Options Default Setting Comments
1603 DEL. NON-DIR PU 0.00 .. 30.00 sec; « 1.20 sec Trip delay for non-direc-
tional PICKUP
1603 DEL. NON-DIR PU 0.00 .. 30.00 sec; « 1.20 sec Trip delay for non-direc-
tional PICKUP
1610 Iph>> 1A 0.25..10.00 A 1.80 A Iph>> Pickup (overcurrent)
5A 1.25..50.00 A 9.00 A
1611 Iph> 1A 0.10..4.00 A 0.20A Iph> Pickup (minimum
5A  [0.50..20.00 A 1.00 A current)
1612 Uph-e (I>>) 20..70V 48V Undervoltage (ph-e) at
Iph>>
1613 Uph-e (I>) 20..70V 48V Undervoltage (ph-e) at
Iph>
1614 Uph-ph (I>>) 40..130V 80V Undervoltage (ph-ph) at
Iph>>
1615 Uph-ph (I>) 40..130V 80V Undervoltage (ph-ph) at
Iph>
1616 Iphi> 1A 0.10..8.00 A 0.50 A Iphi> Pickup (minimum
5A  ]0.50..40.00 A 2.50 A current at phi>)
1617 Uph-e (Iphi>) 20..70V 48V Undervoltage (ph-e) at
Iphi>
1618 Uph-ph (Iphi>) 40..130V 80V Undervoltage (ph-ph) at
Iphi>
1619A  |EFFECT ¢ forward&reverse forward&reverse Effective direction of phi-
Forward pickup
1620 o> 30..60° 50° PHI> pickup (lower
setpoint)
1621 P< 90..120° 110° PHI< pickup (upper
setpoint)
1630A 1ph FAULTS PHASE-EARTH PHASE-EARTH 1ph-pickup loop selection
PHASE-PHASEONLY (PU wlo earth)

2.2.1.6 Information List

No. Information Type of Comments
Informa-
tion
3603 >BLOCK Distance SP >BLOCK Distance protection
3611 >ENABLE Z1B SP >ENABLE Z1B (with setted Time Delay)
3613 >ENABLE Z1Binst SP >ENABLE Z1B instantanous (w/o T-Delay)
3617 >BLOCK Z4-Trip SP >BLOCK Z4-Trip
3618 >BLOCK Z5-Trip SP >BLOCK Z5-Trip
3619 >BLOCK 74 Ph-E SP >BLOCK Z4 for ph-e loops
3620 >BLOCK Z5 Ph-E SP >BLOCK Z5 for ph-e loops
3621 >BLOCK Z6-Trip SP >BLOCK Z6-Trip
3622 >BLOCK Z6 Ph-E SP >BLOCK Z6 for ph-e loops
3651 Dist. OFF out Distance is switched off
3652 Dist. BLOCK ouT Distance is BLOCKED
3653 Dist. ACTIVE ouT Distance is ACTIVE
3654 Dis.Errork0(Z1) ouT Setting error KO(Z1) or Angle KO(Z1)
3655 DisErrork0(>Z1) ouT Setting error KO(>Z1) or Angle KO(>Z1)
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No. Information Type of Comments

Informa-

tion
3671 Dis. PICKUP ouT Distance PICKED UP
3672 Dis.Pickup L1 ouTt Distance PICKUP L1
3673 Dis.Pickup L2 out Distance PICKUP L2
3674 Dis.Pickup L3 out Distance PICKUP L3
3675 Dis.Pickup E ouTt Distance PICKUP Earth
3681 Dis.Pickup 1pL1 ouT Distance Pickup Phase L1 (only)
3682 Dis.Pickup L1E ouT Distance Pickup L1E
3683 Dis.Pickup 1pL2 ouTt Distance Pickup Phase L2 (only)
3684 Dis.Pickup L2E out Distance Pickup L2E
3685 Dis.Pickup L12 ouT Distance Pickup L12
3686 Dis.Pickup L12E ouTt Distance Pickup L12E
3687 Dis.Pickup 1pL3 ouT Distance Pickup Phase L3 (only)
3688 Dis.Pickup L3E ouT Distance Pickup L3E
3689 Dis.Pickup L31 ouTt Distance Pickup L31
3690 Dis.Pickup L31E out Distance Pickup L31E
3691 Dis.Pickup L23 ouT Distance Pickup L23
3692 Dis.Pickup L23E ouTt Distance Pickup L23E
3693 Dis.Pickup L123 out Distance Pickup L123
3694 Dis.Pickup123E ouT Distance Pickup123E
3695 Dis Pickup @ L1 ouTt Dist.: Phi phase L1 Pickup
3696 Dis Pickup ¢ L2 out Dist.: Phi phase L2 Pickup
3697 Dis Pickup ¢ L3 ouTt Dist.: Phi phase L3 Pickup
3701 Dis.Loop L1-E f ouTt Distance Loop L1E selected forward
3702 Dis.Loop L2-E f out Distance Loop L2E selected forward
3703 Dis.Loop L3-Ef ouT Distance Loop L3E selected forward
3704 Dis.Loop L1-2 f ouTt Distance Loop L12 selected forward
3705 Dis.Loop L2-3 f out Distance Loop L23 selected forward
3706 Dis.Loop L3-1 f ouT Distance Loop L31 selected forward
3707 Dis.Loop L1-Er ouTt Distance Loop L1E selected reverse
3708 Dis.Loop L2-E r out Distance Loop L2E selected reverse
3709 Dis.Loop L3-Er ouT Distance Loop L3E selected reverse
3710 Dis.Loop L1-2 r ouTt Distance Loop L12 selected reverse
3711 Dis.Loop L2-3 r out Distance Loop L23 selected reverse
3712 Dis.Loop L3-1r ouT Distance Loop L31 selected reverse
3713 Dis.Loop L1E<-> ouTt Distance Loop L1E selected non-direct.
3714 Dis.Loop L2E<-> out Distance Loop L2E selected non-direct.
3715 Dis.Loop L3E<-> ouT Distance Loop L3E selected non-direct.
3716 Dis.Loop L12<-> ouTt Distance Loop L12 selected non-direct.
3717 Dis.Loop L23<-> out Distance Loop L23 selected non-direct.
3718 Dis.Loop L31<-> ouT Distance Loop L31 selected non-direct.
3719 Dis. forward out Distance Pickup FORWARD
3720 Dis. reverse out Distance Pickup REVERSE
3741 Dis. Z1 L1E ouT Distance Pickup Z1, Loop L1E
3742 Dis. Z1 L2E out Distance Pickup Z1, Loop L2E
3743 Dis. Z1 L3E out Distance Pickup Z1, Loop L3E
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No. Information Type of Comments
Informa-
tion
3744 Dis. Z1 L12 out Distance Pickup Z1, Loop L12
3745 Dis. 21 L23 ouTt Distance Pickup Z1, Loop L23
3746 Dis. Z1 L31 out Distance Pickup Z1, Loop L31
3747 Dis. Z1B L1E out Distance Pickup Z1B, Loop L1E
3748 Dis. Z1B L2E ouTt Distance Pickup Z1B, Loop L2E
3749 Dis. Z1B L3E out Distance Pickup Z1B, Loop L3E
3750 Dis. Z1B L12 ouTt Distance Pickup Z1B, Loop L12
3751 Dis. Z1B L23 ouTt Distance Pickup Z1B, Loop L23
3752 Dis. Z1B L31 out Distance Pickup Z1B, Loop L31
3755 Dis. Pickup 22 ouT Distance Pickup 722
3758 Dis. Pickup Z3 ouTt Distance Pickup Z3
3759 Dis. Pickup Z4 out Distance Pickup 4
3760 Dis. Pickup Z5 ouT Distance Pickup Z5
3762 Dis. Pickup 26 ouTt Distance Pickup Z6
3770 Dis.Time Out T6 ouT DistanceTime Out T6
3771 Dis.Time Out T1 ouT DistanceTime Out T1
3774 Dis.Time Out T2 ouTt DistanceTime Out T2
3777 Dis.Time Out T3 ouT DistanceTime Out T3
3778 Dis.Time Out T4 ouT DistanceTime Out T4
3779 Dis.Time Out T5 ouTt DistanceTime Out T5
3780 Dis.TimeOut T1B ouT DistanceTime Out T1B
3781 Dis.TimeOut Tfw ouT DistanceTime Out Forward PICKUP
3782 Dis.TimeOut Tnd ouTt DistanceTime Out Non-directional PICKUP
3801 Dis.Gen. Trip out Distance protection: General trip
3802 Dis.Trip 1pL1 ouT Distance TRIP command - Only Phase L1
3803 Dis.Trip 1pL2 out Distance TRIP command - Only Phase L2
3804 Dis.Trip 1pL3 out Distance TRIP command - Only Phase L3
3805 Dis.Trip 3p out Distance TRIP command Phases L123
3811 Dis.TripZ1/1p ouTt Distance TRIP single-phase Z1
3813 Dis.TripZ1B1p out Distance TRIP single-phase Z1B
3816 Dis.TripZ2/1p out Distance TRIP single-phase 22
3817 Dis.TripZ2/3p ouTt Distance TRIP 3phase in Z2
3818 Dis.TripZ3/T3 ouTt Distance TRIP 3phase in Z3
3819 Dis.Trip FD-> out Dist.: Trip by fault detection, forward
3820 Dis.Trip <-> out Dist.: Trip by fault detec, rev/non-dir.
3821 Dis.TRIP 3p. Z4 out Distance TRIP 3phase in Z4
3822 Dis.TRIP 3p. Z5 out Distance TRIP 3phase in Z5
3823 DisTRIP3p. Z1sf ouTt DisTRIP 3phase in Z1 with single-ph Flt.
3824 DisTRIP3p. ZTmf out DisTRIP 3phase in Z1 with multi-ph Flt.
3825 DisTRIP3p.Z1Bsf out DisTRIP 3phase in Z1B with single-ph Flt
3826 DisTRIP3p Z1Bmf ouTt DisTRIP 3phase in Z1B with multi-ph Flt.
3827 Dis.TRIP 3p. Z6 out Distance TRIP 3phase in Z6
3850 DisTRIP Z1B Tel out DisTRIP Z1B with Teleprotection scheme
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2.2.2 Distance protection with quadrilateral characteristic (optional)

The distance protection has a polygonal tripping characteristic. Depending on which version was ordered
(10th digit of the order number = A), a circular tripping characteristic can be set. If only the circle tripping
characteristic is required, please go to Section 2.2.3 Distance zones (Circle).

2.2.21 Functional Description

Operating polygons

In total, there are six independent zones and one additional controlled zone for each fault impedance loop.
Figure 2-22 shows the shape of the polygons as example. Zone Z6 is not shown in Figure 2-22. The first zone
is shaded and forward directional. The third zone is reverse directional.

In general, the polygon is defined by means of a parallelogram which intersects the axes with the values R and
X as well as the tilt ¢,,. A load trapezoid with the setting RLoad and ¢Load may be used to cut the area of the

load impedance out of the polygon. The axial coordinates can be set individually for each zone; ¢y, R, .4 and
0, are common for all zones. The parallelogram is symmetrical with respect to the origin of the R-X-coordi-
nate system; the directional characteristic however limits the tripping range to the desired quadrants (refer to
“Direction determination” below).

The R-reach may be set separately for the phase-to-phase faults and the phase-to-earth faults to achieve a
larger fault resistance coverage for earth faults if this is desired.

A jx

/ Line Characteristic

X5

Load Area

[polygonale-charakteristik-wlk-290702, 1, en_GB]
Figure 2-22  Polygonal characteristic (setting values are marked by dots)

For the first zone Z1, an additional settable tilt a exists, which may be used to prevent overreach resulting
from angle variance and/or two ended infeed to short-circuits with fault resistance. For Z1B and the higher
zones, this tilt does not exist.
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Determination of direction

For each loop an impedance vector is also used to determine the direction of the short-circuit. Usually similar
to the distance calculation, Z, is used. However, depending on the “quality” of the measured values, different

computation techniques are used. Immediately after fault inception, the short-circuit voltage is disturbed by
transients. The voltage memorised prior to fault inception is therefore used in this situation. If even the
steadystate short-circuit voltage (during a close-up fault) is too small for direction determination, an unfaulted
voltage is used. This voltage is in theory perpendicular to the actual short-circuit voltage for both phase-to-
earth loops as well as for phase-to-phase loops (Figure 2-23). This is taken into account when computing the
direction vector by means of a 90° rotation. Table 2-9 shows the allocation of the measured values to the six
fault loops for the determination of the fault direction.
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UL3-L1,/ NUL1-L2
/ \
/ \
/ \
/ \
/ \
/ \
| / \
,\ J \
I\ 7 \
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a) Phase-Earth Loop (L1-E) b) Phase-Phase Loop (L2-L3)

[richtungsbstimng-kurzschlussfr-spg-290702-wlk, 1, en_GB]
Figure 2-23 Direction determination with unfaulted voltages (cross polarizing)

Table 2-9 Voltage and current values for the determination of fault direction
Loop Measuring Actual short-circuit voltage Unfaulted voltage
Current (Direc-
tion)
L1-E I, Uppe Up-Us
L2-E I, Uk Us-Yy,
L3-E I, Upse U,-U,
L1-ED I, - LY Upie U,-Ys
L2-EV I,-1" Uk Us-Uy,
L3-E" I;-1" Ui U,-Y,
L1-12 I, -1, U,-U, Ubi3-Yisps
L2-13 I,-15 U,-Us Usii Y
L3-L1 I;-1, Us-U, Ui Usis
D with consideration of earth impedance compensation

If there is neither a current measured voltage nor a memorized voltage available which is sufficient for meas-
uring the direction, the relay selects the Forward direction. In practice this can only occur when the circuit
breaker closes onto a de-energized line, and there is a fault on this line (e.g. closing onto an earthed line).

Figure 2-24 shows the theoretical steady-state characteristic. In practice, the limits of the directional charac-
teristic when using memorized voltages is dependent on both the source impedance and the load transferred
across the line prior to fault inception. Accordingly the directional characteristic includes a safety margin with
respect to the borders of the first quadrant in the R—X diagram (Figure 2-24).
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Figure 2-24 Directional characteristic in the R-X-diagram

Since each zone can be set to Forward, Reverse or Non-Directional, different (centrically mirrored)
directional characteristics are available for Forward and Reverse. A non-directional zone has no directional
characteristic. The entire tripping region applies here.

Characteristics of the Direction Determination

82

The theoretical steady-state directional characteristic shown in Figure 2-24 applies to faulted loop voltages. In
the case of quadrature voltages or memorized voltage, the position of the directional characteristic is
dependent on both the source impedance as well as the load transferred across the line prior to fault incep-
tion.

Figure 2-25 shows the directional characteristic using quadrature or memorized voltage as well as taking the
source impedance into account (no load transfer). As these voltages are equal to the corresponding generator
voltage E and they do not change after fault inception, the directional characteristic is shifted in the impe-
dance diagram by the source impedance Z, = E,/I,. For the fault location F, (Figure 2-25a) the short-circuit
location is in the forward direction and the source impedance is in the reverse direction. For all fault locations,
right up to the device location (current transformers), a definite Forward decision is made (Figure 2-25b). If
the current direction is reversed, the position of the directional characteristic changes abruptly (Figure 2-25c).
Areversed current [, now flows via the measuring location (current transformer) which is determined by the
source impedance Z, + Z,. When load is transferred across the line, the directional characteristic may addi-
tionally be rotated by the load angle.
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Figure 2-25 Directional characteristic with quadrature or memorized voltages

Determination of direction in case of series-compensated lines

The directional characteristics and their displacement by the source impedance apply also for lines with series
capacitors. If a short-circuit occurs behind the local series capacitors, the short-circuit voltage however
reverses its direction until the protective spark gap has picked up (see Figure 2-26).

G1 | PSG

[richtgbest-serie-komp-Itgn-wlk-030903, 1, en_GB]
Figure 2-26  Voltage characteristic while a fault occurs after a series capacitor

a) without pickup of the protective spark gap
b) with pickup of the protective spark gap

The distance protection function would thus detect a wrong fault direction. The use of memorized voltages
however ensures that the direction is correctly detected Figure 2-27a).

Since the voltage prior to the fault is used to determine the direction, the peak displacement of the directional
characteristics in dependence of the source impedance and infeed conditions before the fault are displaced so
far that the capacitor reactance — which is always smaller than the series reactance — does not cause the
apparent direction reversal(Figure 2-27b).

If the short-circuit is located before the capacitor, from the relay location (current transformer) in reverse
direction, the peak displacement of the directional characteristics are shifted to the other direction

(Figure 2-27c¢). A correct determination of the direction is thus also ensured in this case.
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Figure 2-27 Directional characteristics for series-compensated lines

Pickup and assignment to the polygons

84

Using the fault detection modes I, U/l or U/1/¢, the impedances that were calculated from the valid loops, are
assigned, after the pick-up, to the zone characteristics set for the distance protection. To avoid unstable
signals at the boundaries of a polygon, the characteristics have a hysteresis of approximately 5 % i.e. as soon
as it has been determined that the fault impedance lies within a polygon, the boundaries are increased by 5 %
in all directions. The loop information is also converted to phase-segregated information.

Using the impedance pickup, the calculated loop impedances are also assigned to the zone characteristics set
for the distance protection, but without consideration of an explicit fault detection scheme. The pickup range
of the distance protection is determined from the thresholds of the largest-set polygon taking into considera-
tion the respective direction. Here the loop information is also converted into phase-segregated indications.

For each zone “pickup” signals are generated and converted to phase information, e.g. “Dis Z1 L1” (internal
message) for zone Z1 and phase L1; this means that each phase and each zone is provided with separate
pickup information; the information is then processed in the zone logic and by additional functions (e.g. tele-
protection logic, Section 2.6 Teleprotection for distance protection). The loop information is also converted to
phase-segregated information. Another condition for “pickup” of a zone is that the direction matches the
direction configured for this zone (refer also to Section 2.3 Power swing detection (optional)). Furthermore
the distance protection may not be blocked or switched off completely. Figure 2-28 shows these conditions.
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Figure 2-28 Release logic for one zone (example for Z1)

In total, the following zones are available:
Independent zones:

® st zone (fast tripping zone) Z1 with X (21); R(Z1) @-@, RE(Z1) @-E, may be delayed by T1-1phase
or T1-multi-phase,

®  2nd zone (backup zone) Z2 withX (22) ; R(22) @-@, RE (Z2) @-E, may be delayed by T2-1phase or.
T2-multi-phase,

®  3rd zone (backup zone) Z3 with X (23); R(23) @-@, RE (Z3) @-E, may be delayed by T3 DELAY,
®  4th zone (backup zone) Z4 with X (24); R(Z4) @-@, RE (Z4) @-E, may be delayed by T4 DELAY,

®  5th zone (backup zone) Z5 with X (25) + (forward) and X (25) - (reverse); R(25) @-@, RE (Z5) @-E,
may be delayed by T5 DELAY.

®  6th zone (backup zone) 26 with X (26) + (forward) and X (26) - (reverse), R(26) @-@, RE (Z26) @-E,
may be delayed by Té DELAY.

Dependent (controlled) zone:

®  Overreaching zone Z1B with X (Z1B) ; R(Z1B) @-@, RE (Z1B) @-E, may be delayed by T1B-1phase or
T1lB-multi-phase.

2.2.2.2  Setting Notes

Grading coordination chart

It is recommended to initially create a grading coordination chart for the entire galvanically interconnected
system. This diagram should reflect the line lengths with their primary reactances X in Q/km. For the reach of
the distance zones, the reactances X are the deciding quantity.

The first zone Z1 is usually set to cover 85 % of the protected line without any trip time delay (i.e. T1 = 0.00 s).
The protection clears faults in this range without additional time delay, i.e. the tripping time is the relay basic
operating time.

The tripping time of the higher zones is sequentially increased by one time grading interval. The grading
margin must take into account the circuit breaker operating time including the spread of this time, the reset-
ting time of the protection equipment as well as the spread of the protection delay timers. Typical values are
0.2 5st0 0.4 s. The reach is selected to cover up to approximately 80 % of the zone with the same set time
delay on the shortest neighbouring feeder (see Figure 2-29). Figure 2-29).
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Figure 2-29 Setting the reach - example for device A
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When using a personal computer and the DIGSI software to apply the settings, the values can be optionally
entered as primary or secondary values.

In the case of parameterization with secondary quantities, the values derived from the grading coordination
chart must be converted to the secondary side of the current and voltage transformers. In general:

7 _ Current Transformer Ratio -,
secondary ~ \/oltage Transformer Ratio ~ Primary

[formel-dis-poly-staffelpl-1-0z-010802, 1, en_GB]
Accordingly, the reach for any distance zone can be specified as follows:

—N_CT‘X

Xeoo = :
sec prim
NVT

[formel-dis-poly-staffelpl-2-0z-010802, 1, en_GB]

with
Ner = Current transformer ratio
Ny = Transformation ratio of voltage transformer

Calculation Example:

110 kV overhead line 150 mm? with the following data:

s (Ldnge) =35km

R/s =0.19 Q/km
X,ls = 0.42 Qlkm
Ry/s =0.53 Q/km
X,ls = 1.19 Qlkm

Current Transformer 600 A/5 A
Voltage transformer 110 kV/0.1 kV

The following line data is calculated:

R, =0.19 Q/km - 35 km = 6.65 Q

X =0.42 Q/km - 35km =14.70 Q

For the first zone, a setting of 85 % of the line length should be applied, which results in primary:

X1 im=0.85-X,=0.85-14.70Q=12.49 Q
or secondary:
N
X1 = CT.xq = _B00A/SA 45490-1360

% Nyp ~ PIM T 110kV/0.1kV

[formel-dis-poly-staffelpl-3-0z-010802, 1, en_GB]
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Resistance tolerance

The resistance setting R allows a reserve for fault resistance which appears as an additional resistance at the
fault location and is added to the impedance of the line conductors. It comprises, for example, the resistance
in arcs, the earth distribution resistance of earth points and others. The setting must consider these fault resis-
tances, but should at the same time not be larger than necessary. On long heavily loaded lines, the setting
may extend into the load impedance range. Fault detection due to overload conditions is then prevented with
the load trapezoid. Refer to margin heading “Load range (only for impedance pickup)” in Subsection

2.2.1 Distance protection, general settings. The resistance tolerance may be separately set for the phase-to-
phase faults on the one hand and the phase-to earth faults on the other hand. It is therefore possible to allow
for a larger fault resistance for earth faults for example.

Most important for this setting on overhead lines, is the resistance of the fault arc. In cables on the other
hand, an appreciable arc can not exist. On very short cables, care must however be taken that an arc fault on
the local cable termination is inside the set resistance of the first zone.

The standard value for the arc voltage U, is approx. 2.5 kV per meter of arc length.

Example:

A maximum arc voltage of 8 kV is assumed for phase-to-phase faults (line data as above). If the minimum
primary short-circuit current is assumed to be 1000 A this corresponds to 8 Q primary. The resistance setting
for the first zone, including a safety margin of 20%, would be

primary:
R1pim=05-R;-1,2=05-8Q-1,2=48Q
or secondary:
N
R, =-CT.R1 =_B00A/SA ,480_05240

8¢ T Ny PMT 110kV/0.1kV

[formel-dis-poly-resist-res-2-0z-010802, 1, en_GB]

Only half the arc resistance was applied in the equation, as it is added to the loop impedance and therefore
only half the arc resistance appears in the per phase impedance. Since an arc resistance is assumed to be
present in this case, infeed from the opposite end need not be considered.

The resistance R, of the line itself can be ignored with SIPROTEC 4 devices. It is taken into account by the

shape of the polygon, provided that the inclination angle of the polygon Distance Angle (address 1211) is
not set greater than the line angle Line Angle (address 1105).

A separate resistance tolerance can be set for earth faults. Figure 2-30 illustrates the relationships.

RLA1 1 12 RL2
()
@ UArc
&

Fault Location

SIPROTEC RTF

| 1
I I

RE1 RE2

myY

[resistanzmessung-bei-lichtbogenfehlern-0z-250604, 1, en_GB]

Figure 2-30 Resistance measurement of the distance protection in the presence of arc faults

The maximum arc resistance R, . must be determined for setting the distance zone in R direction. The

maximum arc fault resistance is attained when the smallest fault current at which an arc is still present flows
during an earth fault.

UArc _ UAr(:

= |1+|2_ |1.(1+:_?)

RAI’C

[formel-lichtbogr-wlk-040624, 1, en_GB]

The earth fault resistance measured by the distance protection then results from the formula below (it is
assumed that I, and I are in phase opposition):
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| R R
Reg = RL1+(1+3)~M
|1 RE
1+—=—
L

[formel-resistanzef-wlk-040624, 1, en_GB]

with

Ree Resistance measured by the SIPROTEC distance protection

R Line resistance up to the fault location

Rare Arc resistance

Re/R, Setting in the distance protection (address 1116 and 1118)

L1, Ratio between earth fault currents at the opposite end and the local end. For a correct R setting

of the distance zone, the most unfavourable case must be considered. This most unfavourable
case would be a maximum earth fault current at the opposite end and a minimum earth fault
current at the local end. Moreover, the currents considered are the r.m.s. values without phase
displacement. Where no information is available on the current ratio, a value of approx. “3” can
be assumed. On radial feeders with negligible infeed from the opposite end, this ratio is “0".

R Effective tower footing resistance of the overhead line system. Where no information is available
on the amount of tower footing resistance, a value of 3 Q can be assumed for overhead lines
with earth wire (see also /5/ Numerical Distance Protection: Basics and Applications; Edition: 2.
completely revised and extended version (May 14, 2008); Language: German).

The following recommended setting applies for the resistance tolerance of distance zone Z1:

12 Rarc +Rrr

Ryg = 1.2 (1+E)-1—RE
+ —
R

[formel-einstempf-resistanz-wlk-040624, 1, en_GB]

with
Ri Setting in the distance protection RE (21) @-E, address 1304
1.2 Safety margin 20%

The resistance R, of the line itself can be ignored with SIPROTEC 4 devices. It is taken into account by the
shape of the polygon, provided that the inclination angle of the polygon Distance Angle (address 1211) is
not set greater than the line angle Line Angle (address 1105).

Example:

Arclength: 2 m

Minimum fault current: 1.0 kA

Effective tower footing resistance of the overhead line system: 3 Q

with
L/, =3
Re/R, =0.6

Voltage transformer 110 kV/0.1 kV
Current transformer 600 A/5 A

The arc resistance would be:

_2m-25kV/m

Rare = =1250
ArC ™ KA - (1+3) °

[formel-beisp-rib-wlk-040624, 1, en_GB]

and the tower footing resistances Ry =3 Q
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As a result, the resistance must be set to

primary:
I\ Rarc+ Ry 4.25
Rigprm = 12| 1 +E) Sl 12.(4.42%) = 1275 0
"R,
[formel-resistanzeinst-prim-beisp-wlk-040624, 1, en_GB]
or secondary:
N 600 A
CT 5A
Rigees = (m Rigprin) = Topay 1275 0=139.0
0.1 kv

[formel-resistanzeinst-sek-beisp-wlk-040624, 1, en_GB]

In practice, the ratio between resistance and reactance setting is situated in the ranges shown below (see
also /5/ Numerical Distance Protection: Basics and Applications; Edition: 2. completely revised and extended
version (May 14, 2008); Language: German):

Type of Line R/X Ratio of the Zone
Setting

Short underground cable lines (approx. 0.5 km to 3 km /0.3 to 1.88 miles) 3to5

Longer underground cable lines (> 3 km / 1.88 miles) 2to3

Short overhead lines < 10 km (6.25 miles) 2to5

Overhead lines < 100 km (62.5 miles) 1to2

Long overhead lines between 100 km and 200 km (62.5 miles and 125 miles) |0,5 to 1

Long EHV lines > 200 km (125 miles) <0.5

NOTE

i 0

The following must be kept in mind for short lines with a high R/X ratio for the zone setting: The angle
errors of the current and voltage transformers cause a rotation of the measured impedance in the direction
of the R axis. If due to the polygon, R/R and X./X| settings the loop reach in R direction is large in relation

to the X direction, there is an increased risk of external faults being shifted into zone Z1. A grading factor of
85 % should only be used up to RIX < 1 (loop reach). For larger RIX settings, a reduced grading factor for
zone 1 can be calculated with the following formula (see also /5/ Numerical Distance Protection: Basics and
Applications; Edition: 2. completely revised and extended version (May 14, 2008); Language: German).

The reduced grading factor is calculated from:

GF = Grading factor = reach of zone Z1 in relation to the line length
R = Loop reach in R direction for zone Z1 = R1 - (1+R./R))

X = Loop reach in X direction for zone Z1 = X1 - (1+X/X))

o, = Voltage transformer angle error (typical: 1°)

5, = Current transformer angle error (typical: 1°)

GF < [1 - § tan(3,, + al)} .88.5 %
[formel-staffelfktr-wlk-040624, 1, en_GB]

In addition or as an alternative, it is also possible to use the setting 1307 Zone Reduction, to modify the
inclination of the zone Z1 polygon and thus prevent overreach (see Figure 2-22).
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NOTE

On long lines with small R/X ratio, care must be taken to ensure that the R reach of the zone settings is at
least about half of the associated X setting. This is especially important for zone Z1 and overreach zone Z1B
in order to achieve the shortest possible tripping times.

Independent Zones Z1 to Z6

90

By means of the parameter MODE = Forward or Reverse or Non-Directional, each zone can be set
(address 1301 Op. mode Z1,13110p. mode Z2,13210p. mode Z3, 1331 0p. mode Z4, 1341 Op.
mode Z5and 1361 0p. mode Z6). This allows any combination of graded zones - forward, reverse or non-
directional -, for example on transformers, generators, or bus couplers. For the fifth and sixth zone, you can
additionally set different reaches for forward and reverse. Zones that are not required are set to Inactive.
The values derived from the grading coordination chart are set for each of the required zones. The setting
parameters are grouped for each zone. For the first zone these are the parameters R (21) @-@ (address 1302)
for the R intersection of the polygon applicable to phase-to-phase faults, X (Z1) (address 1303) for the X inter-
section (reach), RE (21) @-E (address 1304) for the R intersection applicable to phase-to-earth faults and
delay time settings.

If a fault resistance at the fault location (arc, tower footing etc.) causes a voltage drop in the measured impe-
dance loop, the phase angle difference between this voltage and the measured loop current may shift the
determined fault location in X direction. Parameter 1307 Zone Reduction allows an inclination of the upper
limit of zone Z1 in the 1st quadrant (see Figure 2-22). This prevents spurious pickup of zone Z1 in the pres-
ence of faults outside the protected area. Since a detailed calculation in this context can only apply for one
specific system and fault condition, and a virtually unlimited number of complex calculations would be
required to determine the setting, we suggest a simplified but well-proven method here:

ZLA 7LB

O——mm * _— —>~)

UA E *RF ( UB
-— : —

[spannungsabfall-am-fehlerort-0z-250604, 1, en_GB]
Figure 2-31 Equivalent circuit diagram for the recommended angle setting Zone Reduction.

The voltage drop at the fault location is:

U=, +1p) - R

If I, and I; have equal phase, then U, and 1, have equal phase too. In this case the fault resistance R. does not
influence the measured X in the loop, and the Zone Reduction can be set to 0°.

In practice, I, and I; do not have equal phase; the difference results mostly from the phase difference between
U, and U,. This angle (also called load angle) is therefore used to determine the Zone Reduction angle.
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Figure 2-32 Recommended setting for 1307 Zone Reduction (this graphic applies for overhead lines
with a line angle of more than 60°. A smaller setting may be chosen for cables or protected
objects with a smaller angle)

The first step to determine the setting for 1307 Zone Reduction is to determine the maximum load angle
for normal operation (by computer simulation). If this information is not available, a value of about 20° can be
assumed for Western Europe. For other regions with less closely meshed systems, larger angles may have to
be chosen. The next step is to select from Figure 2-32 the curve that matches the load angle. With the set ratio
R1/X1 (zone Z1 polygon) the appropriate setting for 1307 Zone Reduction is then determined.

Example:

With a load angle of 20° and a setting RIX = 2.5 (R1 =25 Q, X1 =10 Q), a setting of 10° is adequate for 1307
Zone Reduction.

Different delay times can be set for single- and multiple-phase faults in the first zone: T1-1phase (Address
1305) and T1-multi-phase (address 1306). The first zone is normally set to operate without additional
time delay.

For the remaining zones the following correspondingly applies:

X (22) (address 1313), R(22) @-@ (address 1312), RE (22) @-E (address 1314);

X (23) (address 1323), R(23) @-@ (address 1322), RE (Z3) @-E (address 1324);

X (24) (address 1333), R(24) @-@ (address 1332), RE (z4) @-E (address 1334);

X (25) + (address1343) for forward direction, X (25) - (address 1346) for reverse direction, R(25) @-@
(address 1342), RE (25) @-E (address 1344);

X (26) + (address 1363) for forward direction, X (26) - (address 1366) for reverse direction, R(z6) @-@
(address 1362), RE (26) @-E (address 1364).

For the second zone, it is also possible to set separate delay times for single-phase and multi-phase faults. In
general, the delay times are set the same. If stability problems are expected during multi-phase faults, a
shorter delay time could be considered for T2-multi-phase (address 1316) while tolerating a longer delay
time for single-phase faults with T2-1phase (address 1315).

The zone timers for the remaining zones are set with the parameters T3 DELAY (address 1325), T4 DELAY
(address 1335), T5 DELAY (address 1345) and T6 DELAY (address 1365).

If the device is provided with the capability to trip single-pole, single-pole tripping is then possible in the zones
Z1 and Z2. While single-pole tripping usually applies to single-phase faults in Z1 (if the remaining conditions
for single-pole tripping are satisfied), this may also be selected for the second zone with address 1317 Trip
lpole Z2.Single pole tripping in zone 2 is only possible if this address is set to YES. The default setting is NO.
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NOTE

For instantaneous tripping (undelayed) in the forward direction, the first zone Z1 should always be used, as
only the zone Z1 and Z1B are guaranteed to trip with the shortest operating time of the device. The further
zones should be used sequentially for grading in the forward direction.

If instantaneous tripping (undelayed) is required in the reverse direction, the zone Z3 should be used for
this purpose, as only this zone ensures instantaneous pickup with the shortest device operating time for
faults in the reverse direction. This setting is also recommended in teleprotection BLOCKING schemes.

With the binary input indications 3619 >BLOCK z4 Ph-Eand 3620 >BLOCK Z5 Ph-Eand3622 >BLOCK
Z6 Ph-E, the zones Z4, Z5 and Z6 can be blocked for phase-to-earth loops. To block these zones permanently
for phase-to-earth loops, these binary input indications must be set permanently to the logic value of 1 via
CFC.

Zone Z5 is preferably set as a non-directional final stage. It should include all other zones and also have suffi-
cient reach in reverse direction. This ensures adequate pickup of the distance protection in response to fault
conditions and correct verification of the short-circuit loops even under unfavourable conditions.

1

NOTE

Even if you do not need a non-directional distance stage, you should set Z5 according to the above aspects.
Setting T5 to infinite prevents that this stage causes a trip.

Controlled zone Z1B

The overreaching zone Z1B is a controlled zone. The normal zones Z1 to Z6 are not influenced by Z1B. There is
no zone switching, but rather the overreaching zone is activated or deactivated by the corresponding criteria.
In address 1351 Op. mode Z1B = Forward, it can also be switched to Reverse or Non-Directional. If
this stage is not required, it is set to Inactive (address 1351). The setting options are similar to those of
zone Z1: Address 1352 R(21B) @-@, address 1353 X (Z1B), address 1354 RE (21B) @-E. The delay times
for single-phase and multiple-phase faults can again be set separately: T1B-1phase (address 1355) and T1B-
multi-phase (address 1356). If parameter Op. mode Z1Bis set to Forward or Reverse, a non-direc-
tional trip is also possible in case of closure onto a fault if parameter 1232 SOTF zone is set to Z1B
undirect. (see also Section 2.2.1.4 Setting Notes).

Zone Z1B is often used in combination with automatic reclosure and/or teleprotection schemes. It can be acti-
vated internally by the teleprotection functions (see also Section 2.6 Teleprotection for distance protection) or
the integrated automatic reclosure (if available, see also Section 2.714 Automatic reclosure function
(optional)), or externally by a binary input. It is generally set to at least 120 % of the line length. On three-
terminal lines (“teed feeders”), it must be set to securely reach beyond the longest line section, even when
there is additional infeed via the tee point. The delay times are set in accordance with the type of application,
usually to zero or a very small delay. When used in conjunction with teleprotection comparison schemes, the
dependence on the fault detection must be considered (refer to margin heading “Distance Protection Prerequi-
sites” in Section 2.6.14 Setting Notes).

If the distance protection is used in conjunction with an external automatic recloser, it can be determined in
address 1357 1st AR -> Z1B which distance zone is released prior to starting the AR. Usually, the over-
reaching zone Z1B is used for the first cycle (1st AR -> Z1B = YES). This may be suppressed by changing
the setting of 1st AR -> Z1B to NO. In this case, the overreaching zone Z1B is not released before and
during the first automatic reclose cycle. Zone Z1 is always released. When using an external automatic
reclosing device, the setting only has an effect if the readiness of the automatic recloser is signalled via binary
input >Enable ARzones (No. 383).

The zones Z4, Z5 and Z6 can be blocked for phase-to-earth loops using a binary input message 3619 >BLOCK
Z4 Ph-E, 3620 >BLOCK Z5 Ph-Eor 3622 >BLOCK Z6 Ph-E. To block these zones permanently for phase-
to-earth loops, said binary inputs must be set to the logic value of 1 via CFC.

Minimum Current of Zone Z1
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In earthed systems with parallel lines and single-side starpoint earthing, it can be necessary to enable tripping
of Z1 only above an increased phase current threshold value.For this purpose, you can define a separate
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minimum current for the zone Z1 under address 1308 Iph>(Z1). The pickup of zone Z1 is in this case only
possible if the phase currents exceed this threshold value and are also above the threshold for enabling the
distance measurement (1202 Minimum Iph>, 1610 Iph>>, 1611 Iph>, 1616 Iphi>).

Parameter 1308 Iph>(21) is only visible and effective if the address 119 Iph>(Z1) is set to Enabled. The
use of a separate minimum current for Z1 is only recommended if the power system constellation has been
checked by calculations.

2.2.2.3 Settings

Addresses which have an appended “A” can only be changed with DIGSI, under “Additional Settings”.

The table indicates region-specific presettings. Column C (configuration) indicates the corresponding secon-
dary nominal current of the current transformer.

Addr. Parameter C Setting Options Default Setting Comments
1301 Op. mode Z1 Forward Forward Operating mode Z1
Reverse
Non-Directional
Inactive
1302 R(Z1) ©-0 1A 0.050 .. 600.000 Q 1.250Q R(Z1), Resistance for ph-
5A  [0.010..120.000 Q 0.250Q ph-faults
1303 X(Z1) 1A 0.050 .. 600.000 Q 2.500Q X(Z1), Reactance
5A 0.010 .. 120.000 Q 0.500Q
1304 RE(Z1) @-E 1A 0.050 .. 600.000 Q 2.5000Q RE(Z1), Resistance for ph-e
5A  [0.010..120.000 Q 0.500 Q faults
1305 T1-1phase 0.00 .. 30.00 sec; « 0.00 sec T1-1phase, delay for single
phase faults
1306 T1-multi-phase 0.00 .. 30.00 sec; = 0.00 sec T1multi-ph, delay for multi
phase faults
1307 Zone Reduction 0..45° 0° Zone Reduction Angle
(load compensation)
1308 Iph>(Z1) 1A 0.05..20.00 A 0.20 A Minimum current for Z1
5A  |0.25..100.00 A 1.00 A only Iph>(Z1)
1311 Op. mode 72 Forward Forward Operating mode 72
Reverse
Non-Directional
Inactive
1312 R(Z2) 0-0 1A 0.050 .. 600.000 Q 2.500Q R(Z2), Resistance for ph-
5A  [0.010..120.000 Q 0.500 Q ph-faults
1313 X(Z22) 1A 0.050 .. 600.000 Q 5.000 Q X(Z2), Reactance
5A 0.010..120.000 Q 1.000Q
1314 RE(Z2) @-E 1A 0.050 .. 600.000 Q 5.000 Q RE(Z2), Resistance for ph-e
5A 0.010..120.000 Q 1.000 Q faults
1315 T2-1phase 0.00 .. 30.00 sec; = 0.30 sec T2-1phase, delay for single
phase faults
1316 T2-multi-phase 0.00 .. 30.00 sec; « 0.30 sec T2multi-ph, delay for multi
phase faults
1317A  |Trip 1pole Z2 NO NO Single pole trip for faults in
YES 22
1321 Op. mode Z3 Forward Reverse Operating mode Z3
Reverse
Non-Directional
Inactive
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Addr. Parameter C Setting Options Default Setting Comments
1322 R(Z3) @-0 1A 0.050 .. 600.000 Q 5.000 Q R(Z3), Resistance for ph-
5A  [0.010..120.000 Q 1.000 Q ph-faults
1323 X(Z3) 1A 0.050 .. 600.000 Q 10.000 Q X(Z3), Reactance
5A 0.010..120.000 Q 2.000 Q
1324 RE(Z3) @-E 1A 0.050 .. 600.000 O 10.000 Q RE(Z3), Resistance for ph-e
5A  [0.010..120.000 O 2.000 Q faults
1325 T3 DELAY 0.00 .. 30.00 sec; = 0.60 sec T3 delay
1331 Op. mode 74 Forward Non-Directional Operating mode 74
Reverse
Non-Directional
Inactive
1332 R(z4) 0-0 1A 0.050 .. 600.000 Q 12.000 Q R(Z4), Resistance for ph-
5A  [0.010..120.000 Q 2.400 Q ph-faults
1333 X(z4) 1A 0.050 .. 600.000 Q 12.000Q X(Z4), Reactance
5A 0.010.. 120.000 Q 2.400 Q
1334 RE(Z4) @-E 1A 0.050 .. 600.000 Q 12.000 Q RE(Z4), Resistance for ph-e
5A  [0.010..120.000 0 2.400 Q faults
1335 T4 DELAY 0.00 .. 30.00 sec; = 0.90 sec T4 delay
1341 Op. mode 75 Forward Inactive Operating mode Z5
Reverse
Non-Directional
Inactive
1342 R(Z5) 0-0 1A 0.050 .. 600.000 Q 12.000 Q R(Z5), Resistance for ph-
5A  [0.010..120.000 Q 2.400 Q ph-faults
1343 X(Z5)+ 1A 0.050 .. 600.000 Q 12.000Q X(Z5)+, Reactance for
5A  [0.010..120.000 Q 2.400Q Forward direction
1344 RE(Z5) @-E 1A 0.050 .. 600.000 Q 12.000 Q RE(Z5), Resistance for ph-e
5A 0.010.. 120.000 Q 2.400Q faults
1345 T5 DELAY 0.00 .. 30.00 sec; = 0.90 sec T5 delay
1346 X(Z5)- 1A 0.050 .. 600.000 Q 4.000Q X(Z5)-, Reactance for
5A  [0.010..120.000 Q 0.800 Q Reverse direction
1351 Op. mode Z1B Forward Forward Operating mode Z1B (over-
Reverse rreach zone)
Non-Directional
Inactive
1352 R(Z1B) 0-0 1A 0.050 .. 600.000 Q 1.500Q R(Z1B), Resistance for ph-
5A  [0.010..120.000 Q 0.300Q ph-faults
1353 X(Z1B) 1A 0.050 .. 600.000 Q 3.000Q X(Z1B), Reactance
5A 0.010..120.000 Q 0.600 Q
1354 RE(Z1B) @-E 1A 0.050 .. 600.000 Q 3.000Q RE(Z1B), Resistance for ph-
5A  [0.010..120.000 O 0.600 Q e faults
1355 T1B-1phase 0.00 .. 30.00 sec; « 0.00 sec T1B-1phase, delay for
single ph. faults
1356 T1B-multi-phase 0.00 .. 30.00 sec; = 0.00 sec T1B-multi-ph, delay for
multi ph. faults
1357 1st AR->Z1B NO YES Z1B enabled before 1st AR
YES (int. or ext.)
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Addr. Parameter C Setting Options Default Setting Comments
1361 Op. mode Z6 Forward Inactive Operating mode 76
Reverse
Non-Directional
Inactive
1362 R(z6) 0-0 1A 0.050 .. 600.000 Q 15.000 Q R(Z6), Resistance for ph-
5A  [0.010..120.000 Q 3.000 Q ph-faults
1363 X(Z6)+ 1A 0.050 .. 600.000 Q 15.000 Q X(Z6)+, Reactance for
5A  [0.010..120.000 Q 3.0000 Forward direction
1364 RE(Z6) @-E 1A 0.050 .. 600.000 Q 15.000 Q RE(Z6), Resistance for ph-e
5A 0.010..120.000 Q 3.000Q faults
1365 T6 DELAY 0.00 .. 30.00 sec; o 1.50 sec T6 delay
1366 X(Z6)- 1A 0.050 .. 600.000 Q 4.000 Q X(Z6)-, Reactance for
5A  [0.010..120.000 Q 0.800 Q Reverse direction
2.2.3 Distance zones (Circle)
The distance protection 7SA6 has a polygonal trip characteristic. Depending on the version ordered (10th digit
of the ordering code = A) a circular tripping characteristic can be chosen. If only the polygonal tripping charac-
teristic is used, please read Subsection 2.2.2 Distance protection with quadrilateral characteristic (optional).
2.2.3.1 Functional Description
Basic Circle
One impedance circle is defined for each distance zone. It represents the tripping characteristic of the corre-
sponding zone. It is a circle that is centered around the origin of the R-X coordinate system. In total there are
six independent zones (Z1 to Z6) and one additional controlled zone (Z1B) for each fault impedance loop.
Since the circle cannot distinguish between a positive (forward direction) and a negative (reverse direction)
impedance, the tripping zones are restricted to the desired quadrants by directional curves (see below under
“Determination of Direction”). Figure 2-33 shows the shape of the impedance circles as an example. Zone Z6 is
not shown in Figure 2-33. The first zone is shaded and forward directional. The third zone is reverse direc-
tional. Zone Z5 is non-directional.
The impedance circle is defined by its radius; it forms the locus diagram of constant impedance.
Z=+R*+X?
[fo_7sa6_fkt-beschr-Grundkreis, 1, en_GB]
This means that the radius determines the reach of a distance zone in the R-X diagram and is not dependent
on the short-circuit angle @c..
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Figure 2-33 Circle characteristic

Increased Resistance Tolerance

As the circular characteristic is symmetrically centered around the coordinate origin, its resistance tolerance,
i.e. the margin, in the case of faults near the reach threshold is limited. Therefore arc resistances, which typi-
cally occur on overhead lines, can only be covered to a certain extent. In the case of close-up faults (X = 0), a
fault resistance R can be detected up to the magnitude set for the impedance Z. This is sufficient for long
cables, provided that the arc resistance at the local cable termination is compensated by the R reach of the
circle. Remember that in the cable itself no significant arc resistance can occur.

In order to achieve a sufficient resistance tolerance on overhead lines even close to the reach threshold, the
tripping characteristic can be extended in the R direction. Such an extension also makes sense if — in the case
of short cables — an increased resistance tolerance is needed. This is the case if the resistance of the arc flash-
over at the local cable sealing end is higher than the cable impedance at the reach threshold of the first
distance protection zone.

The increase of the resistance tolerance takes effect below a settable threshold angle a, which should be
roughly equal to the line angle. Figure 2-34 shows an example for the 1st zone and an angle a = 60°. The
somewhat darker shaded area is the resistance margin gained as compared with the lighter shaded impedance
circle.
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