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Purpose of this
Manual

Target Audience

Validity of the
Manual

Indication of Con-
formity

Additional Suppert

Additional informa-
tion:
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This manual describes the functions, operation, mounting, and(plagifig into service of
device 7ST6. In particular, one will find:

 Information on how to configure the device scope and a@"description of the device
functions and setting options;

« Instructions for mounting and commissioning;
« Compilation of the technical specifications;
< Summary of the most significant data for the @xpersienced user in the Appendix.

General information about design, configuratien, and operation of SIPROTEC 4
devices are laid down in the SIPROTEC 4 System,Description.

Protection engineers, commissioning engineers, personnel concerned with adjust-
ment, checking, and service of selective protective equipment, automatic and control
facilities, and personnel of electrig¢al facilities and power plants.

This manual is valid for: SIPR@TEG® 4 Numerical Overhead Contact Line Protection
for AC Traction Power Supply/7S¥6 ; Firmware version V4.2,

This product complies with the directive of the Council of the European Communi-
ties on the,appreximation of the laws of the Member States relating to electromag-
neticl€ompatibility (EMC Council Directive 89/336/EEC) and concerning electrical
equipmentfor use within specified voltage limits (Low-voltage directive 73/23
EEC).

This €onformity is proved by tests conducted by Siemens AG in accordance with
Atrticle 10 of 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
60255-6 for the low-voltage directive.

This device is designed and produced for industrial use.

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

(€

Should you have any further questions regarding the SIPROTEC 4 system please
contact your local Siemens distributor.

Internet:

In order to remain up-to-date in the future, please make use of the offer on our down-
load platform on the Internet under address:

http://www.siprotec.de
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Should you experience any problems in using SIPROTEC 4, please contact our

Hotline

Telephone: +49 - 180 - 524 7000

Fax: +49 - 180 - 524 2471

E-mail: services@ptd.siemens.de
Instructions and The warnings and notes contained in this manual serve for your own Safety,and for
Warnings an appropriate lifetime of the device. Please observe them!

The following indicators and standard definitions are used:

DANGER!

indicates that death, severe personal injury or substantial propertysdamage can
result if proper precautions are not taken.

Warning

indicates that death, severe personal injury or substantial property damage can
result if proper precautions are not taken.

Caution

indicates that minor personal injury or propertyydamage can result if proper precau-
tions are not taken. This particularly appliesite.damage on or in the device itself and
consequential damage thereof.

Note:

indicates information about the deviceter respective part of the instruction manual
which is essential to highlight.

f WARNING!
Hazardous voltages ar€ present in this electrical equipment during operation.

Death, severe persenal injury or substantial property damage can result if the device
is not handled praperly:

Only qualifiedgpersonnel shall work on and in the vicinity of this equipment. The per-
sonnel mustfe thoreughly familiar with all warnings and maintenance procedures of
this manualas wWell as the safety regulations.

Successful and safe operation of the device is dependent on proper transportation,
storage;imounting and assembly and the observance of the warnings and instructions
of the uhit manual.

In, particular, the general installation and safety regulations for work in power current
plants (e.g. ANSI, IEC, EN, DIN, or other national and international regulations) must
beobserved.

4 7ST6 Manual
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Definition

Typographic and
Graphical Conven-
tions
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QUALIFIED PERSONNEL

Prerequisites to proper and safe operation of this product are proper transport,

proper storage, setup, installation, operation, and maintenance of the productyas

well as careful operation and servicing of the device within the scope of the warn-

ings and instructions of this manual. Qualifications are:

» Training and Instruction to energize, de-energize, clear, ground and tag circuits
and equipment in accordance with established safety practices.

» Training and instruction (or other qualification) for switching, earthing, and des-
ignating devices and systems.

» Training in rendering first aid.

To designate terms which refer in the text to information‘ef the device or for the
device, the following fonts are used:

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
DIGSI), are marked in bold letters of a‘menospace font. The same goes for the titles
of menus.

1234A

Parameter addresses have the same character style as parameter names. Param-
eter addresses in overview tablés contain the suffix A, if the parameter is only avail-
able using the option Display additional settings.

Parameter Conditions

Possible settings of gext\parameters, which may appear word-for-word in the
display of the device or0n the screen of a personal computer (with operation soft-
ware DIGSI), arevadditionally written in italics. The same goes for the options of the
menus.

»yAnnunciations®

Designatorsfer infogmation, 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.

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

The following symbols are used in drawings:

[Bickup 1> direc.  >— Device-internal logical input signal

—{Pickup I> direc. Device-internal (logical) output signal
[310 > Internal input signal of an analog quantity

1722 External binary input signal with number (binary input, input
[ >sLock 1> >— indication)

1815 External binary output signal with number (device indication)
—1>TRIP
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External binary output signal with number (device indication)

1815
Q> TRIP )~ used as input signal
[1234] Function | Example of a parameter switch designated FUNCTION with

the address 1234 and the possible settings ON and OF

TRIP

ON
Besides these, graphical symbols are used according to IEC 60617-12 and IEGy

60617-13 or symbols derived from these standards. Some of the most uently used
are listed below:

X<

:I;V\Eeset input
s L AND gate

e
Z Inversion of the Signal
il OR gate @

Exclusive OR (antivalenee)®eutput is active, if only one of
the inputs is acti

I Input signal of an analog quantity &

& |

Coincidence g
| inputs are acti

Dynamic inputsi(e
T el
=N\ . put signals
% ge with setting address and parameter designator
O

Timer (pickup delay T, example adjustable) with setting
address and parameter designator (name)

alence): output is active if both
ctive at the same time

e—triggered) above with positive, below

Q

Timer (dropout delay T, example non-adjustable)

Dynamic triggered pulse timer T (monoflop)

Static memory (RS-flipflop) with setting input (S), resetting
input (R), output (Q) and inverted output (Q)

7ST6 Manual
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S

L 4

The SIPROTEC® 4 7ST6 device is introduced in this chapter. An view of the
scope of application, the properties and functional scope o ice is provided.

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

1.1

Analog Inputs

16

Overall Operation

The SIPROTEC® 4 7ST6, Numerical Overhead Contact Line Protection for AC
Traction Power Supply, is equipped with a powerful 32-bit microprocessor. All tasks
are processed numerically, from acquisition of measured values up to commandsyto
the circuit breakers. Figure 1-1 shows the basic structure of the 7ST63.

There are two different device versions, 7ST61 and 7ST63, which differ mainly hy the

size of their housing and the number of available inputs and outputs.

7ST61 housing size 1/2 * 19“ with 4-line display, 12 Bl and 22 or27 BO
7ST63 housing size 1/1 * 19" with graphic display, control keys,38,Bl"and 36 BO

The measuring inputs (MI) convert the currents and voltages cemifig from the trans-
formers and adapt them to the level appropriate for the integnal processing of the
device. Depending on the version, the device is equippé@with®up to 3 current and

voltage inputs.

VLS
I
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i e
!
I Operator, “WAl[7][8][9
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I
Operating Interface <—:> To PC
i
. ' PC/
Service Interface [«
i Modem
|
System Interface |« To SCADA
I
i
- . eg.
ggzhronization : Cr77
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The analog values are transferred to the IA input amplifier group.

Hardware structure of the numerical overhead contact line protection 7ST63

7ST6 Manual
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1.1 Overall Operation

Microcomputer
System

Binary Inputs and
Outputs

Front Elements

Serial Interfaces
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The IA input amplifier group allows high impedance connection for analog input values
and contains filters optimized with regard to bandwidth and processing speed formeas
sured value processing.

In the analog/digital converter unit, the analog input values are sampled, digitizedand
supplied to the microcomputer system.

Apart from processing the measured values, the microcomputer system pC also exe-
cutes the actual protection and control functions. They especially consist of:

 Filtering and conditioning of the measured values

< Continuous monitoring of the measured values

* Monitoring of the pickup conditions for the individual proteetive’functions

e Scanning of limit values and time sequences

« Control of signals for logic functions

» Deciding on trip and close commands

 Storage of indications, fault data and fault values forfault analysis purposes

« Management of the operating system andgt§functions, e.g. data memory, real-time
clock, communication, interfaces, etc.

The information is provided via output amplifier OA.

Binary inputs and outputs from and tothe computer system are routed via the 1/0
modules (inputs and outputs). The camputer system obtains the information from the
system (e.g remote resetting) orfithe external equipment (e.g. blocking commands).
Additional outputs are mainly commands that are issued to the switching devices and
indications for remote signalling of events and states.

Optical indicatorsy(L EBS) and a front LC display provide information on the function of
the device and indicate events, states and measured values.

Integrated contfol and,numeric keys in conjunction with the LCD facilitate local inter-
action with the local device. All information of the device can be accessed using the
integrated ¢ontrohand numeric keys. The information includes protective and control
settings, @perating and fault indications, measured values and settings (see also

Chaptef’2 and SIPROTEC® 4 System Description, Order No. E50417-H1176-C151).

Deviges with control functions also allow station control on the front panel.

Via the serial interface in the front panel the communication with a personal computer
Uising the operating program DIGSI® is possible. This ensures convenient operation of
all device functions.

The service interface can also be used for communication with a personal computer
using DIGSI®. This interface is particularly well suited in case of hard wiring between
the devices and the PC or in case of an operation via modem.

All device data can be transmitted to a central evaluating unit or control center through
the serial system (SCADA) interface. This interface may be provided with various
physical transmission modes and different protocols to suit the particular application.

An additional interface is designed for time synchronization of the internal clock by
means of external synchronization sources.

Further communication protocols can be implemented via additional interface mod-
ules.

17



1 Introduction

Power Supply These described functional units are supplied by a power supply PS with the neces-
sary power in the different voltage levels. Brief supply voltage dips which may occur

on short circuits in the auxiliary voltage supply of the power system are usually bridge
by a capacitor (see also Technical Data, Chapter 4).

.
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1.2 Application Scope

1.2 Application Scope

Protective
Elements

Control Functions

7ST6 Manual
E50417-G1176-C251-A3

The SIPROTEC® 4 7ST6, Numerical Overhead Contact Line Protection for AG
Traction Power Supply, is a selective and fast protection device for overhead cantact
lines with single- and multi-ended infeeds.

The device incorporates the functions which are normally required for the protection
of an overhead contact line section and is therefore capable of universal application.

The basic function of the device is the recognition of the distaneeto the fault with dis-
tance protection measurement. It is supplemented by a range ef,other protection func-
tions:

When switching to a faulted line section, an undelayedytripisignal can be output.

In the event of a failure of the measured voltages duie,to afault in the secondary cir-
cuits (e.g. trip of the voltage transformer mcb or @fuse)the device can automatically
revert to an emergency operation with an integrated time overcurrent protection
(emergency time overcurrent protection), untihthe"measured voltage again becomes
available. There is an additional 3-stage definitefinverse time overcurrent protection
operating in parallel to, and independent@f, the,distance protection. This time overcur-
rent protection has three current-independent,stages and one current-dependent
stage. For inverse time overcurrengprotection, several curves of different standards
are provided. The stages can béx¢embined in any way. Moreover, a high-speed over-
current protection function with g'tripging time of less than 2 ms is integrated.

Most short-circuit functions work'i,conjunction with an integrated automatic reclose
function which is designed for 8%eclosing attempts. Before reclosure, the validity of
the reclosure can be chieeked/by yoltage and/or synchronism check by the device (this
can be ordered as @n option).

Beside the short“€ircuit protection functions described above, the device offers addi-
tional protection functiens'such as multiple-stage overvoltage and undervoltage pro-
tection, circuit breaker failure protection, and thermal overload protection, which pro-
tects the overhead cantact line from excessive heating due to overloads. The fault
locator supports fast location of the fault after a short-circuit. The inrush restraint
featurevis used for a clear distinction between operating and fault conditions during
switchimg operations. The defrosting protection feature provides high-sensitivity de-
tectionef short-circuits during defrosting of the overhead contact line.

Depending on the ordered variant the device provides control functions which can be
aceemplished for activating and deactivating switchgear via the integrated operator
panel, the system interface, binary inputs and a personal computer with the operating
seftware DIGSI®. The status of the primary equipment can be transmitted to the device
via auxiliary contacts connected to binary inputs. The present status (or position) of
the primary equipment can be displayed on the device, and used for interlocking or
plausibility monitoring. The number of the primary equipment 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 indications. Depending on the primary equip-
ment being controlled, one binary input (single point indication) or two binary inputs
(double point indication) may be used for this process. The capability of switching
primary equipment can be restricted by a setting associated with switching authority
(Remote or Local), and by the operating mode (interlocked/non-interlocked, with or
without password request). Processing of interlocking conditions for switching (e.g.
switching error protection) can be established with the aid of integrated, user-config-
urable logic functions.
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1 Introduction

Indications and
Measured Values;
Fault Recording

Communication

The operational indications provide information about conditions in the power system
and the device itself. Measurement quantities and resulting computed values can be
displayed locally and communicated via the serial interfaces. O

able), can be externally processed via output contacts (allocatable), linked with user-

Device indications can be assigned to a number of LEDs on the front cover (all@
definable logic functions and/or issued via serial interfaces.

During a fault (system fault) important events and changes in conditions are saved in
fault logs (Event Log or Trip Log). Instantaneous fault values are also saved in the
device and may be analysed subsequently. é

Serial interfaces are available for the communication with operm trol and

memory systems.
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1.3 Characteristics

1.3 Characteristics

General Character-
istics

DistanceProtection

Time Overcurrent
Protection

High Current
Switch-onto-Fault
Protection
(optional)

Emergency dime
Overeurrent
Protection
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Powerful 32-bit microprocessor system

Complete digital processing of measured values and control, from the sampling of
the analog input values up to the closing and tripping commands to the cir€uit
breakers

Complete galvanic and reliable separation between internal processing circuits
from the measurement, control, and power supply circuits by@&naleg input transduc-
ers, binary inputs and outputs and the DC/DC or AC voltage‘€onverters

Complete scope of functions which are normally requiredier thie protection of a line
feeder

Simple device operation using the integrated operatorpanel or a connected person-
al computer with operator guidance

Storage of fault indications as well as instantaneous, values for fault recording

Distance protection function with three zongs (21, Z2, and Z3), high measuring ac-
curacy and the ability to adapt to the given'system conditions

Impedance curve with “combinga?or “polygonal” tripping characteristic can be se-
lected

for the direction characteristigfsettable to “forward”, “non-directional”, "forward ex-
tended", “reverse’;

Combined tripping characteristic with separate setting of reach (absolute imped-
ance value Z), anglé®and load'limitation (resistance R);

Adaptation to different'switching states of the overhead contact line during opera-
tion is ensured'y theychangeover function of the impedance stages

Instantaneougstripping when switching onto a fault;

Inrush restraint' paossible for zone Z2 and higher;

Full non:direetional time overcurrent protection function (definite/inverse time) with
three.stages (very high set current stage I>>>, high set current stage I>>, overcur-
rent stage 1>)

Instantaneous tripping when switching onto a fault;

Inrysh restraint feature to prevent overfunctioning during the inrush phase

Very short tripping times (<2 ms) when the tripping threshold is exceeded

Faults can be tripped as early as the first zero crossing of the current (in 16.7 Hz
systems)

Single-stage emergency time overcurrent protection (1> time overcurrent protec-
tion)

Instantaneous tripping when switching onto a fault;
Inrush restraint feature to prevent overfunctioning during the inrush phase

Backup protection in case of measured voltage failure;
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1 Introduction

Voltage Protection
(optional)

Thermal Overload
Protection

Circuit Breaker
Failure Protection
(optional)

Defrosting Pro-

tection

Inrush Restraint
(optional)

Automatic
Reclosure Function
(optional)

Synchronism and
Voltage Check
(optional)

Fault Locator
(optional)

Trip Load (optional)

22

Two-stage overvoltage and undervoltage detection
Two overvoltage stages for the overhead contact line ( U>>, U>)

Two undervoltage stages for the overhead contact line (U<<, U<)

Determination of the overhead contact line temperature by creating a thermal profile
of the object to be protected

Adjustable thermal alarm level

2 independent time stages
Tripping by 2 independent, adjustable monitoring time stages
Start by trip command of every internal protection function

External start possible

Differential protection for defrosting current with configurable characteristic

Back-up protection with two-stage definite;time oyeretrrent protection

Distinction between operating and faulttegndition by harmonics analysis

Possibility of blocking selected proteetion functions

Single or multiple reclosure (up t@,8 reelosure attempts)
With separate idle and opgrating gimes for the first 4 reclosure attempts

Synchronism check befere reclosing

Verification of the synchrenous conditions before energisation;

Fast measuring of voltage*difference Uy of the phase angle difference ¢ p;z and
frequency differgfce fgi

Alternatively,,cheek of the de-energized state before energisation;

Switching4possible for asynchronous system conditions with prediction of the syn-
chronization time

Settable minimum and maximum voltage

Veiification of the synchronous conditions or de-energized state also possible
beforeé\dispositive closing of the circuit breaker, with separate limit values;

Start by tripping command or dropout of the pickup, even with high-current switch-
onto-fault protection

Fault location output in Q, kilometers or miles and % of line length;

Detection and summation of interrupted currents
Monitoring with It function (optional)

Alarm output when limit is exceeded

7ST6 Manual
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1.3 Characteristics

Trip Circuit Super-
vision

User Defined
Functions
(optional)

Breaker Control

Monitoring
Functions

Further Functions
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Integrated trip circuit supervision

Freely programmable combination of internal and external signals for the imple-
mentation of user-defined logic functions

All common logic functions

Delays and limit-value inquiries

Switchgear can be activated and de-activated manuallywia lecal eontrol keys
(7ST63), the programmable function keys, via the system interface (e.g. SITRAS
SCS), or via the operating interface (using a personal€omputer and the DIGSI®
software);

Feedback on switching states via the circuit breaker auxiliary contacts (for com-
mands with feedback)

Plausibility monitoring of the circuit breaker pesitions’and interlocking conditions for
switching.

Availability of the device is greatly increased because of self-monitoring of the inter-
nal measurement circuits, powersupply, hardware, and software

Monitoring of overhead contaétdineweltage (Fuse Failure Monitoring);
Monitoring of ambient temperature‘sensing
Trip circuit supervision p@ssible;

Display of operatingimpedances and direction

Battery bufferedirealtime clock, which may be synchronized via a synchronization
signal (e.g. DCE77NRIG B via satellite receiver), binary input or system interface

Continuous caleulation and display of measured quantities on the front display

Fault eveént memory (trip log) for the last 8 network faults (faults in the power sys-
tem); withirealitime stamps

Faultrecording and data transfer for fault recording for a maximum time range of
I5s

Statistics: Counter with the trip commands issued by the device, as well as record-
ing of the current-time integrals, the fault current data and accumulation of the in-
terrupted fault currents

Communication with control center possible via serial interfaces (depending on the
ordering variant), optionally via data line, modem or fibre optics;

Commissioning aids such as connection and direction checks as well as circuit
breaker test functions
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L 4

This chapter describes the individual functions of the SIPROTEC vice 7ST6. It
shows the setting possibilities for each function in maximu ion. Guidelines
ae al

for establishing setting values and, where required, form iven.

Additionally, on the basis of the following information, it
tions are to be used.

21 General Q 26

5 @ defined which func-

2.2 Distance Protection 47
2.3 Overcurrent Protection 76
2.4 High-Speed Overcurr ction 84
25 Emergency Overcurr tion 87
. Overvoltage and %age Protection 90
ad F ction 94

ailure Protection 103

109

111

120

ic Reclosure Function 124

2. Synchronism and Voltage Check 142
ault Locator 152

i) It Function (current-time integral) 156
16 Monitoring Function 166
17 Trip Circuit Supervision 170
2.18 Protection Function Control 174
2.19 Auxiliary Functions 186
2.20 Command Processing 194
2.21 Use in auto-transformer systems 205
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2 Functions

2.1 General

A few seconds after the device is switched on, the initial display appears in the LCD:
Depending on the device version either measured values (four-line display, device
type 7ST61) or a single-phase switching diagram of the feeder status (graphic display,
device type 7ST63) is displayed in the 7ST6.

Configuration of the device functions are made via the DIGSI® software from yousPC.
The procedure is described in detail in the SIPROTEC® 4 System Desefiption, Order
No. E50417-H1176-C151. Entry of password No. 7 (for setting modification) is re-
quired to modify configuration settings. Without the password, the'settings‘may be
read, but may not be modified and transmitted to the device.

The function parameters, i.e. settings of function options, threshold values, etc., can
be entered via the keypad and display on the front of the deviceyorby means of a per-
sonal computer connected to the front or service interface%ef the device utilising the
DIGSI® software package. The level 5 password (individ@ial pafameters) is required.

2.1.1 Functional Scope

2.1.1.1 Configuration of the Functional Scope

Enabling/disabling
of Functions

26

The 7ST6 relay contains a series of protective and additional functions. The hardware
and firmware provided is designedsférthisiscope of functions. In addition the
command functions can be matchedgo the system conditions. Individual functions can
be activated or deactivatedéduring thesConfiguration procedure. The interaction of
functions may also be modified:

The available protective and additional functions must be configured as Enabled or
Disabled. For some fungetions a choice between several alternatives is possible, as
described below.

Functions configured ag Disabled are not processed by the 7ST6. There are no in-
dications, and’corresponding settings (functions, limit values) are not displayed during
setting.

Note

The functiens and default settings available depend on the order variant of the device.

The protection functions can partly be enabled and disabled via different sources,
namely:

* Parameterisation (Para)

* Binary Input (BI)

« System Interface (SI)

A function is disabled as soon as it is switched off by one of the three sources. In order

to enable a function again, it must be switched on by all sources by which it had been
switched off.

The on or off state via binary input remains after a restart. After an initial start this state
is pre-defined as "on".

7ST6 Manual
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2.1 General

2.1.1.2 Setting Notes

Configuration of
Functional Scope

Special Character-
istics
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The following table presents an overview of the activation or blocking of functionsy
Details are set out in the respective function description.

ON/OFF Blocking

Function Bl Sl Para Bl Sl Para
Distance Protection X - X X - -
High-Speed Overcurrent Pro- X - X - - -
tection

Overcurrent Protection X - X - - -
Emergency Overcurrent Pro- X - X - - -
tection

Voltage Protection - - X - - -
Thermal Overload Protection X - X - - -
Defrosting Protection X X X X X X
Inrush Restraint - - - - - -
Fault locator - - - - - -
Breaker Failure Protection X - X - - -
Trip circuit supervision - { X - - -
IT Function X - X - - -
Synchro-check X - X - -
Automatic Reclosure Function X X X - -

Configuration setting$ canbe ‘entered by using a PC and the software program DIGSI®
and transferred viathe operating interface of the device or via the service interface on
the rear. Operatién,using, DIGSI® is described in the SIPROTEC® 4 System Descrip-
tion, order no. E5041%H1176-C151.

Entry of passwardiNaew»7 (for setting modification) is required to modify configuration
settings. Without thefpassword, the settings may be read, but may not be modified and
transmittedito thé\device.

The funetiohal scope with the available options is set in the Functional Scope dialog
box to‘'match plant requirements.

Most settings are self-explaining. The special cases are described below.

If use of the setting group changeover function is desired, address 103 Grp Chge
OPTION should be setto Enabled. In this case, up to four different groups of settings
may be changed quickly and easily during device operation (see also Subsection
2.1.4). Only one setting group may be selected and used if the setting is Disabled.

The impedance characteristic valid for distance protection is selected under address
113 DISTANCE CURVE. You can choose between distance protection with combined
tripping characteristic and distance protection with polygonal tripping characteristic
(see Section 2.2).

The available protection and supplementary functions can be configured as Enabled
orDisabled.

When ordering devices, please note that the basic device version does not offer the
full scope of functions. The table below shows which functions are provided in the
basic device version, and which must be ordered separately if required:
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2 Functions

Function Provided in the Basic | Not Provided in the Basic
Version Version

Distance Protection X

Time Overcurrent Protection

Emergency Overcurrent Protection
Thermal Overload Protection

Ambient Temperature Sensing

Trip Circuit Supervision

X X| X X| X| X

Defrosting Protection

Current-time Integral
High-Speed Overcurrent Protection
Inrush Restraint

Automatic Reclosure

Synchro-check

Circuit Breaker Failure Protection

Voltage Protection

X| X| X| X| X| X

Fault Locator
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2.1 General

2.1.1.3 Settings

Addr. Parameter Setting Options Default Setting Comments Q
103 Grp Chge OPTION Disabled Enabled Setting Group Change Opti
Enabled
104 OSC. FAULT REC. Disabled Enabled Oscillographic Fault Records
Enabled
113 DISTANCE CURVE Quadrilateral Combined
Combined
122 InrushRestraint Disabled Enabled
Enabled
124 FCT HS O/C Disabled Enabled In igh-Speed O/C Pro-
Enabled tio
126 Back-Up O/C Disabled Enabled overcurrent
Enabled
127 FCT Emerg. O/C Disabled Enabled ergency Overcurrent Protec-
Enabled tion
133 Auto Reclose Disabled Enabled Auto-Reclose Function
Enabled
135 Synchro-Check Disabled Synchronism and Voltage Check
Enabled
137 O/U VOLTAGE Disabled Under / Overvoltage Protection
Enabled
138 Fault Locator Disabled Enabled Fault Locator
Enabled
139 BREAKER FAILURE Disabled nabled Breaker Failure Protection
Enabled
140 Trip Cir. Sup. Disabled Disabled Trip Circuit Supervision
Enabled
141 FCT It-Calc. Start by TRIP It Function (ampere-seconds)
142 Therm.Overload Disabled Thermal Overload Protection
143 Temp.Sens Disabled Ambient Temperature Sensing
to +55 °C
to +55 °C
144 FCT DEFROSTING isabled Disabled Defrosting Protection Function
Enabled
L 4
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2 Functions

2.1.2

2121

2.1.2.2

2.1.23

Device

The device requires some general information. This may be, for example, the type of
indication to be issued in the event a power system fault occurs.

Trip Dependent Indications

The recording of indications masked to local LEDs, and the maintenance of,.spontane-
ous indications, can be made dependent on whether the device fias issued a trip
signal. This information is then not output if during a system disturbange one or more
protection functions have picked up, but no tripping by the 7ST6fresulted because the
fault was cleared by a different device (e.g. on another line). Thege indications are
then limited to faults in the line to be protected.

The figure below illustrates the creation of the reset command.for stored indications.
When the relay drops out, stationary conditions (fault displayyTarget on PU / Target on
TRIP; Trip / No Trip) decide whether the new fault will be,stored or reset.

[610 |FItDisp.LED/LCD ]

i _Targeton PU
| Target on TRIP

511
(ORelay TRIP ) & <\Reset LED

| Relay Drop Off

Figure 2-1 Creation of the resét command for the memory of LED and LCD displays

Spontaneous Indications on the Display

You can determing@ whether or not the most important data of a fault event is displayed
automatically after the fault has occurred (see also ,Fault indications” in Section 2.19.1
JAuxiliary Funetions:).

Setting Notes

Fault Indications Pickup ofia new protective function generally turns off any previously lit LEDs, so that

30

onlythefatest fault is displayed at any time. It can be selected whether the stored LED
displays and the spontaneous indications on the display appear upon renewed pickup,
or enly after a renewed trip signal is issued. In order to enter the desired type of dis-
play, select the submenu Device in the SETTINGS menu. At address 610
F1tDisp.LED/LCD the two alternatives Target on PUand Target on TRIP (,No
trip - no flag“) are offered.

For devices with graphical display use parameter 615 Spont. F1ltDisp. to specify
whether or not a spontaneous indication will appear automatically on the display (YES)
or not (NO). For devices with text display such indications will appear after a system
fault by any means.

You can set at address 620 T Backlight on how long the display backlight will
remain on after an entry on the integrated keypad.
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2.1 General

2.1.2.4 Settings
Addresses which have an appended "A" can only be changed with DIGSI, under Ad-
ditional Settings.
Addr. Parameter Setting Options Default Setting Comments
610 FItDisp.LED/LCD Target on PU Target on PU Fault Display on LED / LCD
Target on TRIP
615 Spont. FltDisp. NO YES Spontaneg@us display of flt.annun-
YES ciatians
620 T Backlight on 1 .. 1000 min 60 min TimeBacklight on
699A TO IV-Bit T103 0 .. 1500 min 1380 min Timeout IV#Bit T103
2.1.2.5 Information List
No. Information Type of In- Comments
formation

- Test mode IntSP Test mode

- DataStop IntSP Stopydata transmission

- SynchClock IntSP_Ev | Clock®Synchronization

- >Light on SP >Baek Light on

- HWTestMod IntSP Hardware Test Mode

- Error FMS1 ouT ErronFMS FO 1

- Error FMS2 OUL Efror FMS FO 2

- Brk OPENED IAtSP Breaker OPENED

- FArEARTHED INtSP Feeder EARTHED

1 Not configured SP No Function configured

2 Non Existent SP Function Not Available

3 >Time Synch SP >Synchronize Internal Real Time Clock

5 >Reset LED SP >Reset LED

15 >Test mode SP >Test mode

16 >DataStop SP >Stop data transmission

51 Device OK ouT Device is Operational and Protecting

55 Reset Device ouT Reset Device

56 Initial Start ouT Initial Start of Device

60 Reset LED, OUT_Ev Reset LED

67 Resume ouT Resume

68 Clock SyncError ouT Clock Synchronization Error

69 DayLightSavTime ouT Daylight Saving Time

70 SettingsCalc. ouT Setting calculation is running

71 Settings Check ouT Settings Check

72 Level-2 change ouT Level-2 change

73 Local change ouT Local setting change

110 Event Lost OUT_Ev Event lost

113 Flag Lost ouT Flag Lost

125 Chatter ON ouT Chatter ON

T40 Error Sum Alarm ouT Error with a summary alarm
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2 Functions

No. Information Type of In- Comments
formation

144 Error 5V ouT Error 5V
158 Fai. TEMPSENS ouT Failure of outdoor temp. sensing
160 Alarm Sum Event ouT Alarm Summary Event
177 Fail Battery ouT Failure: Battery empty
181 Error A/D-conv. ouT Error: A/D converter .
182 Alarm Clock ouT Alarm: Real Time Clock

183 Error Board 1 ouT Error Board 1
184 Error Board 2 ouT Error Board 2
185 Error Board 3 ouT Error Board 3
186 Error Board 4 ouT Error Board 4
187 Error Board 5 ouT Error Board 5
188 Error Board 6 ouT Error Board 6
189 Error Board 7 ouT Error Board 7
190 Error Board 0 ouT Error Board 0

192 ErrorlA/5Awrong ouT Error:1A/5Ajumper differentfrom setting
193 Alarm adjustm. ouT Alarm: Analog Pu
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2.1 General

2.1.3 Power System Data 1

2.1.3.1 Setting Notes

General

Transformer Data

Transformer Data
for Auto-transformy
er Systems

7ST6 Manual
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The device requires certain basic data regarding the protected equipment, so that the
device will be compatible with its desired application. This comprises e.g. séminal
system data, nominal data of transformers, polarity ratios and their physical connec-
tions, in certain cases circuit breaker properties, and similar. Furthermore, there are
a number of settings associated with all functions rather than a specific protection,
control or monitoring function. These data can normally only be changeddrom a PC
running DIGSI® and are discussed in this subsection.

In DIGSI® double-click on Settings to display the relevantseléction. A dialog box with
the tabs General, Transformer data, System data, Veltage transformers and Circuit
breaker will open under Power System Data gffin which you can configure the in-
dividual parameters. Thus, the following subsegtions are structured accordingly.

At address 245 BI CONTROL you spetify the control of the binary inputs for the
zone/catenary changeover (Edge/Level):

In address 201 CT Starpointithe polarity of the current transformers must be
stated. This setting determines the 'measuring direction of the device (forwards = line
direction).

The measured value connectigns,can be found in the Appendix under A.3.

At address 202 CT PRIMARYwou set the primary rated CT current (overhead contact
line current). The seeondary rated current is set in address 203 CT SECONDARY.

Ataddresses 204 Unom“PRIMARY and 205 Unom SECONDARY, information is entered
regarding the primmary anpd secondary current ratings of the current transformers.

It is important to’ ensure that the rated secondary current of the current transformer
matches therated current of the device, otherwise the device will incorrectly calculate
primary’datay

Corregt entryaef the primary data is a prerequisite for the correct computation of oper-
ational measured values with primary magnitude. If the settings of the device are per-
fopmedwith primary values using DIGSI®, these primary data are an indispensable re-
quirement for the fault-free operation of the device.

Ataddress 206 IF CT STARPOINT the polarity of the current transformers (negative
féeder current) must be stated. This setting determines the measuring direction of the
device (forwards = line direction).

The measured value connections can be found in the Appendix under A.3.

At address 207 IF CT PRIMARY you set the primary rated CT current (negative
feeder current).

At addresses 209 UF PRIMARY and 210 UF SECONDARY, information regarding the
primary and secondary current ratings of the current transformers (negative feeder
voltage) is entered.

Please heed the detailed description given in chapter 2.21!

33



2 Functions

Transformer Data
for Defrosting

Transformer Data
for Synchro-check

System Data

34

In auto-transformer systems, the protection functions can evaluate either

« The summation current of the overhead contact line current and the negative feeder
current, or

» The overhead contact line current

In the parameter CURRENT I1, I2 (address 213) you specify which current will be
fed to the protection functions for evaluation. If you want the summation current4o be
processed by the protection functions, set address 213 to Sum I1, I2vThe vectors
of the overhead contact line current and the negative feeder current arefadded.

Note

If at address 213 the parameter CURRENT I1, I2issettoSumyIT, I2,the setting
of jumper X600 on the C-1/0 13 board must be changed forfithe Ssummation! The
default setting of this jumper on delivery is ,without sumimation™!

Inaddress 211 IX CT STARPOINT the polarity‘ef the,elirrent transformers (defrosting
current) must be stated. This setting determinesitheuneasuring direction of the device
(forwards = line direction).

Ataddress 212 IX CT PRIMARY you setihe pfimary rated CT current (defrosting cur-
rent).

If in the Functional Scope of the device the synchro-check function = Enabled (ad-
dress 135) has been configured, thexféllowing parameters must be set in the
P.System Data 1:

At address 215 Uline/Uref You set the matching factor for the different transform-
ers of the overhead contact l[ine Vline and of the reference voltage Vref.

The permissible rated frequencies depend on the device variant: 16.7 Hz or 25 to 60
Hz. In the second variant, the rated frequency can be changed at address 230 Rated
Frequency; @ptions are 25 Hz, 50 Hz and 60 Hz.

The 7ST6devicesupports several line sections with different reactance per unit length
characteristic§for the conversion of a fault impedance into a fault distance. The
number.of ling sections with different reactance per unit length characteristics can be
set in;address 234 No. SECTIONS and 235 No.SECTIONS REV. The settings that
you apply here determine the setting parameters for the reactance per unit length
characteristics that will be shown in the P.System Data 2 in the setting sheet .

Address 236 Distance Unit allows to determine the unit of length (km or Miles)
forthe fault location indications. This parameter is not relevant if no fault detection is
available. Changing the length unit will not result in an automatic conversion between
the systems. Such conversions must be entered at the appropriate addresses.
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Circuit Breaker
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At address 239 T-CB close the operating time of the connected circuit breakersis
set for the CLOSE command. This operating time will be taken into account by the
Sync. Check function when closing the circuit breaker.

At address 237 the operating time of the circuit breaker T CB BREAKTIME is set*for
the TRIP command. This time is taken into account for tripping to determine the dura-
tion of the current-time integral.

In address 240 the minimum trip command duration TMin TRIP CMD is,set. This
setting applies to all protective functions that initiate tripping. It also determines the
length of the trip pulse when a circuit breaker trip test is initiated viasthe device. Each
trip command is extended by at least the time set here. Thigtime must be chosen to
ensure a reliable tripping of the breaker. This parameter can only be altered with
DIGSI® under Additional Settings.

In address 241 the maximum close command duration®fMax«CLOSE CMD is set. This
applies to all close commands issued by the deviceylt alsoydetermines the length of
the close command pulse when a circuit breaker test cyel€ is issued via the device. It
must be chosen to ensure that the circuit breaker camalways close reliably. There is
no risk in setting this time too long, as the close cemmand will in any event be termi-
nated following a new trip command from alprotection function. This parameter can
only be altered with DIGSI® under Additional Settings.

The 7ST6 allows a circuit breaker test dusingwoperation by means of a tripping and a
closing command entered on the frent'panel or via DIGSI®. The duration of the trip
command is set as explained aboye. Address 242 T-CBtest-dead determines the
duration from the end of the trip éommand until the start of the close command for this
test. It should not be less than 0.4 s.

At address 243 TEST CB CIRCULT you can choose the trip circuits in which a circuit
breaker test is to be péerfarmed. For an initial test, you should test both breaker circuits
individually and ong afterthe other in order to achieve a maximum of security.
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2 Functions

2.1.3.2 Settings

Addresses which have an appended "A" can only be changed with DIGSI, under A
ditional Settings.

The table indicates region-specific presettings. Column C (configuration) indicate@
corresponding secondary nominal current of the current transformer.

Addr. Parameter C Setting Options Default Setting Comments &
201 CT Starpoint towards Line towards Line
towards Busbar
202 CT PRIMARY 10 .. 5000 A 1000 A
203 CT SECONDARY 1A 1A
5A
204 Unom PRIMARY 1.0 .. 150.0 kV 15.0 kV
205 Unom SECONDARY 50.0..130.0V 100.0V ated Secondary Voltage
h-Ph)
206 IF CT STARPOINT towards Line IF CT Starpoint
towards Busbar
207 IF CT PRIMARY 10 .. 5000 A CT Rated Primary Current
IF
209 UF PRIMARY 1.0.. 150.0 kV Rated Primary Voltage UF
210 UF SECONDARY 50.0..130.0V Rated Secondary Voltage
UF
211 IX CT STARPOINT towards Line towards Line IX CT Starpoint
towards Bu
212 IX CT PRIMARY 1000 A CT Rated Primary Current
IX
213 CURRENT I3, 12 Separate 11, 12 Current Inputs 11, 12
215 Uline/Uref 1.00 Matching Ratio Uline / Uref
230 Rated Frequency 50 Hz Rated Frequency
Hz
.7 Hz
234 No. SECTIONS 1 Section 1 Section Number of Line Sections
2 Sections
3 Sections
4 Sections
5 Sections
without
235 No.SECTI A\ 1 Section without Number of Line Sections
2 Sections Reverse
3 Sections
@ 4 Sections
5 Sections
without
236 istance Unit km km Distance measurement
Miles unit
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Addr. Parameter C Setting Options Default Setting Comments
237 T CB BREAKTIME 0.001 .. 0.600 sec 0.080 sec Breaktime (Circuit E
er)
238 T CB OPENING 0.001 .. 0.200 sec 0.030 sec Opening Time((Circ
Breaker)
239 T-CB close 0.01 .. 0.60 sec 0.06 sec Closing (operating) time of
CB V'S
240A TMin TRIP CMD 0.01 .. 32.00 sec 0.15 sec Mi TRIP Command
D n
241A TMax CLOSE CMD 0.01 .. 32.00 sec 1.00 sec um Close
and Duration
242 T-CBtest-dead 0.10 .. 30.00 sec 0.10 sec ad Time for CB test-au-
toreclosure
243 TEST CB CIRCUIT Main Trip Main Tri Trip Circuit Test
Backup Trip
Both
245 BI CONTROL Edge E Control of BI for
Level Changeover Functions
251 BkrClosed | MIN 1A 0.04..1.00 A 0 Closed Breaker Min.
5A |0.20..500A 0.20 A Current Threshold
260 Ir-CB 10 .. 50000 A 1250 A Rated Normal Current
(Circuit Breaker)
261 OP.CYCLES AT Ir 100 .. 1000000 10000 Switching Cycles at Rated
Normal Current
262 Isc-CB 25000 A Rated Short-Circuit Break-
ing Current CB
263 OP.CYCLES Isc 50 Switch. Cycles at Rated
Short-Cir. Curr.
2.1.3.3 Information List

No. Informé

Type of In- Comments
formation

11 >Annunc. 1 < ’ SP >User defined annunciation 1

12 >Annunc. - SP >User defined annunciation 2

13 SP >User defined annunciation 3

14 SP >User defined annunciation 4

L 4
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2 Functions

2.1.4 Change Group

2.1.4.1 Purpose of the Setting Groups

2.1.4.2 Setting Notes

General

38

Up to four independent setting groups can be created for establishing the device's
function settings. During operation, the user can locally switch between setting groups
using the operator panel, binary inputs (if so configured), the operator and servi€e in-
terface per PC, or via the system interface. For reasons of safety it is#16t 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 as
Enabled during configuration (see Section 2.1.1.2). In 7ST6 devices;,four indepen-
dent setting groups (A to D) are available. Whereas setting values and options may

vary, the selected scope of functions is the same for all groups.

Setting groups enable the user to save the corresponding,settings for each applica-
tion. When they are needed, settings may be loaded guicklynAll setting groups are
stored in the relay. Only one setting group may be agtiveaat a given time.

If multiple setting groups are not required. Group A is the default selection. Then, the
rest of this section is not applicable.

If multiple setting groups are desirgdythetsetting group change option must be set to
Grp Chge OPTION = Enabled in therelay configuration of the functional scope
(Section 2.1.1.2, address 103).JForithe setting of the function parameters, you can
configure each of the required setting groups A to D, one after the other. A maximum
of 4 is possible. To find @ut hew to proceed, how to copy and to reset settings groups
to the delivery state, and hew to%switch between setting groups during operation,
please refer to the SIRROREC"4 System Description.

Two binary inputs enable changing between the 4 setting groups from an external
source.
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2.1.4.3 Settings

Addr. Parameter Setting Options Default Setting Comments

302 CHANGE Group A Group A Change to Another Setting @roup
Group B
Group C
Group D
Binary Input

L 4
Protocol s‘

()

2.1.4.4 Information List

No. Information Type of In-
formation
- Group A IntSP Group A
- Group B IntSP Group B
- Group C IntSP Group C
- Group D INtSP Group G ‘.
7 >Set Group Bit0 SP >Setting t\‘
>Set Group Bit1 SP >Setling'Gioup Select Bit 1

>
R
.(Sb
<
O
&

L 4
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2 Functions

2.1.5 Power System Data 2

2.1.5.1 Setting Notes

System Data

Manual Close

40

The general protection data (P.System Data 2)include settings associated with all
functions rather than a specific protection, monitoring or control function. In contsast
tothe 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.

The parameters of System Data are only accessible if address 138 Fault Locator
has been set to Enabled in the functional scope.

Depending on the settings under P.System Data 1, you settheyreactance per unit
length characteristics for up to 5 line sections in the P.System Data 2 under. These
values are needed for conversion of the fault impedance,intGyafault distance.

The reactance per unit length characteristic X" is entered as‘a secondary value. At
address 1110 X1 you set the secondary reactancesper tnit length characteristic for
the 1st line section in Q/km if the unit length set under System Data is km (address
236, see Subsection 2.1.3.1).

At address 1111 d1 you set the correspending linefength of the 1st line section. The
device needs these values for conversion ofithefault impedance into a fault distance.

At address 1160 X1 you set the secondaryaseactance per unit length characteristic for
the 1st line section in Q/mile if the unitlength set under System Data is Miles (ad-
dress 236, see Subsection 2.1.3.1)"

At address 1161 d1 you setgthie, corresponding line length of the 1st line section. The
device needs these valuegfor conversion of the fault impedance into a fault distance.

At address 1150 SI TimeWMan.C1 you set the action time (seal-in time) for the
manual close signal. The/parameter SI Time Man.C1 can only be altered with
DIGSI® under Additional Sgttings.

At address 1151 SYN.MAN. CL you specify whether a synchro-check (with Sync-
check) will be performed in case of a manual closure or not (W/o Sync -check).
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2.1 General

2.1.5.2 Settings

Addresses which have an appended "A" can only be changed with DIGSI, under Ad-
ditional Settings.

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

Addr. Parameter C Setting Options Default Setting Commeéents
1110 X1 1A 0.05 .. 50.00 O/km 0.20 O/km Redactanee per Unit Length
5A | 0.01..10.00 Q/km 0.04 Q/km 4
1111 di 1.00 .. 200.00 km; O 20.00 km kine TYength 1st Section
1112 X2 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance per Unit Length
5A | 0.01..10.00 Q/km 0.04 Q/km 2nd Section
1113 d2 1.00 .. 200.00 km; O 20.00 km Line Length 2nd Section
1114 X3 1A 0.05 .. 50.00 O/km 0.20 O/km Reactance per Unit Length
5A | 0.01..10.00 /km 0.04 @R 3rd Section
1115 d3 1.00 .. 200.00 km; O 20.00°%m Line Length 3rd Section
1116 X4 1A 0.05 .. 50.00 Q/km 0220 O/km Reactance per Unit Length
5A | 0.01..10.00 Q/km 0.04 Q/km 4th Section
1117 da 1.00 .. 200.00 kmg'0 20.00 km Line Length 4th Section
1118 X5 1A 0.05 .. 50.00 @/km 0.20 Q/km Reactance per Unit Length
5A | 0.01.. 4010 Ckm 0.04 Q/km Sth Section
1119 d5 1.004..200:00 km; O 20.00 km Line Length 5th Section
1130 X1 REV 1A 0.05%,, 50:00 Q/km 0.20 Q/km Reactance Unit Length 1th
5A | 0T, 10000 Q/km 0.04 Q/km Section Rev
1131 dl REV 1.00 ./200.00 km; O 20.00 km Line Length 1th Section
Reverse
1132 X2 REV 1A @705 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 2th
5A 10.01..10.00 Q/km 0.04 QO/km Section Rev
1133 d2 REV 1.00 .. 200.00 km; O 20.00 km Line Length 2th Section
Reverse
1134 X3 REV 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 3th
5A | 0.01..10.00 O/km 0.04 Q/km Section Rev
1135 d3REV 1.00 .. 200.00 km; 0 20.00 km Line Length 3th Section
Reverse
1136 X4 REV 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 4th
5A | 0.01..10.00 Q/km 0.04 QO/km Section Rev
1137 d44REV 1.00 .. 200.00 km; O 20.00 km Line Length 4th Section
Reverse
1138 X5 REV 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 5th
5A | 0.01..10.00 Q/km 0.04 Q/km Section Rev
1139 d5 REV 1.00 .. 200.00 km; O 20.00 km Line Length 5th Section

Reverse
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Addr. Parameter c Setting Options Default Setting Comments
1150A S| Time Man.ClI 0.01 .. 30.00 sec 0.30 sec Seal-in Time after
MANUAL closures
1151 SYN.MAN.CL with Sync-check w/o Sync-check Manual CLOSE
w/o Sync-check COMMAND generation
NO
1160 X1 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance per Unit Length
5A | 0.01..16.00 O/mi 0.06 C/mi 1st Sectioy
1161 dl 0.60 .. 124.00 Miles; O 12.50 Miles Line Length 1sSection
1162 X2 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reag€tance per Unit Length
5A | 0.01..16.00 Q/mi 0.06 QU/mi 2npcpn
1163 d2 0.60 .. 124.00 Miles; 0 12.50 Miles Linelkength 2nd Section
1164 X3 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance per Unit Length
5A | 0.01..16.00 Q/mi 0.06 C/mi wd Section
1165 d3 0.60 .. 124.00 Miles; 0 12.50 Miles Line Length 3rd Section
1166 X4 1A 0.05 .. 80.00 Q/mi 0.30'Q/mi Reactance per Unit Length
5A | 0.01..16.00 Q/mi 0:06 O/ 4th Section
1167 d4 0.60 .. 124.00 Miles; 0 12.50,Miles Line Length 4th Section
1168 X5 1A 0.05 .. 80.00 Q/mi 0.3060/mi Reactance per Unit Length
5A | 0.01..16.00 O/mi 0,06 /mi Sth Section
1169 d5 0.60 .. 124.00 Miles;*0 12.50 Miles Line Length 5th Section
1180 X1 REV 1A 0.05 .. 80.00.Q/mi 0.30 Q/mi Reactance Unit Length 1th
5A | 0.01 .. 16100 O/mi 0.06 Q/mi Section Rev
1181 dl REV 0.60 .. 122800 Miles; O 12.50 Miles Line Length 1th Section
Reverse
1182 X2 REV 1A 0.05..80.00°C/mi 0.30 Q/mi Reactance Unit Length 2th
5A | 0,01%48.00 Q/mi 0.06 C/mi Section Rev
1183 d2 REV 0.60°7124.00 Miles; O 12.50 Miles Line Length 2th Section
Reverse
1184 X3 REV 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance Unit Length 3th
54 | 0.01 .. 16.00 Q/mi 0.06 /mi Section Rev
1185 d3 REV 0.60 .. 124.00 Miles; O 12.50 Miles Line Length 3th Section
Reverse
1186 X4 REV, 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance Unit Length 4th
5A | 0.01 .. 16.00 Q/mi 0.06 Q/mi Section Rev
1187 d4 REV 0.60 .. 124.00 Miles; O 12.50 Miles Line Length 4th Section
Reverse
1188 X5 REV 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance Unit Length 5th
5A | 0.01..16.00 Q/mi 0.06 Q/mi Section Rev
1189 d5REV 0.60 .. 124.00 Miles; 0 12.50 Miles Line Length 5th Section

Reverse
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2.1 General

2.1.5.3 Information List

No. Information Type of In- Comments

formation

52 ProtActive IntSP At Least 1 Protection Funct. is Active
126 ProtON/OFF IntSP Protection ON/OFF (via system port)
301 Pow.Sys.Flt. VI Power System fault
302 Fault Event VI Fault Event
356 >Manual Close SP >Manual close signal
357 >CloseCmd.Blo SP >Block all close commands fromiexterpal
361 >FAIL:Feeder VT SP >Failure: Feeder VT (MCB tripped)
365 >Ctrl Select. SP >Select: Control by Bl or SYS interface
378 >CB faulty SP >CB faulty
385 >Lockout SET SP >Lockout SET
386 >Lockout RESET SP >Lockout RESET
510 Relay CLOSE ouT General CLOSE of‘relay
511 Relay TRIP ouT Relay GENERAL/TRIP command
530 LOCKOUT IntSP LOCKOUT,is active
536 Final Trip ouT Final Trip
545 PU Time VI TimeyfromaRickup to drop out
546 TRIP Time Vi Time fromyPickup to TRIP
561 Man.Clos.Detect ouT Manualelose signal detected
562 Man.Close Cmd ouT CBtglose command for manual closing
563 CB Alarm Supp ouT CBualarm suppressed
1191 Pckup TstUnit ouT Pickup autom. testunit overh.cont.line
2730 >CB Ready SP >Circuit breaker READY for reclosing
4601 >Brk Aux NO SP >Breaker contact (OPEN, if bkr is open)
4602 >Brk Aux NC SP >Breaker contact(OPEN, if bkr is closed)
13951 >VT MCB UF SP >U feeder side VT MCB tripped
13952 >VT MCB Uref SP >U reference side VT MCB tripped
13990 Relay PU ouT Relay General pickup
13991 Protection PU ouT General protective PICKUP of device
13992 Protection TRIP ouT General protective TRIP of device
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2 Functions

2.1.6 Oscillographic Fault Records

2.1.6.1 Functional Description

44

The 7ST6 numerical overhead contact line protection is equipped with a fault record-
ing function.

The instantaneous values of the measurement quantities i (overhead contact line cur-
rent) and u (overhead contact line voltage) are recorded in all variants ofsthe 7ST6
device.

In devices with 3 measuring inputs (3xI, 3xU), the instantaneousgralue ofthe measure-
ment quantity iy (defrosting current) is recorded as well.

In protection devices with the maximum scope of functions, the¥fellowing instanta-
neous values are additionally recorded:

i Current of the negative feeder

Ug. Voltage of the negative feeder
URef Busbar reference voltage

i1+i2 Summation current fromgld andil2

Furthermore, the following r.m.s. values of the defrosting protection are recorded:
id> Differential current
ir Restraint current

The 7ST6 works with an autematic frequency correction, i.e. the sampling interval is
automatically adapted to frequency changes. The table below shows the sampling
rates and sampling intervals,far the individual rated frequencies:

Table 2-1 Sampling gates ‘and sampling intervals of the available rated frequencies
Rated frequency Sdmpling rate Sampling interval
[HZ] [ms]
16.7 48 1.25
25 32 1.25
50 16 1.25
60 16 1.04

For a faultthe data are stored for an adjustable period of time, but no more than 5
secondsgper fault. A total of 8 records can be saved within 15 s. The fault record
memory/is automatically updated with every new fault, so no acknowledgment for pre-
viously recorded faults is required. The storage of fault values can be started by pickup
of a protection function, as well as via binary input and via the serial interface.

The data can be retrieved via the serial interfaces by means of a personal computer
and evaluated with the protection data processing program DIGSI® and the graphic
analysis software SIGRA 4. The latter graphically represents the data recorded during
the system fault and calculates additional information such as the impedance or r.m.s.
values from the measured values. A selection may be made as to whether the currents
and voltages are represented as primary or secondary values. Binary signal traces
(marks) of particular events, e.g. ,fault detection®, ,tripping“ are also represented.

If the device has a serial system interface, the fault recording data can be passed on
to a central device via this interface. The data is evaluated by applicable programs in
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2.1 General

the central device. Currents and voltages are referred to their maximum values, scaled
to their rated values and prepared for graphic representation. Binary signal traces
(marks) of particular events, e.g. ,fault detection®, ,tripping" are also represented.

In the event of transfer to a central device, the request for data transfer can be gxe-
cuted automatically and can be selected to take place after each fault dete€tion by the
protection, or only after a trip.

2.1.6.2 Setting Notes

General Other settings pertaining to fault recording (waveform capture)iare found in the
submenu Oscillographic Fault Records of the Settings mehu, Waveform capture
makes a distinction between the trigger instant for an oscillagraphic record and the cri-
terion to save the record (address 402 WAVEFORMTRIGGER). This parameter can only
be altered in DIGSI at Display Additional Settings."Normally the trigger instant is the
device pickup, i.e. the pickup of an arbitrary protéctive function is assigned the time.
The criterion for saving may be both the devicé%pickup’(Save w. Pickup) or the
device trip (Save w. TRIP). A trip comman@issued by the device can also be used
as trigger instant (Start w. TRIP); in this case’it is also the saving criterion.

An oscillographic fault record includes dataycecorded prior to the time of trigger, and
data after the dropout of the recordifgsgriterion. Usually this is also the extent of a fault
recording (address 403 WAVEFORM DATA=Fault event). If automatic reclosure is
implemented, the entire system disturbance — possibly with several reclose attempts
— up to the ultimate fault clearance can be stored (address 403 WAVEFORM DATA =
Pow. Sys.F1t.). This facilitates the representation of the entire system fault history,
but also consumes storage' capagity during the auto reclosure dead time(s). This pa-
rameter can only be altered with/DIGSI under Additional Settings.

The actual storage time pegins at the pre-fault time PRE. TRIG. TIME (address411)
ahead of the reference‘instant, and ends at the post-fault time POST REC. TIME (ad-
dress 412) after the sterage criterion has reset. The maximum recording duration to

each fault (MAX& EENGTH) is entered in address 410.

The fault regérdingiean also be triggered via a binary input, via the keypad on the front
of the device or with a PC via the operation or service interface. The storage is then
dynamically. triggered. The length of the fault recording is set in address 415 BinIn
CAPT aLIME (maximum length howeveris MAX. LENGTH, address 410). Pre-fault and
postsfaulttimes will be included. If the binary input time is set for oo, then the length of
thewrecord equals the time that the binary input is activated (static), or the MAX.
LENGTH setting in address 410, whichever is shorter.

Note

Please note that in case of changing one or more of these parameters the existing fault
records are deleted.
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2.1.6.3 Settings
Addresses which have an appended "A" can only be changed with DIGSI, under A
ditional Settings.
Addr. Parameter Setting Options Default Setting Comments
402A WAVEFORMTRIGGE | Save w. Pickup Save w. Pickup Waveform Capture
R Save w. TRIP s
Start w. TRIP
403A WAVEFORM DATA Fault event Fault event Scope of Wi ef(6;§
Pow.Sys.Flt.

410 MAX. LENGTH 0.30 .. 5.00 sec 1.00 sec

411 PRE. TRIG. TIME 0.05 .. 0.50 sec 0.10 sec

412 POST REC. TIME 0.05 .. 0.50 sec 0.10 sec apt Waveform after Event

415 Binin CAPT.TIME 0.10 .. 5.00 sec; «© 0.50 sec apture Time via Binary Input
2.1.6.4 Information List

No. Information Type of In- Comments
formation
- FltRecSta IntSP Fa cording Start
4 >Trig.Wave.Cap. SP > veform Capture
L 4 \< ,
4

46 7ST6 Manual

E50417-G1176-C251-A3



2.2 Distance Protection

2.2 Distance Protection

The type of characteristics used for the distance protection is specified in the
Functional Scope under parameter 113 DISTANCE CURVE. Combined of polygonal
tripping characteristics are available.

2.2.1 Enabling the Distance Protection

The distance protection requires several enable signals. Thesetenable signals ensure
that the distance protection works only with measurement signals’that allow precise
measurement of the impedance. The enabling of the distance protection is also influ-
enced by a number of control signals which allow a dynamic*enabling or blocking of
this function. The figure below shows a cutout of th&yeontrol logic that is responsible
for enabling the function.

[1201]FCT Distance

ON

o
~— OFF

3601
l >Dis.prot. on

3602
l >Dis.prot.off

13953
(OFailure Umeas

361
[ >FAIL:Feeder vT

3651
ﬁ n >4 o—2(CDist. OFF )
R

170
(OVT FuseFail

3603

3653
21 & Dist. ACTIVE )

3652
& Dist. BLOCK )

[ >BLOCK Distance

Figure 2-2 Control logic of the distan¢e protection
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The distance protection can be switched on or off by parameter settings, or via a binary
input. Switching the function on or off via the binary inputs ,,>Dis.prot. on“ (FNo.
3601)and ,,>Dis.prot.off“ (FNo.3602)is done with edge triggering. The distance
protection can also be dynamically blocked via the binary input ,,>BLOCK Distance*“
(ENo. 3603).

The distance protection is equipped with an overcurrent pickup function. For precise
impedance measurement, the current signal must have a minimum amplitude. This
minimum amplitude can be set with parameter 1202 Minimum Iph>. For more infor-
mation on this setting please refer to the setting notes.

The enabling of the distance protection incorporates the trip signal of the miniature
circuit breaker of the voltage transformer circuit 361 ,,>FAIL:Feeder VT, this pre-
vents spurious tripping of the distance protection in case of a measuring voltage fail-
ure.

When the indication 3653 ,Dist. ACTIVE® is active, all conditions for enabling the
distance protection are fulfilled.
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2.2.2 Distance Protection with Combined Tripping Characteristic

With this tripping characteristic, the curves are constituted by one circle segment ano
several straight lines.

The radius ,.Z" of the circle segment defines the reach of the associated tripping z
The circle segment is limited by the directional straight lines " and ,y".

In addition, an area ,o. + R“ can be cut from the circle segment in order to adapfthe
tripping characteristic better to the load impedance.

This allows a better distinction between fault and load range, an i d behav-
iour of the protection function is the presence of arc faults and ¢ -up,faults with
transformer saturation.

For each single curve, the direction characteristic can be se ependently;
options are ,Forward", ,Forward extended”, ,Reverse" an on-directional”.

The setting ,Forward extended" has the same curve as ard setting. In addition,
the curve for close-up faults is extended to non-directi . This extension takes place
if the secondary voltage has a value of less than ¥V, e absolute value of the
measured impedance is within the tripping zene.

&
>
Q

N
>
$

L 4

Q
o
&

L 4
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Figure 2-3 %\Qterstc of the combined characteristic
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2.2.3 Distance Protection with Polygonal Tripping Characteristic

With this tripping characteristic, the curves are constituted by several straight lines. O

The straight line in parallel to the R axis defines the largest reactance present inthe
tripping area, and thus the range of the tripping zone.

The straight line in parallel to the X axis defines the limitation of the tripping area in R
direction. 4

The tripping area is also limited by the directional straight lines. In additi n areais
cut from the polygon to exclude the load impedances area from area.

v
This allows a better distinction between fault and load range, a etter behaviour
of the protection function is the presence of arc faults and clos ts with trans-
former saturation.

For each single curve, the direction characteristic can be s independently;
options are Forward, Reverse and Non-directional.

An extra characteristic ,Forward extended" is avalil
faults. This characteristic differs from the ,Forwar
The characteristic ,Forward extended" is on e secondary voltage is <1V
and the absolute value of the measured impe Is within the associated tripping

zone. The radius of the circle ,Z" is de the supply voltage and the imped-

ance of the series-connected power s
The figure below shows the tripping % istic of the polygonal characteristic.

1))
R
.(Sb
&

O
&

L 4

e for the detection of close-up
cteristic by the circle ,Z".
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2.2.4 Short-circuit Detection by Current and Voltage Angle Changes

In highly loaded, long overhead contact lines, when energizing with high loads or load
currents at the end of long supply zones, the load impedances can be as high agthe
short-circuit impedances, so that an impedance comparison alone is no longer suffi-
cient.

In order to distinguish between such operating states and short-circuits, the tripping
characteristics Z2 and Z3 have two grading times which can be set independently.

The long grading time must be set to a value that is higher than the duration of a
startup procedure.

The short grading time is the delay time of the tripping charactefistic from the grading
coordination chart.

In order to distinguish between short-circuits and energization, the 7ST6 devices are
equipped with a short-circuit detection that uses the criteria, AAt” and ,AU/At". In case
of an overload, the gradients of current (Al/At) and voltage (AU/At) are considerably
smaller than in case of a short-circuit. For the definitien ofithese threshold values, the
load variations, which are a function of the distance between the feeding point and the
vehicle, must be taken into account.

You can set parameter Rel. T2K at address 1210for zone 2 and Rel. T3K at
address 1220 for zone 3 to determine whethefthe criteria di/dt and du/dt are to be
combined via ,AND" or via ,OR". Refero.Figure 2-6.

You can set the pickup sensitivity for €i/dt against the present load current (energiza-
tion current) to ensure the sensitivityafor short-circuit detection with small current
values and, simultaneously, preventfalse tripping during energization with relatively
large current values. For zone 2ithisiisgparameter di/dt Z2 at address 1343 for the
initial value Rest. di/dt Z2/at address 1211 for the slope in dependence on the
load current or di/dt Z3 at@address 1363 and Rest. di/dt Z3 at 1221 for zone
3. See following picture.

A
di/dt
Rickup Zone
Pickup Valte: o Slope:
difdt zx [ ——=T Rest. di/dt Zx
ILoad
Figure 2-5 Tripping characteristic with restraint

If parameter Rest. di/dt Z2 ataddress 1211 or Rest. di/dt Z3 at address
1221 is set to 0, the settings for di/dt remain without restraint.

The figure below shows the short-circuit detection logic:
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(ODis. PickupZ2 )
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Dis. T2K active )
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:
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|Rel. T2K [1210]
'.1]__ dioRdu
—_ | _ diANDdu -
&
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AU — —
dt b
b
[ du/dt Z2 [1344]
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ure 2-6

7ST6 Manual
E50417-G1176-C251-A3

\
e ]

{4
L
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Logic of the short-circuit detection
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2 Functions

The short-circuit detection logic provides the signals ,,Dis. T2K active“ (FNo.
3909) and ,,Dis. T3K active® (FNo. 13804). These signals are used for switcho-
ver of the tripping times of the zones Z2 and Z3. If these signals are active, the tripping
times T2K (FNo. 1346) or T3K (FNo. 1366) respectively of the associated zone ake
activated. Indications inform the user which criterion for short-circuit detection has
picked up.

2.2.5 Tripping Logic of the Distance Protection

54

After enabling distance measurement, the system compares the measured imped-
ance with the limit values of the set zones.

Tripping is carried out if the zone is enabled and the impedafee isypart of that zone
when the corresponding time stage expires. The general eriteria for enabling a zone
are described in Subsection 2.2.1 ,Enabling the Distance,Protection”.

Zone Z1is always enabled when the auto reclose functien of the device is not active.

With the auto reclose function activated, either zohe Z%,Z1B or Z1L is enabled, de-
pending on the current cycle of the AR function.

The zones Z2 and Z3 have each two different tfippiag times. The indications ,,Dis.
T2K active” (FNo. 3909) and ,Dis. T3Kwactive“ (FNo. 13804) are used to
control which of the two tripping times ‘is@ffective for each stage. These signals are
provided by the short-circuit detection flinctiens In zones Z2 and Z3 only one of the two
tripping times can be active at a time.

In zone Z2, the short tripping time T2K\becomes effective, and the indication
,Dist.F1lt.Z2K*“ (FNo. 3925),is generated.

In the presence of an overleads the long tripping time T2L becomes effective in zone
Z2, and the indication ,DistaElt.Z2L“ (FNo. 3926) is generated.

Similar tripping times afdiindieations also exist for zone Z3.

In addition, the 7ST6, device has one zone that is activated when a circuit breaker is
manually closed. The enable logic of the is described separately in Subsection 2.2.7.
»1ripping Charagcteristic’for Manual Close*".

The zones Z4B and¥Z1L, which are only available in combination with the function
Auto Reclosehare also described separately in Subsection 2.2.6. ,Tripping Charac-
teristic fomManual Reclose”.

The figuse below shows the logic for generating the pickup and trip signals of the in-
dependent zones.

7ST6 Manual
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3653
(ODist. ACTIVE )

Minimum Iph> [1202] [1302] Zone Sel. Z1
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— | Z Strk active
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Zone Z1 [1306]T1
I

—
T O

— [1346 | T2K
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|
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The logic for providing the direction signals and the general pickup and trip are shown
separately in the figure below.

Q2
&
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3740
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Figure 2-8 Overreach lo f
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2.2 Distance Protection

2.2.6 Tripping Characteristic for Manual Reclose

The distance protection zones described in this subsection are only availableif,the

function Auto Reclose is available in the device.

The controlled zone Z1B is usually applied as an overreaching zone. The logic’is

shown in Figure 2-9. It may be activated via various internal and external functions.

The binary inputs for external activation of Z1B of the distance protection are ,,>BLK
1.AR-cycle“ and ,,>BLOCK AR“. The former can, for example,be from an external
teleprotection device, and only affects Z1B of the distance protegtion®f he latter affects
both overreaching stages. The Auto Reclose can also be‘eontralled by an external
protection device. The control signals for this arrive at the biparyinputs ,,>AR Start*

and ,>Trip for AR

13900

(Dis TRIP Z1B

13890

(Dis PU Z1B

13901

(Dis TRIP Z1L

13891

(Dis PU Z1L

Ingdhe titial state, with the Distance prot. switched on and the Auto Reclose

With'the function Auto Reclose switched off or not operative, zone Z1 is enabled.

Before the 2nd reclosure cycle, the enable for zone Z1B is reset after the dead time
has expired, and the enable for zone Z1L is set with start of the blocking time and the
CLOSE command. The pickup starts all action times which are enabled for initiation.

When the 1st action time has expired but the 2nd action time is still running, the zone
enabling switches from zone Z1B to zone Z1L. An exception to this is the last reclosure
cycle. If all reclosure attempts were unsuccessful, zone Z1 is enabled prior to the last

3653
(ODist. ACTIVE )
[1202] Minimum Iph> |
| | }—
Zone Z1B
one [1392[T1B
I
- -
& T 0
[U
13887
(OAREN Z1B )
Zone Z1L [1332]TIL
L I
— —
T
13888
(OAREN Z1L )
Figure 2-9 Tripping logic of dependentzénes
Qperative, zone Z1B is enabled.
configured reclosure cycle.
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2.2.7 Tripping Characteristic for Manual Close

Direction Determi-
nation on Closing

Processing of the
Manual Close
Signal

356

If you switch a deenergized line that is faulty line to a live busbar, the direction of faults
close to the location of the voltage transformer is difficult to determine, becauseghe
measuring voltage required for correct direction determination is missing. If the
voltage transformer is installed towards the line, no stored voltage is available.

With such local faults, the distance protection always assumes a fault in FORWARD
direction. This allows instantaneous tripping, regardless of the set characteristic. The
criterion for a non-directional trip in zone 1 on switching to a short-cirCuitgiSythe fault
voltage. With a secondary voltage of less than 1 V a non-directional trip command is
issued.

To make undelayed tripping possible on switching of a faulted ine,the control-discrep-
ancy switch can use a binary input to issue the manual clése command to the over-

head contact line protection system. To do so, the externalsignal’,,>Manual Close*
must be configured to a binary input. The figure belowshowsthe logic diagram for this.

[1150] SI Time Man.CI |
I

561

l >Manual Close

3671
(ODis. PICKUP )

TL (Man.Clos.Detect )

3653

(ODist. ACTIVE )

[1202] Minimum Iph>

[ 1232] SOTF zon¢

[U

; ] 13905
E'i Y. Zggﬁ, & —DisTRPPUMC )

| Overreach Zone

Zone UE

13906
& (Dis TRIP MC ZOR )

Figure 2-10  Tripping logic of the manual close zone
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Thesparameter 1232 SOTF zone can be used to determine whether the instanta-
neQus tripping after manual closing is valid for the Overreach Zone provided for this
purpese, or for the general pickup of the distance protection. The function can also be
disabled with this parameter. The Overreach Zone has its own characteristic curve pa-
ramieters. The binary signal ,,>Manual Close*“ activates this mechanism by its rising
gdge for a duration that can be set with the parameter 1150 SI Time Man.Cl. The
manual close function is thus independent of the duration of the signal present at the
binary input.
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2.2.8 Zone Changeover (only for 16.7 Hz)
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To adapt the protection to different switching states of the overhead contact lineiduring
operation, the device is equipped with a changeover function of the impedance stages
for zone Z1, zone Z2 and zone Z3 via binary inputs, a control system or the,operator
control panel.

Depending on the selected type of characteristic curve, this function switghes the pa-
rameters for the reach of these zones to an alternative value.

With combined characteristics, the Z Stroke or Z Stroke Reversegparameters are then
used for these stages instead of the Z parameters. Likewise, the X®Stroke or X Stroke
Reverse parameters instead of the X parameters are use@d for, polygonal characteris-
tics. For the characteristics, the R Stroke or R Stroke Reverse/parameters are used
instead of the R parameters.

The active control source for this changeover is selecéted with the parameter 1205
CHANGE ZONE; setting options are Binary InputyProtocol, Setting or
Blocked.

The control sources Binary Input and Progoecol can continue to be operated,
even if they are not activated. However,the status Zx or Zx Stroke set in this way will
not take effect until the associated contrel seurce is selected again (see Figure 2-11).

For zone changeover by ProtocoIthe'cammands 13811 through 13813 "Distance
Zone Zx Stroke ON" are provideds

With Binary Input the changeoverof Z1, Z2 and Z3 is performed via the binary
input indications FNo. 3900 and 3901, 3902 and 3903, or 3906 and 3907, ">Dist. Zone
Zx stroke is active" and ">Dist.: Zene Zx is active".

The binary inputs also allow to"switch the setting CHANGE ZONE to Protocol when
the binary input 365 9=Ctrl Select. “=,>Select: Control by Bl or SYS interface” is
activated.

With the settingsSetit ing the changeover is performed with the parameters 1302
Zone Sel. Z1; 1342 Zone Sel. Z2 and 1362 Zone Sel. Z3. These parameters
are maskedfout if ardifferent control source is selected.

The figure,belewsshows the logic of the zone changeover, with zone Z1 as an example.

59



2 Functions

[ 1205 CHANGE ZONE

i _Protocol
4 i/ Binary Input
Setting
 Blocked
365 &
l >Ctrl Select.
>1
<>1381 1 7
Z1StrkON/OFFser gs|Q ]
¢
3901
I >Dis.Z1 act. 1 o] 3915
\—s Q & 21 |— ( Dis. Z1 act. )
3900 0 R —
[l >DisZ1str act 3916
o Dis.Z1str act
[1302] Zone Sel. Z1
: Z active &
| Z Strk active 2 Q

Figure 2-11 Logic of change to zone, example zone Z1

2.2.9 Setting Notes

Minimum Current

Load Area

60

Ataddress 1201 FCT Distance the distance protection function can be switched ON
or OFF. At address 113 DISTANCE CURVE the characteristic types Quadrilateral
and Combined can be selected (see Subsection 2.1.1.2). This setting is valid for all

characteristics of the distance protection.

The minimuml phase,current is set in address 1202 Minimum Iph>. The minimum
current fopfaultidetection Minimum Iph> is set a little (approx. 10 %) below the
minimum,shoxt-circuit current that may occur.

Forgthe,description of the parameters of the load range in this section, general desig-
nations will be used. Table 2-2 shows the assignment of these designations to the con-
creteyparameters of a zone.

On long, highly loadable lines there is a risk of the load impedance rising as high as
thé'tripping area of the distance protection. In order to avoid spurious pickup of the dis-
fance protection during the transfer of high powers, the load range can be set so as to
exclude such spurious capture due to overloads. This load range has been taken into
account for the description of the tripping characteristics (see margin headings ,,Com-
bined Characteristics* and ,Polygonal Characteristics"). The R value is set somewhat
(approx. 10 %) below the minimum expected load impedance. The minimum load im-
pedance results when the maximum load current and minimum operating voltage
exist.
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Grading Coordina-
tion Chart
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Example:
15 kV overhead contact line with the data:

Maximum transmitted power Sy,, = 10 MVA

lvax = 784 A

Minimum operating voltage U,;, = 0.85 Uy

Current transformers 1000 A/ 1 A

Voltage transformers 15 kV/0.1 kV

The resulting minimum load impedance is therefore:

R~ Ymin 085 -15kv
Lprim ILmax 784 A

-16.26Q

This value can be entered as a primary value when parameterizing with a PC and
DIGSI®. Conversion to secondary quantities is:

N
Rigee = =F R i = —D00AMA 46 550 —%08.30

Nyp  “Pim 15kV/0.1kV

When applying a security margin of 10 %,theyfollowing is set:
Primary: R, = 14.63 Q or
Secondary: R, = 97.53 Q.

The spread angle of the loadfange, o must be greater (approx. 10°) than the
maximum arising load anglé (cotsesponding to the minimum power factor cosey;, )-

Calculation examples

Minimum power factor
COSQpi, = 0.63
(Pmax = 510

Setting value o =@ . + 5° = 56°.

It is reeommended to initially create a grading coordination chart for the entire galvan-
icallylinterconnected system. This diagram should reflect the line lengths with their
primaryareactances X in Q /km. For the reach of the distance zones, the reactance X
is the €eciding quantity.

Phefirst 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
margin. The grading margin must take into account the circuit breaker operating time
including the spread of this time, the resetting time of the protection equipment as well
as the spread of the protection delay timers. Typical values are 0.2 sto 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.

When using a personal computer and DIGSI® to apply the settings, these can be op-
tionally entered as primary or secondary values. In the case of parameterization with
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Determination of
Direction

62

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:

_ Current transformer ratio

z = iy
secondary — \/oltage transformer ratio ~Primary

Accordingly, the reach for any distance zone can be specified as follows:

N
Xsec = N_\(j_lT_ ) Xprim
where:
Ner = Current transformer ratio
Nyt = Transformation ratio of voltage transformer

Calculation example:

15 kV overhead contact line with the data:
s (length) = 35 km

R1/s =0.19 Q /km

X1/s =0.42 Q /km

Current transformers 1000 A/ 1 A
Voltage transformers 15 kV/0.1 kV

The following line data is calculated:

R, =0.19 Q /km - 35 km = 6465,

X, =0.42 Q /km - 35 km £14.70 O

For the first zone, a setting,of 85,% of the line length should be applied, which results
in primary:
X1pim =0.85 - X =0.85-14.70 Q = 12.49 Q

or secondary;

Neg 1000A /1A
X1Sec = —X1 =

= AR 19 490 = 83260
Nuta  Prim 75KV /0.1kV

An impedance vector is also used to determine the direction of the short-circuit.
Usuallysimilar to the distance calculation, Z, is used. However, depending on the
"quality” jof the measured values, different computation techniques are used. Immedi-
atelyafter fault inception, the short-circuit voltage is disturbed by transients. The
voltage memorized prior to fault inception is therefore used in this situation. If there is
neither a current measured voltage nor a memorised voltage available which is suffi-
cient for measuring the direction, the "forward reverse" direction is selected. In prac-
tice this can only occur when the circuit breaker closes onto a de-energised line, and
there is a fault on this line (e.g. closing onto an earthed line).

Figure 2-12 shows the theoretical steady-state characteristic. In practice, the position
of the directional characteristic when using the memorized voltage is dependent on
both the source impedance and the load transferred across the line prior to fault incep-
tion. If the direction is determined from the current voltage, the position of the direc-
tional characteristic with double infeed and a high fault resistance is also dependent
on both the source impedance and the load transferred across the line prior to fault
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2.2 Distance Protection

Combined Charac-
teristics

inception. Accordingly the directional characteristic includes a safety margin with

respect to the limits of the first quadrant in the R—X diagram. This safety margini
defined by the parameters Beta (B) and Gamma (y). Normally the default set

these parameters need not be changed. For highly loaded overhead contactdine
use of network calculation software is recommended to determine the setting values.

XA
4

forward @

<

reverse

Figure 2-12 Directional c@s ic

If the distance prot is to have impedance curves with combined characteristic,
set address 113 TANCE CURVE=Combined.

the characteristic parameters in this section, general designa-
2-2 shows the assignment of these designations to the actual

For the descrip
tions will be used

parameters@ .
< o .
The rea haracteristic is set with the parameter Z. Here you set the absolute
value of th lance point impedance, without taking into account an arc resistance

fo . For more information on setting the reach, please refer to margin heading
” ordination Chart".

e load range is set with the parameters for the minimum load impedance R, and the
angle of the load range Alpha (a). For more information on setting the load

he safety margins of the directional characteristic are set in the parameters Beta ()

\ ange parameters, please refer to margin heading ,Load Range".
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and Gamma (y ) (see margin heading ,Determination of Direction").
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® Note
l For all three distance zones to function correctly, the following conditions must impeO
atively be met for each characteristic:
O
R < Z cosa
R<Zcosy 4
B—y<180°
Polygonal Charac- If the distance protection is to have impedance characteristi i ygonal charac-
teristics teristic, set address 113 DISTANCE CURVE=Quadrilat®

For the description of the characteristic parameters in thi , general designa-

tions will be used. Table 2-2 shows the assignment of thes signations to the actual
parameters of a zone.

. Here you set the balance

tting the reach, please refer

nimum load impedance R, and the
ore information on setting the load
ing ,Load Range“.

The reach of the characteristic is set with the,par
point reactance for the zone. For more informati
to margin heading ,Grading Coordination Cha

The load range is set with the parameters
spread angle of the load range Alpha
range parameters, please refer to margin h

The safety margins of the directio aracteristic are set in the parameters Beta (j8)
and Gamma (y). (see margin_headli termination of Direction®).

S Note \
l For all three distance zone unction correctly, the following conditions must imper-
atively be met for each ¢ @ Acteristic:

ded, spurious tripping may occur!)

o > 10° (if this is disre
L £

y<a

p-y<1 K
R < X/t K
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Independent Zones

Dependent Zones
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The table below shows the assignment of the general characteristic parameters tothe
concrete setting values for the independent zones:

Table 2-2 Assignment of setting parameters for the independent zones of the_ distance
protection
DIGSI® set- | Parameter Setting parameters
ting sheet Z active Z Strk active
Zone Z1 Z,X,R_ Z1 (Addr.1310) Z1 Strk (Addr.1318)
X1 (Addr.1309) X1 Strk (Addr.1317)
R1 (Addr.1308) R1 Sirk (Addr.1207)
Z1 Reverse (Addr.1316) Z1 strk'Reverse (Addr.1320)
X1 Reverse (Addr.1315) X1 Strk,Reverse (Addr.1319)
R1 Reverse (Addr.1314) R1 Strk Reverse (Addr.1208)
Mode Op. Mode ZTy(Addr2301)
Alpha ALPHAZ1 (Addr.1311)
Beta BETAZ1 (Addr.1312)
Gamma GAMMA Z1°(Addr.1313)
Zone Z2 Z,X,R_ Z2 (Addr.1350) Z2 Strk (Addr.1358)
X2 (Addr.1349) X2 Strk (Addr.1357)
R2 (Addr.1348) R2 Strk (Addr.1217)
Z2 Reverse (Addr.1356) Z2 Strk Reverse (Addr.1360)
X2 Reverse (Addril 355) X2 Strk Reverse (Addr.1359)
R2 Reverse (Addr.1354) R2 Strk Reverse (Addr.1218)
Mode Op. Mode Z2 (Addr.1341)
Alpha ALPHA Z2 (Addr.1351)
Beta BETA Z2 (Addr.1352)
Gamma GAMMA Z2 (Addr.1353)
Zone Z3 Z, X, Rp Z3 (Addr. 1370) Z3 Strk ( Addr.1378)
X3 ( Addr.1369) X3 Strk (Addr.1377)
R3 (Addr.1368) R3 Strk (Addr.1227)
Z3 Reverse (Addr.1376) Z3 Strk Reverse (address 1380)
X3 Reverse (Addr.1375) X3 Strk Reverse (Addr.1379)
R3 Reverse (Addr.1374) R3 Strk Reverse (Addr.1228)
Mode Op. Mode Z3 (Addr.1361)
Alpha ALPHA Z3 (Addr.1371)
Beta BETA Z3 (Addr.1372)
Gamma GAMMA Z3 (Addr.1373)

Imeach zone, different values for reach and minimum load impedance can be set in
forward and reverse direction.

Ihe setting parameters marked with ,reverse” (e.g. Z1 Reverse) are only visible if
you have set ,non-directional” for the distance stage of the corresponding zone.

These parameters are only available in combination with the auto reclose function, i.e.
if you have set address 133 Auto Reclose to Enabled during the configuration of
the functional scope.

For tripping within the first AR cycle, zone Z1B instead of zone Z1 is used. For the
second and the following cycles, zone Z1L is used. Zone Z1 is activated if the AR func-
tion is blocked, or in the last cycle of the AR.

The impedance characteristics for the AR zones Z1B and Z1L must have the same
characteristic type (combined, polygonal) and the same angle parameters (o, 8, y) as
zone Z1. Therefore, these parameters cannot be set for the AR zones. They are nor-
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Overreach Zone,
Manual Close

66

mally set to at least 120 % of the line length. The delay times are set in accordance
with the type of application, usually to zero or a very small delay.

Furthermore, these zones do not have alternative parameters for the reach and the
minimum load impedance (see Table 2-3).

If the circuit breaker is manually closed onto a short circuit, the distance protection can
issue an instantaneous trip command.

The parameter SOTF zone (address 1232) can be used to determinethe zone(s) for
which instantaneous tripping following manual closing applies. With the setting SOTF
zone= PICKUP, tripping occurs with the zones described above. When the’protection
trips on closing onto a fault, the indication ,,Dis TRIP PU MC ¥iSyoutput. With the
setting SOTF zone=0verreach Zone the ZOR zone is temporarily €nabled.

The overreach zone ZOR is a zone which can be activated fora,settable time SI
Time Man.C1l in case of a manual closure. This setting oftthe parameter SI Time
Man.C1 (address1150) is only possible with DIGSI® updeRAdditional Settings (see
Subsection 2.1.5.1). This zone is provided for protection of the entire line by instanta-
neous tripping. It has therefore the same settings as%zoneswZ1B.

The following parameters can be set for the dependentzones:

Table 2-3 Assignment of setting paraméters,forthe dependent zones of the distance pro-
tection
Dependent | Parameter | Setting Parameter Forwards | Setting Parameter Reverse
Zone
Zone Z1B 4 Z1B (Addr.1325) Z1B Reverse (Addr.1328)
X1B (Addrd324) X1B Reverse (Addr.1327)
R, R1B (Addr.1323) R1B Reverse (Addr.1326)
Mode Op.4Vode Z1B (Addr.1321)
Zone Z1L z Z1L (Addr.1335) Z1L Reverse (Addr. 1338)
XTI(Addr.1334) X1L Reverse (Addr. 1337)
R, RIL (Addr.1333) R1L Reverse (Addr.1336)
Mode Op. Mode Z1L (Addr.1331)
Overreach [(Z ZOR (Addr.1384) ZOR Reverse (Addr.1390)
Zone XOR (Addr.1383) XOR Reverse (Addr.1389)
R, ROR (Addr.1382) ROR Reverse (Addr.1388)
Mode Op. Mode ZOR (Addr.1381)

The setting parameters marked with ,reverse” (e.g. Z1B reverse) are only visible if you
haye sety,non-directional” for the distance stage of the corresponding zone.
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Inrush Blocking

Startup Stages
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If the protection zone of the device includes power transformers, tripping may be
caused by the inrush effect when switching in transmission lines operating at weak
load or no load.

With such a constellation, you should activate the blocking of the distancefprotection
by inrush detection. To do so, set under address 2301 Inrush DIS >=Z2=YES. This
blocks the zones Z2 and Z3 in case of detection of an inrush.

In highly loaded, long overhead contact lines, the operating currents may be as high
as or even higher than the possible short-circuit currents.

As a result the operating impedances in the backup zones Z2%nd Z38 may temporarily
be located within the tripping polygon. The startup stage hasithe task of distinguishing
between operational events such as startup proceduresfand short-circuits.

The zones Z2 and Z3 have each two different grading margins. The grading margins
T2K (address 1346) and T3K (address 1366) are activated on detection of a short-
circuit. These grading margins must be set accofding, to the grading coordination
chart.

The grading margins T2L (address 1347) and/T8L (address 1367) are activated in
case of an overload. These margins must be set/according to the overload carrying
capacity of the overhead contact line.

The distinction between an overload,afntha'short-circuit relies on the fact that in case
of an overload the difference betwéen‘the phasors of the currently measured current
and of the current measured twofeycles.ago is much less than in case of a short-circuit.
This current difference is definedyby the parameters di/dt Z2 (address 1343) and
di/dt Z3 (address 1363)eferred’to the rated current.

The change of the vallielef the current and the voltage are also taken into consider-
ation for the decision. For'the release of the grading time TxK, the current must in-
crease and the veltagefdecrease.

Set this current rise rate to approx. 10% more than the maximum value occurring in
operation. If yod d@fiet want to use this criterion for a particular stage, set ,".

In addition te"the current rise rate criterion, voltage dips are used to distinguish
between overloads and short-circuits. The criterion is the difference between the
voltage phasors of the currently measured voltage and the voltage measured two
cyclessago.

Fortheparameters du/dt Z2 (address 1344) and du/dt Z3 (address 1364) avalue
réferred 1o the rated voltage must be specified. As soon as one of the set thresholds
isiexceeded, a short-circuit is detected. Set this voltage dip rate to approx. 10% more
than the maximum value occurring in operation.

The criterion for the voltage dip rate is only activated when the minimum voltages set
in the parameters Dead VoltThr Z2 (address 1345) and Dead VoltThr Z3 (ad-
dress 1365) are undershot. Set here the maximum possible voltage dip for each
stage in operation, with a safety margin of approx. 10%.
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Calculation example:
15 kV infeed with the following impedance from the infeed point to the location of thO
i
d

voltage transformer: Z = (2 +j 7)Q (corresponds to e.g. 23.5 km Re200 with amplif
cation line one-track at 50 Hz, or 29 km Re330 two-track without return-line cabl
amplification line)

Maximum start-up current primary: ly,. = 550 A

Minimum infeed voltage: Umin =15 kV - 0.9 L 4
Voltage transformer: 15 kV / 0.1 kV %
From the above values, the following minimum voltage in operatN :

Setting value secondary: USec=15kV/0.1kV- 9.5kV= 63.

By setting the du/dt or di/dt parameters to 0, the gradi in T2K or T3K is re-
leased; at the same time the timers T2L and T3L are blocked. This blocking is sig-
nalled by the indication ,,Dis. T2K active* org, . OT3K active*.

By setting the du/dt or di/dt parameters to infi
circuit detection are disabled.

t responding parts of the short-

By setting the di/dt and du/dt parameter to¥:

ed. With another setting than "« " the i a
active" are output.

Note

stage T2L (T3L) is always activat-
"Z2(Z3)di/dt active" or "Z2(Z3)du/dt

The setting of “" is equa

O
N

ssible in DIGSI via “00" or directly at the device via “..".

O
Q>®

L 4
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2.2 Distance Protection

2.2.10 Settings

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

Addr. Parameter C Setting Options Default Setting Comments
1201 FCT Distance ON ON Distance protection is
OFF
1202 Minimum Iph> 1A 01..20A 0.1A Phasesurrent threshold
5A | 05.100A 05A Qs
1205 CHANGE ZONE Binary Input Protocol Change to Zone
Protocol
Setting
Blocked
1207 R1 Strk 1A 0.20 .. 250.00 © 5.00 Resistance R Zone Z1
5A | 0.04..50.00Q 1.000 Reverse
1208 R1 Strk Reverse 1A 0.20 .. 250.00 © 5.00 @ Resistance R Zone Z1
5A | 0.04..50.00Q 00 O Stroke Reverse
1210 Rel. T2K di OR du diOR du Release of TK of Zone Z2
di AND du
1211 Rest. di/dt Z2 0.0..05 0.0 Restraint Factor of di/dt-
Stage 22
1217 R2 Strk 1A 0.20 .. 250.00 Q2 10.00 Q@ Resistance R Zone Z2
5A | 0.04 460.00 O 2.000Q Reverse
1218 R2 Strk Reverse 1A 0.20 3250.00 10.00 Q@ Resistance R Zone Z2
5A | 0.04 W50.00Q 2.00 0 Stroke Reverse
1220 Rel. T3K di ORdu di OR du Release of TK of Zone Z2
di AND du
1221 Rest. di/dt Z3 0.0..0.5 0.0 Restraint Factor of di/dt-
Stage Z3
1227 R3 Strk 1A 0.20 .. 250.00 15.00 Q Resistance R Zone Z3
5A" | 0.04..50.00Q 3.00 Q Reverse
1228 R3 Strk Reverse 1A 0.20 .. 250.00 © 15.00 Resistance R Zone Z3
5A | 0.04.50.000 3.00 0 Stroke Reverse
1232 SOTF Zene PICKUP Inactive Instantaneous trip after
Overreach Zone SwitchOnToFault
Inactive
1240 1st Recl.Z1B NO YES Enable Zone Z1B for 1st
YES Reclosure Cycle
1301 Op, Mode 71 Forward Forward Operating Mode Distance
Forward ext. Zone Z1
Reverse
Non-Directional
Inactive
1302 Zone Sel. Z1 Z active Z active Zone Selection Zone Z1

Z Strk active
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Addr. Parameter C Setting Options Default Setting Comments
1306 T1 0.00 .. 30.00 sec; w 0.00 sec Delay Time Zone Z1
1308 R1 1A 0.20 .. 250.00 © 5.00 Q Resistance R Zone Z

5A 0.04 .. 50.00 © 1.00 Q
1309 X1 1A 0.20 .. 250.00 © 10.00 Reactance X Zone Z1
5A 0.04 .. 50.00 © 2.00 ¢
1310 Z1 1A 0.20 .. 250.00 Q@ 10.00 Q Impedan eZl
5A 0.04 .. 50.00 © 2.00 5@
1311 ALPHA 71 -70..75° 20° imitation Alpha
1312 BETA Z1 70..145°0 135° mitation Beta
1313 GAMMA Z1 -70..40° -20° ngle Limitation Gamma
1314 R1 Reverse 1A 0.20 .. 250.00 © 5.00 Q Resistance R Zone Z1
5A | 0.04..50.00 Q 1.00 Reverse
1315 X1 Reverse 1A 0.20 .. 250.00 © Reactance X Zone Z1
5A | 0.04..50.00 Q Reverse
1316 Z1 Reverse 1A 0.20 .. 250.00 Q Impedance Z Zone Z1
5A | 0.04..50.00 Q 00 Reverse
1317 X1 Strk 1A 0.20 .. 10.00 Reactance X Zone Z1
5A | 0.04.. 2.00 Q Stroke
1318 Z1 Strk 1A 0.20..2 10.00 © Impedance Z Zone Z1
5A |0.04.. 2.00 0 Stroke
1319 X1 Strk Reverse 1A 10.00 Q Reactance X Zone Z1
A 2000 Stroke Reverse
1320 Z1 Strk Reverse 1A 10.00 O Impedance Z Zone Z1
04 .. 50.00 O 2.00 O Stroke Reverse
1321 Op. Mode Z1B rward Forward Operating Mode Distance
Forward ext. Zone Z1B
Reverse
Non-Directional
Inactive
1322 T1B 0.00 .. 30.00 sec; » 0.00 sec Delay Time Zone Z1B
1323 R1B 1A 0.20 .. 250.00 © 6.00 Q Resistance R Zone Z1B
5A 0.04 .. 50.00 O 1.200Q
1324 X1B 1A 0.20 .. 250.00 © 12.00 Q Reactance X Zone Z1B
¢ 5A 0.04 .. 50.00 @ 240 Q
1325 1A 0.20 .. 250.00 12.00 Q Impedance Z Zone Z1B
5A 0.04 .. 50.00 Q 2400Q
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2.2 Distance Protection

Addr. Parameter C Setting Options Default Setting Comments
1326 R1B Reverse 1A 0.20 .. 250.00 6.00 Resistance R ZonefZ1B
5A | 0.04..50.00 Q 1200 Reverse
1327 X1B Reverse 1A 0.20 .. 250.00 © 12.00 2 Reactance X Zone Z1B
5A | 0.04..50.000Q 2.40 Q Reverse
1328 Z1B Reverse 1A 0.20 .. 250.00 Q 12.00 Q Impedance Z Zone Z1B
5A | 0.04..50.00Q 2.40 Q Reygise
1331 Op. Mode Z1L Forward Forward ©perating Mode Distance
Forward ext. Zone Z1L
Reverse
Non-Directional
Inactive
1332 TiL 0.00 .. 60.00 sec; © 0.40 sec Delay Time Zone Z1L
1333 R1L 1A 0.20 .. 250.00 Q 9.00 O Resistance R Zone Z1L
5A 0.04 ..50.00 Q@ 1.80°Q
1334 X1L 1A 0.20 .. 250.00 @ 18.00 Q) Reactance X Zone Z1L
5A 0.04 ..50.00 Q@ 3.6002
1335 Z1L 1A 0.20 .. 250.00 O 18:00 O Impedance Z Zone Z1L
5A 0.04 .. 50.00 © 3.60 Q
1336 R1L Reverse 1A 0.20 .. 250.00 Q 9.00 Resistance R Zone Z1L
5A | 0.04..50.000 1800 Reverse
1337 X1L Reverse 1A 0.20 £250)00 Q2 18.00 Q Reactance X Zone Z1L
5A | 0.04 5000 O 3.60Q Reverse
1338 Z1L Reverse 1A 0.20 ..250.00 Q 18.00 Q Impedance Z Zone Z1L
5A | 0.04.150.00 O 3.60 Q Reverse
1341 Op. Mode 722 Forward Forward Operating Mode Distance
Farward ext. Zone Z2
Reverse
Non-Directional
Inactive
1342 Zone Sel. Z2 Z active Z active Zone Selection Zone Z2
Z Strk active
1343 di/dt 2 1A 00..1.0A;» 05A Pickup Value of di/dt Func-
5A |00.50A « 25A tion Zone 22
1344 du/dt Z2 0..100V; © 20V Pickup Value of du/dt
Function Zone Z2
1345 Dead VoItThr Z2 50..100 V; © 80V Dead Voltage Threshold
for Zone 72
1346 T2K 0.00 .. 30.00 sec; w 0.80 sec Delay Time TK Zone Z2
1347 T2L 0.00 .. 60.00 sec; 4.00 sec Delay Time TL Zone Z2
1348 R2 1A 0.20 .. 250.00 10.00 © Resistance R Zone Z2
5A 0.04 ..50.00 2.00Q
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Addr. Parameter C Setting Options Default Setting Comments
1349 X2 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Zone Z2
5A 0.04 .. 50.00 Q 4.00
1350 Z2 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Zone Z2
5A | 0.04..50.00 Q 4.00 Q
1351 ALPHA 72 -70..75° 20° Angle Limitation Alpha
Zone Z2
1352 BETA Z22 70..145°0 135° AnglgLimitation/Beta
Zone Z2
1353 GAMMA 72 -70..40° -20° Angle Limitation Gamma
Zone(z2
1354 R2 Reverse 1A 0.20 .. 250.00 Q 10.00 Q Resistance R Zone Z2
5A | 0.04..50.00Q 2.00 0 GFrse
1355 X2 Reverse 1A 0.20 .. 250.00 Q 20.00 O Reactance X Zone Z2
5A | 0.04..50.00 Q 4.00 O Reverse
1356 Z2 Reverse 1A 0.20 .. 250.00 Q 20.00Q Impedance Z Zone Z2
5A | 0.04..50.00 Q 2000 Reverse
1357 X2 Strk 1A 0.20 .. 250.00 Q 20.00,0 Reactance X Zone Z2
5A | 0.04..50.00 Q 4.000 stroke
1358 Z2 Strk 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Zone Z2
5A | 0.04..50.00 Q 4.00 O Stroke
1359 X2 Strk Reverse 1A 0.20 .. 250.00 © 20.00 O Reactance X Zone Z2
5A | 0.04..5000.0 4.00 O Stroke Reverse
1360 Z2 Strk Reverse 1A 0.20 .. 250000 O 20.00 O Impedance Z Zone Z2
5A | 0.04..5000 % 4.00 0 Stroke Reverse
1361 Op. Mode Z3 Forward Forward Operating Mode Distance
Eorwardgext. Zone Z3
Reverse
Non-Directional
Inactive
1362 Zone Sel. Z3 Z active Z active Zone Selection Zone Z3
Z Strk active
1363 di/dt Z3 1A 00..10A;x 05A Pickup Value of di/dt Func-
5A |00.50A 25A tion Zone Z3
1364 du/dt Z3 0..100V; © 20V Pickup Value of du/dt
Function Zone Z3
1365 Dead VoltThr Z3 50 .. 100 V; © 80V Dead Voltage Threshold
Zone Z3
1366 T8K 0.00 .. 30.00 sec; » 1.20 sec Delay Time TK Zone Z3
1367 T3L 0.00 .. 60.00 sec; © 8.00 sec Delay Time TL Zone Z3
1368 R3 1A 0.20 .. 250.00 Q 15.00 Resistance R Zone Z3
5A 0.04 .. 50.00 Q@ 3.00 Q
72 7ST6 Manual

E50417-G1176-C251-A3
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Addr. Parameter C Setting Options Default Setting Comments
1369 X3 1A 0.20 .. 250.00 Q 30.00 Q Reactance X Zone/Z3
5A 0.04..50.00 Q 6.00 Q
1370 Z3 1A 0.20 .. 250.00 Q@ 30.00 Q Impedance Z Zene Z3
5A 0.04 .. 50.00 @ 6.00 Q
1371 ALPHA Z3 -70..75° 20° Angle Limitatian Alpha
ZongyZ3
1372 BETA Z3 70..145°,0 135° Anglé Limitation Beta
Zone Z3
1373 GAMMA Z3 -70..40° -20° Angle Limitation Gamma
Zone Z3
1374 R3 Reverse 1A 0.20 .. 250.00 Q 15.00 Q Resistance R Zone Z3
5A | 0.04..50.00 Q 3.00 Q Reverse
1375 X3 Reverse 1A 0.20 .. 250.00 Q 30.00 O Reactance X Zone Z3
5A | 0.04..50.00Q 6.00 Q Reverse
1376 Z3 Reverse 1A 0.20 .. 250.00 Q 30.00:@ Impedance Z Zone Z3
5A | 0.04..50.00 Q 6,000 Reverse
1377 X3 Strk 1A 0.20 .. 250.00 Q 30.00 O Reactance X Zone Z3
5A | 0.04..50.00 Q 6.00 Q Stroke
1378 Z3 Strk 1A 0.20 .. 250.00> 30.00 Q Impedance Z Zone Z3
5A | 0.04.. 50000 6.00 Q Stroke
1379 X3 Strk Reverse 1A 0.20¢.. 250400 O 30.00 O Reactance X Zone Z3
5A | 0.04,. 50,00 Q 6.00 O Stroke Reverse
1380 Z3 Strk Reverse 1A 0420).. 250.00 Q 30.00 © Impedance Z Zone Z3
5A | 0.04 .)50.00 0 6.00 Q Stroke Reverse
1381 Op. Mode ZOR Forward Forward Operating Mode Over-
Forward ext. reach Zone
Reverse
Non-Directional
Inactive
1382 ROR 1A 0.20 .. 250.00 Q 10.00 © Resistance R Overreach
5A | 0.04..50.00 Q 2.00 O Zone
1383 XOR 1A 0.20 .. 250.00 Q@ 20.00 O Reactance X Overreach
5A | 0.04..50.00 Q 4.00 Q Zone
1384 ZOR 1A 0.20 .. 250.00 Q 20.00 O Impedance Z Overreach
5A | 0.04..50.00 Q 4.00 O Zone
1385 ALPHA ZOR -70..75° 20° Angle Limit. Alpha Over-
reach Zone
1386 BETA ZOR 70..145°,0 135° Angle Limit. Beta Over-
reach Zone
1387 GAMMA ZOR -70..40° -20° Angle Limit. Gamma Over-
reach Zone
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Addr. Parameter C Setting Options Default Setting Comments
1388 ROR Reverse 1A 0.20 .. 250.00 O 10.00 © Resistance R Overreach
5A | 0.04..50.00 Q 2.00Q Zone Reverse
1389 XOR Reverse 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Overreach
5A | 0.04..50.00 Q 4.00 0 Zone Reverse
1390 ZOR Reverse 1A 0.20 .. 250.00 © 20.00 © Impedance Z Overreach
5A | 0.04..50.00 Q 4.00 Q Zone Reveyee
2301 Inrush DIS >=Z2 NO NO Distance, Zones/>=72
YES Blocked byalnrush
2.2.11 Information List
No. Information Type of In- comments
formation
1190 forward dir. ouT Forward direction
3601 >Dis.prot. on SP >Distance protectiomis switched on
3602 >Dis.prot.off SP >Distance‘protegtion is switched off
3603 >BLOCK Distance SP >BLOCKyDistange protection
3651 Dist. OFF ouT Distanceé'is switehed off
3652 Dist. BLOCK ouT Distance'is, BLOCKED
3653 Dist. ACTIVE ouT Digtancejis ACTIVE
3671 Dis. PICKUP ouT Distance’PICKED UP
3740 Dist. Z1 ouT Dist.: Fault detection Zone Z1
3755 Dis. Pickup 22 ouT Distance Pickup Z2
3758 Dis. Pickup Z3 ouT Distance Pickup Z3
3771 Dis.Time Out T1 ouT DistanceTime Out T1
3780 Dis.TimeOut T1B ouT DistanceTime Out T1B
3783 Dist. T1L ouT Dist.: Time T1L ( Zone Z1L ) expired
3801 Dis.Gen. Trip OuUT Distance protection: General trip
3810 Dis.Trip Z1 ouT Dist.: Trip in Zone Z1
3900 >DisZ1str act SP >Dist.: Zone Z1 stroke is active
3901 >Dis.Z1 act. SP >Dist.: Zone Z1 is active
3902 >DisZ2str act SP >Dist.: Zone Z2 stroke is active
3903 >Dis. Z2 act. SP >Dist.: Zone Z2 is active
3906 >Dis Z3stract SP >Dist.: Zone Z3 stroke active
3907 >Dis Z34act SP >Dist.: Zone Z3 active
3909 Dis. T2K"agctive ouT Dist.: Delay Time T2K is active
3915 Dis. Z1 act. ouT Dist.: Zone Z1 is active
3916 Dis.Z1str act IntSP Dist.: Zone Z1 stroke is active
3917 Dis.Z2 actr ouT Dist.: Zone Z2 is active
3918 Dis.Z2str act IntSP Dist.: Zone Z2 stroke is active
3925 Dist.FIt.Z2K ouT Dist.: Flt. detect. Z2 (short circuit)
3926 Rist.FIt.Z2L ouT Dist.: Fault detection Z2 (overload)
3927 Dist.FIt.VE ouT Dist.: Flt. detect. VE (short circuit)
3930 Dis. Trip Z2K ouT Dist.: Trip in zone Z2 (short circuit)
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No. Information Type of In- Comments
formation
3931 Dis. Trip Z2L ouT Dist.: Trip in zone Z2 (overload)
3935 Dist. T2K ouT Dist.: Time T2K (Zone Z2) expired
3936 Dist. T2L ouT Dist.: Time T2L (Zone Z2) expired
3943 DIS Fit forward ouT DIS Fault direction forward
3944 DIS Flt reverse ouT DIS Fault direction reverse
3991 Dis. Z3 act ouT Dist.: Zone Z3 is active
3992 Dis. Z3str act IntSP Dist.: Zone Z3 stroke is active
13800 Z2di/dt ACTIVE ouT di/dt function is active in Zone Z2
13801 Z2du/dt ACTIVE ouT du/dt function is active in Zoné Z2
13802 Z3di/dt ACTIVE ouT di/dt function is active in Zone Z3
13803 Z3du/dt ACTIVE ouT du/dt function is active in Zohe Z3
13804 Dis. T3K active ouT Dist.: Delay Time T3K istactive
13805 Time Out T3K ouT Time Out T3K
13806 Time Out T3L ouT Time Out T3L
13807 PU Z1Strk ouT Picked up in Zone Z4.Strk
13808 PU Z2Strk ouT Picked up'in,. Zone Z2Strk
13809 PU Z3Sstrk ouT Picked up'in Zape Z3Strk
13810 ON/offBlI IntSP ON/OEKF Via:BlI
13811 Z1StrkON/OFFser IntSP Zone, Z1Stroke ON/OFF via Serial Inteface
13812 Z2StrkON/OFFser IntSP DistancéZone Z2Stroke ON
13813 Z3StrkON/OFFser IntSP Distapce Zone Z3Stroke ON
13840 Dis Rush blk ouT Distance Protection: Inrush blocked
13890 Dis PU Z1B ouT Distance Prot. Picked up in Zone Z1B
13891 Dis PU Z1L ouT Distance Prot. Picked up in Zone Z1L
13892 Dis PU Z2di/dt ouT Picked up di/dt function in Zone Z2
13893 Dis PU Z2du/dt QUT Picked up du/dt function in Zone 72
13894 Dis PU Z3di/dt ouT Picked up di/dt function in Zone Z3
13895 Dis PU Z3du/dt ouT Picked up du/dt function in Zone Z3
13896 Dis PU Z3K ouT Picked up in Zone Z3 (short circuit)
13897 Dis PU Z3L ouT Picked up in Zone Z3 (overload)
13900 Dis TRIP Z1B ouT Distance Protection TRIP in Zone Z1B
13901 Dis TRIP Z1L ouT Distance Protection TRIP in Zone Z1L
13903 Dis TRIP Z3K ouT Dist. Prot. TRIP Zone Z3 (short circuit)
13904 Dis TRIP Z3E ouT Dist. Prot. TRIP Zone Z3 (overload)
13905 Dis TRIP PUmmC ouT Dist. Prot. TRIP after PU by Man. Close
13906 DisfTRIP'MC ZOR ouT TRIP Overreach Zone after Man. Close
13911 Z1StrKkON/QFF Bl IntSP Zone Z1Stroke ON/OFF about Binary Input
13912 Z2SttkON/OFF BI IntSP Zone Z2Stroke ON/OFF about Binary Input
13913 Z3StrkON/OFF BI IntSP Zone Z3Stroke ON/OFF about Binary Input
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2 Functions

2.3 Overcurrent Protection

The 7ST6 device has an integrated time overcurrent protection function. This function
can be used as a backup overcurrent protection which works independently of the
other protection and monitoring functions, including distance protection. The backsup
time overcurrent protection could for instance be used as the only short-circuit protec-
tion if the voltage transformers are not yet available when the feeder is initially com-
missioned.

2.3.1 Functional Description

General

Definite Time Very
High Set Current
Stage I>>>

76

The time overcurrent protection has three stages for each phase ctrrent:

» Two overcurrent stages with a definite time characteristief(O/C with DT),

« One overcurrent stage with definite-time or inverse-time‘eharacteristic (selectable)
These three stages are independent of each othergand are,freely combinable. Instan-
taneous tripping can be set in all stages when the proteeied line is switched onto a

fault. If some stages are not needed, those net'heeded/can be deactivated by setting
the pickup value to «.

The time overcurrent protection can be,switehed'en or off by parameter settings, or via
binary inputs. The figure below shows the,control logic:

| 2601 ] OverCurrent |

4« | _OFF
— LON 7151
& O/C OFF )
13820
>ocoN S
13821 R '7
[>o/c oFF

Figure 2-13 Control logic of the overcurrent protection

The currentof the,overhead contact line (or in auto-transformer systems optionally the
summated overhiead contact line current and the negative feeder current; can be set
at address 2183) are numerically filtered and compared with the setting I>>>. Currents
abovestherassociated pickup value are detected and signalled. After expiry of the as-
soCiatedftime delay T I>>> a trip command is issued. The dropout value is approxi-
matelys5 % less than the pickup value, but at least 1.8 % of the rated current, below

the'pickup value.
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[2605]1>>> | [2606] T I>>>
[2608]1>> |
[2614]1> |
7192
T (O/CPICKUPI> )
(s | ) 7222
O/C TRIP |> )
| 2602 | CURVE O/C | .
Definite Time
A*_ Toc ANSI
LTOC IEC
[2302] Inrush O/C @
13841
« | NO
A "YES ( O/C Rush blk )
&
13946
(OINRUSH detected
7151
(olc OFF )
|26503 | O/C SOTF Trip | . O
| NO \
~— YES
356

I >Manual Close

Figure 2-14 Pick-up and'tripping logic of the definite time overcurrent stages

qure 2-14 shows the logic diagram of the definite-time overcurrent stages.

The function block ,,Switch onto fault” is common to all stages. The parameter 0/C
SOTF Trip (address 2603) specifies whether instantaneous tripping of this stage via
the binary input ,>Manual Close“ (FNo. 356) is possible (YES) or not possible (NO).

Furthermore, all stages can be blocked by the inrush restraint function. This blocking
¢ can be switched on (YES) or off (NO) in the parameter Inrush 0/C. A blocking signal
generates the indication ,,0/C Rush blk*.
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Definite Time High-
set Current Stage
[>>

Definite Time Over-
current Stage |>

Inverse-Time Over-
current Stage Ip

78

The logic of the high-set current stage I>> is the same as that of the |>>> stage. The
two stages differ only in their parameters for the current threshold and the delay time.
The parameter I>> is used for the current threshold, and the parameter T I>> for the
delay time. In all other respects Figure 2-14 applies.

This stage is available if the parameter CURVE 0/C is setto Definite Time. By
default this stage is available. The logic of the time overcurrent stage I> is the same
as that of the I>> stage. The parameter I> is used for the current threshold, ané the
parameter T I> for the delay time. In all other respects Figure 2-14 applies.

The inverse-time overcurrent stage is available if the parameter CURVE, 0/C is set to
TOC ANSI or TOC IEC. This parameter is also used to make a preselection of the
characteristics available in the inverse-time overcurrent stage. This stage differs from
the definite-time overcurrent stage I> by its current-dependent'delay time characteris-
tic. The delay time of the stage is the delay time associatedWwith the applied currentin
the selected characteristic. Selectable characteristics afe'shown in the Technical Data
in Section 4.3. The pickup current is set in the parameter IP"The delay time of the
characteristic is calculated with the multiplier set infthe patameter T IP or D IP.

Like all other stages, the inverse-time overcutrent stage has a logic for switching onto
fault and can be blocked by the inrush restraint feature. A blocking signal generates
the indication ,,0/C Rush blk*“.

The following figure shows the logic diagram=in the configuration notes (Subsection
2.3.2) the different setting addresses are elaberated upon.

2602 | CURVE O/C
2618 |TIP
2619|DIP

[26TR{IP | 1820

(Ip picked up )
2] i
|I n i \&t

|2602| CURVE 0/C |

1825
Ip TRIP )

i _Definite Time
1 TOCIANSI
. TOC IEC

|2302)nrush O/C |

4 4 no
~— YES

13841
(OIC Rush blk )

13946
(OJINRUSH detected

7151
(>oIc OFF

|2603] O/C SOTF Trip

i NO
— YES
356 — &
l >Manual Close
Figure 2-15 Pick-up and tripping logic of the inverse time overcurrent stages
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Switching onto a
Fault

Pickup Logic and
Tripping Logic

The internal line energization detection can be used to achieve quick tripping of the
circuit breaker in case of an earth fault. The time overcurrent protection then issues,an
instantaneous trip command.

The pickup signals of the individual stages are OR-combined and cause thg,indication
,0/C PICKUP“ to be output when one stage picks up.

Likewise, the trip signals of the individual stages are OR-combined. Tripping of one
stage causes the indication ,,0/C TRIP“ to be output.

2.3.2 Setting Notes

General

Definite TimeVery
High-set Cdrrent
Stage [>>>
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The time overcurrent protection is only effective and accessible if address 126 Back -
Up 0/C has been set to Enabled during the configukation of the functional scope. If
the function is not required, Disabled is to be get.

In order to be effective, the time overcurrent proteetion function must also be switched
ON in address 2601 OverCurrent. The time overcurrent protection operates inde-

pendently of the other protection functions,1.€. as a backup time overcurrent protec-
tion. In address 2601 the time overcurrentiprotection can also be switched OFF.

The I>>> stage (address 2605), the I>>stage (address 2608) and the I> stage (ad-
dress 2614) together create a thrge-stage characteristic.

The very high-set current stage(I>>>¥stage) and the high-set current stage (I>>
stage) operate always as a definite;time overcurrent protection.

The overcurrent stage(I> 'stage) may operate either as a definite-time overcurrent
protection (address 2602 CURVE 0/C=Definite Time) or as an time overcurrent
protection with curfent-dependent characteristic (address 2602 CURVE 0/C=TOC
IEC).

If some stages afeinot heeded, those not needed can be deactivated by setting the
pickup value toleo/If yOU set one assigned time stage to «, the delay time cannot
expire. As agfesultathe trip indications are suppressed but not the pickup indications.

In case of switching onto a fault, the protection should trip instantaneously. To do so,
setin address 2603 0/C SOTF Trip=YES. If the pickup threshold is exceeded when
switching,onto a fault, the delay time set for the function is bypassed, and the time
overcurrent protection issues an instantaneous trip command.

The time overcurrent protection is blocked by the inrush restraint function if address
2302/Inrush 0/Cis setto YES.

With the parameter I>>> (address 2605) the pickup threshold of the very high set
current stage is specified.

When using a personal computer and DIGSI® to apply the settings, these can be op-
tionally entered as primary or secondary values. If secondary quantities are used, all
currents must be converted to the secondary side of the current transformers.

The delay time of the very high set current stage T I>>> is set in address 2606.

The delay set is in addition to the pickup time which does not include the operating
time (measuring time).

The dropout to pickup ratio of the stage is 0.95.
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2 Functions

High-set Current
Stage 1>>

Overcurrent Stage
I> in Definite-time
Overcurrent Pro-
tection

Overcurrent Stage
IP in Inverse-time
Overcurrent Pro-
tection with IEC
Characteristics

80

With the parameter I>> (address 2608) the pickup threshold of the high-set current
stage is specified.

When using a personal computer and DIGSI® to apply the settings, these can be op=
tionally entered as primary or secondary values. If secondary quantities are usegd; all
currents must be converted to the secondary side of the current transformers.

The delay time of the very high set current stage T I>> is set in address 26009.

The delay set is in addition to the pickup time which does not include the operating
time (measuring time).

The dropout to pickup ratio of the stage is 0.95.

If the overcurrent stage is to be operated as a definite-time overcyrrent protection,
address 2602 CURVE 0/C must be setto Definite Time"

For the setting of the current pickup value, I> (address 26%4), the maximum operat-
ing current is most decisive. Pickup due to overload shéuld,never occur, since the
device in this operating mode operates as fault protectign with correspondingly short
tripping times and not as overload protection. Therefore, the pickup value is set to
about 20 % above the maximum expected overload;

When using a personal computer and DIGSI®to apply the settings, these can be op-
tionally entered as primary or secondaryfValues\lf secondary quantities are used, all
currents must be converted to the secendary, side of the current transformers.

The time delay T I> (address 2615) result§frem the time grading schedule designed
for the network. If implemented as emekgency overcurrent protection, shorter tripping
times are advisable (one grading timeistep’above the fast tripping stage), as this func-
tion is only activated in the case of the loss of the local measured voltage.

The delay set is in addition to the pickup time which does not include the operating
time (measuring time).

The dropout to pickup ratio of,the stage is 0.95.

If the overcurrent stage isitd be operated as an inverse-time stage with IEC character-
istics, address 2602 CURVE 0/C must be setto TOC IEC.

With IEC charactetistics, the following characteristics are available in address 2611
IEC Cunye:

NormalgInverse (inverse, type A according to IEC 60255-3),

Very Inverse (very inverse, type B according to IEC 60255-3),
Extremely Inv. (extremely inverse, type C according to IEC 60255-3), and
LongTimeInverse (longtime, type B according to IEC 60255-3).

Fopthe setting of the pickup value IP (address 2617), the following must be observed:
Rickup only occurs at a current which is approximately 10 % above the set value. The
dropout threshold is the setting value.

The time multiplier T IP (address 2618) derives from the time grading schedule set
for the network.
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2.3 Overcurrent Protection

Overcurrent Stages  If the overcurrent stage is to be operated as an inverse-time stage with ANSI chasac-
IPin Inverse-time teristics, address 2602 CURVE 0/C must be setto TOC ANSI.

Overcurrent Pro- @
tection with ANSI

Characteristics

With ANSI characteristics, the following characteristics are available in addre
ANSI Curve:

Inverse,

Short Inverse,

Long Inverse,

Moderately Inv., %
Very Inverse, \
Extremely Inv. and @

Definite Inv..

For the setting of the pickup value IP (address 2 , llowing must be observed:
Pickup only occurs at a current which is approximatelyal0 % above the set value. The
dropout threshold is the setting value.

The time multiplier D IP (address 26 d@om the time grading schedule set
for the network.

>
N
N

L 4

N
&
&
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2 Functions

2.3.3 Settings

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

O

-y

Addr. Parameter C Setting Options Default Setting Comments
2302 Inrush O/C NO NO O/C Blocked by Inrush
YES 4
2601 OverCurrent ON OFF Overcurrgnt ction
OFF Fun
2602 CURVE O/C Definite Time Definite Time Ch ristic Curve for
TOC ANSI Ol
TOC IEC
2603 O/C SOTF Trip YES NO an. Trip after
NO itch-onto-Fault
2605 I>>> 1A 0.10.. 25.00 A; 4.00 A ickup Current I>>> Very-
5A | 0.50..125.00 A; HighSetStage
2606 T I>>> 0.00 .. 30.00 sec; © Delay Time T I>>> Very
High Set Stage
2608 I>> 1A 0.10.. 25.00 A; © I>> Pickup
5A 0.50..125.00 A; ©
2609 TI>> 0.00 .. 30.00 sec; © 0.30 sec T I>> Time Delay
2611 IEC Curve Normal Inverse ormal Inverse IEC Curve
Very Inverse
Extremely |
LongTimeln
2612 ANSI Curve Inverse Inverse ANSI Curve
Short | e
Long | é
Mo tely,lav.
Very Inverse
t Inv.
ite Inv.
2614 > ..25.00 A; 1.50 A I> Pickup
..125.00 A; « 7.50 A
2615 TI> .. 30.00 sec; o 0.50 sec T I> Time Delay
2617 IP ..4.00 A; 1.00 A Pickup Current IP for IEC
\ 5A | 0.50..20.00 A; « 5.00 A
2618 TIP 0.05 .. 3.00 sec; 0.50 sec Time Dial T IP for IEC
2619 DIP 0.50..15.00 ; « 5.00 Time Dial D IP for ANSI
L 4
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2.3 Overcurrent Protection

2.3.4 Information List
No. Information Type of In- Comments 0
formation
1820 Ip picked up ouT Ip picked up Q
1825 Ip TRIP ouT Ip TRIP
7151 O/C OFF ouT Overcurrent is switched OFF ®
7161 O/C PICKUP ouT Overcurrent PICKED UP
7191 O/C PICKUP [>> ouT Overcurrent Pickup 1>>
7192 O/C PICKUP I> ouT Overcurrent Pickup 1>
7201 I-STUB PICKUP ouT O/C I-STUB Pickup
7211 O/C TRIP ouT Overcurrent General TRIR ¢ d
7221 O/C TRIP I>> ouT Overcurrent TRIP 1>>
7222 O/C TRIP I> ouT Overcurrent TRIP 1>
7235 I-STUB TRIP ouT O/C I-STUB TRIP,
13820 >0/C ON SP >Switch on Ov Protection
13821 >0/C OFF SP >Switch off Qve t Protection
13822 O/C ON/OFF BI IntSP Overcur| r on ON/OFF via BI
13841 O/C Rush blk ouT Ov rreng Protection: Inrush blocked
L 4 \< ,
L 4
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2 Functions

2.4  High-Speed Overcurrent Protection

This function is optional, i.e. not included in all device variants.

In railway networks, close-in faults can lead to very high short-circuit currents. The
high-speed overcurrent protection issues in very short time the trip command to the
circuit breaker. This is advantageous especially with low power system frequencies
(long cycles) since it allows to quench the arc as quickly as possible.

2.4.1 Functional Description

General The high-speed overcurrent protection works independently%f otherfunctions.

The high-speed overcurrent protection can be switched ofWer off by parameter set-
tings, or via binary inputs. The figure below shows the g6ntrolfogic:

[2401]HS o/C |

4« | ON 4271
~— OFF & HS O/C OFF )

13816
[>Hs o/con

13817
[ >Hs orc oFF

a0

Figure 2-16 Control logic of the,instantaneous high-speed overcurrent protection function

The instantaneous valuetef theyoverhead contact line current, or the sum of the over-
head contact line curreptandithe current of the negative feeder (2.1.3.1), is compared
with the setting I HS /0 /C%(address 2404).

When the settablegddelaytime T HS 0/C has expired, a trip command is issued.

The high-speedyovercusrent protection has a fixed dropout delay which prevents that
the stage thatfaspicked up drops out at the instant of the current zero crossing before
the set delay time has elapsed.

The figurerbelow shows the pickup/trip logic of the high-speed overcurrent function.

[2405| THS o/C |

24041 HS O/C — 4293
| | T 0o HS O/C TRIP )
13815
[l , HS O/CTRIP (M) )
Formation of
totals
4281
[1x- 5 L (HSOICPICKUP )

Plug-in Jumper X600
on Board C-1/0 13

Figure 2-17 Tripping logic of the high—speed overcurrent protection function
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2.4 High-Speed Overcurrent Protection

2.4.2 Setting Notes

General

| HS O/C

THS O/C

7ST6 Manual
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The high-speed overcurrent protection is only effective and accessible if address 124
FCT HS 0/C has been set to Enabled during the configuration of the functional
scope.

In order to be effective, the high-speed overcurrent protection function must also be
switched ON in address 2401 =HS 0/C. The high-speed overcurrent protection func-
tion works independently of other protection functions; it is an ancillary function of the
distance protection. In address 2401 the function can also be Switched OFF.

The high-speed overcurrent protection function normally cooperates with the high-
speed relay outputs BO1 and BO2. Therefore, the trip comtmand from the high-speed
overcurrent protection function (,,HS 0/C TRIP®)is pefmanently masked to these
relay outputs, the indication ,HS 0/C TRIP (M) “ (FN@y13815) is generated. Under
address 2408 HS 0/C TRIP it can be determinedanhether a trip command will be
output only to BO1 (single-channel) or to BOMnand®BO2 (dual-channel).

The high-speed overcurrent protection functiomworks with instantaneous values. In
auto-transformer systems, the user can,select whether the overhead contact line
current or the summated current of the aveshead contact line current and the negative
feeder current will be evaluated.

Note

If at address 213 the parameter, CURRENT I1, I2issettoSum I71, I2,the setting
of jumper X600 on the C-1/0 ¥3 hoard must be changed for the summation! On deliv-
ery, this jumper setting isfor ,without summation*!

The threshold I HS%0/C%address 2404) is set as an RMS value. The setting value
is converted intgrnally te’the peak current value, and used for threshold comparison.
Depending on thelphase angle of the voltage on fault inception, the short-circuit
current cande’supefimposed by a decaying DC component. The peak value of the
short-ciscuit.current can be increased at most by the inrush current factor « in compar-
ison to a short-€ircuit current without offset. In order to prevent that the high-current
instantaneousitripping function picks up in the presence of offset currents with an RMS
value,below the set threshold, the setting value I HS 0/C (address 2404) must be
multipliedfwith the inrush current factor k. The value thus calculated is the setting
Value. The least favourable condition is assumed here, i.e. the RMS value of the ex-
pected fault current is multiplied by factor 2.

If the stage is not needed, it can be deactivated by setting the pickup value to .

In address 2405 you set the delay time T HS 0/C for enabling the trip condition when
the pickup threshold of the high-speed overcurrent protection function is exceeded.

The delay time T HS 0/C takes into account the measuring time and the operating
time of the binary outputs, and thus characterises the actual time between exceeding
the threshold and issuing the binary output signal to BO1 and BO2. For very fast trip
command times, this stage is undelayed, i.e. set to 0.000 s. If the stage is set to « , it
continues to issue pickup indications, but the output of trip indications and thus of trip
commands is suppressed.
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2 Functions

2.4.3 Settings
The table indicates region-specific presettings. Column C (configuration) indicates thO
corresponding secondary nominal current of the current transformer. C
Addr. Parameter C Setting Options Default Setting Comments
2401 HS O/C ON ON High-Speed Overcurrent
OFF Protection 4
2404 |IHSO/C 1A [1.0.250A;® 10.0 A High-Spe%Pickup
5A 5..125A; » 50 A
2405 THS O/C 0.006 .. 0.100 sec; 0; « 0.000 sec /C Delay
2408 HS O/C TRIP single-channel dual-channel C TRIP Allocation
dual-channel
2.4.4 Information List
No. Information Type of In-
formation

4271 HS O/C OFF ouT

4281 HS O/C PICKUP ouT

4293 HS O/C TRIP ouT

13815 HS O/C TRIP (M) ouT

13816 >HS O/C ON SP

13817 >HS O/C OFF SP Switch off HS O/C Protection

13818 HSo/c ON/OFF BI IntSP O/C ON/OFF about Binary Input

13819 HS O/C Failure ou S O/C uC-Failure

L 4
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2.5 Emergency Overcurrent Protection

2.5 Emergency Overcurrent Protection

2.5.1 General

2.5.2 Functional

Emergency Over-
current Protection

7ST6 Manual
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Whereas the distance protection can only function correctly if the measured voltage
signals are available to the device, the emergency overcurrent protection omly requires
the currents.

The emergency overcurrent protection function is activatethautomatically, and only if
the distance protection is ineffective (emergency operation). Emergency operation su-
persedes in this case the distance protection as a short-gircuitprotection.

The emergency overcurrent protection is effective if one,of the following conditions is
fulfilled (see Figure 2-18):
« Tripping of the voltage transfomer MCB

» Pickup of the internal measuring voltage mofitoringye.g. by a short-circuit or an in-
terruption of the voltage transformer secomndary €ircuit (see also Section
2.16.3,Fuse Failure Monitor®, in Section(2.16); or

« Distance protection is switched off orjineffective.

|2701 | Emerg. OIC |

. | ON 1 2051
AT "OFF & >1 ( Emer. off )

2001
o ON 2053
l mer. O LI Emer. active )
2002 R .
[ >Emer. OFF
3653

(ODist. ACTIVE D

Figure 2-18 Cantrol logic of the emergency overcurrent protection

Déseription

The emergency overcurrent protection has a time overcurrent stage with current-inde-
pendent trip time. Undelayed tripping can be set when the protected line is switched
onto a fault. If the stage is not needed, it can be disabled (in address 2702).

The current of the overhead contact line, or in auto-transformer systems optionally the
summated overhead contact line current and the negative feeder current, are numer-
ically filtered and compared with the setting I Emerg. 0/C.

Currents above the associated pickup value are detected and signalled. After expiry
of the associated time delay T Emerg. 0/C a trip command is issued.

The dropout value is approximately 5 % less than the pickup value, but at least 1.8 %
of the rated current, below the pickup value.

The figure below shows the logic diagram of the emergency overcurrent protection
function.
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2 Functions

2061
(Emer.Gen.FIt )

[2705]1 Emerg. O/C |

|2706 | T Emerg. O/C
[

fi il & 2141
Emer.Gen.Trip )
[2303] Inrush O/C BU |
13842
A | ﬁgs (Emgf Rushblk )

13946
(OINRUSH detected

2053
(OEmer. active

|2702[ SOTF Emerg. O/C |

4 | _NO
~— YES

s |
356 ’—‘_1
l >Manual Close

Figure 2-19 Pick-up and tripping logic of the'baekup O/C protection

2.5.3 Setting Notes

General

88

The emergency overcurrentfprotectiongs only effective and accessible if address 127
FCT Emerg. 0/C has be€n setto Enabled during the configuration of the functional
scope. If the function is@qot required, FCT Emerg. 0/C =Disabled is to be set.

In order to be effective dhe emergency overcurrent protection function must also be
switched ON in address 27014, Emerg. 0/C. The emergency overcurrent protection
operates independently (of other protection functions. It is automatically activated
when the distance protéction is not operative. In address 2701 the time overcurrent
protection can also‘beswitched OFF.

In case of swWitchingonto a fault, the protection should trip instantaneously. To do so,
set in address 2702 SOTF Emerg. 0/C=YES. If the pickup threshold is exceeded

when switchingionto a fault, the delay time set for the function is bypassed, and the
emergency overcurrent protection issues an instantaneous trip command.

Thé emergency time overcurrent protection can be blocked by the inrush restraint
feature if Inrush 0/C BU=YES is set in address 2303. The default setting for this
patameter is Inrush 0/C BU=NO.

When the inrush restraint is activated, at least one power system cycle must elapse
after fault inception before the pickup signal of the emergency overcurrent protection
can be generated.
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2.5 Emergency Overcurrent Protection

| Emerg. O/C

T Emerg. O/C

2.5.4 Settings

In address 2705 you specify the pickup threshold I Emerg. 0/C of the emergency
overcurrent protection.

When using a personal computer and DIGSI® to apply the settings, these canbe op-
tionally entered as primary or secondary values. If secondary quantities aré used; all
currents must be converted to the secondary side of the current transformers.

The dropout to pickup ratio of the stage is 0.95.

Inaddress 2706 you set the delay time T Emerg. 0/C of the emergency overcurrent
protection.

The set times are pure additional delays which do not includethe inherent operating
time of the protection.

The table indicates region-specific presettingsgColumn C (configuration) indicates the
corresponding secondary nominal current of the‘eurrent transformer.

Addr. Parameter C Setting Options Default Setting Comments

2303 Inrush O/C BU NO NO Emerg. O/C Blocked by
YES Inrush

2701 Emerg. O/C ON ON Emergency Overcurrent
OFFE Function

2702 SOTF Emerg. O/C NO NO Instantan. trip after Switch-
YES onto-Fault

2705 | Emerg. O/C 1A 0.10925400 A; 2.00 A Emergency O/C Pickup

5A | 0.50%125%00 A; o 10.00 A Current
2706 T Emerg. O/C .00 %30.00 sec; © 0.30 sec Emergency O/C Delay
Time
2.5.5 Information List
No. InforMmation Type of In- Comments
formation

2001 >Emer. ON SP >Switch ON emerg. overcurrent prot.

2002 >EmenoOFE SP >Switch OFF emerg. overcurrent prot.

2051 Emer. off ouT Emergency O/C protect. is switched off

2053 Emerfactive ouT Emergency O/C protection is active

2061 EmenGen.Flt ouT Emerg. O/C prot.: General fault detect.

2141 Emer.Gen.Trip ouT Emerg. O/C protection: General Trip

13842 Emer. Rush blk ouT Emerg. O/C Protection: Inrush blocked

13994 Emer. ON/OFF BI IntSP Emerg.O/C Prot.: ON/OFF via Binary Input
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2 Functions

2.6 Overvoltage and Undervoltage Protection

This function is optional, i.e. not included in all device variants.

Voltage protection has the function to protect electrical equipment against undenryolt-
age and overvoltage. Both operational states are unfavourable as overvoltage might
e.g. cause insulation problems or undervoltage might cause stability problems.

Both the overvoltage and the undervoltage protection in the 7ST6 use the overhead
contact line voltage U. The voltage protection functions can be combined.as desired,
and can be separately switched on and off. Each voltage protection function is two-
stage, i.e. it is provided with two threshold settings each with the appropriate times
delay.

Abnormally high voltages often occur e.g. on long overhead €ontactdines under low
load conditions, especially in auto-transformer systems with sevegal auto-transform-
ers along the line, in islanded systems when generator voltageegulation fails, or after
full load shutdown of a generator and with the generator diseonnected from the
system. The undervoltage protection can be applied, forexample, for disconnection or
load shedding tasks in a system. Furthermore, thisfpratection scheme can detect men-
acing stability problems. With induction machihes underyoltages have an effect on the
stability and permissible torque thresholds.

2.6.1 Overvoltage Protection

The figure below shows the logicdiagram of the overvoltage protection.

[3701]OVERVOLTAGE |

1 oN 13830
LOFF (OVER. OFF )
3671 &
(ODis. PICKUP

[3705]U> | [3707]T U>
[

4335
T E T o (U>Trip )

U
4331
| 3706]TJ> Reset | ( U> Detection )
[3702] U>> | [3704] T U>>
I
4336
T el (0>>Tip )
4332
3703 | U>> Reset U>> Detection
(

Figure 2-20 Control and pick-up/tripping logic of the overvoltage protection

With the parameter 3701 OVERVOLTAGE the overvoltage protection can be switched
ON or OFF. The indication ,OVER. OFF“ is output when the function is switched
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2.6 Overvoltage and Undervoltage Protection

on/off. The overvoltage protection is blocked as soon as the signal ,,Dis. PICKUR*

is activated.
Both stages of the overvoltage protection have a separately settable grading

for the TRIP command of their respective stage.

2.6.2 Undervoltage Protection .

The figure below shows the logic diagram of the undervol@ion.
[3711UNDERVOLTAGE | @

. | ON
L

1

~— OFF : Jﬁsll?EzR. OFF )
3671
(ODis. PICKUP
13953 &
(OFailure Umeas
[3715]U< | \ [3716]T U<
|
13837
T T o (UNDERU<TRP )
U
13835

(UNDERU<PU )

3712]U<< [3713[T U<<
13838
& T o0 (UNDER U<<TRIP )
13836
* (UNDERU<<PU )

Figure 2-21  Control and pi@ logic of the undervoltage protection

ith the parameter 3711 UNDERVOLTAGE the undervoltage protection can be
i d ON or OFF. The indication ,UNDER. OFF“ is output when the function is
@tched on/off.

\ e undervoltage protection is blocked when at least one of the signals ,,Dis.

PICKUP“ or ,Failure Umeas* is active. The signal ,,Failure Umeas*“ prevents
the undervoltage protection from picking up when the measuring voltage fails. The un-
dervoltage protection is also blocked when the current drops below a set threshold of
0.051,.
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2 Functions

2.6.3 Setting Notes

Overvoltage

Undervoltage

92

The voltage protection can only operate if the parameter 0/U VOLTAGE (address 137)
has been set to Enabled during the configuration of the functional scope.

Note

For overvoltage protection it is particularly important to observe the setting hints: The
overvoltage level must never be set to less than an undervoltage level. ThiS\would put
the device immediately into a state of permanent pickup which cannet be reset by any
measured value operation. As a result, the device would remainseut ofiservice!

The overvoltage stages can be switched ON or OFF in addreéss 3701 OVERVOLTAGE.
The settings of the voltage threshold and the timer valgestddepend on the type of ap-
plication.

To detect steady-state overvoltages on long lines/carrying no load, set the U> stage
(address 3705) to at least 5 % above the maximum stationary phase-earth voltage ex-
pected during operation. Additionally, a high drgpaut to pickup ratio is required (ad-
dress 3706 U> Reset = 0.95 = presetting@)=lhedelay time T U> (address 3707)
should be a few seconds so that overvaltages,with'short duration may not result in trip-
ping.

The U>> stage (address 3702) is provided for high overvoltages with short duration.
Here an appropriately high pickupfvalue iS’set, e.g. 1.5 times the rated voltage. 0.1 s
to 0.2 s are sufficient for the time ‘delay/T U>> (address 3704).

The undervoltage stages, canfbe switched ON or OFF in address 3711
UNDERVOLTAGE. This undervoltage protection function has two stages.

The U< stage (address§ 3718) operates with the longer set time T U< (address 3716)
for minor undervoltages( It must not be set to more than the undervoltage permissible
in operation.

For greater voltage dips, the U<< stage (address 3712) with the delay T U<< (address
3713) takes<eifect.

The settingstef the voltages and times depend on the application; therefore, general
setting fecommendations are not possible. For load shedding, for example, the values
are often,determined by a priority grading coordination chart.

In cage of stability problems, the permissible undervoltages and their duration must be
observed. With induction machines undervoltages have an effect on the permissible
torque thresholds.

If the voltage transformers are located on the line side, the measuring voltages will be
missing when the line is disconnected. In order to ensure that the undervoltage stages
do not pick up or remain picked up in such cases, the undervoltage protection is
blocked when the current drops below a preset threshold of 0.05 I,,. As soon as a sig-
nificant current level (1 > 0.05 1)) is measured on the line, the line is assumed to be
energized, and the blocking of the undervoltage protection is reset.
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2.6 Overvoltage and Undervoltage Protection

2.6.4 Settings
Addr. Parameter Setting Options Default Setting Comments O
3701 OVERVOLTAGE ON ON Overvoltage Protectimo
OFF

3702 u>> 20..170V; « 150 V Pickup Overvoltage U>>
3703 U>> Reset 0.50..0.95 0.95 Reset Ratio U>> ¢

3704 T U>> 0.00 .. 60.00 sec; = 1.00 sec oltage U>>
3705 uU> 20..170 V; w0 120 vV age U>

3706 U> Reset 0.50 .. 0.95 0.95

3707 TU> 0.00 .. 60.00 sec; © 2.00 sec e Overvoltage U>
3711 UNDERVOLTAGE ON ON ndervoltage Protection

OFF
3712 U<< 20..120V; 0 30V Pickup Undervoltage U<< (pos.
seq.)
3713 T U<< 0.00 .. 60.00 sec; w 1.0 Delay Time Undervoltage U<<
3715 U< 20..120V;0 \Y Pickup Undervoltage U< (pos.
seq.)
3716 T U< 0.00 .. 60.00 sec; 0 Delay Time Undervoltage U<
2.6.5 Information List
No. Information fIn- Comments
n

4331 U> Detection Overvoltage detection : Stage U>

4332 U>> Detection Overvoltage detection : Stage U>>

4335 U> Trip Overvoltage trip : Stage U>

4336 U>> Trip Overvoltage trip : Stage U>>

13830 OVER. OFF ouT Overvoltage Protection is switched off

13832 UNDER. OFF ouT Undervoltage Protection is switched off

13834 OVER/UNDER ouT Over/Undervoltage Protection picked up

13835 UNDER U< PU ouT Undervolt. U< picked up

13836 ouT Undervolt. U<< picked up

13837 ouT Undervolt. U< TRIP command

13838 ouT Undervolt. U<< TRIP command

13839 ouT Over/Undervoltage Prot. TRIP comm.

L 4
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2.7

2.7.1

94

Thermal Overload Protection

The thermal overload protection prevents damage to the overhead contact line caused
by thermal overloading. Itis based on the principle of creating a thermal model of the
overhead contact line on the basis of the current load and the ambient temperature.

Where no ambient temperature sensing is provided, a fixed value can be used instead
of an ambient temperature measurement.

Thermal Overload Protection

General

The thermal overload protection can be switched on or off by parameter settings, or
via binary inputs. The figure below shows the control logic:

[4201] Ther. OVER LOAD |

4« | OFF
— ON

1511
E@—(Th.o\/enoad OFF )
1501
>oLon S
o off

Figure 2-22 Control logic of the overloadyprotection

When overload protection s disabledythe thermal replica will also be reset.

The device calculates the“avertemperature in accordance with a single-body thermal
model, based on the fagllowingdifferential equation:

dTemp 1 . ( | )2
—F =-.|TRise{ =—————| -TEMP
dt T [ IT Rise - Cat. J
with
TEMP — Current overtemperature (referred to the ambient
temperature)
T — Thermal time constant of the contact line
TRisg — Final overtemperature at current ITRise
ITRise — Current leading to the final temperature TRise
CHANGE TO CAT — Parameter for catenary changeover; used for modi-
fying the characteristic where there is more than one
contact line

| — Present r.m.s. current

The solution of this equation is in steady-state operation an e-function whose asymp-
tote represents the final temperature T Rise. The overtemperature is proportional to
the square of the contact line current. When the overtemperature reaches the first set-
table temperature threshold TEMP ALARM, which is below the overtemperature = trip-
ping overtemperature, a warning alarm is given in order to allow a preventive load re-
duction. When the second temperature threshold, i.e. the final overtemperature or
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2.7 Thermal Overload Protection

tripping temperature, is reached, the protected object is disconnected from the net-
work. Reclosing is prevented until the temperature has dropped again below TEMP
CLOSE. The figure below shows the pickup and trip logic of the overload protection:

10 < 4203[TAU
6616 | 4204 | k ITRise
(OCat. 1 active e ! 4205 T Rise
[4211]CAT2 }—/l/—
6617 | [4207] TEMR,ALARM

(OcCat. 2 active e

- 1516
6618 [4212] cATs : O/L 6 Alarm )
(OcCat. 3 active e '

[4206 | TEMR, TRIP

| ! 12 Calculate ﬂ- 1521
13826 Overhead Line ThOverload TRIP )
(OResetThermRepl ) Temperature

[4208] TEMP CLOSE

13825
O/L blocked )

[4216 ]| MIN TEMP PRESET | z o tad)
[4215] AMB.TEMP. | \_l I
4
[ TEMP ! 158
T (Fa. TEMPSENS )
[143 [Temp.Sens }—1
| Disabled
=30 to +55 °C

_-55 to +55 °C

Figure 2-23 Pick-up and tripping,logi¢,of the overload protection

2.7.2 Ambient Temperature Sensing

Eigure 2-24 shows a schematic representation of the ambient temperature sensing.

The ambient temperature is taken only once per substation with a separate device
(7SW40) that has its own, galvanically separated power supply and its own housing.
A Pt100 temperature sensor is used for this purpose. This device delivers at its output
a load-independent current (4-20 mA TD input) which can be looped through up to 20
connected 7ST6 devices via an isolating amplifier. The ambient temperature sensing
feature is available for the temperature ranges between -30°C and +55°C and
between -55° and +55°C.

A failure of the ambient temperature sensing, e.g. because of a wire break of the Pt100
sensor, a defective device or a voltage failure, is detected by the main protection
equipment by comparison with defined current values in the current loop.

After each update of the ambient temperature sensing, the device checks whether the
current is in the permissible operating range. If this is not the case, a malfunction of
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the ambient temperature sensing is assumed, and the last valid ambient temperature

If the ambient temperature sensing is already disturbed on power-up of the protectio

is kept. In addition, the indication ,,Fail.TEMPSENS“ (FNo. 158) is output. O

culation, and the indication ,,Fail.TEMPSENS“ (FNo. 158) is output, too.

relay, the ambient temperature set at address 4215 AMB. TEMP . is used for the@

Pt100 L 4
- 4-20mA | %
| Current Loop f (T) U \

ATE DC DC

7SW40 DC 7S8T6 DC
Uaux

DC
7ST6 DC
@ Uaux

| .
@ U

DC
L 4 \O 78T6 DC
K Uaux

Figure Zoxbient temperature sensing

Tr@neter MIN TEMP PRESET (address 4218) is provided for line sections where
P

, alower threshold must be set for the used ambient temperature (e.g. MIN TEMP

erature is higher than at the location of the ambient temperature sensing (e.qg.
u s in winter: ambient temperature = -15°C, tunnel temperature = 8°C). In such a
o
ESET= 8°C).

L 4
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2.7 Thermal Overload Protection

2.7.3 Catenary Changeover
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Where the continuous current carrying capacity of the catenary assembly depends on
the switching state, the current carrying capacity of up to 3 different switching states
can be processed.

The thermal model can be matched to the current switching state by parameter set-
tings, by the control system or through the system interface.

The active control source for this changeover is selected with thegparameter 4202 CAT
CHANGEOVER,; setting options are Binary Input, Protocol,Setting or
Blocked.

The control sources Binary Input and Protocol can contipue to be operated,
even if they are not activated. However, the catenary factor.- CAT1, CAT2 or CAT3 -
set in this way will not take effect until the associated control source is selected again
(see logic diagram 2-25).

For a changeover via Protocol, the commands 13827 to 13829 ,0/C Cat1/2/30N*
are provided.

With the setting Binary Input, changeoverbetween the catenaries CAT1, CAT2
and CAT3 is performed using the binary,iputindications ,>Cat.1 active” (FNo.
6605), ,>Cat.2 active“ (FNo6604)and¥,>Cat.3 active“ (FNo. 6603). The
binary inputs can also be used for changéaver with the setting Protocol, if the binary
input ,,>Ctrl Select.“ (FNo.365) ,>Select: Control by Bl or SYS interface" is ac-
tivated.

With the setting Setting thenghangeover is performed with the parameter 4210
CHANGE TO CAT. This parameteris masked out when another control source is se-
lected. If CHANGE TOQ" CAT =\CAT1 active, the catenary factor ,1“ (for 1 catenary)
is assumed. With GHANGE TO CAT = CAT2 active or CHANGE TO CAT = CAT3
active, the factor setin parameter 4211 CAT2 or 4212 CAT3 applies.
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[4202[ CAT CHANGEOVER |

Binary Input

M Protocol

Setting

| Blocked

365

l >Ctrl Select.

6605

I >Cat.1 active

6604

l >Cat.2 active

6603

l >Cat.3 active

13827

(O Cat1 ON/OFF TEL )

13828

The figure below shows the control logic of the catenary changeover:

6616

(O Cat2 ON/OFF TEL )

13829

(> Cat3 ON/OFF TEL )

(Cat. 1 active

6617

(Cat. 2 active

6618

>1
s[q
R

>1 -
s[q
R

>1 || -
<Tal

LR

>1 -
sS|Q
R

>1

>1 |

> | &

[4210| CHANGE TO CAT

CAT1 active

1 CAT2 active

Figure 2-25 Control logic of the catenary changeover

L 4

L CAT3 active

— N\

( Cat. 3 active

O

\o)’
\}‘b
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2.7 Thermal Overload Protection

2.7.4 Setting Notes

General A prerequisite for the application of the thermal overload function is that duringythe
configuration of the functional scope in address 142 Therm.Overload ZEnabled
was set. The function can be turned ON or OFF in address 4201 Ther. OVER LOAD.

When overload protection is disabled, the thermal replica will also be reset.

Time Constant t The thermal time constant t is set at address 4203 TAU. This isfalso provided by the
manufacturer. Please note that the time constant must be set ingfinutes. Quite often
other values for determining the time constant are stated whichycafi®be converted into
the time constant as follows:

permissible current for an application time of 1s (1-s-Strom)

th 1 ( perm. 1-s current )2
60 \perm. contin.current

Example:
Regular overhead contact line Re250,with

Perm. 1-s-current 10.5 kA
Perm. continuous catenary current, 750 A
Set valueTAU = 3.3 min

Permissible current foriapplication time other than 1 s, e.g. for 0.5 s

'th 05 (perm. 0.5-S currc-:tnt)2

min 80 \perm. gontim.current

Limit Current The limiteurrentsfactor is set in address 4204 k ITRise. It is determined by the re-
Factor k ITRise lation between the permissible thermal continuous current and this rated current:
. QIT Rise
k IT'Rise = N

Thespérmissible continuous current is at the same time the current at which the e-func-
tioh of the overtemperature has its asymptote. Manufacturers of electrical machines
usually state the permissible continuous current. If no data are available, k ITRise is
set to 1.2 times the rated current of the protected object. For conducting lines, the per-
missible continuous current depends on the cross section, the insulation material, the
design and the way they are laid, and can be derived from the relevant tables. Please
note that the overload capability of electrical equipment relates to its primary current.
This has to be considered if the primary current differs from the rated current of the
current transformers.
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Temperature Limits

Catenary
Changeover

Ambient Tempera-
ture Sensing

100

Example:
Regular overhead contact line Re250

Permissible continuous catenary current ITRise = 750 A
Current transformers 1000 A/ 1 A

750 A
1000 A

k ITRise = = 0.75

Setting value k ITRise =0.7

In address 4207 TEMP ALARM the temperature threshold for thegthermal alarm stage
is set. When the set temperature threshold is exceeded, an alarm/is‘output that can
be used for automatic functions or for logging.

The tripping temperature is set in address 4206 TEMP TRIR. When the temperature
reaches the tripping threshold, the protected device is diséennected from the network.

Note

The tripping temperature TEMP TRIP (addressi4206) must always be set higher than
the thermal alarm stage TEMP ALARM (a@dress4207)!

In address 4208 TEMP CLOSE the clgsing temperature is set. If the contact line was
tripped by the thermal overload protection, the line is reclosed as soon as the temper-
ature drops below the value TEMP" CLOSE set here, provided that the thermal auto-
matic reclosure function is activated (address 3450 AUTO-TH-AR = ON, see Section
2.12).

In address 4202 CAT CHANGEOVER you select the control source for catenary
changeover. Catenaryfchangeover is possible via binary input, via protocol or via pa-
rameters.

If CAT CHANGEOVER =Blocked is set, CAT = 1 is valid for 1 catenary.

If ambient teMmperatUre sensing is not configured, or disturbed when the protection is
switched onya fixed value is specified in address 4215 AMB.TEMP . instead of the
measuréd’ambient temperature (see Section 2.1.1.2). The set AMB. TEMP. is then
used for,calculating the overhead contact line temperature.

In address 4216 MIN TEMP PRESET a lower limit is set for the ambient temperature
used for/calculating the overhead contact line temperature. If you set MIN TEMP
PRESET=-55 °C, the parameter is ineffective.

With the internal input indication (tag) ,,ResetThermRepl® (FNo. 13826) the temper-
ature model can be reset. A reset of the temperature model is equivalent to setting the
contact line temperature to ambient temperature.
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2.7 Thermal Overload Protection

2.7.5 Settings

Addr. Parameter Setting Options Default Setting Comments
4201 Ther. OVER LOAD OFF OFF Thermal overload protection
ON
4202 CAT CHANGEOVER | Binary Input Binary Input Catenary Changeover
Protocol
Setting
Blocked
4203 TAU 2.0..30.0 min 5.0 min Thermal@imée*™Constant
4204 k ITRise 0.10 .. 4.00 1.20 MaXx. Permissible Current Factor
ITRise
4205 T Rise 0..100K;<>0 50 K Final\femperature at ITRise
4206 TEMP TRIP 50 ..100°C 50 °C Tripping Temperature
4207 TEMP ALARM 40 ..100 °C 40 °C Alarm Temperature
4208 TEMP CLOSE 25..100°C 40 °C Closing Temperature
4210 CHANGE TO CAT CAT1 active CATI\aciive Change to Catenary
CAT2 active
CAT3 active
4211 CAT2 1.0..3.0 1.0 Factor for 2 Catenaries
4212 CAT3 1.0..3.0 1.0 Factor for 3 Catenaries
4215 AMB.TEMP. -55..40°C 15°C Ambient Temperature Value
4216 MIN TEMP PRESET |-55..40°C -55°C Minimum Setting Ambient Tem-
perature
2.7.6 Information List
No. Information Type of In- Comments
formation
1501 >0/L on SP >Switch on thermal overload protection
1502 >0JL off SP >Switch off thermal overload protection
1511 Th.Overload OFF ouT Thermal Overload Protection OFF
1516 O/L ® Alarm ouT Overload Alarm! Near Thermal Trip
1521 ThOverload TRIR, ouT Thermal Overload TRIP
6603 >Cat.3 agtive SP >Third catenary is active
6604 >Cat.24active SP >Second catenary is active
6605 >Cat,1 active SP >First catenary is active
6616 Cat. THattive IntSP First catenary is active
6617 Cat. 2 active IntSP Second catenary is active
6618 Cat. 3 active IntSP Third catenary is active
13824 O/L ON/OFF BI IntSP Overload Protection ON/OFF via BI
13825 O/L blocked ouT O/L Inrush blocking
13826 ResetThermRepl IntSP Reset thermal replica
18827 Catl ON/OFF TEL IntSP O/L Catenary 1 ON/OFF via Telegram
13828 Cat2 ON/OFF TEL IntSP O/L Catenary 2 ON/OFF via Telegram
7ST6 Manual 101
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No. Information Type of In- Comments
formation

13829 Cat3 ON/OFF TEL IntSP O/L Catenary 3 ON/OFF via Telegram

13980 Cat.1 ON/OFF BI IntSP Catenary 1 ON/OFF about Binary Input

13981 Cat.2 ON/OFF BI IntSP Catenary 2 ON/OFF about Binary Input

13982 Cat.3 ON/OFF BI IntSP Catenary 3 ON/OFF about Binary Input

L 4
L 4 \< ’
L 4
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2.8 Circuit Breaker Failure Protection

2.8 Circuit Breaker Failure Protection

This function is optional, i.e. not included in all device variants.

The circuit breaker failure protection provides rapid back-up fault clearancg, in the
event that the circuit breaker fails to respond to a trip command from a protective func-
tion of the local circuit breaker.

2.8.1 Functional Description

General

7ST6 Manual
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Whenever a protection function issues a trip command tothe cireuit breaker, this is si-
multaneous sent to the breaker failure protection (Figuse 2:26). The breaker failure
protection consists of two stages. Two time stages tBF 1(address 3904) and tBF2
(address 3905) are started in it. The timers run as long,as’a trip command is present
and current continues to flow through the breaker poles.

L+ L+ L+

L+ L+
[].aX [[]
LT L[]

D -
| [3002[1® BF | [3904[tBF1 K
! |
: | |
o2y I ST
C | T 0 I
, |
! l
. [3905 [ tBF2 |
|
| | :
| — !
Feeder, Protection| | T 0 |
(Internal or ! |
External) | Circuit Breaker Failure Protection !

Figure 2-26 Simplified function diagram of circuit breaker failure protection with current flow
monitoring

Normally, the breaker will open and interrupt the fault current. The current monitoring
stage quickly resets (typically 1/2 cycle of the power system frequency) and stops the
timers tBF1 (address 3904) and tBF2 (address 3905).

If the trip command is not carried out (breaker failure case), current continues to flow.
When the delay time for the backup trip element tBF1 (address 3904) has elapsed,
a TRIP command for the backup trip element is generated. If this TRIP command,
also, fails to interrupt the short-circuit current, the breaker failure protection issues a
further TRIP command to the higher-level circuit breakers after the delay time tBF2
(address 3905) has elapsed.
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Current Flow Moni-
toring

Initiation

104

The reset time of the feeder protection is not relevant because the breaker failure pro-
tection itself recognizes the interruption of the current.

The current detected by the device is filtered by numerical filters so that only theffun-
damental wave is evaluated.

Special features recognize the instant of current interruption. With sinusoidal currents,
the current interruption is recognized after approx. half a cycle of the power system
frequency. With aperiodic DC current components in the fault current and/or in the
current transformer secondary circuit after interruption (e.g. current transfesimers with
linearized core), or saturation of the current transformers causedhy the D& compo-
nent in the fault current, it can take one AC cycle before the interruption,of the primary
current is reliably detected.

The current is monitored and compared with the set threshofd;

If the breaker failure protection is intended to be initiated by fusther external protection
devices, it is recommended, for security reasons, to copnecttwo starting criteria to the
device. Therefore, the trip command of the external pratection should not be directly
connected to the binary input ,,>BrkFail extSRC*}(ENO. 1431). For such an appli-
cation, create a CFC chart, combine in this chart the general device pickup and the
trip command of the external protection by antAND gate and wire the output of that
gate to the signal ,,>BrkFail extSRCZ(EN0:1431).

Nevertheless, it is possible to initiate thedoreaker failure protection in single-channel
mode should a separate release criterion“not be available.

When the trip signal appears from anyiaternal or external feeder protection and the
current flow criterion (according t@ Figure 2-26) is present, the breaker failure protec-
tion is initiated and the correspending delay times are started.

The figure below shows the caontrol logic of the circuit breaker failure protection.

1401
>BF on 1440
1402 Q ( BkrFailON/offBI )
[ >5F off
|3901] FCT BréakerFail” |
i 1451
4« | _OEE 21 ( BkrFail OFF )
e =g
1455
——(B/F fault )
[3904 ] tBF1 |
1431 |
JJ >BikFail extsRC 1471
21 & T o BrkFailure TRIP )
[ Gen WRIP —_ 157
Fail. MAIN CB )
[3902]I> BF | 13998
BF T-BF1 )
: I
[3905]tBF2 |
| 1484

L -|'-_(‘) ——(BIF s.ordProt )

Figure 2-27 Pick-up and tripping logic of the breaker failure protection

The initiation cannot be blocked by a binary input.
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2.8 Circuit Breaker Failure Protection

Delay Times When the initiate conditions are fulfilled, the associated timers tBF1 (address 3
and tBF2 (address 3905) are started. The circuit breaker pole(s) must open b
the associated time has elapsed. The device detects that the circuit breaker
opened when the current drops below the dropout threshold I> BF (add‘ir@

With two-stage breaker failure protection, the trip command of the overh contact
line protection is usually repeated, after a first time stage, to the feeder circuit breaker,
often via a second trip coil or set of trip coils, if the breaker has not responded to the
original trip command. The signal 1471 ,BrkFailure TRIP“ is providedfor this trip
command repetition. A second time stage monitors the respon this repeated trip
command and trips the breakers of the relevant bus-bar secti he signal 1484
»B/F s.ordProt®, if the fault has not yet been cleared N cond time.
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2.8.2 Setting Notes

General The breaker failure protection can only operate if it has been set as Enabled during
configuration of the functional scope (address 139 BREAKER FAILURE).

Circuit Breaker The breaker failure protection is switched ON or OFF at address 3901 FCT
Failure Protection BreakerFail.

The current threshold I> BF (address 3902) should be selected suchythat the protec-
tion will operate with the smallest expected short-circuit current. A setting of 10%
below the minimum fault current for which breaker failure protectionmustoperate is
recommended. On the other hand, the value should not be set jéower than necessary.

Single-stage With single-stage operation, the adjacent circuit breakers (i.e. the breakers of the
Breaker Failure busbar zone and, if applicable, the breaker at the remote end)are'tripped after a delay
Protection time tBF2 (address 3905) following initiation, should the fault not have been cleared

within this time.
The timer tBF1 (address 3904) is set to « in this{Casepas it is not needed.

You can also use the first stage as the only one. i that' case you have to set the time
tBF1 (address 3904). Set tBF2 (address,3905) to%o or equal to tBF1 (address
3904). Be sure that the correct trip commands*are assigned to the desired trip re-
lay(s).

The delay times are determined from the maximum operating time of the feeder circuit
breaker, the reset time of the curreptideteetors of the breaker failure protection, plus a
safety margin which allows for any telerance of the delay timers. The time sequence
is illustrated in Figure 2-28. #Forsinuseidal currents, the dropout time can be assumed
to be less than 3/4 the cyele duration at rated frequency. If current transformer satura-
tion is anticipated, the time should be set to 1.5 ms.

Fault Inception

Normal Fault Clearance Time

_Prot. Trip | CBi@perating Time | Reset |I>BF | Safety Margin |

Initiation Breaker |
Failure Protection

Time Delay T HR and/or T HBF of Breaker Failure CB Operating Time
Protection (Adjacent CBs)

<&
<

A
A,

Total Fault Clearance Time with Breaker Failure

Figure 2-28 Time sequence example for single-stage breaker failure protection

106 7ST6 Manual
E50417-G1176-C251-A3



2.8 Circuit Breaker Failure Protection

Two-stage Breaker
Failure Protection
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With two-stage operation, the trip command is repeated after a time delay tBF1 -
dress 3904) to the local feeder breaker, normally to a different set of trip coils
breaker.

If the circuit breaker does not respond to the repeated trip command, the
trips after a second delay time tBF2 (address 3905) the adjacent circuit b
those of the busbar or the affected busbar section and, if necessary, also th
breaker at the remote end, if the fault is not yet eliminated.

The delay times of the two stages can be set separately ¢
« For trip repetition to the local feeder circuit breaker after, a tr% feeder protec-

tion tBF1 (address 3904), \
« For trip of the adjacent circuit breakers (busbar zone) dress 3905).

The delay times are determined from the maximum operati e of the feeder circuit
breaker, the reset time of the current detectors of the br ailure protection, plus a
safety margin which allows for any tolerance of the y fimers. The time sequence
is illustrated in Figure 2-29. For sinusoidal currents, opout time can be assumed

to be less than 3/4 the cycle duration at rated f ency. If current transformer satura-

tion is anticipated, the time should be set tm

Fault Inception

Normal Fault Clearance
_Time R
CB Operating Reset e
|_Prot. Trip|_ Time _I>B Margin
Initiation Breaker
Failure Protegcti
Time BF1 of Breaker Reset Safety
rotection 1> BF Margin
CB Operating
Time (Adjacent
i ay t-CBF2 of Breaker Failure Protection _|CBs)
L 4
otal Fault Clearance Time with Breaker Failure N

Fig& Time sequence example for two-stage breaker failure protection
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2.8.3 Settings

The table indicates region-specific presettings. Column C (configuration) indicates thO

corresponding secondary nominal current of the current transformer. C
Addr. Parameter C Setting Options Default Setting Comments
3901 FCT BreakerFalil ON OFF Breaker Failure Protection
OFF i L 4
3902 I> BF 1A 0.05..20.00 A 0.10 A
5A 0.25..100.00 A 0.50 A
3904 tBF1 0.10 .. 10.00 sec; = 0.50 sec
3905 tBF2 0.10 .. 10.00 sec; « 0.75 sec

2.8.4 Information List

No. Information Type of In- omments
formation

157 Fail. MAIN CB ouT Failure o i uit breaker
1401 >BF on SP >BF: reaker fail protection
1402 >BF off ff breaker fail protection
1431 >BrkFail extSRC aken failure initiated externally
1440 BkrFailON/offBI ; ailure prot. ON/OFF via BI
1451 BkrFail OFF Breaker failure is switched OFF
1455 B/F fault eaker failure : fault detection
1471 BrkFailure TRIP MBreaker failure TRIP
1484 B/F s.ordProt B/F: pick up superordinat.prot.relais

13998 BF T-BF1

Delay time for back up trip expired
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2.9  Trip Supervision

2.9.1 Functional
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The trip supervision function checks whether the circuit breaker has tripped.cotkectly
in case of an external trip or a trip command by an additional current flow/monitoring.

Description

After the circuit breaker has tripped, the device checks thatio current'flows, or only a
current below a certain threshold, once the supervision time has éefapsed.

To start this supervision, the TRIP command is detected(attheeircuit breaker. This
command must be configured to the signal ,,>Ext. GB, TRip“ (FN0.1438).

The maximum duration of the supervision can be setWwith the parameter T I> CB MAX
at address 2922.

If the current flow has not been interrupted 100 ms after a TRIP command has been
detected, the indication ,,CB Fault“ (FNof1491) IS output.

This indication is reset before the set supervisionhas elapsed if the device detects that
the current flow has been interrupted, or'if theg,signal ,,>Ext. CB Trip“ (FN0.1438)
indicates that the external TRIP signakhas\been reset.

The interruption of the current flowais mapitored by a current threshold.

When this threshold, which is setwith the parameter I> CB (address: 2921), is un-
dershot, the current flow is gBfAsideted to be interrupted.

The measuring functiomworks with an intelligent method for fast detection of a current
interruption. If the cdrrent signal contains decaying aperiodic components caused by
the current transformers, these components are identified as such, and the current in-
terruption is detected.

The figure below shewsthe logic diagram of the circuit breaker trip supervision.

[2922] T I> CB MAX |
[

1438

[ 2Ext ©B.Trip - T —|_'—‘
1491
& ( CB Fault )

T O
100 ms

' ]
I:{ 2921[1> CB

Figure 2-30 Circuit breaker trip supervision
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2.9.2 Setting Notes

General

Current Interrup-

tion

Supervision Dura-

tion

2.9.3 Settings

The circuit breaker trip supervision is one of the basic functions of the 7ST6 device.o
This function cannot be disabled by a configuration parameter.

To activate the function, the indication ,>Ext. CB Trip“ (FNo. 1438) must be

figured to a binary input, and this binary input must be connected with the TRIP

command of the circuit breaker to be monitored. e
d

The interruption of the current flow is monitored by a current threshel (address
2921). Set this current threshold to a value that is lower than the p ues of all

overcurrent functions. @

The maximum duration of the trip supervision is set with paral rT I> CB MAXin
address 2922. The supervision duration begins on activationef the signal ,,>Ext. CB

Trip“ (FNo.1438).
After the set supervisiontime T I> CB MAX has sed, a signal generated by the

trip supervision ,CB Fault® (FNo0.1491) is rese

The table indicates region-specific prﬂxcmumn C (configuration) indicates the
r

corresponding secondary nominal current of the current transformer.

Addr. Parameter C Setting Default Setting Comments
2921 I>CB 1A 0.05..0.5 0.10 A Pickup Current Trip Super-
5A |025.2 0.50 A vision
2922 T I> CB MAX 1..200 30 sec Maximum Duration of Trip
Supervision
L 4
2.9.4 Information List K\
No. Information \ Type of In- Comments
formation
1438 >Ext. CB Trip SP >External CB Trip
1491 CB Fault ouT Circuit Breaker Fault
L 4
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2.10 Defrosting Protection

2.10 Defrosting Protection

2.10.1 Functional

General

7ST6 Manual
E50417-G1176-C251-A3

In some models of the 7ST6 device, the basic variant is equipped with the defresting
protection (3xl, 3xU).

In order to remove icing from overhead contact line systems, unused lines are"series-
connected (by the operator) and heated with a low current, if necessary with an inter-
posed resistor.

For sensitive detection of short-circuits during the defrosting, the cukrent flowing into
the line and back are measured in the protection device afd processed by a differen-
tial protection function. The differential protection protects 100%, of the measuring
range.

The characteristic curve of the differential protection can be,parameterized. As a
backup protection of the differential protection, a two-stage,definite-time overcurrent
protection is provided that monitors the defrosting,current.

Description

Note

During defrosting, the overh@agd,contact line is in a special switching state. All other
protection functions remainjagtive when the defrosting protection is switched on. The
defrosting current caf cause ‘spurious tripping by one or more protection functions
(e.g. by the overvoltagegprotection or a back-up stage of the distance protection). In
such cases, theseyrotegtion functions must be deactivated prior to activating the de-
frosting protection, orite switching on the defrosting current. Use for this purpose e.g.
the settings grotp ghange option via a binary input or via the system interface.

In defr@stingymode, the overhead contact line must be put into a special switching
state. An example of such a switching state is shown in Figure 2-31. The breakers Q0
(overhead contact line 1), Q11 and Q9 are closed, breaker QO (overhead contact line
2) is‘epen:
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2 Functions

Feeder

Qo

Overhead Line
X O
0
\ Q n: Transformation Ratio |
nx: Transformation Ratio Ix

.x ¢
>

p—— Overhead Line 1

SIPROTEC

[ S —

o

Overhead Line 2

Defrosting Current
A4

Figure 2-31  4Simpli

Rail

which is shafed with the other protection functions, another current transformer is

In addi%current transformer in the infeed of the overhead contact line I,

nee
in

e defrosting current flowing back. This transformer is connected to the |,

® N

l auto-transformer systems, the negative feeder current IF- is measured as well. If
the negative feeder has its own current transformer, this current need not be consid-
S ered, as the current IF- is very low in the special defrosting switching state.
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2.10 Defrosting Protection

Protection Princi- The defrosting protection operates on the differential protection principle. This prigci-
ple ple says that the phases and amplitudes of both measured currents are the same,i
fault-free condition. The condition i(t) + ix(t) = 0 is always fulfilled in fault-free c

of the line.
Since different CTs may be used for detection of the currents i(t) and ix(t),@iﬁer-
ences must be taken into account for the calculations. The measured curre (t)is
adapted to the conditions of i(t) as follows:
n, 4
b () = ixt) - —

where: \%
| O
[

n, = prrlm Q
xsec

Due to measuring errors, the conditio
condition. Therefore, a value greater th
With a high load current, the diffe

Therefore, a load-dependent trippi
then calculated as follows: K

Ig = [I]+ Ikl
The restraint curren wof the current load. The pickup threshold is inter-

preted as a functi restraint current.
From the measuN ts, the differential current is determined with the following

formula:
Ipig = |- I:@

L 4
Characteristic The pi on is the location of the current operating point in the Id/Is level. A
pickupsitua exists if the fault is located above the characteristic shown in Figure
2-

+ i 0 is not wholly fulfilled in fault-free
must be used as tripping threshold.
ent is higher than with a low load current.

eshold is required. The restraint current is
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2 Functions

Id
(IRated) |

Pickup Zone O

00
* .
/// !
_- |
-7 |
e |
/// !
_- |
P |
al ; : : ; >
IR
1 2 3 4 (IRated)
IR, k
Figure 2-32 Characteristic curve of the differential pr Qﬂefrosting
The characteristic can be configured with the ing parameters:
ld> Pickup yva differential current
k Chara
The knee-point of the characteristi ermined by the parameters k and Id>. The
value for I1d> results from shunt ¢ ich are independent of the defrosting cur-

rent, and which can occur i
pacitive leakage currents

located upstream of th otecte
amplitude or angle err
XS

N

agnetizing currents of power transformers
d zone. The slope k to be set results from possible
urrent transformers used.

O
Q>®

L 4
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2.10 Defrosting Protection

Switching On/Off
and Blocking

Pickup and TRIP
Command

13973
(OIX> TRIP

13972

The defrosting protection can be switched on/off via parameters, binary input or t

protocol of the system interface.
Also, the defrosting protection can be dynamically blocked via binary input or-

tocol. The figure below shows the control logic:

[4301 ] Defrosting |

4+ | ON
~—— OFF

13960
l >Defrost ON

13961
l >Defrost OFF

13963
(O Defrost ON )

13962
l >BLOCK Defrost

13965
(> Defrost blk

@ 13978
( Defrost block )

Figure 2-33  Control logic of the sti rotection

A fault detected on the basis o ifferential protection characteristic is signalled as
a pickup if the defrosting n is switched on. The pickup is signalled with the
indication ,,Defro @ KUP*, and the TRIP command ,,Defrost TRIP“ is output
after the delay time if the pickup condition is still present and the defrosting pro-
tection is not bloc delay time allows to bridge transient compensation states
which occur on in the defrosting current, and which might for a short time
cause a pickupfof efrosting current.

L 4

C

(OIX>> TRIP

N
J
13965
(> Defrost blk )

\——1—‘ 13967
21 ( Defrost TRIP )

[4303]
| 13975
— & t—+—— (Diff TRIP )
T 0
p 13974
( Diff PU )
13966
21 ( Defrost PICKUP )
ig Pick-up and tripping logic of the defrosting protection

7ST6 Manual
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2 Functions

Definite-time The defrosting protection is provided with a two-stage definite-time overcurrent pro-
Backup Time Over-  tection as backup protection. This backup protection is switched on and off together
current Protection with the differential protection. The stages operate with the fundamental wave comp
nent of the defrosting current |. The stages generate separate indications for pic
and tripping. The figure below shows the logic diagram of the back-up protectiob

[4306] IX>> | | ?307 [TIX>> | S
I T o
! [4308 ] 1X> | [4309]TIX>
I
I T o

Figure 2-35  Pick-up and tripping logic of the backup O/C protection of the defrosti

Operational Mea- In some models (3xl, 3xU) the defrosting curr
sured Values tional measured value. It can be show

is always displayed as an opera-
, secondary or percent value.

If the defrosting protection is configure e rential current ,,Id =“ (FNo. 13968)

calculated by the differential protection, a restraint current ,,Ir = (FNo.
13969) can be displayed as percent v S.

Fault Recording In some models (3xI, 3xU) mcurrent IX is always recorded by the fault re-

cording function.

If the defrosting protectiohis figured, the current Ix and the internally calculated
currents ,,Id =" (differentialcurrent) and ,Ir =“ (restraint current) are also re-
corded by the fault recor unction.

3
O
&

L 4
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2.10 Defrosting Protection

2.10.2 Setting Notes

Preconditions

General

Blocking

Differential Protees
tion

7ST6 Manual
E50417-G1176-C251-A3

When setting the general power system data (Power System Data 1, refer to Section
2.1.3.1) a number of parameters regarding the measured quantities and thé operating
mode of the defrosting protection function must be applied.

This concerns the following parameters:

201 CT Starpoint Current direction of the current transformer
202 CT PRIMARY CT rated primary current

211 IX CT STARPOINT Current direction of the currentiransformer
212 IX CT PRIMARY CT rated primary current

203 CT SECONDARY CT rated secondary current

The defrosting operation can only operate if address444 FCT DEFROSTING has been
set to Enabled and the parameter Defrosting,is set to ON (address 4301).

The measured values of the differential currént4, Td, = and the restraintcurrent ,,Ir
=“ are only available or will only be calculated if/the defrosting parameter
Defrosting (address 4301) has beenisetito ON.

The defrosting protection can be switchéakon or off via the binary inputs ,,>Defrost
ON“ (FNo. 13960) and ,,>Defrost OFE (FNo. 13961), or via the system interface.
For control via the system interface, the internal single-point indication ,Defrost
ON“ (FNo. 13963) is used.

There are various possibilitiesyfar blocking the defrosting protection. If the protection
is blocked, only the{TRIR indication ,,Diff TRIP“ (Fno. 13975) will be blocked. All
other indications<are odtput as before.

The defrosting pretection can be blocked locally from the operator panel, using the
binary input or systemyinterface.

For blocking'via the’system interface or the operator panel, the internal single-point

indication ,,Defrost block® (FNo. 13978) is used. For blocking via a binary input,
the signal'y=BLOCK Defrost® (FNo. 13962) must be configured to the appropriate
binaryfinput.

If defresting has been blocked from more than one source, the blocking must be reset
from all sources to become ineffective again. When the defrosting protection is
blecked, the indication ,Defrost blk“ (FNo. 13965) is output.

For the differential protection, you must set as pickup current the differential current
Id, which is permanently present in normal service. The pickup current 4302 ID> is
set somewhat higher (approx. 20 %) than the maximum differential current Id that is
to be expected in normal service.
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2 Functions

Backup Protection

Note

For the setting of the pickup current, the setting of the differential protection delay muO
be taken into account. If the delay of the TRIP signal for the differential protectionsi

set in such a way that transient states occurring on switching on the defrosting CL@
have not yet entirely decayed, the pickup current must be set to approx. 10 % m

than the maximum transient current that is possible at this moment.

&
The slope 4304 k to be set results from possible amplitude or angle %of the

states on switching on the defrosting current have completely d fter that time.
Typical values for these decay times are about 200 ms. This time tant is reduced
by resistances in the current path.

The backup protection of the defrosting protection fun€tion has two definite-time over-
current stages. The high-current stage is set to ap 0% more than the transient
e

current transformers used. \
The trip delay time following a pickup 4303 T ID> is setin suc% at transient

current that is to be expected when switching,on sting current. This current
is set at address 4306 IX>>. The delay of t t at address 4307 T IX>>
without delay, or with a short delay of approx.

The pickup value of the overcurrent stage ddress 4308 IX> to approx. 10 %
more than the expected continuous de in rrent. The delay of the overcurrent
stage is set to approx. 100 ms more than t ecay times of the transient states that
occur when switching on the defrosti rent.

L 4

N
S

Q
o
&

L 4
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2.10 Defrosting Protection

2.10.3 Settings

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

Addr. Parameter C Setting Options Default Setting Comments
4301 Defrosting ON OFF Defrosting Protection
OFF
4302 ID> 0.10 .. 2.00 I/In 0.40 l/In Pigkups@urrent ID> De-
frosting Protection
4303 T ID> 0.00 .. 30.00 sec; » 0.10 sec Delay, Time ID> for De-
fresting Protection
4304 k 0.00..0.80 0.50 Charact. Slope of Defrost-
ing Protection
4306 IX>> 1A 0.10 .. 25.00 A; 2.00 A Pickup Current High-Set
5A | 0.50..125.00 A; o0 10.00A Stage IX>>
4307 T IX>> 0.00 .. 30.00 sec; © 0.80 sec Delay Time IX>>
4308 IX> 1A 0.10 .. 25.00 A; 160 A Pickup Overcurrent Stage
>
5A | 0.50..125.00 A; 760 A X
4309 T IX> 0.00 .. 30.00 sec; «© 0.50 sec Delay Time IX>
2.10.4 Information List
No. Information Type'of In- Comments
formation
13960 >Defrost ON SP >Switch on Defrosting Protection
13961 >Defrost OFF SP >Switch off Defrosting Protection
13962 >BLOCK Defrost SP >BLOCK Defrosting Protection
13963 Defrost ON IntSP Defrosting Protection is switched ON
13964 Defrost OFF ouT Defrosting Protection is switched OFF
13965 Defrost blk ouT Defrosting Protection is blocked
13966 Defrost PICKUP ouT Defrosting Protection PICKED UP
13967 Defrost TRIP ouT Defrosting Protection TRIP
13970 IX>> Pickup ouT Defrosting current IX>> Pickup
13971 IX> Piekup ouT Defrosting current IX> Pickup
13972 IX>5 TRIP: ouT Defrosting current IX>> TRIP command
13973 IX> TRIP ouT Defrosting current IX> TRIP command
13974 DiffRU ouT Differential Protection picked up
13975 Diff TRIP ouT Differential Protection TRIP
13976 DEF ON/OFF BI IntSP Defrosting Protection on/off about Bl
13978 Defrost block IntSP Block Defrosting Protection
7ST6 Manual 119
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2 Functions

2.11 InRush Restraint

2.11.1 Functional

This function is optional, i.e. not included in all device variants. O

When switching in equipment, especially transformers operating at weak load o@
load, high inrush currents may briefly occur which can cause unwanted pickup of
tection functions. The inrush restraint feature allows to recognize such startup condi-
tions. The functions provides signals that block the protection functions, in ordegto

prevent overfunctioning when switching in transformers. :‘
Description &

When switching in transformers, high inrush currents occut, w may amount to a
multiple of the rated transformer current, depending on the on moment.

Although the fundamental current is evaluated by filtering ofthe measured current,
overfunctioning during energization of the transfor result if very short delay
times are set. In the inrush current there is a substanti rtion of fundamental current
depending on the type and size of the trans rt s being energized.

»INRUSH detected* for as
informs you that the inrush re-

The inrush restraint function generates amindic
long as the inrush currents persists. This C
straint feature has detected an inrush nt.
With the parameters Inrush DIS &Inrush 0/C and Inrush 0/C BU the
blocking of the respective protecti ns can be switched on and off. The figure

below shows the logic diagri: f(@ush restraint.

L 4

Q
o
&

L 4
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2.11 InRush Restraint

C)O

13946
T n INRUSHgetected )

[Imax InrushRest | 2306 \%
2 lower @

[2nd HARM.BLOCK | 2305]

o3
£ o

|
[SITime INRUSH  [2307
Inrush DIS >=Z2  [2301]
o (D
: 13947
(Inrush Dis ON )

Inrush O/C

5

13948
(Inrush O/C ON )

Inrush O/C BU

13949
(Inrush BUO/CON )

Figure 2-36

ith the parameter Imax InrushRest a maximum current amplitude for using this
ion can be specified. Above this current amplitude, the detection of inrush cur-
@;{s on the basis of the second harmonics is blocked. This blocking prevents that the

sh detection feature responds in case of transformer saturation since transformer

%\saturation, also, causes a large proportion of second harmonics in the current signal.
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2 Functions

2.11.2 Setting Notes

122

The inrush restraint is only necessary if the device is to be used on transformer
feeders or on overhead contact lines in an auto-transformer system. Even in thosé ap-
plications, the inrush restraint is only needed for protection functions which the infush
current might cause to trip.

Such protection functions are the time overcurrent protection and the distance protec-
tion.

With the parameters Inrush DIS >=Z2 (address 2301), Inrush Q4/C (address
2302) and Inrush 0/C BU (address 2303), the inrush restraint canbe*set for each
protection function separately to YES (effective) or NO (inrush restraint ineffective). If
the inrush restraint has been disabled for all functions, the following parameters are of
no consequence.

For the recognition of the inrush current, the portion of second harmonic current
content referred to the fundamental current component'canybe set in address 2305
2nd HARM.BLOCK. Above this threshold the inrush blaeking'is effective. The preset
value (15 %) should be sufficient in most cases. Lawenrvalties imply higher sensitivity
of the inrush blocking (smaller portion of second harmonic current results in blocking).

In applications on transformer feeders or overhead,contact lines that are terminated
on transformers it may be assumed that,4f Very,latge currents occur, a short circuit has
occurred in front of the transformer. Inithe event of such large currents, the inrush re-
straint is inhibited. This threshold valugiwhich is set in the address 2306 Imax
InrushRest, should be larger than the maximum expected inrush current (RMS
value).

In the parameter 2307 SI Tdme “INRUSH the action time of the inrush detection can
be specified. When this time has elapsed, the blocking of protection functions by the
inrush restraint feature is resetf regardless of the second harmonics content of the cur-
rent.

The indication ,,INRUSH jdetected“ signals that an inrush has been detected. This
indication can also betuged)to block external protection devices during the inrush
phase if these extgrnal dévices do not have an inrush restraint feature of their own.
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2.11 InRush Restraint

2.11.3 Settings

The table indicates region-specific presettings. Column C (configuration) indic

corresponding secondary nominal current of the current transformer. g
Addr. Parameter C Setting Options Default Setting Comme
2301 Inrush DIS >=Z2 NO NO Distance Zones >=Z72
YES Blocked by Inflish
2302 Inrush O/C NO NO 0]/ ed by Inrush
YES
2303 Inrush O/C BU NO NO . O/C Blocked by
YES h
2305 2nd HARM.BLOCK 10..45% 15 % d Harmonics Content of
Inrush Blocking
2306 Imax InrushRest 1A 0.5..25.0A 75A Max.Current, overriding
5A |25.1250A 375 inrush restraint
2307 Sl Time INRUSH 0 .. 10000 ms; « 0 Seal-In Time of Inrush De-
tection
2.11.4 Information List \

No. Information Comments

13946 INRUSH detected
13947 Inrush Dis ON
13948 Inrush O/C ON
13949 Inrush BuO/C ON

rush detection picked up

Inrush detection for Dis. is switched ON
Inrush detection O/C is switched ON
Inrush detection Emerg. O/C ON
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2 Functions

2.12 Automatic Reclosure Function

This function is optional, i.e. not included in all device variants.

Experience shows that about 85% of the arc faults on overhead contact lines are ex-
tinguished automatically after being tripped by the protection. This means that the lifne
can be connected again. Reclosure is performed by an automatic reclose function
(AR).

The number and length of the reclosure cycles can be set as required’by power
system conditions. The actual reclosure happens after the dead time*has expired. If
the fault still exists after automatic reclosure (arc has not disappeared;, there is a me-
tallic fault), then the auto reclose function will attempt another réclasure after the re-
peated TRIP command by one of the protection functions. The*humber of reclosure
attempts can be set. Ideally, the auto reclose function ends with,a"successful recon-
nection of the line. If the fault is still present after the configured maximum number of
reclosure attempts, the line is definitely disconnected fromythe*power system. The
auto reclose function goes into the blocked state andésignalstthat the last TRIP
command was final.

The auto reclose function can also be startedfy the thermal overload protection. This
protection prevents thermal overload of the overhead €ontact line and trips as soon as
a threshold temperature is reached. Aftemeooling off; the line can be reconnected by
means of the auto reclose function.

It is also possible to control the integrated autg reclose function by an external protec-
tion device (e.g. a backup protection)*The use of two 7ST6 with auto-reclosure or the
use of one 7ST6 with auto-reclosuretand a second protection with its own auto-reclo-
sure are equally possible.

2.12.1 Functional Description

Reclosure is performed by an automatic reclosure circuit (ARC). An example of the
normal time sequénce @f‘a double reclosure is shown in the figure below.

Pickup , | |

| Aborted | Aborted
"""" 1 ey
Action Time ! H

Trip
Command

Dead Time 1st I

| |

| |

| | . I

4 reclosure R . Dead Time 2nd reclosure |

> > |‘ > |

[
[
Aborted L Reclaim Time

Close
Command

Reclaim
Time

1st reclosure unsuccessful; furtherT 2nd reclosure successful; no further/d'
tripping during reclaim time tripping during reclaim time

|
|
|
|
Reclosure

Active |'\Start with 1st Trip Command |_

Eigure:2-37 Timing diagram of a double-shot reclosure with action time (2nd reclosure successful)
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2.12 Automatic Reclosure Function

Selectivity before
Reclosure

Zone Releaseffor
the Distance Pro#
tection
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The integrated auto reclose function allows up to 8 reclosure attempts. The first two
interrupt cycles may operate with different parameters for action and dead timesalhe
parameters of the second cycle also apply for the third cycle and onwards.

In order for the automatic reclosure to be successful, all faults on the entire,overhead
line must be cleared at all line ends simultaneously — as fast as possible. In‘the dis-
tance protection, for example, the overreach zone Z1B may be released before the
first reclosure. This implies that faults up to the zone reach limit of Z1B are tripped
without delay for the first cycle. A limited unselectivity in favour effast simultaneous
tripping is accepted here because a reclosure will be performed. in‘any case. The
normal stages of the distance protection (Z1, Z2, etc.) and the,normal grading of the
other short-circuit functions are independent of the automatie,reclosure function.
Figure 2-38 applies for one reclosure cycle.

z2
Z1_ _Z71B
i
[
[ |
| Line |
Reach for 1st Tripping before Reclosure (QverreachyiZone Z1B Enabled)
z2
Z1 Z1B
]
|
1

[ 1"
| Line |

Reach after 1st Reclosufe (Overreach Zone Z1B Disabled)

Figure 2-38 Reageh control before first reclosure, using distance protection

The internal auto feclose function determines whether the overreach zone (Z1B for

distance pratectionywill be decisive for fast tripping. If no reclosure is expected (e.g.
circuit-breaker not ready) the normal grading of the distance protection (i.e. fast trip-
ping only fax faults in zone Z1) must apply to retain selectivity.

If restartiin a higher stage is permitted, the auto reclose function can also be used for
the baek-up zones. The zone Z1L can in that case be used as an overreaching stage
for zone Z2.

if, theé"auto reclose function is only to be used for the overhead contact line that is di-
rectly allocated to the 7ST6 device, the reach of zone Z1L can be set in the same way
as the reach of zone Z1B.

In the initial state, with the distance protection switched on and the auto reclose func-
tion operative, zone Z1B is released. If the distance protection is switched off or the
auto reclose function is not operative, zone Z1 is released.

Before the 2nd reclosure cycle, the enable for zone Z1B is reset after the dead time
has expired, and the enable for zone Z1L is set with start of the blocking time and the
CLOSE command.

The pickup starts all action times which are enabled for initiation. When the 1st action
time has expired but the 2nd action time is still running, the zone enabling switches
from Z1B to Z1L.
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2 Functions

Initiation

Action Times

126

An exception to this is the last reclosure cycle. If all reclosure attempts were unsuc-
cessful, zone Z1 is enabled prior to the last configured reclosure cycle.

Initiation of the auto reclose function means storing the first trip signal during a network
fault that was generated by a protection function which operates with the auto reclose
function. In case of multiple reclosure, initiation therefore only takes place once with
the first trip command. The detection of the actual circuit breaker position is necessary
for the correct functionality of the auto reclose function.

The initiation is important when the first trip command has not appeargd before expiry
of an action time (see margin heading ,Action Times, Operating Mede®).

The auto reclose function can be set in such a way that it is only/Starte@if the circuit
breaker is ready for at least one TRIP-CLOSE-TRIP cycle when(thgfirst trip command
is issued (see also margin heading “Interrogation of Circuit BreakerReady State®).

For the distance protection and the high-speed overcurrentiprotection, the user can
configure by parameter settings whether they will coopérate with the auto reclose
function or not, i.e. if they will be able to start the automatic réclosure or not. Starting
of the auto reclose function by the thermal overloadprotection can also be switched
on and off by parameter settings.

The same applies to the trip commands coupledin,externally via binary input and/or
the trip commands generated by the telepretectian via permissive or intertrip signals.

It is often desirable to neutralize the reg@dy—=fer=reclosure—state if the short-circuit con-
dition was sustained for a certain timejie.g. because it is assumed that the arc has
burned in to such an extent that thérelis no’longer any chance of automatic arc extinc-
tion during the reclose dead time"For reasons of selectivity also (see above), fre-
quently faults with delayeddrip should®not lead to reclosure.

For the auto reclose fungtiom@f the 7ST6, one action time can be set for the 1st cycle
and one for the 2nd to 8thigyclen

The action times are always,started by the general starting signal (with logic OR com-
bination of all internal and external protection functions which can start the auto
reclose function). f no teip command is present before the action time expires, the cor-
responding reclgsure cycle is not carried out.

The user canyset separately for the 1st reclosure cycle and the 2nd to 8th cycle
whether they areyallowed to be the first cycle. Following the first general pickup, only
the actiomtimesfof those cycles that are set such that they may start off the recloser
are considered since the other cycles are not allowed to be the first cycle under any
circumstanees. Using the action times and the start permission you can control which
cycles'can be run under different command time conditions.

Example 1: 3 cycles are set. Starting of the auto-reclosure is allowed for at least the
first eycle. The action times are set as follows:

* {1streclosure: T Action=0.2 s
* From the 2nd reclosure: T Action=1s

Since reclosure is ready before the fault occurs, the first trip of a time overcurrent pro-
tection following a fault is fast, i.e. before the end of any action time. The auto reclose
function is started as a result. After unsuccessful reclosure the 2nd cycle would then
become active; but the time overcurrent protection will not trip in this example until
after 0.6 s according to its grading time. The 3rd cycle with its parameters is therefore
now executed. If the trip command appeared more than 1.2 s after the 1st reclosure,
there would be no further reclosure.
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Example 2: 3 cycles are set. Initiation of the auto-reclosure is only allowed for the first.
The action times are set as in example 1. The first protection trip takes place 0.5 safter
pickup. Since the action time for the 1st cycle has already expired at this time this
cannot start the auto reclose function. However, the 2nd and 3rd cycles cannotitake
place because they are not set to initiate. There is therefore no reclosure, because no
initiating at all can take place.

Example 3: 3 cycles are set. Starting of the auto-reclosure is allowed for at least the
first two cycles. The action times are set as in example 1. The first protectian trip takes
place 0.5 s after pick-up. Since the action time for the 1st cycle has already expired at
this time, it cannot start the automatic reclosure function but the 2ndjcycle, for which
initiating is allowed, is activated immediately. This 2nd cycle therefere starts the auto-
matic reclosure circuit, the 1st cycle is practically skippeds

Different events lead to blocking of automatic reclosure:®\No reclosure is possible for
example if it is blocked via a binary input. If the automatic reclosure has not yet been
started, it cannot be started at all. If a reclosure gycle,is already in progress, dynamic
blocking takes place (see below).

The first or the other cycles of the auto reclose funetion can also be blocked separately
via a binary input. In this case the cycle{@scycles concerned will be declared as invalid,
and skipped in the sequence of permissibleycycles. If blocking takes place while the

cycle concerned is already runnin@ithis leads to aborting of the reclosure, i.e. no re-
closure takes place even if othegvalidycycles have been parameterized.

Internal blocking states restricte@ to“eertain time periods are processed during the
course of reclosure cycles:

The reclaim time TIME RESTRAINT begins with every automatic reclosure command.
If the reclosure is suceessful,(allghe functions of the automatic reclosure return to the
idle state at the endgof the reclaim time; a fault after expiry of the reclaim time is treated
as a new fault in the pewer system. If one of the protection functions causes another
trip during that periodytheinext reclosure cycle will be started if repeated reclosure has
been set. If no more,reclosure attempts are permitted, the last reclosure is regarded

as unsuccessful in'case of another trip during the blocking time. The automatic reclo-
sure is lockgd"outidynamically.

The dynamiebloeking locks the reclosure for the duration of the dynamic blocking time
(0.5 s).(Thisweccurs for example after a final tripping or other events which block the
autogeclese function after it has been started. Restarting is blocked for this time.
Whenithis time has expired, the automatic reclosure returns to its idle position and is
réady to process a new fault in the network.

If thesCircuit breaker is closed manually (by the control discrepancy switch connected
tofa binary input, the local control functions or via one of the serial interfaces), the auto
reclose function is blocked for a manual-close-blocking time T-BLOCK MC. When a
trip command is given during this time, it can be assumed that a metallic short-circuit
is present (e.g. closed earthing isolator). Every trip command within this time is there-
fore final. With the user definable logic functions (CFC) further control functions can
be processed in the same way as a manual—-close command.

A precondition for automatic reclosure following clearance of a short-circuit is that the
circuit breaker is ready for at least one TRIP-CLOSE-TRIP-cycle when the automatic
reclosure circuit is started (i.e. at the time of the first trip command). The readiness of
the circuit breaker is monitored by the device using a binary input ,,>CB Ready“ (FNo.
2730). If no such signal is available, the circuit breaker interrogation can be sup-
pressed (presetting) as automatic reclosure would otherwise not be possible at all.
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This interrogation usually suffices for a single reclosure scheme. Since, for example,
the air pressure or the spring tension for the circuit breaker mechanism drops after the
trip, no further interrogation should take place.

The time needed by the circuit breaker to regain the ready state can be monitored by
the 7ST6. This monitoring time CB TIME OUT starts as soon as the CB indicateSjthe
not ready state. The dead time may be extended if no readiness is signalled at the end
of it. However, if the circuit breaker does not indicate its ready status for a longer period
than the monitoring time, reclosure is locked out dynamically (see also above ufder
margin heading ,Blocking of Auto-reclosure®).

If the circuit-breaker auxiliary contacts are connected to the device, theyeaction of the
circuit-breaker is also checked for plausibility.

This requires that at least one of the auxiliary contacts is connectedito the appropriate
binary inputs ,,>Brk Aux NC*“ (FNo. 4602) and ,,>Brk Aux NO%FNo. 4601). If both
auxiliary contacts are connected, a plausibility check of the switching states is possi-
ble. The device checks the position of the circuit breaker continuously. As long as the
auxiliary contacts indicate that the CB is not closed, thetautomatic reclosure function
cannot be started. This guarantees that a close commahd can only be issued if the CB
previously tripped (out of the closed state). The,valid dead time begins when the trip
command disappears or signals taken from theyCB,auxiliary contacts indicate that the
CB has opened.

The sequence described below applies'forsingle-shot reclosure. In 7ST6 multiple re-
closure (up to 8 shots) is also possible¥(see below).

If the auto reclose function is ready, thexfault protection trips for all faults inside the
stage selected for reclosure@The autoseclose function is then started. When the trip
command resets or the cirCuit-breaker opens (auxiliary contact criterion) an (adjust-
able) dead time starts. At thexend of this dead time the circuit breaker receives a close
command. At the same time, thei(adjustable) reclaim time is started.

If the fault has been elimipated (successful reclosure), the reclaim time expires and all
functions return to their quiescent state. The fault is cleared.

If the fault has not been eliminated (unsuccessful reclosure), the short-circuit protec-
tion initiates afinal trip*following a protection stage active without reclosure. Any fault
during the reelaim time leads to final tripping.

After unsuceessful reclosure (final tripping) the automatic reclosure is blocked dynam-
ically (see alsoabove under margin heading ,Blocking of Auto-reclosure*).

If a fault &till exists after a reclosure attempt, further reclosure attempts can be made.
bp ta,8g4€closure attempts are possible with the automatic reclosure function integrat-
ed'in,the7ST6.

The first two reclosure cycles are independent of each other. Each has separate action
and dead times, and can be blocked separately via binary inputs. The parameters and
intervention possibilities of the second cycle also apply to the third cycle and onwards.

The sequence is in principle the same as in the different reclosure programs described
above. However, in this case, if the first reclosure attempt was unsuccessful, the re-
closure is not blocked but the next reclosure cycle begins. When the trip command
resets or the circuit-breaker opens (auxiliary contact criterion), the associated dead
time starts. The circuit breaker receives a further close command after this. At the
same time the reclaim time is started.
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Until the set maximum number of permissible auto-reclose cycles has been reached,
the reclaim time is reset with every new trip command after reclosure and started
again with the next close command.

If one of the reclosing attempts is successful, i.e. the fault disappeared aftegreclostire,
the blocking time expires and the automatic reclosing system is reset. The\faultis
cleared.

If none of the cycles is successful, the short-circuit protection initiates a final trip after
the last permissible reclosure, following a protection stage active without auto-reclo-
sure. The auto reclose function is blocked dynamically (see alsé abeve under margin
heading ,Blocking of Auto-reclosure").

An activated external or internal synchro-check function may lead to an undesired ex-
tension of the dead time.

To prevent the automatic reclosure system from asstming an undefined state, the ex-
tension of the dead time is monitored. The extension,time T-DEAD EXT. is started
when the regular dead time has expired. When ithas expired, the auto reclose function
is blocked dynamically during 500 ms.

The auto reclose function resumes notmal state when the blocking time has expired
and new blocking conditions do not apply.

If the 7ST6 is equipped with the‘internalauto reclose function, this can also be con-
trolled by an external protectiongdeviees This is useful for example for line ends with
redundant protection or back-up‘protection when the second protection is used for the
same line end and is to wogk with the automatic reclosure function integrated in the
7ST6.

Specific binary inputs and outputs must be considered in this case. It must be decided
whether the intergpal auto-reclosure is to be controlled by the pickup or by the trip
command of the externaliprotection.

The following inputstand outputs are recommended to be used for the auto reclose
function:

The auto reclosejfunction is started via the binary inputs:
2711 ,#ARWStart” General pickup,
2746.,,>Teip for AR“ Trip command for automatic reclosure.

Automatic reclosure is controlled by the trip command. The external general pickup
signaljs only needed for starting the action times.

If the external protection device has dependent tripping zones, additional binary inputs
far zone control are required.

Figure 2-39 shows as a connection example the interconnection between the internal
automatic reclosure of 7ST6 and an external protection device.
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The thermal auto reclose function behaves largely in the same way as the general
auto reclose function, but is in part controlled by its rameters and outputs its
own indications.

It differs from the general auto reclose functi t

* The thermal auto reclose function cog
overload protection. In the integrated t
coincide; therefore there are no acti im

« The thermal overload protection dees notthave multiple stages. Therefore no dis-
tinction is made between the 1stgec re cycle and the subsequent cycles. As a
result, the thermal auto reclose functien has no cycle-specific parameters.

e There is no settable dea T ad time is dynamic, and results from the tem-
perature curve. The re temperature is set in the thermal overload protection.
is
r

* Separate parameter i switching the thermal auto reclose function on and
off. Likewise, there te indications for the status of the thermal auto
reclose function.

For circuit breake@ on, interaction with a synchro-check, the manual-close
ami

lowing points:

with the device-internal thermal
rload protection, pickup and TRIP

feature and the d blocking time, the parameters of the general auto reclose

function are K\

O
Q>®
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If no reclosure is required on the feeder to which the 7ST6 overhead contact line pro-
tection is applied, e.g. for transformers, the auto reclose function must befremaved
during configuration of the device (address 133, see Section 2.1.1.2). Theyauto
reclose function is then totally disabled, i.e. the automatic reclosure is not processed
in the 7ST6. No signals regarding the auto reclose function are generated, and the
binary inputs for the auto reclose function are ignored. All parameters for‘§etting the
auto reclose function are inaccessible and of no significance.

Up to 8 reclosure attempts are allowed with the integrated atito reclose function in the
7ST6. The number of reclosure attempts is specified in addressi3402 No.Recl..
Whereas the settings in the addresses 3401 to 3434 arg cammon to all reclosure
cycles, the individual settings for the first cycle are made from address 3430 onwards.
For the second and all higher cycles, the parameters fromyaddress 3440 are valid.

The auto reclose function can be turned ON or OFFiin address 3401 AUTO RECLOSE.

A prerequisite for automatic reclosure taking place after a trip due to a short-circuit is
that the circuit breaker is ready for at least gnefLRIP-CLOSE-TRIP cycle at the time

the automatic reclosure circuit is started, i.e; at'thetime of the first trip command. The
readiness of the circuit breaker is signalledito the‘device through the binary input ,,>CB
Ready“ (FNo. 2730). If no such signal is‘available, leave the setting in address 3415
CB? 1.TRIP =NO (default setting) becatise.no automatic reclosure would be possible
at all otherwise. If circuit breakerjifiterrogation is possible, set 3415 CB? 1.TRIP =

YES.

The circuit breaker ready stateycamialso be interrogated by the 7ST6 prior to every re-
closure. The monitoring time £BNTIME OUT is set in address 3417. The monitoring
time CB TIME OUT i§the same'for all reclosure cycles. It starts as soon as the CB
indicates the "not réady"State. The time is set slightly longer than the recovery time of
the circuit breakegaftera TRIP-CLOSE-TRIP cycle. If the circuit breaker is not ready
again by the time thisitimer expires, no reclosure takes place, the automatic reclosure
function is blockedjdynamically.

Waiting for the,circuit' breaker to be ready can lead to an increase of the dead times.
Interrogation of alsynchronization check (if used) can also delay reclosure. To avoid
uncontrolled*prelongation it is possible to set a maximum prolongation of the dead
time inthis case in address 3421 T-DEAD EXT.. This prolongation is unlimited if the
setting oais applied. This parameter can only be altered with DIGSI® under ,, Display-
ing, Additional Settings“. Remember that longer dead times are only permissible after
three-pole tripping when no stability problems arise or when a synchro-check takes
place before reclosure.

THe blocking time TIME RESTRAINT (address 3420) defines the time that must
elapse, after a successful reclosing attempt, before the auto reclose function is reset.
Re-tripping of a protection function within this time initiates the next reclose cycle in
the event of multiple reclosure; if no further reclosure is permitted, the last reclosure
is treated as unsuccessful. The reclaim time must therefore be longer than the longest
response time of a protective function which can start the automatic reclosure circuit.

A few seconds are generally sufficient. In areas with frequent thunderstorms or
storms, a shorter reclaim time may be necessary to avoid feeder lockout due to se-
quential lightning strikes or flashovers.

A longer reclaim time should be chosen where circuit breaker supervision is not pos-
sible (see above) during multiple reclosures, e.g. because of missing auxiliary con-

tacts and information on the circuit breaker ready status. In this case, the reclaim time
should be longer than the time required for the circuit breaker mechanism to be ready.
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The blocking duration following Manual-Close detection T-BLOCK MC (address 3423)
must guarantee the circuit breaker to open and close reliably (0.5 sto 1 s). If a fault is
detected by a protection function within this time after closing of the circuit breaker was
detected, no reclosure takes place and a final trip command is issued. If this is notde=
sired, address 3423 is set to 0.

Address 3416 T-Start MONITOR monitors the reaction of the circuit breaker aftera
trip command. If the CB has not opened during this time (from the beginning of the trip
command), the automatic reclosure is blocked dynamically. The criterion for ciréuit
breaker opening is the position of the circuit breaker auxiliary contact ogthe disappear-
ance of the trip command. If a circuit breaker failure protection (internal.erexternal) is
used on the feeder, this time should be shorter than the delay time“ef thes€ircuit
breaker failure protection so that no reclosure takes place if theireuit breaker fails.

This configuration concerns the interaction between the protection and supplementary
functions of the device and the auto reclose function. Here'you can select which func-
tions of the device are to start the auto reclose function gandwhich not (see Table 2-4).

Table 2-4 Settings for configuring the auto reclosedtnction
Address Pafameter,

3405 AR w/ DIST., i.e. with distance protection

3406 AR w/ HS O/C, i.e. with high-Spegthevercurrent protection

3407 AR w/ DTT, i.e. with externally’coupled trip command

For the functions which are to start thetauto-reclosure function, the corresponding
address is set to YES, for the othefs toNO” The other functions, e.g. overvoltage pro-
tection, circuit breaker failurggprotection, overcurrent protection, defrosting protection
cannot start the automaticgeclosureBecause reclosure is of little use here.

The thermal overload prgtection is a special case in this context. It is provided with a
separate auto reclose functign, the thermal auto reclosure. This auto reclose function
can be switched ON ofOFF, with the parameter 3450 AUTO-TH-AR.

In address 3430 1.AR% START you set whether this cycle is permitted to start the
auto reclose function,(="YES) or not.

The actign time 1.AR: T-ACTION (address 3431) is the interval from the pickup of
a protectionfunétion within which the trip command must appear in order to start the
automatiereclasure. If the command does not appear until after the action time has
expired, there is no reclosure.

Thg dead time after tripping 1st Recl: Tdead (address 3432) should be long
enaugh for the short-circuit arc to be extinguished and the surrounding air to be de-
I0hized so that the reclosure promises to be successful. The longer the line, the longer
is this time due to the charging of the conductor capacitances. The stability of the
pawer system must also be kept in mind. Since the de-energized line cannot transfer
synchronizing energy, only short dead times are allowed. Usual values are 0.3 st0 0.6
s.

If the device is equipped with a synchronism check (see Section 2.13), a longer time
may be tolerated under certain circumstances. Longer times are also permitted for
lines on which only vehicles with converters are used.

If there is a risk of stability problems in the network during a reclosure cycle, set
address 3434 SYN-CHECK to YES. In this case a check is made before every reclo-
sure following tripping whether the voltages of the feeder and the reference are suffi-
ciently synchronized. This is applicable on condition that either the internal synchro-
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nism and voltage check function is available or that an external device is availablegfor
synchronism check. Where no stability problems are to be expected during theautos
reclosure dead time, set address 3434 to NO.

In address 3440 2nd Recl:START you set whether the 2nd to 8th cycletare permit-
ted to start the auto reclose function (= YES) or not.

If more than two cycles are set in address 3402, those following the second cycle use
the settings of the second cycle.

The table below shows a summary of the parameters of the 2nd.¢eycle.

Table 2-5 Auto reclose function — 2nd to 8th cycle
Address Parameter Descriptioh
3440 2nd Recl:START Start of auto recloseypermitted for 2nd to
8th cycle
3441 2-8 Recl:T SI Action time for2nd to 8th reclosure cycle
3442 2-8 Recl:Tdead Dead time'fer 2nd to 8th reclosure cycle

If the setting of address 3415 CB? 1.TRIP=Y¥ES specifies that the readiness of the
circuit breaker in normal state is to be continueusly monitored via the binary input 2730
»>CB Ready“, the auto reclosurefunctienyis statically blocked if the binary input
signal drops out. The blocking isr€set‘as soon as the binary input signal returns.
Circuit breaker ready signals that drep.eut during a power system fault are checked
by monitoring times.

If the auto reclose fup€tion detegcts that the circuit breaker is open but that there is no
TRIP command from any internal or external protection function, the auto reclose
function is statically blecked. This state can occur, for instance, if the circuit breaker
was not actuated byathe ‘protection but by the control. A prerequisite for detection of
an open circuit breakeris in this case that the breaker auxiliary contacts are connected
to the auto reclasg function. The blocking is reset when the circuit breaker is closed.
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If a TRIP command occurs while the auto Teclose function is statically blocked, the

function passes to the dynami state.
Possible Causes of The table below summariz e possible causes of dynamic blocking:
Dynamic Blocking
S

dynamic blocking

Table 2-6 Possible
Cause %c blocking Resulting indication(s)
Binary input 2‘03 @ AR active 2703 ,>BLOCK AR*
i 2829 ,AR Tact expired”
litoring’time expired 2809 ,AR T-Start Exp*
on time expired 2810 ,AR TdeadMax Exp*“
ready monitoring window expired 2788 ,AR T-CBreadyExp“
xpired without CB CLOSE 2785 ,AR DynBlock"
@7’ reverse direction 13882 ,AR BLK DIR*

efmalfoverload pickup with auto reclosure running  |2805 ,Th-AR in prog*
C t has reached the limit value 3411 ,AR DynBlock"|13883 ,AR BLK | MAX"

Manual close command 13885 ,AR BLK MC*
0 more cycles possible 2863 ,AR Lockout*
TRIP command from circuit breaker failure protection 13884 ,AR BLK BF*
r's TRIP during static blocking No indication
134 7ST6 Manual
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The interval between the appearance of a pickup signal and the appearance of a TRIP
command can be monitored by the action time in addresses 3431 1.AR: T-ACTION
and 3441 2-8 Recl:T SI. The action time starts with the appearance of the'pickup
signal. If the action time expires without a TRIP command arriving, each TRIP
command in the time between the expiry of the action time and the reset ofithe pickup
leads to a dynamic blocking of the auto reclose function. The "blocked" sighalstarts
the dynamic blocking time. The auto reclose function resumes normal state when the
blocking time has expired and new blocking conditions do not apply.

The interval between the appearance of the TRIP command andghe opening of the
circuit breaker is monitored by means of the start signal monitesingtime set in address
3416 T-Start MONITOR. If the time expires before the gireuit breaker has opened,
the auto reclose function is dynamically blocked and thefdynamic blocking time
launched. The auto reclose function resumes normal state when the blocking time has
expired and new blocking conditions do not apply.

The monitoring of the circuit breaker ready sighal andthe synchro-check may cause
undesired extension of the dead time. To preyént theyautomatic reclosure system from
assuming an undefined state, the extension of the*dead time is monitored. The exten-
sion time (address 3421 T-DEAD EXT4)ls launched when the regular dead time has
expired. When it has expired, the automatic reclosure function is blocked dynamically
and the dynamic blocking time launehedwlhe auto reclose function resumes its

normal state when the blocking time has, expired and new blocking conditions do not

apply.

If the setting of address 3415 CB2y1 . TRIP specifies that the circuit breaker readiness
is to be monitored duringithe(dead time, the timer for the circuit breaker ready moni-
toring (3417 CB TIME OUT) is launched within the pause when the binary input indi-
cation2730 ,,>CByReady “ disappears. If it expires without the binary input signal re-
turning, the auto reclese function is dynamically blocked, and the blocking time of 500
ms is launched. F/hg,aute reclose function resumes its normal state when the blocking
time has expired and Aew blocking conditions do not apply. If the reclaim time, plus,
where applicable, thé CLOSE command time, expires without the circuit breaker being
closedgthe'auto reclose function is also dynamically blocked.

In the case of a pickup by any of the internal protection functions, the general auto
reclose,function can be dynamically blocked in dependence on parameter 3413 AR
BLK REVERSE) if the distance protection detects a fault in reverse direction. The auto
reclose function resumes normal state when the blocking time has expired and new
blocking conditions do not apply.

When the fault current reaches a settable limit I LIMIT BLK (address 3411), a
started automatic reclosure is dynamically blocked. The auto reclose function
resumes its normal state when the blocking time of 500 ms has expired and new block-
ing conditions do not apply.

If the automatic reclosure function is active (actuated by the thermal overload function)
and trips another protection function, the auto reclose function is dynamically blocked.
The blocking is reset as soon as the dynamic blocking has expired.
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The maximum number of reclosure attempts specified in the settings is reached. If
now a TRIP command is given within the reclaim time, the auto reclose function is dy-
namically blocked during 500 ms. The auto reclose function resumes its normal state
when the blocking time has expired and new blocking conditions do not apply.

The parameter T-BLOCK MC (address 3423) specifies whether the auto reclose func-
tion responds to a manual CLOSE command.

If T-BLOCK MC is set to 0, the auto reclose function does not respond on detecting a
manual CLOSE command. If the parameter T-BLOCK MC is set to = Q; thesauto reclo-
sure function is dynamically blocked on detecting a manual CLOSE,command. This is
also true if the auto reclose function has not yet been started, or if itis alseady statically
blocked.

On appearance of the manual CLOSE signal, the manual CE@SElocking time
defined in the parameter T-BLOCK MC (address 3423) andjthe dymamic blocking time
of 500 ms are launched. Both times overlap. If the dynamig bloeking time is longer than
the manual CLOSE blocking time, the device checks on expiry,of the dynamic blocking
time whether the blocking can be reset.

If no more blocking conditions apply, the auto,reclosée function resumes its normal
state. If the manual CLOSE blocking time is stilhkunning when the dynamic blocking
time has expired, the blocking is maintained, and the dynamic blocking time re-
launched.

If the breaker failure protection issuesia TRIP"'command, the auto reclose function is
dynamically blocked, even if the setsamaximum number of cycles is not yet reached.
The indication ,AR DynBlock“ (FN032785) is output. Here the start signal monitor-
ing time must be matched tefthe breaker failure protection. The auto reclose function
resumes normal state when the dynamic blocking time has expired.

The auto reclose functions prevides binary input and output signals for interaction with
an external protectionfdevice,

In the functional dgS€riptien of the auto reclose function, a connection example of the
auto reclose functign tojan external protection device is shown under margin heading
~controlling thelaterfal Automatic Reclosure by an External Protection Device".

The thermaltautofeclose function is not an autonomous function. It is configured to-
gether with the general auto reclose function but can be separately switched ON or OFF
with thelparameter AUTO-TH-AR (address 3450). In address 3451 No. of TH-AR,
thefnumber of reclosure attempts is specified for the thermal auto reclose function.

Rhethermal auto reclose function behaves largely in the same way as the general
autgyreclose function, but is in part controlled by its own parameters and outputs its
own indications (see margin heading ,Thermal Auto Reclose Function® in the function-
al'description).

In contrast to the general auto reclose function, there is no settable dead time. The
dead time is dynamic, and results from the temperature curve. A maximum permissi-
ble dead time can be defined with the parameter Tdead TH MAX (address 3456).
After this monitoring time has expired, the thermal auto reclose function is blocked,
and an indication is output with ,AR TH TO Tdead*“ after the dead time has expired.
This means that the maximum dead time must be set longer than the expected time
necessary for the line to cool off. The reclosure temperature is set in the thermal over-
load protection (see also Subsection 2.7.4).
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Separate binary inputs exist for switching the thermal auto reclose function on andyoff
and for blocking it. Likewise, there are separate indications for the status of the thermal
auto reclose function. For circuit breaker supervision, interaction with a synchro-
check, the manual-close feature and the dynamic blocking time, the parameteysief.the
general auto reclose function are used.

The most important information about automatic reclosure is briefly explained insofar
as it was not mentioned in the following lists or described in detail in the préeceding text.

»>BLK 1.AR-cycle” (FNo. 2742) and ,,>AR BLK >1st"{(ENom13874)

The associated reclosure cycles are blocked. If the blockifg state already exists when
the automatic reclosure function is initiated, the blocked cycle isnot executed and may
be skipped. The same is true if the auto reclose function‘igstarted outside the blocked
cycle. If the block signal of a cycle appears while thisicycle'is being executed (busy)
the automatic reclosure function is blocked dynamieally; no further automatic reclo-
sures cycles are then executed.

,AR EN Z1B*“ (FNo. 13887), ,AR EN\ZaL “\(ENo. 13888) and ,AR EN Z1“ (FNo
13886)

If the signal ,,AR EN Z1B* is active,the automatic reclosure function is ready for the
first reclosure cycle. An active signal ,,AR EN Z1L“ indicates that the auto reclose
function is ready for a second ar.higheFcycle. On the other hand, the signal ,,AR EN
Z1“ indicates that the auto reeloseffunction is in its last cycle, or blocked. For example,
external protection functions camuse these signals to release accelerated or over-
reaching trip stages pfiofto the corresponding reclose cycle.

»AR 1is NOT ready” (ENo. 2784)

The automatic reclosure is not ready for reclosure at the moment. In addition to the
reasons mentioned above for static blocking, there are also obstructions during the
course of the reclose cycles such as "action time run out" or "last reclaim time run-
ning". This infermation is particularly helpful during testing because no protection test
cycle with reelosure may be initiated during this state.

£BLOCK AR“ (FNo. 2703)

A Blecking via the Bl (2703:,,>BLOCK AR“) may cause both a static and a dynamic
blacking. An activation of the Bl with the auto reclose function in normal state will
gause a static blocking. The blocking is terminated immediately when the binary input
has been cleared, and the automatic reclosure function resumes its normal state.

If the auto reclose function is already running when the blocking arrives, the dynamic
blocking takes effect. In this case, the blocking time defined by the parameter T BLK
DYN (address 3422) is started when the binary input is set. After the time has expired,
the function checks whether the Bl is still active. If it is, the auto reclose function
passes from dynamic to static blocking. If the binary input is no longer active when the
time has expired and if no new blocking conditions apply, the automatic reclosure
system resumes normal state.
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»AR no starter® (FNo. 2823)

In the configuration parameters AR w/ DIST. (address 3405), AR w/ HS 0/C (a
dress 3406), AR w/ DTT (address 3407) and the parameter AUTO-TH-AR (addres

3450) no source has been defined for starting the auto reclose function. The aut t-

ic reclosure is therefore statically blocked. With the parameter 3430: 1.AR: START

and 3440: 2nd Recl:START, no start of one of the possible cycles is enabled.

automatic reclosure is therefore statically blocked. This state can only be changed by
modification of the settings.

»AR 1in progress“ (FNo. 2801)

This information appears following starting of the auto reclose

first trip command that can start the auto reclose function. If thi
cessful (or any in the case of more than one), this information
the last reclaim time. If no reclosure was successful or if rec

with the last — the final — trip command. Q

»AR Sync.Request® (FNo. 2865)

evice. The information appears
if a'synchronism request is present.
check device has provided the

Measuring request to an external synchronism
at the end of a dead time subsequent todrippi
Reclosure only takes place when the

release signal ,,>Sync.release“ (F

»>Sync.release” (FNo. 2731

Release of reclosure by a na chronism check device if this was requested
by the output information ync.Request® (FNo. 2865).

N
>
$

L 4

Q
o
&
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2.12 Automatic Reclosure Function

2.12.3 Settings

Addresses which have an appended "A" can only be changed with DIGSI, under Ad-
ditional Settings.

Addr. Parameter Setting Options Default Setting Comments
3401 AUTO RECLOSE OFF ON Auto-Reclose Function
ON
3402 No.Recl. 1 AR-cycle 1 AR-cycle Maximum(Number of Reclosure
2 AR-cycles Attempts
3 AR-cycles
4 AR-cycles
5 AR-cycles
6 AR-cycles
7 AR-cycles
8 AR-cycles
3405 AR w/ DIST. YES YES AR with Distance Protection
NO
3406 AR w/ HS O/C YES YES AR with HS O/C Protection
NO
3407 AR w/ DTT YES YES AR with direct transfer trip
NO
3411 | LIMIT BLK 1..25A;0; © 1I0A Current Limit for AR Blocking
3412 No.Recl. HS O/C 1 AR-cycle 1 AR-cycle No. of Reclosure Attempts HS
All AR Cycles O/C Tripped
3413 AR BLK REVERSE YES NO AR Blocking at Faults Reverse Di-
NO rection
3415 CB? 1.TRIP YES NO CB ready interrogation at 1st trip
NO
3416 T-Start MONITOR 0.01 .. 300{00,sec 0.50 sec AR start-signal monitoring time
3417 CB TIME OUT 0.02"..300:00 sec 3.00 sec Circuit Breaker (CB) Supervision
Time
3420 TIME RESTRAINT 0.50y.. 300.00 sec 3.00 sec Auto Reclosing reset time
3421A | T-DEAD EXT. 050 .. 300.00 sec; «© o0 Sec Maximum dead time extension
3423 T-BLOCK MC 0.50 .. 300.00 sec; 0 1.00 sec AR blocking duration after manual
close
3430 1.AR: START YES YES Start of AR allowed in this cycle
NO
3431 1.AR: TACTION 0.01 .. 300.00 sec; » 0.20 sec Action Time
3432 IsyRecl: Tdead 0.01 .. 1800.00 sec; « 0.50 sec Dead Time for 1st Reclosure
Cycle
3434 SYN-CHECK YES NO Synchro-Check after Dead Time
NO
3440 2nd Recl:START YES NO Start 2nd Reclosure Cycle Permit-
NO ted
3441 2-8 Recl:T Sl 0.01 .. 300.00 sec; «© 0.20 sec Seal-In Time for 2nd-8th Reclo-

sure Cycle
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Addr. Parameter Setting Options Default Setting Comments
3442 2-8 Recl:Tdead 0.01 .. 1800.00 sec; «© 0.50 sec Dead Time for 2nd to 8th Reclo-
sure Cycle
3450 AUTO-TH-AR ON ON Automatic Reclosure after
OFF Thermal Trip
3451 No. of TH-AR 1 AR-cycle 1 AR-cycle Max. Number Automatic Reclo-
2 AR-cycles sure Attempts
3 AR-cycles
4 AR-cycles
5 AR-cycles
6 AR-cycles
7 AR-cycles
8 AR-cycles
3455 TInhibit TH 0.50 .. 300.00 sec 3.00 sec Inhibit Timeyafter Reclosure
3456 Tdead TH MAX 1..60 min; o 30 min MaximumeDuration of Dead Time
2.12.4 Information List
No. Information Type of In- Comments
formation
2701 >AR ON SP >Auto reclose,ON
2702 >AR OFF SP >Auto reclose OFF
2703 >BLOCK AR SP >BLOCKyAuto reclose
2710 >Th-AR block SP >Th-AR:/Block thermal AR-function
2711 >AR Start SP >External start of internal Auto reclose
2718 >Th-AR ON SP >Th-AR: Switch on thermal-AR function
2719 >Th-AR OFF SP >Th-AR: Switch off thermal-AR function
2731 >Sync.release SP >AR: Synchronism from ext. sync.-check
2742 >BLK 1.AR-cycle SP >AR: Block 1st AR-cycle
2746 >Trip for AR SP >AR: External Trip for AR start
2781 Auto recl. OFF ouT Auto recloser is switched OFF
2782 Auto recl. ON IntSP Auto recloser is switched ON
2783 AR is blocked ouT AR: Auto-reclose is blocked
2784 AR is NOT ready ouT Auto recloser is NOT ready
2785 AR DynBlock ouT Auto-reclose is dynamically BLOCKED
2787 CB not ready ouT AR: Circuit breaker not ready
2788 AR T-CBreadyExp ouT AR: CB ready monitoring window expired
2793 Th-AR naet rdy, ouT Th-AR: Thermal AR not ready
2794 Th-AR off ouT Th-AR: Thermal AR is switched off
2795 Th-AR on IntSP Th-AR: Thermal AR is switched on
2796 AR on/off Bl IntSP AR: Auto-reclose ON/OFF via Bl
2801 AR in progress ouT Auto-reclose in progress
2805 Th-AR in prog ouT Th-AR: Thermal AR in progress
2808 ARBLK: CB open ouT AR: CB open with no trip
2809 AR T-Start Exp ouT AR: Start-signal monitoring time expired
2810 AR TdeadMax Exp ouT AR: Maximum dead time expired
2819 ThAR Tdead ru ouT Th-AR: dead time is running
140 7ST6 Manual
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No. Information Type of In- Comments
formation
2823 AR no starter ouT AR: no starter configured
2829 AR Tact expired ouT AR: action time expired before trip
2844 AR 1stCyc. run. ouT AR 1st cycle running
2851 AR Close ouT Auto-reclose Close command
2855 Th-AR ClosCmd ouT Th-AR: Close command from thermal AR
2861 AR T-Recl. run. ouT AR: Reclaim time is running
2862 AR Successful ouT Auto reclose cycle successful
2863 AR Lockout ouT Auto reclose Lockout
2865 AR Sync.Request ouT AR: Synchro-check request
2866 Th-AR T-Recl. ouT Th-AR: Therm.AR reclaim timelis running
2867 Th-AR success ouT Th-AR: Thermal AR cycle suecessful
2868 Th-AR def.Trp ouT Th-AR: Thermal AR definite trip
13872 AR TH ON/OFFtel IntSP AR thermal trip:ON/OFRyia Telegram
13873 AR TH ON/OFF BI IntSP AR thermal trip;ON/QEF via Binary Input
13874 >AR BLK >1st SP >AR: BLOCK2ngd-nth,cycle
13875 AR TH TO Tdead ouT AR thermaltrip:Time Out Dead time
13876 AR TH dyn Blk ouT AR thermaltripidynam. blocked
13877 AR Dead Time ouT AR Deadtime is running
13878 AR >1st cycle ouT AR2nd cyele or higher is running
13879 AR Close 1st ouT AR CLOSE command 1st cycle
13880 AR Close >1st ouT AR‘€LOSE command 2nd cycle or higher
13881 AR ON/OFF TEL IntSP. ARYON/OFF via Telegram
13882 AR BLK DIR ouT AR blocked by failure direction
13883 AR BLK | MAX ouT AR blocked by max. current
13884 AR BLK BF QuUT AR blocked by BF
13885 AR BLK MC QUT AR blocked by manual closing
13886 AR EN 71 ouT AR enable Zone Z1
13887 AR EN Z1B ouT AR enable Zone Z1B
13888 AR EN Z1L ouT AR enable Zone Z1L
13889 AR TH T Reclaim ouT AR after thermal trip cannot start
13993 TH Recl.SyncReq ouT AR: Recl. after thermal trip: Meas. Req.
13995 AR Taction 1st ouT AR: Taction 1st cycle is running
13996 AR Taction >1st ouT AR: Taction 2nd cycle or higher running
7ST6 Manual 141
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2.13 Synchronism and Voltage Check

This function is optional, i.e. not included in all device variants.

The synchronism and voltage check function ensures, when switching a line onte a
busbar, that the stability of the network is not endangered. The voltage of the feeder
to be energized is compared to the voltage of the busbar (reference voltage) to check
conformances in terms of magnitude, phase angle and frequency within certaingoler-
ances. Optionally deenergization of the feeder can be checked before itsis connected
to an energized busbar (or vice versa).

The synchro check can either be conducted only for automatic reclosuré, only for
manual closing (this includes also closing via control command) oriin,both cases. Dif-
ferent close permission (release) criteria can also be programmed for automatic and
manual closing.

Synchro check is also possible without external matching, trapsformers if a power
transformer is located between the measuring points.

Closing is released for synchronous or asynchronous,system conditions. In the latter
case the device determines the time for issuing the closescommand such that the volt-
ages are identical the instant the breaker polesimake gontact.

2.13.1 Functional Description

General

142

For comparing the two voltages, th€"synchro check uses the overhead line voltage
ULine and an additional reference voltage URef.

Busbar

A o o Line
| N
! I 6 ULine
I
1
1
| 7ST6
1

TRIR 534— Protection
____________ Discrepancy Switch
ON D<7 AR {I/
+O sy [— L+
Uref b
Control
@ m (Interface)

Figure 2-41 Connection example of the synchro-check, interaction with the protection func-
tion and the automatic reclosure function

The synchro-check function in the 7ST6 usually operates together with the integrated
automatic reclose, manual close, and the control functions of the relay. It is also pos-
sible to employ an external automatic reclosing system. In such a case signal ex-
change between the devices is accomplished via binary inputs and outputs.
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When closing via the integrated control function, the configured interlocking conditions
may have to be verified before checking the conditions for synchronism. After thessyn=
chronism check grants the release, the interlocking conditions are not checked a
second time.

Furthermore, closing is possible with synchronous or asynchronous systemiconditions
or both. Synchronous closing means that the closing command is issued as'soon as
the critical values (voltage magnitude difference Max. Volt. Diff, angle difference
Max. Angle Diff, and frequency difference Max. Freq. Diff) lie within the set
tolerances. For closing with asynchronous system conditions, thevdevice calculates
the correct timing of the closing command from the angle diffefen€e Max. Angle
Diff and the frequency difference Max. Freq. Diff suchithatth€ voltages on the
busbar and the feeder circuit have exactly the same phasé€“relationship at the instant
that the circuit breaker primary contacts close. For this purpose*the device must be
informed on the operating time of the circuit breaker forclosing. Different frequency
limit thresholds apply to switching under synchronism andiasynchronous conditions:
If closing shall be permitted exclusively under synehroneus system conditions, the fre-
quency difference limit for this condition can be Set. Tglosing is permitted under syn-
chronous as well as under asynchronous systemigonditions, a frequency difference
below 0.01Hz is treated as a synchronous ¢ondition, a higher frequency difference
value can then be set for closing underfasynchronous system conditions.

The synchro check function only operates when it is requested to do so. Various pos-
sibilities exist to this end:

» Measuring request from the externaltautomatic reclosure device. If the internal au-
tomatic reclosing function is set aceardingly (one or more reclosing attempts set to
synchronism check, see also Section 2.12.2), the measuring request is accom-
plished internally. The releaséyconditions for automatic reclosing apply.

< Measuring requestsfrom an.internal automatic reclosure device. The measuring
request must begnjected via the binary input ,>Sync. Start AR“ (FNo 2906).
The release canditions for automatic reclosing apply.

* Measuring requestfrom’the internal manual CLOSE detection. The manual CLOSE
detection of the central function control (Section 2.18.1) issues a measuring request
provided this'was gonfigured in the power system data 2 (Section 2.1.5, address
1151 SYN.MAN-CL). This requires the device to be informed of the manual closing
via Binaryjinput ,,>Manual Close“ (FNo 356). The release conditions for manual
closing apply.

« [Request to execute a check synchronism measurement from an external closing
command. Binary input ,>Sync. Start MC“ FNo. 2905 fulfills this purpose.
Unlike'the ,,>Manual Close“ (see previous paragraph), this merely affects the
measuring request to the synchro check function, but not other integrated manual
CLOSE function such as instantaneous tripping when switching onto a fault (e.g.
overreaching zone for distance protection or accelerated tripping of a time overcur-
rent stage). The release conditions for manual closing apply.

» Measuring request from the integrated control function via control keys or via the
serial interface using DIGSI ® on a PC or from a control centre. The release condi-
tions for manual closing apply.

The synchro-check function gives permission for passage ,,Sync. release“ (FNo.
2951) of the closing command to the required function. Furthermore a separate
closing command is available as output indication ,,Sync.CloseCmd“ (FNo. 2961).

The check of the release conditions is limited by an adjustable synchronous monitor-
ing time T-SYN. DURATION. The configured conditions must be fulfilled within this
time. If they are not, the synchronism will not be checked. A new synchronism check
sequence requires a new request.
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Operating Modes

De-energized
Switching

Switching under
Synchronous
System Conditions
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The device issues indications if, after a request to check synchronism, the conditions
for release are not fulfilled, i.e. if the absolute voltage difference Max. Volt. Diff,
the absolute frequency difference Max. Freq. Diff, or the absolute phase anglée
difference Max. Angle Diff lie outside the permissible limit values. A preconditien
for these indications is that voltages within the operating range of the relay are avail-
able. When a closing command is handled by the integrated control function and'the
conditions for synchronism are not fulfilled, the command is cancelled, i.e. the control
function outputs ,CO—" (refer also to Section 2.19.1).

The closing check procedure can be selected from the following @perfating modes:

SYNC-CHECK = Release at synchronism, that is, whenithe critical
values Max. Volt. Diff, Max. /Freq. Diff and
Max. Angle Diff lie within theSetlimits. This pa-
rameter is only displayed if youthave checked the “Ad-
vanced Settings” checkboxin,DIGSI.

Uref>Uline< = Release for energized,busbag(URef>) and de-ener-
gized line (ULine<).

Uref<Uline> = Release for de-energized’busbar (URef<) and ener-
gized line (ULine>).

Uref<Uline< = Release fomde-energized busbar (URef<) and de-en-
ergizedyline(LLine<).

OVERRIDE = Releasg without any check.

Each of these conditions can be epabledhor disabled individually; combinations are
also possible, e.g. release if Uref>Uline< or Uref<Uline> are fulfilled. Combina-
tion of OVERRIDE with otherfparameters is, of course, not reasonable.

The release conditions cambeonfigured individually either for automatic reclosing or
for manual closing or fortglosing, via control commands. You can, for example, allow
manual closing and control ¢lesing for synchronism or for de-energized feeder
whereas before an automatic, reclosing operation, checking only de-energized condi-
tions at one feeder terminal’and afterwards only synchronism at the other.

For release of the,closing command to energize a voltage free line from a live busbar,
the followinge€onditions are checked:

 |s the feeder voltage ULine below the set value Dead Volt. Thr.?

* Is the'reference voltage URef above the setting value Live Volt. Thr. but
belowythe /maximum voltage Umax?

 [s the drequency fRef within the permitted operating range fy £ 3 Hz?
Aitersuccessful check the closing command is released.

Corresponding conditions apply when switching a live line onto a dead busbar or a
dead line onto a dead busbar.

Before granting a release for closing under synchronous conditions, the following con-
ditions are checked:

* Is the reference voltage URef above the setting value Live Volt. Thr. but
below the maximum voltage Umax?

 |s the feeder voltage ULine above the setting value Live Volt. Thr. but below
the maximum voltage Umax?
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Switching under
Asynchronous
System Conditions

 |Isthe magnitude of the voltage difference |ULine — URef| within the permissible limit
Max. Volt. Diff?

» Are the two frequencies fRef and fLine within the permitted operating range.fy £
3 Hz?

* Is the frequency difference |fLine — fRef| within the permissible limit Max. Freq.
Diff?

* Is the angle difference |pLine — @ref| within the permissible limit Max. Angle
Diff?

To check whether these conditions are observed for a certain minigAdm time, you can
set this minimum time as T SYNC-STAB. Checking the synehronism conditions can
also be confined to a maximum monitoring time T-SYN. DURATION. This implies that
the conditions must be fulfilled within the time T-SYN. DURATEON for the duration of
T SYNC-STAB. If this is the case, the closing releaseas released.

Before granting a release for closing under asynehronous conditions, the following
conditions are checked:

« |s the reference voltage URef above the gétting value Live Volt. Thr. but
below the maximum voltage Umax?

 Is the feeder voltage ULine above thesetting’value Live Volt. Thr. but below
the maximum voltage Umax?

« |sthe magnitude of the voltage difference’|ULine — URef| within the permissible limit
Max. Volt. Diff?

 Are the two frequencies fRefiand fLine within the permitted operating range f +
3 Hz?

« |s the frequency differencedfLine — fRef| within the permissible limit Max. Freq.
Diff?

When the check hasheen terminated successfully, the device determines the next
synchronizing time frem the angle difference and the frequency difference. The close
command is issyedhat synchronization time minus the operating time of the circuit
breaker.

2.13.2 Setting Notes

Preconditions
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When setting the general power system data (refer to section 2.1.3.1) a number of pa-
rameters regarding the measured quantities and the operating mode of the synchro-
nismscheck function must be applied.

This concerns the following parameters:

204 Unom PRIMARY Primary rated voltage of the voltage transformers in kV;
205 Unom SECONDARY Secondary rated voltage of the voltage transformers in V;
215Uline/Uref Matching factor for different transformers of overhead
contact line voltage ULine and reference voltage URef;
230 Rated Frequency The operating range of the synchronism check refers
to the nominal frequency of the power system
(fy £ 3 Hz);

and, if closing at asynchronous system conditions is allowed,

239 T-CB close the closing time of the circuit breaker.
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WARNING!

Closing under Asynchronous System Conditions

Closing under asynchronous system conditions requires the closing time of the circuit
breaker to be set correctly in the Power system data 1 (address 239).

Otherwise, faulty synchronization may occur.

The synchro-check can only operate if it has been set to Enabledduringshe config-
uration of the device scope (address 135 Synchro-Check).

The measured values of the synchro check (636 ,,Uudif=", 637 JUline=", 638
Suref=“ 647 ,fdif=“ 649 ,fline=", 646 ,fref=“ and648%,¢-diff=“) are
only available if the synchro-check has been set to Enabled.

Different interrogation conditions can be parameterized for-automatic reclosure on the
one hand and for manual closure on the other hand. Eagh closing command is con-
sidered a manual reclosure if it was initiated via the integrated control function or via
a serial interface.

The general limit values for closure are set in addresses 3501 to 3508. For the auto-
matic reclosure function, the addresses ‘351008519 are also relevant, and for
manual closure or control closure the addresses 3530 to 3539. Moreover, address
3509 is relevant for reclosure via the integrated control function.

The complete synchronism check function,is switched ON or OFF in address 3501 FCT
Synchronism. If switched off, the'synehro-check does not verify the synchronization
conditions and release is notigranted.

Address 3502 Dead Vol%. Thr. indicates the voltage threshold below which the
feeder or the busbar camsafely be considered switched off (for checking a de-ener-
gized feeder or busbar). Theysetting is applied in Volts secondary. This value can be
entered as a primary yalueywhen parameterizing with a PC and DIGSI®.

Address 3503 LivewVolt.. Thr. shows the voltage above it is safe to assume that
the feeder or the Busbaris carrying load. It must be set below the anticipated opera-
tional undervoltage- ke setting is applied in Volts secondary. This value can be
entered as aggrimaty, value when parameterizing with a PC and DIGSI®,

The maximam permissible voltage for the operating range of the synchronism check
functionfis'set iraddress 3504 Umax. The setting is applied in Volts secondary. This
value can belentered as a primary value when parameterizing with a PC and DIGSI®.

The cheek of the release conditions through the synchronism check function can be
limitéd to'a configurable synchronous monitoring time T-SYN. DURATION (address
3507). The configured conditions must be fulfilled within this time. Below that, value
reclosure will not be released. If this time is set to o, the conditions will be checked
until they are fulfilled or the measuring request is deactivated.

If the conditions for synchronous operation must be checked to be maintained for a
certain duration, this minimum duration T SYNC-STAB can be set in address 3508.

Addresses 3510 to 3519 are relevant to the check conditions before automatic reclo-
sure of the circuit breaker. When setting the parameters for the internal automatic re-
closing function (Section 2.12.2) it was decided whether the synchronism check
should be carried out.
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Address 3510 Op.mode with AR determines whether closing under asynchroneus
system conditions is allowed for automatic reclosure. Set this parameter to wi thy T =
CB close to allow asynchronous closing; the relay will then consider the circuit
breaker closing time before determining the correct instant for the close commands
Remember that closing under asynchronous system conditions is allowed onlyfif the
circuit breaker closing time is set correctly (see above under ,Preconditionst)ldf you
wish to permit automatic reclosure only under synchronous system conditions, set this
addresstow/o T-CB close.

The permissible magnitude difference of the voltages is set in address 3511 Max.
Volt. Diff. The setting is applied in Volts secondary. This valug'can be entered as
a primary value when parameterizing with a PC and DIGSI®:

The permissible frequency difference between the voltages isiset in address 3512
Max. Freq. Diff, the permissible phase angle differen¢e in address 3513 Max.
Angle Diff.

The further release conditions for automatic reclosing are’set in addresses 3515 to
3519:

The following addresses mean:

3515 SYNC-CHECK The bushar (URef) and the feeder (ULine) must both
be live (kave, Volt. Thr., address 3503); the con-
ditions,for synchronism are checked, i.e. Max. Volt.
Diff(address 3511), Max. Freq. Diff (address
3512) and Max. Angle Diff (address 3513). This
paraméter can only be altered with DIGSI® under Ad-
ditignal Settings.

3516 Uref>Uline< The busbar (URef) must be live (Live Volt. Thr.,
address 3503), the feeder (ULine) must be dead
(Dead Volt. Thr., address 3502);

3517 Uref<Uline> The busbar (URef) must be dead (Dead Volt. Thr.,
address 3502), the feeder (ULine) must be live (Live
Volt. Thr., address 3503);

3518 Urefi<Ulime< The busbar (URef) and the feeder (ULine) must both
be dead (Dead Volt. Thr., address 3502);
3519 QVERRTIDE Automatic reclosure is released without any check.

The'five possible release conditions are independent of each other and can be com-
hined.

Addresses 3530 to 3539 are relevant to the check conditions before manual reclo-
sure and closing via control command of the circuit breaker. When setting the general
protection data (Power System Data 2, Section 2.1.5.1) it was decided in address
1151 whether synchronism and voltage check should be carried out before manual
closing. With the following setting in address SYN.MAN.CL =w/o Sync-check, no
checks are performed before manual closing.

For commands through the integrated control (local, DIGSI, serial interface), address
3509 SyncSD determines whether synchro checks will be performed or not. This
address also tells the device to which switching device of the control the synchronizing
request refers. You can select from the switching devices which are available for the
integrated control. Choose the circuit breaker to be operated via the synchronism
check. This is usually the circuit breaker which is operated in case of manual closing
or automatic reclosure. If you set SyncSD = none here, a CLOSE command via the
integrated control will be carried out without synchronism check.
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Address 3530 Op.mode with MC determines whether closing under asynchronous
system conditions is allowed for manual closing or reclosure via control command. Set
this parameter towith T-CB close to allow asynchronous closing; the relay will
then consider the circuit breaker closing time before determining the correct instantdfer
the close command. Remember that closing under asynchronous system conditions
is allowed only if the circuit breaker closing time is set correctly (see above under ,Rges
conditions*)! If you wish to permit manual closure or closing via control command only
under synchronous system conditions, set this addresstow/o T-CB close.

The permissible magnitude difference of the voltages is set in addresss8531 MC
maxVolt.Diff. The setting is applied in Volts secondary. This value can be entered
as a primary value when parameterizing with a PC and DIGSI®.

The permissible frequency difference between the voltages is set in‘/address 3532 MC
maxFreq.Diff, the permissible phase angle difference in address 8533 MC
maxAngleDiff.

The further release conditions for manual reclosing or reelostiresvia control command
are set in addresses 3535 to 3539.

The following addresses mean:

3535 MC SYNCHR the busbar (URef) and the feeder (ULine) must both be
live (Live Volt §Thr., address 3503); the condi-
tions for synehronism are checked, i.e. MC
maxVolt,.Diff (address 3531), MC maxFreq.Diff
(address 83632)%and MC maxAngleDiff (address
3533)4This parameter can only be altered with DIGSI®
underAdditional Settings.

3536 MC Uref>Uline< The pusbar (URef) must be live (Live Volt. Thr.,
address 3503), the feeder (ULine) must be dead
(Dead Volt. Thr., address 3502);

3537 MC Uref<Uline> The busbar (URef) must be dead (Dead Volt. Thr.,
address 3502), the feeder (ULine) must be live (Live
Volt. Thr., address 3503);

3538 MC Uref<Ulinex The busbar (UBus) and the feeder (ULine) must both
be dead (Dead Volt. Thr., address 3502);

3539 MC_O/RIDE Manual closing or closing via control command is re-
leased without any check.

The fivg posgible release conditions are independent of each other and can be com-
bined.
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2.13 Synchronism and Voltage Check

Notes on the Infor-
mation List

%

L 4
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Note

The closing functions of the device issue individual output indications for the @
sponding close command. Be sure that the output indications are assigne e

correct output relays.

FNo. 2851 ,AR Close* for CLOSE via command of the automatic reclosure,
FNo. 562 ,Man.Close Cmd*“ for manual CLOSE via binary input, S

FNo. 2961 ,,Sync.CloseCmd“ for CLOSE via synchronism c not required if

synchronism check releases the other CLOSE command

FNo. 13864 ,,CB-TEST CLOSE M“ for CLOSE by circuitx est,

additionally CLOSE command via control, e.g. ,,Br‘eak%

FNo. 510 ,Relay CLOSE*“ general CLOSE comm@a CLOSE commands de-
scribed above.

The most important information of the device | fly explained in so far as it cannot
be interpreted in the following informa ist! described in detail in the foregoing

text.

»>8ync. Start MC“ (FNo. 2

ipping of the synchronism check with setting pa-

rameters for manual close. ipping with setting parameter for manual close has
always precedence i »>Sync. Start MC“ (FNo. 2905) and ,>Sync.

Start AR“ (FNo. see below) are activated at the same time.

Binary input which enables

»,>Sync. Starn

Measuring re

conditions
L 2

, eq.CNTRL*“ (FNo. 2936)

S request form the control; evaluated on event-triggered basis and output
ly when the control issues a measuring request.

nc. release“ (FNo. 2951)

Release signal to an external automatic reclosure device.
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2.13.3 Settings

Addresses which have an appended "A" can only be changed with DIGSI, under Ad-
ditional Settings.

Addr. Parameter Setting Options Default Setting Comments
3501 FCT Synchronism ON ON Synchronism and Voltage Check
OFF function
3502 Dead Volt. Thr. 1..60V 5V Voltage Threshold Dead Line /
Reference
3503 Live Volt. Thr. 20..125V 90V Voltage Threshold'kive Line / Ref-
erence
3504 Umax 20 ..140V 110V Maximumypermissible voltage
3507 T-SYN. DURATION 0.01 .. 600.00 sec; » 1.00 sec Maximum duration of synchro-
nismzeheck
3508 T SYNC-STAB 0.00 .. 30.00 sec 0.00 sec Synchronous condition stability
timer
3509 SyncSD (Setting options depend None synchronizable switching device
on configuration)
3510 Op.mode with AR with T-CB close w/o T-CByclose Operating mode with AR
w/o T-CB close
3511 Max. Volt. Diff 1.0..50.0V 2.0 Maximum voltage difference
3512 Max. Freq. Diff 0.01..2.00 Hz 010, Hz Maximum frequency difference
3513 Max. Angle Diff 1..80° 10° Maximum angle difference
3515A SYNC-CHECK YES YES Live Ref. / Live Line and Sync
NO
3516 Uref>Uline< YES NO Live Ref. / Dead Line Check
NO
3517 Uref<Uline> YES NO Dead Ref. / Live Line Check
NO
3518 Uref<Uline< YES NO Dead Ref. / Dead Line Check
NO
3519 OVERRIDE YES NO Override of any check before AR
NO
3530 Op.mode with MC With/T-CB close w/o T-CB close Operating mode with Man.Cl
w/o T-CB close
3531 MC maxVolt.Diff 1.0..50.0V 20V Maximum voltage difference
3532 MC maxFreq,Diff 0.01..2.00 Hz 0.10 Hz Maximum frequency difference
3533 MC maxAngleDiff 1..80° 10° Maximum angle difference
3535A MC SYNCHR YES YES Live Ref. / Live Line and Sync
NO before MC
3536 MC Uref>Uline< YES NO Live Ref. / Dead Line Check
NO before MC
3537, MC Uref<Uline> YES NO Dead Ref. / Live Line Check
NO before MC
150 7ST6 Manual
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2.13 Synchronism and Voltage Check

Addr. Parameter Setting Options Default Setting Comments

3538 MC Uref<Uline< YES NO Dead Ref. / Dead Line Chgck
NO before MC

3539 MC O/RIDE YES NO Override of any check before
NO Man.ClI

2.13.4 Information List

No. Information Type of In- Comments
formation

2901 >Sync. on SP >Switch on synchro-checlgfunction

2902 >Sync. off SP >Switch off synchro-check fufetion

2903 >BLOCK Sync. SP >BLOCK synchro-check funetion

2905 >Sync. Start MC SP >Start synchro-check forManual Close

2906 >Sync. Start AR SP >Start synchro<eheckfer AR

2907 >Sync. synch SP >Sync-Prog. Live bus’/ live line / Sync

2911 >Sync. ofride SP >Sync-PregaOverfide ( bypass )

2930 Sync. on/off Bl IntSP Synehro-check ON/OFF via Bl

2931 Sync. OFF ouT Synchre-check is switched OFF

2932 Sync. BLOCK ouT Synehro-check is BLOCKED

2934 Sync. faulty ouT Synchro-check function faulty

2935 Sync.Tsup.Exp ouT Synchro-check supervision time expired

2936 Sync. req.CNTRL OUF Synchro-check request by control

2941 Sync. running QuUT Synchronization is running

2942 Sync.Override OUT Synchro-check override/bypass

2943 Synchronism oulr Synchronism detected

2944 SYN Uref<Uline> OuT Sync. Dead ref. / Live line detected

2945 SYN Uref>Uline< ouT Sync. Live ref. / Dead line detected

2946 SYN Uref<Uline< ouT Sync. Dead ref. / Dead line detected

2947 Sync. Udiff> ouT Sync. Voltage diff. greater than limit

2948 Sync. fdiff> ouT Sync. Freq. diff. greater than limit

2949 Sync. o-diff> ouT Sync. Angle diff. greater than limit

2951 Sync. release ouT Synchronism release (to ext. AR)

2961 Sync.CloseCmd ouT Close command from synchro-check

2970 Sync. fref>> ouT Sync. Reference frequency > (fn+3Hz)

2971 Sync. fref<< ouT Sync. Reference frequency < (fn-3Hz)

2972 Sync. fline>> ouT Sync. Line frequency > (fn + 3Hz)

2973 Syncff-line&< ouT Sync. Line frequency < (fn - 3Hz)

2974 Syncauref>> ouT Sync. Reference voltage > Umax

2975 Sync. Uref<< ouT Sync. Reference voltage < U>

2976 Sync. U-line>> ouT Sync. Line voltage > Umax (P.3504)

2977 Sync. U-line<< ouT Sync. Line voltage < U> (P.3503)
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2.14 Fault Locator

2.14.1 Functional

Initiation Condi-
tions

Determination of
the Fault Location

152

This function is optional, i.e. not included in all device variants.

The measurement of the distance to a fault is an supplement to the protection func-
tions. Availability of the line for power transmission within the system can be in-
creased when the fault is located and cleared faster.

Description

The fault locator in the overhead contact line protection 7ST6 is a fungtion which is in-
dependent of the distance measurement. It has a separate measured signal memory
and dedicated algorithms for determination of the loop reactanceyand the fault loca-
tion.

The short-circuit protection merely has to provide a start command to allow the selec-
tion of the best suited time interval for the storage @fithe"measured signals.

The fault locator can be triggered either by thie,trip’ gommand of the short-circuit pro-
tection, or by each fault detection. In the latter'¢ase, afault location calculation is also
possible if a different protection device cleats the fault.

For a fault outside the protected overhead contact line, the fault location information is
not always correct, as the measured values,can be distorted by, e.g. intermediate
infeeds or by loads along the line.

The measured value pairs offfault currents and fault voltages are the basis for calcu-
lating the impedance.

Filtering of the measuredyyalues and the number of impedance calculations are auto-
matically adapted to the numberof measured value pairs provided in the available
data window. If a suffigientidata window with appropriate measured value pairs could
not be determined, the'alarm ,F1t.Loc.invalid“ (FNo0.1132) is issued.

The evaluation of the measured quantities takes place after the fault has been cleared.

At least threegresuit pairs of R and X are calculated from the stored and filtered mea-
sured quantities in accordance with the line equations. The calculated average for X
is the fault'reactance which is proportional to the distance to fault.

For the faultdocator up to 5 line sections (respectively for forward and reverse direc-

tion) withdifferent reactance per unit length characteristics can be defined. Calculation
of the fault location is thus possible even with inhomogeneous line sections. The figure
below illustrates how the distance to fault is computed from the fault reactance deter-
mined by the fault location calculation.
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2.14 Fault Locator

X[0] A
(D Line with Transformer
(I Line without Transformer ;/D O
()
Xd \
v
1
v
d >
>t >t ; d [km]

d1 d2 d3 ds

Figure 2-42 Determination of the distance to faultifrom the calculated fault reactance

As a result, the fault location works co if there are line sections with differ-
ent reactance per unit length characteristi r transformers, between the protection

device and the fault.

Note E

The precision of the fault u%peciﬁed in the Technical Data applies to faults with

a sufficiently long meast ow for calculating the fault location. In case of an in-
stantaneous trip, t ion of the fault location is necessarily reduced due to the

short fault clearance 2 and the high harmonics content in the measured current and
voltage signals.

Output of the Fault The faglt Io@sues the following results:
Location « Faul (forward / reverse)

C
nce’X in Q primary and Q secondary,
istance R in Q primary and Q secondary,

Distance to fault d in kilometres or miles, calculated on the basis of the reactance
nit length characteristics parameterized for the line sections,

\Q)istance to fault d in % of the line length.
Note
If the function fault locator is available, the determination of the direction, apart from

the distance protection, can also be executed by the fault locator. The results of both
procedures may differ in rare cases. The direction determination of the fault locator
can be more precise due to the longer measuring window.

L 4
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Note

The direction indication orientates itself according to the line and is indicated indepeo
dent from the direction indication of the distance protection. Depending on the fa

cation and the configured distance protection zone, it may deviate from the dire@
indication of the distance protection.

L 4

2.14.2 Setting Notes \%

General

Start Condition

154

The fault locator is only effective and available if address 138 ocator was

setto Enabled during configuration. If the function is not r@ sabledisto be
set.

If the fault location calculation is to be started by the command of the protection,

set address 3802 START = TRIP.
If the fault location calculation is to be starte ult detection by the device,

set address 3802 START = Reclosing/Tri case the fault location is also
calculated if, for example, a different pr i e cleared the fault. For a fault
outside the protected line, the fault locati tion is not always correct, as the
measured values can be distorted by e ediate infeeds.

L 4
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2.14.3 Settings

2.14 Fault Locator

Addr. Parameter Setting Options Default Setting Comments
3802 START TRIP TRIP Start fault locator Witho
Reclosing/Trip
4
2.14.4 Information List
No. Information Type of In- Com @
formation
1106 >Start FIt. Loc SP >Start Fault Locator %
1110 FltLoc block ouT Fault locator is blockeg
1114 Rpri = VI FIt Locator: primal CE
1115 Xpri = VI FIt Locator: prim EACTANCE
1117 Rsec = VI Flt Locator: se ESISTANCE
1118 Xsec = \ Flt Loca REACTANCE
1119 dist = \! FIt Locator: T e to fault
1120 d[%] = VI nce [%] to fault
1121 Fault section
1122 dist = Distance to fault
1129 FltLoc imposs alculation of distance possible
1130 Flt dist > tance to fault out of range
1132 Flt.Loc.invalid
2640 FL FIt forward FL Fault direction forward
2641 FL Flt reverse FL Fault direction reverse
L 4
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2.15 It Function (current-time integral)

This function is optional, i.e. not included in all device variants.

Via two different procedures the It function makes information available, which
enables an optimised determination of the service period of the circuit breaker by
means of an adequately precise determination of the circuit breaker load. By means
of the It procedure the circuit breaker load on opening of the main breaker contagts up
to arc deletion is determined, apart from the determination of the fault eurrent at the
time of trip command. A reliable statement with regard to the remaining liféspan of the
main breaker contacts can be made by means of the 2P-proceduretwhengtaking oper-
ating cycle diagrams into consideration.

The summation of the fault current-time integrals from openingofithe breaker main
contact up to arc deletion is a simple and reliable indicator of theyextent of contact wear
in a circuit breaker.

The two-point procedure (2P-procedure) determines thie fault current on opening of
the breaker main contact and calculates the remaining lifespan under consideration of
the manufacturer-specific data (operating cycle diagrams) of the circuit breaker.

These procedures, summarised under the termlt function, thus make it possible to
plan the maintenance work on the circuit breaker within the framework of service and
maintenance more efficiently.

2.15.1 Function Description It Procedure

General

Using the Cikcuit
Breaker Auxiliary
Contacts

156

The circuit breaker load is proportional'to the current-time integral over the time
between the opening of thebreaker main contact t;,,; and the quenching of the arc in
the arcing chamber t,,,NEhiswallows to determine a measure of the breaker load with
the following formula:

tEnd
= [ lildt

tStart

The starting #ime tg.3;, i.e. the opening of the main breaker contacts, can be deter-
mined either by the status of the CB auxiliary contacts or, if that status is not available,
via the deviceS§RIP command. For an accurate determination of the circuit breaker
load, the instants t,, and ty,y must be determined as precisely as possible. The fol-
lowing,twassections describe two alternative methods for determining the starting time

tstart'

The plausibility of the times tg, and tg,q is monitored. When tg,,is found to be
greater than tg, 4, there will be no It measurement, and the indication ,,It set
epror“ (FNo. 13855) is output.

The starting time tg,,,; can be marked by the signal ,Start It Meas® (FNo. 13848)
in the fault record.

Here the starting time tg,,,, is determined from the moment of opening a circuit breaker
auxiliary contact. For sufficient precision, it is absolutely necessary to use an NC
contact of the circuit breaker auxiliary contact, i.e. the closed contact is equivalent to
the OPEN position.
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In the 7ST6 device the indication ,,>Brk Aux NC“ (FNo 4602) is used for this p
pose. The device does not detect the opening of the circuit breaker auxiliary ¢ C
until a delay time tg, of approx. 5 ms has elapsed.

Note O

The indication ,>Brk Aux NC“ must be allocated to a fast binary input. The binary
inputs BI1 through BI12 must be used for this! 4
rcui

The circuit breaker main contact may open before or after @reaker auxiliary

contact. The time difference between the switching of th ntacts can be set
with the parameter DELTA AuxCont (address 4103). value is set for this
time difference if the auxiliary contact opens or close e n the main contact.

The figure below illustrates how the time limit for de ination of the current integral

is specified. The values used in it are:

tBI Instant at which the device detects, through a binary input Bl that the
auxiliary contact Aux is clo

A tBI Delay time of the bina u

tAux Time difference
circuit breaker (en

T CB OPENING Circuit break

nthe main and the auxiliary contact of the
ment of the main contact).

ng time on tripping.

(1Bl - AtBI

tbeg = tBl - AtBI + tAux - T CB OPENING

tend

I I I I I
50 100 150 200 250

Figure 2-43  Typical course of a trip, including the beginning and end of the integration inter-
val to determine the trip load

Following a TRIP command, the binary inputs for the circuit breaker auxiliary contacts
are monitored for a maximum of 150 ms. If the binary input is activated during that in-
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Using the TRIP
Command

Calculation of tg,q

Current-Time Inte-
gral Measurement

158

terval, the current-time integral measurement is started. Then the last zero crossing of
the current is determined.

In this case, the starting time of the current-time integral determination is computed
with the following formula:

tstart = tyrip T TS+ TO0

where:

trrip Instant at which the TRIP command is issued by ene of.the protection
functions in the device,

TS Output delay time (semiconductor switch) approx.;/2ums to 3 ms,

TOO CB response time (time between the TRIP cGmmand and the contact

movement, can be set in address 4102).

The current-time integral measurement ends with the'quenching in a current zero
crossing.

This current zero crossing is the last one if n@wew zerg crossing occurs during the
following cycle T (power system frequency). tendiis the time of the last current zero
crossing plus one cycle T.

When the function is configured in addressyi41 FCT It-Calc., one of the above
methods for determining the time tg,,,;S,Selected.

The entire measuring time range [Startsjwith t.,, and is limited to the duration 2T +
parameter T CB BREAKTIME:

If the current is not interraptediwithin the test time, e.g. because of a breaker failure,
there is no calculation, ahd thejindication ,It Overflow® (FNo. 13849) is generat-
ed. The sums of | dt (indication, ,,> It=*; FNo. 13851)and I?dt (indication ,,~ I2t=";
FNo. 13852) are not changed in that case.

If the current is sug€essfully interrupted, the values of the current-time integrals of the
current | dt and ofithe sguared current |12 dt are generated for the current trip. The ac-
cumulated sumsief these values for all trips since the device startup or since the last
reset are output in the indications ,> It=“and ,X I2t=“. The accumulators can
be individually set,and cleared.

The cumulated fault current is also output in the indication ,,X I=“ (FNo. 13927).

Thevalues:of the last individual trip are output in the indications ,Last It=" (current-
time integral over absolute value, FNo. 13853) and ,,Last I2t=“ (current-time inte-
gral'squared current, FNo. 13854).

If theMimit of the current-time integral set in parameter It ALARM (address 4104) is
exceeded by the last trip, the indication ,,It Alarm® (FNo. 13847) is output.

Neither does the use of auto-transformer systems affect the measured value acquisi-
tion as described above.
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2.15 It Function (current-time integral)

2.15.2 Function Description 2P-procedure

General In the 2P-procedure the CB manufacturer's double-log operating cycle diagra
the fault current measured at the time of contact separation serve as a basis f e
calculation of the remaining lifespan. The data supplied by the CB manufagturer is
transformed in such manner that, by means of measuring the fault currents, a concrete
statement can be made with regard to the still possible operating cycles.

rents as high as the rating operating current. It is displayed as & statistical value. The
display does not indicate a unit and no decimals. As for th edures, the re-
maining lifespan is verified against a limit value. This for wer limit" here, as
the remaining lifespan decrements with each trip by a n operating cycles in

correspondence with the fault current. If the limit va@ ded, a respective indi-

o . R 4
The calculated remaining lifespan represents the number of st%lcble trips of cur-

cation is generated.

of generation of the group indication "Bevi (D-OFF).

An externally initiated trip command ca aken into consideration if it is sent simul-
taneously via a binary input on the/m age ,,>2P start® (FNo. 16019). As a further
initiation criterion the edge of theyceming indication ,,>Brk Aux NC“ (FNo. 4602) can
be used as it is herewith signalled >
set in motion to separate the cé

=
R
.(Sb
&
O
&

L 4

Initiation The 2P-procedure can be initiated by diﬁerent@
In case of an internal protective tripping, th% erion is complied with by means
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[2P Release
[ Int. protection OFF t
16019 1 & [ Start Criterion
> >
l[>2P start [238 [T CB OPENING
l4602 I
>Brk Aux NC s|Q — T - -
51 T 0 | CBOper.TimeExpir .5 N
[260 [Ir-cB — S e
[0
16027 237 |T CB BREAKTIME i
2 azb (2P blk 1 PaErr ) ||3 [Tc | IS
| ko
262 [iscCB | T O[ | 2per 5
g
T

[263 [OP.CYCLES Isc |

a 16028
a=b (2P blk n PaErr )

’—b

[261 [OP.CYCLESATIr ]

[238 [T CB OPENING | @
16020

N (2P T settfail )

[237 | T CB BREAKTIME \
BkrClosed IMIN 251

[ End criterion

Figure 2-44  Logic of the Start and End Criterion

Methods for Acquisition, Calculation

L

s been fulfilled, the parameterised operating time on

tripping is started. Th commencement of separation of the circuit breaker con-
tacts is thus determine e end of the trip procedure, including arc deletion is deter-
mined via anéther\given parameter (CB tripping time) supplied by the manufacturer of

A W e have been completed, the end criterion of the 2P-procedure of the circuit
@ aintenance is fulfilled and ready for a new initiation.

r
Xﬂd be noted that the 2P-procedure is blocked in case of parameterisation errors.
This state is signalled via the indications ,,2P T sett.fail“ (FNo. 16020), , 2P
k n PaErr®“ (FNo. 16028) or ,,2P blk I PaErr“ (FNo. 16027).
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2P Calculation The application of the two-point procedure for the calculation of the remaining lifespan
depends on the 2P configuration.

The CB manufacturer supplies a double-log diagram on the relation between
number of operating cycles and fault currents (see example in figure 2-45):
picture also serves to determine the still possible trips (in case of a trip with,the same
fault current). Considering this example, approximately 1000 trips can be exe
a fault current of 10kA. The characteristic is determined by two vertices and the linking
straight line. Point P1 is determined by the number of permitted operatingrcycles for
the rated normal current Ir, point P2 by the maximum number perating cycles for
the rated short-circuit current Isc. The corresponding four@be parameter-

ised.

100000

50000 — [ 1 T 1110}

20000

10000

5000

2000 |

1000

Number of Make-Break Operations n —»

500

200 |

2 5 10 20 50 100

@ Interrupted Current [kKA] —
\ Figure 2-45  Operating Cycle Diagram for the 2P-procedure
As figure 2-45 shows a double-log diagram, the straight line between P1 and P2 can

be expressed by the following exponential function:

L 4 )
where;
n. Number of operating cycles
b. Operating cycles for I, = 1A
Iy Fault current
m. Direction coefficient
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The general straight-line equation for the double-log diagram can be derived from the

exponential function, from which the coefficients b and m can be derived. O
® Note
l As the directional coefficient of m < -4 is technically not relevant, but can neverthele

be derived from an incorrect parameterisation, it is limited to -4. Should the derived
coefficient fall below -4, the exponential function in the operating cycle diagramds de-
activated and, i.e. within its defined fault current range, the maximum ber of oper-
ating cycles for Isc (263 OP.CYCLES Isc) is considered as a c@sult of

current operating cycles, see figure 2-46.

T 100000
50000 | i

c ]
(2]
c
K]
3 20000
[0}
S
< 10000
[
o
Q 5000
°
g Applied Function from
S 2000 m<-4
o)
Q
E 1000 Parameterised Function
z with m = -4.48

500

Parameterised Function
with m =-1.77

200

100 |t A W W —_—

50 | ¥ O  —

OP.CYCLES Isc
10

02 05 1 2 5 10 20 50 100

@ Interrupted Current [kA] —»
x

i 2-46  Value Limitation by the Direction Coefficient
e start release is now given by the criteria as described in section "Initiation" and
e current criterion is fulfilled at the same time after expiry of the operating time on

tripping, the actual fault current is calculated (for the AT system: the fault currents), the

@ breaker load is determined in accordance with the method as described above and the
remaining lifespan is thus calculated. It will be displayed as a current statistical value
and additionally compared with the set limit value. Should it fall below the set limit
value, the indiciation , Thresh.R.Endu.<“ (FNo. 16010) is generated.

All trips during which the fault current fell below the value of the current criterion (see
section "Initiation") are interpreted as purely mechanical trips and are not included in
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2.15 It Function (current-time integral)

the 2P-procedure. All trips counted in this manner can be retrieved under the statistical
value ,mechan.TRIP=" (FNo. 16011).

2.15.3 Setting Notes

General

IT Procedure

Time Difference CB
Main and Auxiliary
Contact

CB Response Time

Circuit Breaker
Alarm

2P-procedure

7ST6 Manual
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The determination of the circuit breaker load in accordance with the It or 2P-procedure
can only operate if you have set address 141 FCT It-Calc. to Start by Aux or
Start by TRIP during configuration of the functional scope.fAdditionally, the It
FUNCTION in address 4101 and via the binary inputs ,,>ITtR0ON*(ENo. 13845) and
»>It OFF“ (FNo. 13846) ON— and OFF can be set. When théyfunction is switched
on, the indication ,, It ACTIVE“ (FNo. 13850) or ,,2P AGTIMES (FNo. 13857) is gen-
erated.

The following paragraphs apply to the IT proceduregzhoweyer, not to the 2P-procedure.
This is set out in detail in the following.

When setting the parameter (address 141) thatconfigures the functions, you select at
the same time the method for determining theStarting time t.,,, of the It procedure. If
the circuit breaker auxiliary contacts are ¢enneeted to the device, select method
Start by Aux.

This setting is only needed if you‘have selected the method Start by Aux when
configuring the It procedure.

The moment of opening of the gircuit breaker main contact can only be determined in-
directly by acquisition of.the circuit breaker auxiliary contacts. In the 7ST6 device the
indication ,>Brk Aux NC“ (FNo. 4602) is used for this purpose. The circuit breaker
main contact may opendoefore or after the circuit breaker auxiliary contact. The time
difference betweenthe'switching of these two contacts is set with the parameter
DELTA AuxCont (address 4103). A positive value is set for this time difference if the
auxiliary contact opens or closes later than the main contact.

This settingis only needed if you have selected the method Start by TRIP when
configuring,the"it procedure.

The moment of opening of the circuit breaker main contact can only be determined in-
directly, by means of a preset time difference between the TRIP command and the
apening of the circuit breaker main contacts. This time difference is set in address
4402 T00.

The current value | dt, which is accumulated over all trips, is a measure for the circuit
breaker load and can be used for planning the circuit breaker maintenance.

The limit for this measure of the circuit breaker load is set in address 4104 It ALARM.
When the threshold is reached, the alarm ,It Alarm® (FNo. 13847) is output.

This procedure, together with the It procedure, uses the same configuration parameter
It FUNCTION (address 141) under "Functional Scope" and the same activation pa-
rameter It FUNCTION (address 4101) under "It Function".

All parameters relevant to this procedure are available in the parameter block
P.System Data 1 (see chapter 2.1.3).
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The parameters listed below represent important input values for a correct functioning
of the sub-functions:

The circuit breaker tripping time T CB BREAKTIME is a parameter supplied by the CB
manufacturer. It comprises the complete trip procedure from trip command (activation
of auxiliary power on the shunt opening release of the circuit breaker) to arc deletion.
The time is set at address 237 T CB BREAKTIME.

The CB opening time T CB OPENING is also a parameter of the circuit breaker. It.com-
prises the time span between trip command (activation of auxiliary power on the
trigger of the circuit breaker) and the time of separation of the main contaets. This is
configured at address 238 T CB OPENING.

The following diagram shows the relation between these times.

Current

TRIP command 1

Operating time | Arcing time

Tripping time 2°T

Measuring Field

Aux. power totFip Instant of contact Instant of arc
element separation extinction

Figure 2-47 Display of Circuit-breaker Times

As zere:-Sequence current criterion the current-flow monitoring BkrClosed I MIN
(address 251) is used.

The, CB manufacturer defines the relation between the number of operating cycles and
trip current by means of an operating cycle diagram (see example diagram in the func-
tional description of the 2P-procedure). Both vertices of this characteristic in double-

log scale determine the parameterisation of addresses 260 to 263:

Point P1 is determined by the number of permitted operating cycles (parameter 261
OP.CYCLES AT Ir)during raised rated current Ir (parameter 260 Ir-CB).

Point P2 is determined by the maximum number of operating cycles (parameter 263
OP.CYCLES Isc) during raised rated fault current Isc (parameter 262 Isc-CB).

For the functional operation of the procedure, the time behaviour of the circuit breaker
via parameter 237 T CB BREAKTIME and 238 T CB OPENING must be announced.
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2.15 It Function (current-time integral)

2.15.4 Settings

S)

Addr. Parameter Setting Options Default Setting Comments
4101 It FUNCTION ON ON It Function < ,
OFF
4102 TOO 0.001..0.100 sec; O 0.005 sec CB Response Time
4103 DELTA AuxCont -0.050 .. 0.050 sec 0.000 sec Time Diff. CB Main a%l Auxiliary
Contact
4104 It ALARM 1.0..1000.0 ; 500.0 Alarm Detection in
I/In*
2.15.5 Information List
No. Information Type of In- Comments
formation

13845 >|t ON

13846 >t OFF

13847 It Alarm

13848 Start It Meas or It measurement

13849 It Overflow t measurement

13850 It ACTIVE

13855 It set error easurement CB settings not plausible

13856 It ON/offBI unction: ON/OFF via BI

13857 2P ACTIVE 2P function is ACTIVE

16019 >2P start >2P Measurement Start

16020 2P T sett.fall 2P blocked by Time-Setting Failure

16027 2P blk | PaErr 2P Logic blocked Ir-CB >= Isc-CB

16028 2P blk n PaErr T 2P Logic blk SwCyc. Isc>=SwCyec. Ir

L 4 \
L 4

7ST6 Manual 165

E50417-G1176-C251-A3



2 Functions

2.16 Monitoring Function

The device 7ST6 incorporates comprehensive monitoring functions which cover both
hardware and software; the measured values are continuously checked for plausibility,
so that the current and voltage transformer circuits are also included in the monitoting
system to a large extent. Furthermore it is possible to implement a trip circuit supervi-
sion function by means of the available binary inputs.

2.16.1 Hardware Monitoring

Auxiliary and Refer-
ence Voltages

Battery

Memory Compo-
nents

SamplingyFreguen-
cy

166

The device is monitored from the measuring inputs up to the,command relays. Moni-
toring features and the processor check the hardware for malfipctions and impermis-
sible states.

The processor voltage of 5 V is monitored by the hardware, and if the voltage decreas-
es below the minimum value, the processor is nodonger operative. In that case, the
device is not operational. When the supply véltage returns, the processor system is
restarted.

If the supply voltage is removed or switched off,the device is taken out of service, and
an indication is immediately generatediby a‘nermally closed contact. Brief voltage in-
terruptions of up to 50 ms do not disturb the operational readiness of the device.

The processor monitors the offset and the reference voltage of the ADC (analog-to-
digital converter). The protection iS suspended if the voltages deviate outside an al-
lowable range, and lengthy deviations are reported.

The buffer battery, whichyensures the operation of the internal clock and the storage
of counters and indications-ifithe auxiliary voltage fails, is periodically checked for
charge status. On its undershooting a minimum admissible voltage, the indication
,Fail Battery® (FN@. 177) is issued.

If the device ig,isolated ffom the auxiliary voltage, the internal clock is switched off after
6 hours at the earliestsautomatically (normally after over 24 hours), i.e. the time is not
registered any. morey The data in the event and fault buffers, however, remain stored.

All working memories (RAMSs) are checked during start-up. If an error occurs, the start-
up is aberted, the Error LED and LED 1 light up, and the other LEDs start flashing si-
multaneously. During operation, the memory is checked using its checksum.

Forithe program memory (EPROM), the cross-checksum is cyclically generated and
compared to a stored reference program cross-checksum.

A eghecksum for the parameter memory (FLASH-EPROM) is cyclically generated and
gompared with the checksum which is computed after each change of the stored pa-
rameters.

If a fault occurs the processor system is restarted.

The sampling frequency and the synchronism between the ADCs is continuously mon-
itored. If any deviations cannot be removed by renewed synchronization, then the pro-
cessor system is restarted.
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2.16 Monitoring Function

2.16.2 Software Monitoring

Watchdog

Ambient Tempera-
ture Sensing

For continuous monitoring of the program sequences, a watchdog timer is provided in
the hardware (hardware watchdog) which will reset and completely restart¢he proces-
sor system in the event of processor failure or if a program falls out of stepy

A further software watchdog ensures that any error in the processing of the programs
will be recognized. This also initiates a restart of the processor system.

If such a malfunction is not cleared by the restart, an additionalgféstart attempt is
begun. If the fault is still present after three restart attemptsywithinf30 s, the protection
system will take itself out of service, and the red LED “ERROR®lights up. The Device
OK relay drops off and signals the malfunction by its life gontact.

If ambient temperature sensing by an external device hagbeen configured, the func-
tioning of the ambient temperature sensing is monitored. In case of malfunctions (am-
bient temperature sensing missing or defective, proken connection wire to the device
or to the temperature sensor), the indication ,,Fail . TEMPSENS“ (FNo. 158) is gen-
erated.

2.16.3 Fuse Failure Monitor

7ST6 Manual
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In the event of measured voltagé failtikgidue to a short circuit or a broken conductor in
the voltage transformer secondary, circuit, certain measuring loops may mistakenly
see a voltage of zero, whichfdueyto the load current may result in an unwanted pickup
or even trip.

If fuses are used inStead/of a secondary miniature circuit breaker (VT mcb) with con-
nected auxiliary eentaets, then the fuse failure monitoring can detect problems in the
voltage transformer'secondary circuit. Of course the miniature circuit breaker and the
fuse failure monitorieanbe used at the same time.

A fuse failureds characterized by missing voltages but flowing current. Figure 2-48
shows the logic diagram of the fuse failure monitor.

If a substantial voltage drop is detected in the measurement quantities without an in-
creaséin current flow being registered simultaneously, this indicates a fault in the sec-
ondary cireuit of the voltage transformer.

The veltage drop is detected when the voltage drops below 5 V while an operating
current between 0.06 In and 1.2 In is flowing. Currents above 1.2 In are considered
not as normal operating currents but as short-circuit currents.

Iffa measuring-circuit voltage failure is detected, the distance and the undervoltage
protection function are blocked after expiry of an overfunction protection period of 5
sec. The emergency overcurrent-time protection is activated, provided that it has been
configured accordingly (see Section 2.5).

During measured value monitoring with active Fuse-Failure-Monitor (MEASURE .
SUPERV=With FFM), the same conditions as for standard monitoring are being veri-
fied. However, a blocking of the distance protection and release of the emergency
overcurrent function occurs immediately if the conditions are complied with (no delay).

In order to avoid triggering of the Fuse-Failure-Monitoring in case of a network error,
the Fuse-Failure-Monitor is only triggered by a non-recognised current step. A network
error always occurs in conjunction with a current step. The Fuse-Failure Monitor
remains blocked for 10 s after triggering of the jump detector.
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-
NI

5

[U

[ Current Step Change

The distance and overvoltage protection is only activated again on returning measur-
ing-circuit voltage.

o
n

| 2901 | MEASURE. SUPERV
. Without FEM
& ~_OFF
L With FFM

D 9
& 5 VT FuseFail>t )

170
VT FuseFail )

Figure 2-48 Logic diagram of the fuse failure monitor
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2.16 Monitoring Function

2.16.4 Setting Notes

Fuse Failure With the parameter MEASURE. SUPERV (address 2901) fuse failure monitori
Monitor either be switched off or operated in one of the two possible operating mades. e
parameter is set to Without FFM, a fuse failure (failure of the measurin e)is

always detected when the voltage has dropped below 5 V while at the same time an

operating current is flowing. This setting should be chosen if it has been ensured that

the short-circuit currents occurring at the device amounts to at least 1.2 Ifi. With the

setting Without FFM, a fuse failure is detected with a delay

If this is not the case, select the setting With FFM. With t O%\he device also

checks whether a non-steady process is detected in the ntpath at the same time
t

c
as the voltage dip. In this case a fuse failure will not be until 10 s after the
voltage dip, provided that the currents are in the operating ent range.

2.16.5 Settings Q
y |}

Addr. Parameter Setting Options Comments
2901 MEASURE. SUPERV | With FFM Measurement Supervision
Without FFM
OFF

2.16.6 Information List

No. Information Comments
169 VT FuseFail>t VT Fuse Failure (alarm >t)
170 VT FuseFalil VT Fuse Failure (alarm instantaneous)
196 Fuse Fail M.OFF Fuse Fail Monitor is switched OFF
197 MeasSup OFF ® Measurement Supervision is switched OFF
2054 Emer. mode ouT Emergency mode
13953 Failure Umeas ouT Measured value failure: Umeas failed

O
Q>®

L 4
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2.17 Trip Circuit Supervision

2.17.1 Functional Description

Trip Circuit Super- The overhead contact line protection 7ST6 is equipped with an integrated trip circuit

vision supervision. Depending on the number of available binary inputs (not connectedto a
common potential), monitoring with one or two binary inputs can be seleeted. If the al-
location of the required binary inputs does not match the selected,monitefing mode, a
corresponding alarm is issued (, TripC1 ProgFAIL"). When using tweybinary inputs,
malfunctions in the trip circuit can be detected under all circuit breakerigonditions.
When only one binary input is used, malfunctions in the circuit breakeritself cannot be

detected.
Supervision with When using two binary inputs, these are connected acgordingto Figure 2-49, parallel
Two Binary Inputs to the associated trip contact on one side, and parallélito the'circuit breaker auxiliary

contacts on the other.

A precondition for the use of the trip circuit sdpervision/is that the control voltage for
the circuit breaker is higher than the total of the minimum voltages drops at the two

binary inputs (Ugy > 2 Ugmin)- Since at least,19% are needed for each binary input,
the monitor can only be used with a systemycontrol voltage of over 38 V.

U-CTR e -
L+ i SIPROTEC !
N |

| .

i I 6854 N !

mmm— ol — = U-BI1 | >TripC1 TripRel !

i {SsiPROTEC | { : !

| ! i !

! R ! : 6855 !
Y. . ! i [>TricC1BkrRel > |

| .

{U-BI2

CBk

/ TC —} Aux1 = Aux2

Legend
TR

— Relay Tripping Contact

CB — Circuit Breaker
TC — Circuit Breaker Trip Coil

f—— Aux1 — Circuit Breaker Auxiliary Contact (NO-Contact)
Aux2 — Circuit Breaker Auxiliary Contact (NC-Contact)
U-CTR — Control Voltage (Trip Voltage)
U-BI 1 — Input Voltage for 1st Binary Input
U-BI 2 — Input Voltage for 2nd Binary Input

Figure 2-49 Principle of trip circuit monitoring with two binary inputs

Monitoring with two binary inputs not only detects interruptions in the trip circuit and
loss of control voltage, it also monitors the response of the circuit breaker using the
position of the circuit breaker auxiliary contacts.

Depending on the conditions of the trip contact and the circuit breaker, the binary
inputs are activated (logical condition ,H" in the following table), or short-circuited
(logical condition ,L"“).
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2.17 Trip Circuit Supervision

Supervision with
One Binary Input
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A state in which both binary inputs are not activated (,L") is only possible in healthy4rip
circuits for a short transition period (trip relay contact closed but circuit breaker netyet

open).

A continuous state of this condition is only possible when the trip circuit has begn‘in-
terrupted, a short-circuit exists in the trip circuit, a loss of battery voltage aecurs, or
malfunctions occur with the circuit breaker mechanism. Therefore, it is usedas moni-
toring criterion.

Table 2-7 Condition table for binary inputs, depending on RTC andsCB position
No| Trip Contact Circuit Breaker Aux 1 Aux2 Bl 1| BI 2

1 |Open CLOSE Closed Open H L

2 |Open OPEN Open Clased H H

3 |Closed CLOSE Closed Open L L

4 |Closed OPEN Open Closed L H

The conditions of the two binary inputs are checked, periodically. A query takes place
about every 500 ms. If three consecutive conditiohal checks detect an abnormality, an
alarm is output (see Figure 2-50). Therepeatedmeasurements determine the delay
of the fault indication and avoid that an alarmis output during short transition periods.
After the fault in the trip circuit is remaved)the alarm is reset automatically after the
same time (approx. 1.5 s).

6854
[ >TriC1 TripRel ﬂ = Sﬁﬁf Trip oir. )
6855 N

[l >TripC1 Bkr.Rel n ......Number of Condition Checks (= 3)
(Measurement Repetition Occurs every 500 ms)

Figure 2-50 Logic diagram of the trip circuit supervision with two binary inputs

The binary input is‘€onnected in parallel to the respective command relay contact of
the protection device according to Figure 2-51. The circuit breaker auxiliary contact is
bridgedswith,a high-ohm substitute resistor R.

They€ontrel voltage for the circuit breaker should be at least twice as high as the
minimumgoltage drop at the binary input (Ugy > 2 Ugmin)- Since at least 19 V are
needed for the binary input, the monitor can be used with a system control voltage of
over.38 V.

A calculation example for the resistance shunt R is shown in the configuration notes
iA"Section ,Mounting and Connections®, margin heading , Trip Circuit Supervision*.
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U-CTR [ -
L+ i SIPROTEC !
. |
| H
i I 6854 > ! O
------- o U-BI | >TripC1 TripRel
| SIPROTEC! { : !
. . . |
i TR ! ! i
[ [ ! i
Lo Lo I ! i
| H
N Al
2
- \
y TC 1] Aux1 Aux2 @
L] Legend
TR — Relay Tripping Co t
CB — Circuit Break
TC — Circuit Brea il
L-——— Aux1 ircui uxiliary Contact (NO-Contact)
Aux2 iliary Contact (NC-Contact)
U-CTR rip Voltage)
U-BI Binary Input
R
Figure 2-51 Principle of trip circuit monitari i inary input

In normal operation, the binary input | med when the trip relay contact is open
and the trip circuit is healthy (logic stateH"), as the monitoring circuit is closed via the
auxiliary contact (if the circuit breakeris,closed) or via the substitute resistor R. Only
as long as the trip contact is¢le inary input is short circuited and thereby de-

activated (logical condition @
If the binary input is pe deactivated during operation, an interruption in the
trip circuit or a failure of th ipy control voltage can be assumed.

Because the trip circ ision does not operate during system faults, a closed

tripping contact do d to a fault indication. If however other trip relay contacts

from differengjev es connected in parallel in the trip circuit, the fault indication

must be delaye&e rm Delay (see also Figure 2-52). After the fault in the trip
€dq,

circuit is rerr& indication is reset automatically after approx. 1.5 s.
O [4003 [ Alarm Delay |

6865
— —
T T (FAIL: Trip cir. )

Tr approx. 1.5 s

Logic diagram of trip circuit monitoring with one binary input
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2.17 Trip Circuit Supervision

2.17.2 Setting Notes

General

Monitoring with
One Binary Input

2.17.3 Settings

This function is only effective and available if address 140 Trip Cir. Sup.thas
been set to Enabled during configuration.

If you do not want to use the trip circuit supervision, set Disabled.

The trip circuit supervision can be switched ON or OFF in address 4001 FCT
TripSuperv..

The number of binary inputs that shall be used in each of the mionitered circuits is set
in address 4002 No. of BI. If the allocation of the required, binary/inputs does not
match the selected monitoring mode, a corresponding indieatiomis issued (,, TripC1
ProgFAIL®).

The alarm for monitoring with two binary inputs is always delayed by approx. 1 s to
2 s, whereas the delay time of the alarm for monitering'with one binary input can be
setin address 4003 Alarm Delay. 1 sto 2 s afe sufficient if only the 7ST6 device is
connected to the trip circuits as the trip circuitssuperyvision does not operate during a
system fault.

If, however, trip contacts from other deviges,arei€onnected in parallel in the trip circuit,
the alarm must be delayed such thatthe langest trip command duration can be reliably
bridged.

Addr. Parameter SettingfOptighs Default Setting Comments
4001 FCT TripSuperv. ON OFF TRIP Circuit Supervision is
OFF
4002 No. of Bl 1..2 2 Number of Binary Inputs per trip
circuit
4003 Alarm Delay 1.530 sec 2 sec Delay Time for alarm
2.17.4 Information LiSt
No. Infermation Type of In- Comments
formation

6854 >TripCIukripRel SP >Trip circuit superv. 1: Trip Relay

6855 >TripCa BkrRel SP >Trip circuit superv. 1: Breaker Relay

6861 Trip€ OFF ouT Trip circuit supervision OFF

6865 FAIL: Tip cir. ouT Failure Trip Circuit

6866 TripC1 ProgFAIL ouT TripC1 blocked: Binary Input is not set
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2.18 Protection Function Control

2.18.1 General

The function logic coordinates the sequence of both the protective and ancillary func=
tions, processes the functional decisions, and data received from the system.

The following is included in the function logic:
- Pickup logic

- Tripping logic

- Fault display at the LEDs/LCD

- Switching statistics

2.18.1.1 Line Energization Recognition

356
l >Manual Close

357
I >CloseCmd Blo

4602
[ >Brk AuxNC

510
(ORelay CLOSE

511
(ORelay TRIP

During energization of the protected object, severalimeasures may be required or de-
sirable. Following a manual closure onto ashert=eircuit, immediate trip of the circuit
breaker is usually required. In the distaneé protection for example, this is implemented
by a special tripping logic for manual re€losureghat can be selected with the parameter
SOTF zone (address 1232). For example, the zone can be activated for a short
period. In addition at least one sta@e of each short-circuit protection function can be
selected to trip without time delay‘following manual closure as described in the corre-
sponding sections. Also seé Subsection 2.1.5.1 at margin heading ,,Circuit Breaker
Status*.

The manual closing command must be indicated to the device via a binary input. In
order to be independent'éf.thesduration that the switch is closed, the command is set
to a defined length in the'device (adjustable with the address 1150 SI Time
Man.C1l). Figure 2¢53 shaws the logic diagram.

[ 1161 [ SYNsMAN.CL [241 |TMax CLOSE CMD |
|
: _w/o Sync-check 562
& %ith Sync-check Syne ’3—1‘ ' 1 —(Man.Close Cmd )
NO Release

[1150] SI Time Man.CI |

561

21 L1 —(Man.Clos Detect )

Figure 2-53 Logic diagram of the manual closing procedure
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If the device has an integrated automatic reclosure, the integrated manual closure
logic of the 7ST6 automatically distinguishes between an external control command
via the binary input and an automatic reclosure by the internal automatic reclosure so
that the binary input ,>Manual Close“ can be connected directly to the control
circuit of the trip coil of the circuit breaker (Figure 2-54). Each reclosure that is not ini-
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2.18 Protection Function Control

tiated by the internal automatic reclosure function is interpreted as a manual reclosure,
even it has been initiated by a control command from the device. O

L+

Control Switch

\° r,: J
\ CB Aux
CB ON

L-

Figure 2-54  Manual closure with internal autom reclosure

CB Circuit breaker
ON Circuit breaker close coi

CBaux Circuit breaker auxiliary ¢

If, however, external close com s Which should not activate the manual close
function are possible, e.g. external reelosure device, the binary input ,,>Manual
Close“ must be triggered b arate contact at the control discrepancy switch

(Figure 2-55).

If in that latter case &

nal control commafad, fro
manual CLOSE ti0
interlocking and the

al e command can also be given by means of an inter-
the device, such a command must be combined with the
ia a CFC chart. To do so, use the priority class for switchgear
MD_INF to derive a logic signal from the switchgear

control command. »>Manual Close“ must not be configured to a binary input
in this case. D s signal as a CFC output signal and add a new indication to the
DIGSI matrix. Is new binary signal for detection of the manual close signal, and
link it iffthe hart with an OR gate to the output signal of the CMD_INF block.
Now y! ect the output signal of this OR gate with the signal ,,>Manual Close*”
on t-hand margin of the CFC chart.

O
Q>®

L 4
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Blocking of Under-
voltage Protection

L+

SRy

i External Control Switch

'Reclosure- | ! | | ST T T T -

- !

: Device : SIPROTEC !

iClose I 356 }

: I >Manual Close -

iCommand _ _ — | i !
I I

CB ON

Figure 2-55 Manual closing with external automatic reclosure deviee
CB Circuit breaker

ON Circuit breaker close coll

CBaux Circuit breaker auxiliary contact

Depending on the configuration of the distance proteétion, an undelayed trip
command can be generated after energisation far each pickup or for pickup in . The
line energisation recognition function is alseuse@by the stages of the overcurrent pro-
tection.

In configurations with voltage transférmerson the line-side and single-side infeed, no
voltage is measured after tripping ofghe line. If activated, the undervoltage protection
would in such a case causefa spurious‘trip. In this condition it would no longer be pos-
sible to energize the line,&incefthe presence of a TRIP command from the undervolt-
age protection would preyentienergization.

To identify such situations;,7 ST6 devices are provided with a residual current detection
which blocks the undervgltage protection if the currents drop below a specified thresh-
old of 0.05 |,. As soen as assignificant current level (1>0.05 I,)) is measured on the line,
the line is assumed to Be energized, and the blocking is reset.

2.18.1.2 Detection of the CircuityBreaker Position

For Protection Pur-
poses

For Trip@ircuit Su-
pervisign‘and
Switch, Objects

176

Several protection and auxiliary functions require information on the status of the
circuitbreaker for proper functioning. This is, for example, of assistance for

» The automatic reclosure (refer to Section 2.12),

« “Jbe It (refer to Section 2.15)

Thédevice is provided with the signals for detection of the circuit breaker auxiliary con-
tacts. The above functions assumes the circuit breaker auxiliary contacts to be wired

if these signals have been configured to binary inputs. Therefore, signals for non-wired
feedback information must not be configured to a binary input.

For these functions separate binary inputs with information on the circuit breaker po-
sition are available.
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2.18 Protection Function Control

2.18.1.3 Pickup Logic for the Entire Device

Pickup Indications The fault detection logic combines the fault detection (pick-up) signals of all protection
functions. The group alarms ,,Relay PU“ and,Protection PU“ are ayailable‘re-
spectively for a general device pickup and a general pickup of the protection,functions.

The above indications can be allocated to LEDs or output relays. They can also be
used for local display, and for transfer of the indications to a personal computer or a
control centre.

General Device The pickup signals are combined with OR and lead to a general piekup of the protec-

Pickup tion device. It is signaled with the alarm ,Protection PW*lf neprotection function
of the device has picked up any longer, ,Protection RU disappears (indication:
»OFFY).

The general pickup is a prerequisite for a number ofiaternal and external consequen-

tial functions. The following are among the interpgalfunctions controlled by general

device pickup:

 Start of trip log: From general device pickup;te.general device dropout, all fault in-
dications are entered in the trip log.

« Initialization of oscillographic recordsiI he,storage and maintenance of fault values
can also be made dependent ofitthe oceurrence of a trip command.

» Generation of spontaneous indieations: Certain fault indications can be displayed
as so-called spontaneous indi€atiens (see ,Spontaneous Indications* below). This
indication can also be made*dependent on the general device trip.

 Start action time of automatieyreclosure (if available and used).

External functions may'be,controlled by this indication via an output contact. Examples
are:

» Automatic reclose devices.

« Channel boost.in cenjunction with signal transmission by PLC.

 Further additional'devices or similar.

Spontaneous Indi- Spontaheous,indications are fault indications which appear in the display automatical-
cations ly followingwa general fault detection or trip command of the device. In the case of 7ST6
they areythe following:
~RelayRICKUP*; Protective function that picked up;
S/E/FITRIP*: Protective function that tripped,;
»RU Time*“: Operating time from the general pickup to the dropout
of the device, in ms;
» TRIP Time*: Operating time from general pickup to the first trip
command of the device, the time is given in ms;
HXpri = X (primary) (Xpri=);
7ST6 Manual 177
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2.18.1.4 Tripping Logic of the Entire Device

TRIP Command

General Trip

Terminating the
Trip Signal

Reclosure Inter-
locking

178

Just like for pickup, a group alarm exists for the device TRIP command.

The alarm ,,Relay TRIP“ is an OR combination of

< All trip signals of the individual protection functions

« The TRIP commands output by the control, and

« The TRIP commands output by the CB test function.

All trip signals for the protective functions are connected by OR and,generate the in-
dication ,Protection TRIP. This can be allocated to LED ogeutput,relay.

A trip command once transmitted is stored (see Figure 2-56).9At thé"'same time, the
minimum trip command duration TMin TRIP CMD is started. This ensures that the
command is transmitted to the circuit breaker for a sufficient amount of time, even if
the function which issued the trip signal drops out quickly. Thektrip commands can only
be terminated when the last protection function droppedaut, i.e. functions no longer
pick up, AND the minimum trip signal duration exgired.

A further condition for terminating the trip command‘i§"that the circuit breaker is rec-
ognized to be open. The function controlgef the ‘device checks this by evaluating the
current flow. It assumes that a current of 0105 TAawill certainly be undershot with the
circuit breaker open. The figure below shews'the logic diagram for this.

Close Command of

Protection [T 13992 :
Functions ; ' Protection TRIP )

{240 [ TMin TRIP CMD
I
TL

[ i
0.05In}— — |

Figure 2-56 , ““Storage and termination of the trip command

When ttipping the circuit breaker by a protection function the manual reclosure must
ofter™@e blocked until the cause for the protection function operation is found. 7ST6
enables this via the integrated reclosure interlocking.

The,interlocking state (,LOCKOUT") is implemented by an RS flipflop which is protect-
ed against auxiliary voltage failure (see Figure 2-57). The RS flipflop is set via binary
input ,>Lockout SET“ (FNo. 385). With the output alarm ,,LOCKOUT“ (FNo. 530), if
interconnected correspondingly, a reclosure of the circuitbreaker, e.g. for automatic re-
closure, manual close signal, synchronization, closing via control, can be blocked.
Only once the cause for the protection operation is known, should the interlocking be
reset by a manual reset via binary input ,,>Lockout RESET“ (FNo. 386).
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Breaker Tripping
Alarm Suppression
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385 530

[ >Lockout SET sQ (LocKkouT )

[l >Lockout RESET

Figure 2-57 Reclosure interlocking

Conditions which cause reclosure interlocking and control commands which have to
be interlocked can be set individually. The two inputs and the output can be wired via
the correspondingly allocated binary inputs and outputs or be linkedwia user-defined
logic functions (CFC).

If, for example, each trip by the protection function has tofause areclosure lock-out,
then combine the tripping command ,,Protection TRIP (FNo. 13992) with the
binary input ,>Lockout SET. If, however, automaticeclosure is applied, only the
final trip of the protection function should activate reglosingrlock-out. Combine in this
case the output alarm ,Final Trip“ (FNo. 536nwithithe interlocking input
»>Lockout SET¥, so that the interlocking funetion iswot established when an auto-
matic reclosure is still expected to come. Please bear in mind that the alarm ,,Final
Trip“ (FNo. 536) is only present for 500 ms.

With the output alarm ,,LOCKOUT “ (FN@x 580)"itiis possible in the most simple case to
allocate to the output, which trips the circuit-Breaker, without creating further links.
Then the tripping command is maintainedwntil the interlock is reset via the binary reset
input. Naturally it has to be ensured.in advance that the close coil at the circuit breaker
— as is usually done — is blocked asylong as a tripping command is maintained.

The output alarm ,,LOCKOU F¥acantalso be applied to interlock certain closing com-
mands (externally or via CRC)/e.gvby combining the output alarm with the binary input
»>CloseCmd.Blo“4(FNe. 357)or by connecting the inverted alarm with the bay in-
terlocking of the branch,

The reset input ,>kockQut RESET“ (FNo. 386) resets the interlocking state. This
input is initiated by,an‘external device which is protected against unauthorized or un-
intentional operation:ikhe interlocking state can also be controlled by internal sources
using CFC, esg. afunction key, operation of the device or using DIGSI® on a PC.

For eaéh case please make sure that the corresponding logical combinations, security
measures\etc. are taken into account for the routing of the binary inputs and outputs
and are also considered for the setting of user-defined logic functions, if necessary.
Seg'also SIPROTEC® 4 System Description, Order No. E50417-H1176-C151.

Sinceevery trip command issued by a protection function on feeders without automat-
ic xeclosure is definite, it is desirable, when using automatic reclosure, to prevent the
operation detector of the circuit-breaker (transient contact on the breaker) from
sending an alarm if the trip of the breaker is not final (Figure 2-58).

For this purpose, the signal from the circuit-breaker is routed via a correspondingly al-
located output contact of the 7ST6 (output alarm ,,CB Alarm Supp“, FNo. 563). In
the idle state and when the device is turned off, this contact is closed. Therefore an
output contact with a normally open contact (NO contact) has to be allocated. Which
contact is to be allocated is dependent on the device version. Refer to the general
views in the Appendix.

Prior to the command, with the internal automatic reclosure in the ready state, the
contact opens so that no signal from the circuit-breaker is forwarded. This is only the
case if the device is equipped with internal automatic reclosure and if the latter was
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taken into consideration when configuring the protection functions (address 133 Auto

Reclose)
This contact is also opened when closing the breaker via the binary input ,,>ManualO
Close“ (FNo. 356), so that no breaker alarm can pass there either.

Further optional closing commands which are not sent via the device cannot be t
into consideration. Closing commands for control can be linked to the alarm suppres-
sion via the user-defined logic functions (CFC).

L+ (Signalling Circuit i S| @ !
J( Voltage)
ON TRIP K Operation
CB\~---- ——— =
j Detector

Alarm
.Breaker

Tripping”

Figure 2-58 Breaker tripping alarm suppression

If the device issues a final trip comman contact remains closed. This is the case,
during the reclaim time of the automati¢,reclosure cycle, when the automatic reclosure
is blocked or switched off or, due t e sons is not ready for automatic reclosure,
e.g. tripping only occurred after tl time expired.

Figure 2-59 shows time di s formanual trip and close as well as for short-circuit
tripping with a single, failedyautomatic reclosure cycle.
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Manual Trip
(as required) | |

Manual Close via BI
»>Manual Close”

Pickup

é Fault Inception

Protection Trip

CLOSE

AR Dead Time

Command

CB Pole

i

N

CB Operation
Detector | |

—1

T4

»,CB Alarm

Supp”

Alarm: ,Breaker I-l
Tripping” >\

I
7

Manual Opening Final Trip of Protection Function

Figure 2-59 Breaker tripping alarm suppression — sequenceexamples

Trip-Dependent In-
dications

Statistics
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The recording of indications masked to local LEDs, and the maintenance of spontane-
ous indications, cambe made dependent on whether the device has issued a trip
signal. This infogationtis then not output if during a system disturbance one or more
protection functions have picked up, but no tripping by the 7ST6 resulted because the
fault was cleared hysa different device, e.g. on another line. These indications are then
limitedgo faults in‘the line to be protected.

The pumber of trips initiated by the device 7ST6 are counted.

Follewinggeach trip command the device registers the value of each current phase that
was sWitched off. This information is then provided in the trip log and summated in a
register. The squared interrupted current values are also summated. The maximum in-
tefrupted current is stored as well. Moreover, the device has a separately configurable
liffunction to determine the circuit breaker trip load.

If the device is equipped with the integrated automatic reclosure, the automatic close
commands are also counted, separately for the first reclosure cycle and other reclo-
sure cycles.

The counter and memory levels are secured against loss of auxiliary voltage. They can
be set to zero or to any other initial value. For more details, refer to the SIPROTEC®
4 System Description, Order No. E50417-H1100-C151.
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2.18.1.5 Pickup of the Automatic Test Unit for the Overhead Contact Line (only for 16.7 Hz)

For the pickup of the automatic test unit for the overhead contact line, the indicationO
»PCckup TstUnit“ (FNo. 1191) is available in the 7ST6.

This indication is output on one of the following events:
+ ,Dis.Gen. Trip“ (FNo. 3801)

« ,0/C TRIP“ (FNo. 7211)

« ,HS 0/C TRIP“ (FNo. 4293)

4
« ,Emer.Gen.Trip“ (FNo. 2141) \%

 ,CB-TEST TRIP M*“ (FNo. 13862)
»CB-TEST TRIP B“ (FNo. 13863)

The indication is reset as soon as none of the above TRIP @ resent any more

(see logic diagram below).
3801 Q
(ODis.Gen. Trip @

7211

(OOICTRIP S

4293

(OHS O/C TRIP >—‘ 1191 |
2141 = Pckup TstUnit )
(O>Emer.Gen.Trip )—I

13862
(OCB-TEST TRIP M

13863
(OCB-TESTTRIP B

Figure 2-60  Start of the atic overhead contact line check by TRIP commands

In addition, tr% i (Q‘\ »Pckup TstUnit“ (FNo. 1191) is output if, following a
TRIP comm e overload protection, ,,ThOverload TRIP“ (FNo. 1521), the
re is undershot, i.e. the inrush blocking ,,0/L blocked“ (FNo.

»Pckup TstUnit“ stays activated for at least 200 ms and is reset
, provided that no TRIP command by one of the following functions is

aﬁ@
pr :
X ce protection
h-Speed overcurrent protection
» /Overcurrent protection
Emergency overcurrent protection

» Termal overload protection
» CBtest

182 7ST6 Manual
E50417-G1176-C251-A3



2.18 Protection Function Control

13825 N 1191 a
(O OIL blocked ) \' ﬁ Pckup TstUnit
3801

—
T 0 n
200 ms 9
(ODis.Gen. Trip

L 4
7211 \
(OOIC TRIP @
4293 0

The figure below shows the logic diagram for this:

—
(OHs o/C TRIP D

2141
(OEmerGenTrip  y——— >1 Q

13862
(OCB-TESTTRIPM )—

13863
(OCB-TESTTRIPB }——

1521
(OThoOverload TRIP

Figure 2-61  Start of the auto &Arhead contact line check following TRIP commands by
the overload %

2.18.1.6 Setting Notes Q
Command Duration  The setting of t \

imum trip signal duration TMin TRIP CMD (address 240) was

already discus bsection 2.1.3. This duration is valid for all protection functions
which can i command.
L 4

Q
&
&

L 4
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2.18.2 Testing

The numerical overhead contact line protection 7ST6 allows an easy check of the trio

circuits and the circuit breakers. O

2.18.2.1 Functional Description
4

The test programs as shown in Table 2-8 are available.

The output alarms mentioned must be allocated to the relevant c\%lays that

are used for controlling the circuit breaker coils.

é or using the PC
® 4 System De-
chronological se-
stated in Subsection

The test is started using the operator panel on the front of th
with DIGSI®. The procedure is described in detail in the SIP
scription, Order No. E50417-H1176-C151. Figure 2-62 s
guence of one TRIP-CLOSE test cycle. The set times

2.1.3.1 for ,Trip command Duration“ and ,Circuit Breaker Te

Where the circuit breaker auxiliary contacts indicW us of the circuit breaker or

of its poles to the device via binary inputs, t can only be initiated if the
circuit breaker is closed.
The alarms of the device show the resp e of the test sequence.

Table 2-8 Circuit breaker test progra

Serial Test programs Output indications (FNo)
No.
1 |TRIP test CB main trip elem
2 |TRIP test CB standh
3 |TRIP/CLOSE cycl
element

4 |TRIP/CLOSE cy
element

N

,CB-TEST TRIP M" (13862)
,CB-TEST TRIP B* (13863)
,CB-TEST CLOSE M" (13864)

doy trip  |,CB-TEST CLOSE B* (13865)

~V

in TRIPCMD  |1[242 |[T-CBtest-dead | 1[241_|TMax CLOSE CMD |

—|-

TRIP-CLOSE test cycle
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2.18.2.2 Setting Notes

The set times are those stated in Subsection 2.1.3.1 under margin heading @
Close*.

2.18.2.3 Information List

4
No. Information Type of In- Comment
formation
- CB-TTM - CB-Test:TRIP command main
- CB-TTB - CB-Test:TRIP command ba lement
- CB-TT/ICM - CB-Test: trip/close main trip e
- CB-TT/ICB - CB-Test: trip/close backup triptelement
7345 CB-TEST running ouT CB-TEST is in pro
7346 CB-TSTstop FLT. OUT_Ev CB-TEST canceled,due tevPower Sys. Fault
7347 CB-TSTstop OPEN to CB already OPEN
7348 CB-TSTstop NOTr due to CB was NOT READY
7349 CB-TSTstop CLOS d due to CB stayed CLOSED
7350 CB-TST .OK.
13860 >CB-TEST art TRIP cycle
13861 >CB-TEST AR tart TRIP-CLOSE cycle
13862 CB-TEST TRIP M -Test: TRIP command main trip element

13863 CB-TEST TRIP B
13864 CB-TEST CLOSE M
13865 CB-TEST CLOSE B
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2.19 Auxiliary Functions

The general functions of the device are described in chapter "Additional FunctionsZ,

2.19.1 Message Processing

After the occurrence of a system fault, data regarding the response ofsthe protective
relay and the measured quantities should be saved for future analysis. Eorthis reason
indications are processed in three ways.

2.19.1.1 Functional Description

LED Display and
Binary Outputs
(Output Relays)

Fast Binary
Outputs (Output
Relays)

186

Important events and statuses are displayed using front'panel'LEDs. The device fur-
thermore has output relays for remote indication. Mostindications and displays can be
configured differently from the delivery default settingsy(forinformation on the delivery
default setting see Appendix). The procedure s descfibed in detail in the SIPROTEC®
4 System Description (Order No. E50417-H1176-C15%).

The output relays and the LEDs may bed@perated in a latched or unlatched mode
(each may be individually set).

The latched conditions are protected againstloss of the auxiliary voltage. They are
reset

» On site by pressing the LED key onitherelay,

« Remotely using a binary ifput configured for that purpose,
 Using one of the serialdnterfaces,

* Automatically at the beginning of a new pickup.

Condition indications should net be latched. Also, they cannot be reset until the con-
dition to be reported hasfeen cancelled. This applies to e.g. indications from monitor-
ing functions, or the"like!

A green LED digplays operational readiness of the relay (,RUN"), and cannot be reset.
It extinguisheg'if the,self-check feature of the microprocessor recognizes an abnormal
occurrenegey orif the auxiliary voltage fails.

When auxiliarypyoltage is present, but the relay has an internal malfunction, then the
red LED (,ERROR") lights up and the processor blocks the relay.

DIGSI®enables you to control selectively each output relay and LED of the device
and,4n doing so, check the correct connection to the system. In a dialog box you can,
foginstance, cause each output relay to pick up, and thus test the wiring between the
7STEand the station, without having to create the indications masked to it.

The device 7ST6 has the fast binary outputs (output relays) BO1 and BO2. These
binary outputs have extra short switching times. When used for TRIP commands,
these binary outputs allow to achieve very short trip times.

These fast trip times are possible by a parallel connection of relays and semiconductor
switches. The semiconductor switch has the task of switching the output on and off.
The relay contact carries the continuous current and opens shortly before the semi-
conductor switch drops out. This helps to avoid erosion of the relay contacts, and thus
to prolong the service life of these binary outputs. This procedure leads to a defined
contact opening delay of 8 ms.
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Information on the
Integrated Display
(LCD) or to a Per-

sonal Computer

Information to a
Control Centre
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In all other respects, the properties of the fast binary outputs are the same as the
general properties of the binary outputs described above.

Events and conditions can be read out on the display on the front cover offthe relay.
Using the front PC interface or the rear service interface, for instance, a personal com-
puter can be connected, to which the information can be sent.

In the quiescent state, i.e. as long as no system fault is present, the LCD can display
selectable operational information (overview of the operational measured values) (de-
fault display). In the event of a system fault, information regarding.the fault, the so-
called spontaneous indications, are displayed instead. Afterthefaultindications have
been acknowledged, the quiescent data are shown again. Acknewledgement can be
performed by pressing the LED buttons on the front pangl (see,above).

The device in addition has several event buffers for operatianal indications, fault indi-
cations, switching statistics, etc., which are saved againstless of auxiliary supply by
means of a battery buffer. These indications can be displayed on the LCD at any time
by selection using the keypad or transferred to,a persenal computer via the serial
service or PC interface. The retrieval of indicationsyduring operation is extensively de-
scribed in the SIPROTEC® 4 System Desciiption,, Order No. E50417-H1176-C151).

After a fault on the system, for example,impottant information about the progression
of the fault can be retrieved, such as the picktp of a protective element or the initiation
of a trip signal. The start of the faultjis time\stamped with the absolute time of the in-
ternal system clock. The progress(of the, disturbance is output with a relative time re-
ferred to the instant of fault detegtionisa that the duration of the fault until tripping and
up to reset of the trip command‘¢an be ascertained. The resolution of the time infor-
mation is 1 ms.

With a PC and the DIGSI® protection data processing software it is also possible to
retrieve and display/the events with the convenience of visualization on a monitor and
a menu-guided dialogaThe data may either be printed or stored for evaluation at a later
time and place.

The protection devicestores the indications of the last eight system faults; in the event
of a ninth fault, the oldest is erased.

A systein fault starts with the recognition of the fault by the fault detection of any pro-
tection funetion"and ends with the reset of the fault detection of the last protection func-
tion omafter the expiry of the auto-reclose reclaim time, so that several unsuccessful
autesreclose cycles are also stored cohesively. Accordingly a system fault may contain
severallindividual fault events (from fault detection up to reset of fault detection).

If the device has a serial system interface, stored information may additionally be
transferred via this interface to a centralized control and storage device. Transmission
IS possible using different transmission protocols.

You may test whether the indications are transmitted correctly with DIGSI®.

Also the information transmitted to the control centre can be influenced during opera-
tion or tests. The IEC 60870-5-103 protocol allows to identify all indications and mea-
sured values transferred to the central control system with an added indication ,test
mode*“ while the device is being tested on site (test mode). This identification prevents
the indications from being incorrectly interpreted as resulting from an actual power
system disturbance or event. Alternatively, you may disable the transmission of indi-
cations to the system interface during tests (, Transmission block").
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Classification of In-
dications

Operational Indica-
tions (Buffer: Event

Log)

Fault Indications
(Buffer: Trip Log)

188

To influence information at the system interface during test mode (, Test mode* and
»Transmission block") a CFC logic is required. Default settings already include this
logic (see Appendix).

The SIPROTEC® 4 System Description describes in detail how to activate and déac-
tivate test mode and blocked data transmission.

Indications are classified as follows:

» Operational indications: indications generated while the device is operating: They
include information about the status of device functions, measuremeéntdata, system
data, and similar information.

< Fault indications: indications from the last 8 network faults thatWwere‘processed by
the device.

« Indications of the Statistic: they include a counter for the switchifig actions of the
circuit breakers initiated by the device, maybe reclose c@Bmmands as well as values
of interrupted currents and accumulated fault currents®

A complete list of all indication and output functions that,can be generated by the
device with the maximum functional scope can be found.in‘the Appendix. All functions
are associated with an information number (ENo) "It @lsg indicates where each indica-
tion can be sent to. If functions are not presentintthe‘specific version of the device, or
if they are set to disable, then the associated indications cannot appear.

Operational indications contain informatiofthat the device generates during operation
and on operational conditions.

Up to 200 operational indicationsre fecorded in chronological order in the device.
Newly generated indicationsgare added to those already there. When the maximum
capacity of the memory is@Xxhausted, the oldest indication is lost.

Operational indications‘€omeiin automatically and can be read out from the device
display or a personal computer.“Faults in the power system are indicated with ,Net-
work Fault* and the conseeutive fault number. The fault indications contain detailed in-
formation on the behavigur of the power system fault.

Following a system*awlt, it is possible, for example, to retrieve important information
regarding its,progress, such as pickup and trip. The start of the fault is time stamped
with the absolute time of the internal system clock. The progress of the disturbance is
output with a‘elative time referred to the instant of fault detection, so that the duration
of the fault until tripping and up to reset of the trip command can be ascertained. The
resolution,offthe time information is 1 ms.

A system)fault starts with the recognition of the fault by the fault detection, i.e. first
pickupsof any protection function, and ends with the reset of the fault detection, i.e.
dropout of the last protection function. Where fault causes several protective functions
to gick up, the fault is considered to include all that occurred between pickup of the
first protective function and dropout of the last protective function.
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Spontaneous Indi-
cations

Retrievable Indica-
tions

Spontaneous Indi-
cations

General Interroga-
tion

After a fault, the most important data of the fault are displayed automatically witheut
any further operating actions in the sequence displayed below after a general i
pickup:

Dis TRIP Z1 Protective Function that Tripped, e.g. Distance Protection Zone 1;
T-Pickup= 180 ms Operating Time from General Pickup to Dropout;
T-TRIP= 60 ms Operating Time from General Pickup to the First Trip Cainmand;

Xpri = 10 Q FIt Locator: primary REACTANCE (Xpri =);
Figure 2-63  Spontaneous indications for devices with a small @

The indications of the last eight faults can be retrieve d ut. In total 600 indica-
tions can be recorded. Oldest indications are erased for est fault indications when

the buffer is full.

Spontaneous indications contain informatio incoming indication. Each new
incoming indication appears immediately, i€. er does not have to wait for an
update or initiate one. This can be au ring operation, testing and commis-
sioning.

Spontaneous indications can be r DIGSI®. You will find more details in the

SIPROTEC® 4 System Descript& No. E50417-H1176-C151).

viewing the contents of th | Interrogation. All indications requiring general in-

The present condition of a C® 4 device can be examined with DIGSI® by
terrogation are displ it ir present value.

L 4

N
>
$

Q
o
&

L 4
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2.19.2 Measurement

2.19.2.1 Functional Description

Display of Mea-
sured Values

Calculation of Mea-
sured Values

For local retrieval, or for data transmission via system interface, measured values and
resulting computed values are continuously available. The operational measured
values can be read out as secondary, primary or percent values. The measured values
can only be correctly displayed if the transformer ratings are entered gémpletely and
correctly.

In auto-transformer systems, the active and reactive power is calcylated from the cur-
rents and voltages of the overhead contact line and the negative feeder. The operating
impedance and the load angle are calculated using the overhead,contact line voltage

and the summation current.

Depending on the ordering code, connection type to the deviee and the configured
protection function, only some of the listed operational measured values in Table 2-9

may be available.

Table 2-9 Operational measured values of thejlocal, device
Measured values Primary , |Seeond==}% referred to
ary

| Operating current R R Rated operational current
U Operational voltage kv \ Rated operational voltage
IF Negative feeder current (in auto-trans-|R R Rated operational current

former systems)
CL Feeder voltage (in auto-transformer,  [kKV \% Rated operational voltage

systems)
IX Defrosting current R R Rated operational current
f Frequency Hz Hz Rated system frequency
P, Q Active and reactive power, kW, kVAr | — Uy Iy Operational ratings
Uref Reference voltage kv \% Operational rated voltage
o dif Differential angle between operational |° ° —

voltage and referenge voltage
4 Operational impedance Q Q —
R Operational rgsistance Q Q —
X Operational reactance Q Q —
0) Load angle ° ° —
Zsec Caleulated fault impedance (fault loca- | — Q —

tion)
Tline Catenary,temperature °C — —
Tamb Ambient temperature °C — —
190 7ST6 Manual
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2.19.2.2 Information List

No. Information Type of In- Comments
formation
636 udif= MV U - Difference (line - reference)
637 Uline= MV U - Line
638 Uref= MV U - Reference
641 P = MV P (active power)
642 Q = MV Q (reactive power)
644 Freg= MV Frequency
646 fref= MV f - Reference
647 fdif= MV f - Difference (line-reference)
648 o-diff= MV Angle (difference line-bus)
649 fline= MV f- Line
668 = MV Operational measurement: | =
678 = MV Operational measurement: U =
950 Tmp.cat= MV Operat. meas! temp, of catenary
951 Tmp.amb= MV Operat.‘meas. ambient temperature
3941 Zsec= \ Fault impedanee, Ohm sec.
13915 R = MV Resistiveregmponent of total resistance
13916 X = MV Reactive'eomponent of total resistance
13917 Z = MV Operating impedance
13918 o = MV Phase angle PHI in [degrees]
13920 UF- = MV Valtage UF- is
13921 IF-= MY/ Current IF- is
13922 Uref= MV Reference voltage
13923 IX = \VAY Defrosting current IX is
13924 2I11,12= MV Summated current 11 + 12 is
13968 Id = MV Differential current in [%] is
13969 Ir = VA Restraint current in [%] is
7ST6 Manual 191
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2.19.3 Statistics

The number of trips initiated by 7ST6, the accumulated interrupted currents resulting
from trips initiated by protection functions and the number of close commands initiated
by the auto-reclosure function are counted.

2.19.3.1 Functional Description

Counters and Mem-
ories

Number of Trips

Number of Auto-
matic Reclosing
Commands

Interrupted Cur-
rents

192

The counters and memories of the statistics are saved by the devVice “Fhergfore the
information will not get lost in case the auxiliary voltage supply fails.“fhe counters,
however, can be reset back to zero or to any value within the settingyrange.

Switching statistics can be viewed on the LCD of the deviceer on,aPC running
DIGSI® and connected to the operating or service interface.

A password is not required to read counter and stored vallies but'is required to change
or delete them. You will find more details in the SIPRQTEC®™4 System Description
(Order No. E50417-H1176-C151).

The number of trips initiated by the device 7ST6%re €ounted.

If the device is equipped with the integfated automatic reclosure, the automatic close
commands are also counted separately forthe Tfirst reclosure cycle and other reclo-
sure cycles.

Following each trip commangdsithe device registers the value of each current phase that
was switched off. This infarmation is then provided in the trip log and summated in a
register. The maximum jnterrupted current that was switched off is stored as well. The
specified measured valuesyarefprimary values.

For the last trip, the value of.the current-time integral and the squared current-time in-
tegral It are output and/separately summated.
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2.19.3.2 Setting Notes

Readout/Set-
ting/Resetting

The SIPROTEC® 4 System Description describes how to read out the statisti
counters using the device front panel or DIGSI®. Setting or resetting of the
counters takes place under the menu item Annunciation -> STATISTIC by, overwrit-
ing the counter values displayed.

4
2.19.3.3 Information List
No. Information Type of In- Commen
formation
1000 # TRIPs= VI Number of breaker TRIP co
1008 Z(I/Iny~2= \! Sum of fault currents (I/In)®
13851 2 lt= VI
13852 > 12t= VI
13853 Last It= Vi
13854 Last I2t= VI
13870 AR 1st cycle= VI
13871 AR >1st cycle= VI
13925 MAX I= VI
13926 Last I= VI interrupted by CB
13927 = \! n interrupted primary currents
16006 Resid.Endu.= VI al Endurance
16011 mechan. TRIP= VI ber of mechanical Trips
L 4 \< ’
L 4
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2 Functions

2.20 Command Processing

The SIPROTEC 4 7ST6 includes a command processing function for initiating switch-=
ing operations in the system.

Control commands can originate from four command sources:

« Local operation using the keypad on the local user interface of the device

» Operation using DIGSI

* Remote operation using a substation automation and control system (erwg. SICAM)
« Automatic functions (e.g., using a binary input)

Switchgear with single and multiple busbars are supported. Thefiumber of switchgear
devices to be controlled is limited only by the number of binary‘inguts and outputs
present. High security against inadvertent device operations can be ensured if inter-

locking checks are enabled. A standard set of optional inteflecking’checks is provided
for each command issued to circuit breakers/switchgeaf:

2.20.1 Control Authorization

2.20.1.1 Command Types

Commands to the
Process

Device-internal
Commands

194

These are all commands that are diré€tly output to the switchgear to change their
process state:

« Commands for the operatien,oficircuit breakers (asynchronous; or synchronized by
applying the synchronism check and closing control function) as well as commands
for the control of isolators,and earth switches.

These commands do potidirectly operate command outputs. They serve for initiating
internal functions, for commuhicating the detection of status changes to the device or
for acknowledginggthem!

* Manual overtideycommands for ,manual update” of information on process-depen-
dent objectg)sueh as indications and switching states, e.qg. if the communication with
the pracessiis interrupted. Manually overridden objects are flagged as such in the
information status and can be displayed accordingly.

« Tagging ceammands are issued to ,set" the information values of internal objects,
suchtas switching authority (remote vs. local), parameter set changeover, data
transmission block to the SCADA interface, and measured value set-points.

s Acknewledgment and resetting commands for setting and resetting internal buffers
oF, data states.

* Information status commands to set/delete the additional ,Information Status® item
of a process object, such as

— Acquisition blocking,

— Output blocking.

7ST6 Manual
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2.20 Command Processing

2.20.1.2 Sequence in the Command Path

Security mechanisms in the command path ensure that a switch command can be
carried out only if the test of previously established criteria has been succegsfully com-
pleted. Additionally, user-defined interlocking conditions can be configurediseparately
for each device. The actual execution of the command is also monitored afterits re-
lease. The entire sequence of a command is described briefly in the following.

Checking a Please observe the following:
Command Path « Command entry, e.g. using the keypad on the local user iaterface’of the device

Check password — access rights;

Check switching mode (interlocking activated/deactivated) — selection of deac-
tivated interlocking status.

» User configurable interlocking checks:

Switching authority;

Device position check (set vs. actual comparison);

Zone controlled / bay interlocking (legic using CFC);

System interlocking (centrallypvia SICAM);

Double operation (interlocking against parallel switching operation);
Protection blocking (blockifg of'switching operations by protection functions);

Checking the synchroniSm, befere a close command.

¢ Fixed commands:

Internal process time (software watch dog which checks the time for processing
the control actiombetween initiation of the control and final close of the relay con-
tact);

Configuration/impprocess (if setting modification is in process, commands are re-
jected ordelayed);

Eguipment present as output;

Odatputiblock (if an output block has been programmed for the circuit breaker, and
is agtive at the moment the command is processed, then the command is reject-
ed);

Component hardware malfunction;

Command in progress (only one command can be processed at a time for each
circuit breaker or switch);

1-of—n check (for multiple allocations such as common contact relays or multiple
protection commands configured to the same contact it is checked if a command
procedure was already initiated for the output relays concerned or if a protection
command is present. Superimposed commands in the same switching direction
are tolerated).

Command Execu- The following is monitored:
liomMenitoring « Interruption of a command because of a cancel command,
* Running time monitor (feedback monitoring time).

7ST6 Manual
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2 Functions

2.20.1.3 Interlocking

Interlocked/non-in-
terlocked Switch-

ing

196

Interlocking can be executed by the user-defined logic (CFC). Switchgear interlocking
checks in a SICAM/SIPROTEC 4 system are normally divided in the following gragups:

» System interlocking checked by a central control system (for interbay interlocking),
» Zone controlled / bay interlocking checked in the bay device (for the feeder).

» Cross-bay interlocking via GOOSE messages directly between bay controllers,and
protection relays (with rollout of IEC 61850; inter-relay communicatiop by GOOSE
is performed via the EN100 module)

Zone Controlled/Bay Interlocking Zone controlled / bay interlocking relies‘on the object
database (feedback information) of the bay unit (here the SIPR@TEE 4 relay) as was
determined during configuration (see SIPROTEC 4 System Descfiption).

The extent of the interlocking checks is determined by the configuration and interlock-
ing logic of the relay. For more information on GOOSE, pleaseyefer to the SIPROTEC
4 System Description /1/.

Switching objects that require system interlocking imsa central control system are
marked by a specific parameter inside the bay unit (viajgeenfiguration matrix).

For all commands, operation with interlockingi(nermalmode) or without interlocking
(test mode) can be selected:

« For local commands by reprogramming the settings with password check,

« For automatic commands, via commanéyprocessing by CFC and Deactivated Inter-
locking Recognition,

» Forlocal / remote commands, usingyan additional interlocking disable command via
PROFIBUS.

The configurable command-ehecks in the SIPROTEC 4 devices are also called ,stan-
dard interlocking”. These checksycan be activated via DIGSI (interlocked switch-
ing/tagging) or deactivated, (non-interlocked).

De-interlocked or nop-interlocked switching means that the configured interlock con-
ditions are not tested.

Interlocked switehing®means that all configured interlocking conditions are checked
within the commandiprocessing. If a condition could not be fulfilled, the command will
be rejected by anjindication with a minus added to it, e.g. ,CO-", followed by an oper-
ation responseyinformation. The command is rejected if a synchronism check is
carriedlout before closing and the conditions for synchronism are not fulfilled. Table 2-
10 shewsssome types of commands and indications. The indications marked with *)
are displayed only in the event logs on the device display; for DIGSI they appear in
spontaneous indications.

Table 2-10 Command types and corresponding indications

Type of Command Control Cause Indication
Control issued Switching CO CO+/—
Manual tagging (positive / nega- |Manual tagging MT MT+/—
tive)

Information state command, Input |Input blocking ST ST+/-*)

blocking

Information state command, Output blocking ST ST+/-%)

Output blocking

Cancel command Cancel CA CA+/—
7ST6 Manual
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2.20 Command Processing

The plus sign indicated in the indication is a confirmation of the command executign:
The command output has a positive result, as expected. A minus sign means ashed
ative, i.e. an unexpected result; the command was rejected. Figure 2-64 shov -@
example in the operational indications command and feedback of a positiv, 1
switching action of the circuit breaker.

The check of interlocking can be programmed separately for all switching devices and
tags that were set with a tagging command. Other internal commands such as over-
riding or abort are not tested, i.e. are executed independently of the interleckings.

EVENT LOG
19.06.01 11:52:05,625

Qo CO+ Close

19.06.01 11:52:06,134

Qo FB+ Close

Figure 2-64 Example of an operational indicatior@hing circuit breaker 52

Standard Interlock-  The standard interlocking includes the
ing during the configuration of inputs and o

An overview for processing the int:
2-65. {&'

>
R
.(,(b
<
O
&

L 4

k each switchgear which were set
see SIPROTEC 4 System Description.

conditions in the relay is shown in Figure
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2 Functions

Device with Source of
Command

LOCAL

) REMOTE
DIGSI

AUTO

Switching Authority
(LOCAL/REMOTE)

Switching Authority
DIGSI

Switching Mode
LOCAL

(non-interlock./interlock.) [

Switching Mode
REMOTE

(non-interlock./interlock.) ||

Feedback Indication ON/ [ |

OFF

Protection Blocking
52 Close

52 Open

Figure 2-65

device

Standard interlockings

1) Source of Command REMOTE includes LOC.
LOCAL Command using substation controller
REMOTE Command via telecontrol station to power

explaine

L 4
a

The disp@e configured interlocking reasons. The are marked by letters as
T

2-11.

1\

m management and from power system management to the

Interlocking Commands

Switching Authority : Switching Mode | |
| [ ||
I I
ON/OFF  — I I -
» & |LOCAL N ! ]
| | & | L]
LOCAL : : ]
- ! | B
] I
& | : ! ||
g e ! ||
Remote | | L&
I
— I | u
—— | | ||
& | I
I I -
| | |
DIGSI DIGSI : : \ —
L >1 }_,, | =
& |Remote | ! L
[ [ ||
L | ! |
T I -
: : Non-interlocked Swite -
: & L {[SCHED. = ACT. —
| I -
I I
I I -
yin -
yinH |
y/n_ — *
ynH | )
yinH -
yinH -
yinH -
—> Event *)Command Output to Relay
— Status

terlocking Commands Command Display
Authority L L
m Interlocking S S
Interlocking Z Z
T = ACTUAL (switch direction check) P P
Protection Blockage B B

Figure 2-66 shows all interlocking conditions (which usually appear in the display of
the device) for three switchgear items with the relevant abbreviations explained in
Table 2-11. All parameterised interlocking conditions are indicated.
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2.20 Command Processing

Control Logic via

CFC

Interlocking

Q0 Close/Open S - Z P B
Q1 Close/Open S - Z P B

01/03

|Q8 Close/Open S - Z P B|

Figure 2-66 Example of configured interlocking conditions

cific release conditions the information ,released” or ,bay
e.g. object ,52 Close" and ,52 Open* with the data values:

2.20.1.4 Information List

inter

”a\

<

are available,

For the bay interlocking, an enabling logic can be structured usg’ the CFC. Via spe-

No. Information Type of In- nts
formation

- Cntrl Auth DP

- ModeLOCAL DP

- ModeREMOTE IntSP

- CntriDIGSI LV

L 4 \< ,
L 4
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2 Functions

2.20.2 Control Device

2.20.2.1 Information List

No. Information Type of In- Comments
formation

- Breaker CF_D12 Breaker L2
- Breaker DP Breaker

- Disc.Swit. CF_D2 Disconnect Switch

- Disc.Swit. DP Disconnect Switch

- EarthSwit CF_D2 Earth Switch

- EarthSwit DP Earth Switch

- Brk Open IntSP Interlocking: Breaker Open

- Brk Close IntSP Interlocking: Breaker Clos

- Disc.Open IntSP Interlocking: Disconnect en

- Disc.Close IntSP Interlocking: Discon Close

- E Sw Open IntSP Interlocking: E

- E Sw Cl. IntSP Interlocking: Ea

- Fan ON/OFF CF_D2 Fan ON/

- Fan ON/OFF DP Fan ON

- UnlockDT IntSP UnIockQ mission via Bl

L 4 \< ’
L 4
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2.20 Command Processing

2.20.3 Process Data

During the processing of commands, independently of the further allocation and pro-
cessing of indications, command and process feedbacks are sent to the indi€ationspro-
cessing. These indications contain information on the cause. With the corresponding

allocation (configuration) these indications are entered in the event log, thus®serving

as a report.

A listing of possible operational indications and their meaning, as well asthe
command types needed for tripping and closing the switchgeayor for raising and low-
ering transformer taps and detailed information are described insthe SIPROTEC 4
System Description.

2.20.3.1 Method of Operation

Acknowledgement
of Commands to
the Device Front

Acknowledgement
of commands to lo-
cal/remote/DIGSI

Feedback monitor-
ing

Commanddout-
put/switching
relays

7ST6 Manual
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All'indications with the source of command LOCAL are,transformed into a correspond-
ing response and shown in the display of the devige.

The acknowledgement of indications whigh relate to commands with the origin “Com-
mand Issued = Local/ Remote/DIGSI™are, Sent back to the initiating point independent
of the routing (configuration on thersefial digital interface).

The acknowledgement of commandstis’therefore not executed by a response indica-
tion as it is done with the local command but by ordinary command and feedback in-
formation recording.

Command processing time monitors all commands with feedback. Parallel to the com-
mand, a monitoring, time,period (command runtime monitoring) is started which
checks whether the switchgear has achieved the desired final state within this period.
The monitoring time'is stopped as soon as the feedback information arrives. If no feed-
back information arrives, a response ,,Time Limit Expired“ appears and the
process is terminated.

Commands andstheir feedbacks are also recorded as operational indications. Normal-
ly the gxecutien of a command is terminated as soon as the feedback information
(FBs) of'the relevant switchgear arrives or, in case of commands without process
feedbaekdnformation, the command output resets.

Inthe feedback, the plus sign means that a command has been positively completed.
Phe'command was as expected, in other words positive. The "minus" is a negative
confirmation and means that the command was not executed as expected.

The command types needed for tripping and closing of the switchgear or for raising
and lowering transformer taps have been defined during the configuration, see also
SIPROTEC 4 System Description.
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2 Functions

2.20.4 Protocol

2.20.4.1 Functional Description O

The following protocols are available for communication with the control system via
the system interface:

» |EC 60870-5-103
* PROFIBUS FMS

.
« PROFIBUS DP \%
* Modbus
« DNP 3.0 :

® Note
l A description of the profiles and the mapping files ded on the DIGSI® CD.

202 7ST6 Manual
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2.20 Command Processing

2.20.4.2 Measured value overview

Depending on the device components (1- or 3—transformer), different measure
values may be displayed, for example, via the IEC 60870-5-103 protocol,
ing table presents an overview.

1—-transformer device

Type Inf DU Pos Sid No %Iame
128 148 9 1 333 I =
2 333 k =
3 6 =
4 =
5 =
134 119 9 1 =
2 =
3 P=
4 =
644 =
13917 Z=
13918 o=
950 Tline =
138 240 3 668 =
2 678 =
138 241 9 1 668 =
2 950 Tline =
3 333 13918 0=
4 333 678 =
5 333 13917 =
@ 6 333 641 =
7 333 642 =
1 4 8 333 644 =
L 4
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2 Functions

3—transformer device

Type Inf DU Pos Sid No Name
128 149 9 1 333 668 =
2 333 13921 IF-=
3 333 13923 IX =
4 333 678 =
5 333 13920 UF-=®
6 333
7 333
8 333
9 333
134 120 9 1 333 8 =
2 333 13 IF-=
3 333 23 IX =
4 333 78 =
5 13920 UF- =
6 13922 Uref =
7 641 =
8 3 642 =
9 333 644 =
333 13917 =
1 333 13918 Q=
333 950 Tline =
138 240 3 333 668 =
2 333 678 =
138 241 1 333 668 =
2 333 950 Tline =
3 333 13918 Q=
4 333 678 =
& 5 333 13917 =
\ 6 333 641 P=
& 7 333 642 =
8 333 644 =
2.20.4.3 Information List@
No. nformation Type of In- Comments
formation
- SysIntErr. IntSP Error Systeminterface
4
204 7ST6 Manual

E50417-G1176-C251-A3



2.21 Use in auto-transformer systems

2.21 Use in auto-transformer systems

2.21.1 Functional

General

7ST6 Manual
E50417-G1176-C251-A3

This function is optional, i.e. not included in all device variants.

The system 2x15 kV (or 2x25 kV) is used increasingly in a.c. power traction networks
to enhance the transmission properties. Additional auto-transformers and a retérn line
- negative feeder - of 15 kV (or 25 kV) potential are characteristic of this type of infeed.
For this reason, two-pole switching devices are necessary in the overheadgontact line
system.

Description

Since auto-transformer systems require current inputs forlsummation, they can only
be implemented in devices that feature 3 analog inputSieach. It can be specified in pa-
rameter CURRENT I1, I2 whether the protective fupction operates only with the
overhead line current or with the summation current of overhead line and negative
feeder. In the latter case, the two currents aré detected via separate transformers, vec-
torially added and in the further process,treatéd as a measured quantity. Please con-
sider also the polarity of the current transformer(current of the negative feeder) at IF
CT STARPOINT for determinationgefdirection” The measured value connections can
be found in the Appendix at A.3, These seéttings apply to all functions, not including
some exceptions.

The following functions are treated differently:
* No use of the summation’curkents for the functions
Overload protectiopflymeasurement and defrost protection.

« In case of the high-speed overcurrent protection, the selection is additionally made
via jumper X600 onithe module C-1/O 13.

» The current-dependent'statistic values are always calculated from the overhead
line current.

All three curpents (everhead line current, negative feeder current and the resulting
summationicurrent) are generally available for detection and display of the operational
measurethvalues and fault recording.
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2 Functions

2.21.2 Setting Notes

General

Transformer Data
for Auto-transform-
er Systems

206

In DIGSI® double-click on Settings to display the relevant selection. A dialog box with
the tabs General, Transformer data, System data, Voltage transformers and Cirguit
breaker will open under Power System Data 1, in which you can configure the,in-
dividual parameters. Thus, the following subsections are structured accordingly.

At address 206 IF CT STARPOINT the polarity of the current transformers (negative
feeder current) must be stated. This setting determines the measuring dire@tion of the
device (forwards = line direction).

The measured value connections can be found in the Appendixfunder A.3.

At address 207 IF CT PRIMARY you set the primary rated £€T current (negative
feeder current).

At addresses 209 UF PRIMARY and 210 UF SECONDARY, infefmation regarding the
primary and secondary current ratings of the current transformers (negative feeder
voltage) is entered.

In auto-transformer systems, the protection functions can evaluate either

» The summation current of the overhead contactline current and the negative feeder
current, or

* The overhead contact line current

In the parameter CURRENT I1, I2yaddress 213) you specify which current will be
fed to the protection functions for evaluation. If you want the summation current to be
processed by the protectionffungtionsgSet address 213 to Sum I1, I2.The vectors
of the overhead contact lifie cufrent and the negative feeder current are added.

Note

If at address 213 thespatameter CURRENT I1, I2issettoSum I71, I2,the setting
of jumper X600 on the €-1/0 13 board must be changed for the summation! The
default setting ofithissjumper on delivery is ,without summation®!

7ST6 Manual
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Mounting and Commissioning 03

L 4
This chapter is primarily intended for experienced commission ineers. The
commissioning engineer must be familiar with the commis i rotection and
control systems, with the management of power systems the relevant safety
rules and guidelines. Under certain circumstances adaptati the hardware to the
particular power system data may be necessary. The prima sts require the protect-
ed object (line, transformer etc.) to carry load.

3.1 Mounting and Connections Q 208

3.2 Checking Connections 236
3.3 Commissioning 240
3.4 Final Preparation of theyDe 253

L 4

>
N
N

N
&
&

L 4
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3 Mounting and Commissioning

3.1  Mounting and Connections

General

A

WARNING!

Warning of improper transport, storage, installation or erection ofsthe device.

Failure to observe these precautions can result in death, personafinjury’or substantial
property damage.

The successful and safe operation of this device is dependent @ngproper handling,
storage, installation, operation, and maintenance.

Of particular importance are the general installation and safety regulations for work in
a high-voltage environment (for example, ANSI, IEC, ENARIN; or other national and
international regulations). These regulations must be‘gbserved.

3.1.1 Configuration Information

Prerequisites

Connection Vari-
ants

Currents

Voltages

Binary Inputs and
Outputs

208

For mounting and connections the followingseonditions must be met:

The rated device data has been cheeked¥as recommended in the SIPROTEC® 4
System Description. The compliance of these data has been verified with the Power
System Data.

Outline diagrams are shown in¥Appendix A.2. Connection examples for the current
and voltage transformegeircuits are given in the Appendix A.3. It must be checked that
the setting configuration of the P.System Data 1, Section 2.1.3.1, corresponds with
the connections tohe device.

Appendix A.3ghews examples for the possibilities of the current transformer connec-
tions in depehdence’on network conditions.

Connegtion examples for current and voltage transformer circuits are provided in Ap-
pendix Aw3.

The ‘cannections to the system depend on the possible allocation of the binary inputs
and‘@utputs, i.e. how they are assigned to the system. The preset allocation can be
found in the tables in Section A.5 of the Appendix. Check also whether the labelling
gorresponds to the allocated indication functions.

7ST6 Manual
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3.1 Mounting and Connections

Changing Setting
Groups

Trip Circuit Super-
vision

7ST6 Manual
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If binary inputs are used to change setting groups, please observe the following:

« Two binary inputs must be dedicated to the purpose of changing setting groups
when four groups are to be switched. One binary input must be set for ,,>Sgt
Group BitO0“, the other input for ,>Set Group Bit1“. If either of theSe thput
functions is not assigned, then it is considered as not controlled.

» To control two setting groups, only one binary input is required, namely ,,>Set
Group BitO0“, since binary input ,>Set Group Bit1“, which is not allocated,
then is classified as “not controlled”.

» The status of the signals controlling the binary inputs to activate a particular setting
group must remain constant as long as that particular gfeupis’to remain active.

The following table shows the allocation of the binary inputsito the,setting groups A to
D and a simplified connection diagram for the two binary(inputsis illustrated in the fol-
lowing figure. The figure illustrates an example in whieh both Set Group Bits 0 and 1
are configured to be controlled (actuated) when the,assog€iated binary input is ener-
gized (high).

Where:
No = not controlled
Yes = controlled
Table 3-1 Changing setting grodps uising binary inputs
Binary Input Active,Group
>Set Group Bit0|>Set Group Bitl
No No Group A
Yes No Group B
No Yes Group C
Yes Yes Group D

Selector Switch/for
Setting Group

A I SIPROTEC Device !
A ! !
L+ B I 7 |
c L i [>SetGroupBito > |
| |
D i |
A | !
A ! !
L'+ B I !
C | 8 !
D L : I >Set Group Bit1 > :
Lo ________._. i
Figure 3-1 Connection diagram (example) for setting group switching with binary inputs

It must be noted that two binary inputs or one binary input and one substitute resistor
R must be connected in series. The pick-up threshold of the binary inputs must there-
fore be substantially below half the rated control DC voltage.

If two binary inputs are used for trip circuit supervision, the binary inputs must be iso-
lated, i.e. not communed with each other or with another binary input.

If one binary input is used, a substitute resistor R must be employed (refer to Figure
3-2). The resistor R is inserted into the circuit of the second circuit breaker auxiliary
contact (Aux2), to facilitate the detection of a malfunction also when the first circuit
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3 Mounting and Commissioning

breaker auxiliary contact (Aux1) is open and the trip contact has dropped out. The
value of this resistor must be such that in the circuit breaker open condition (therefore
Auxl is open and Aux?2 is closed) the circuit breaker trip coil (TC) is no longer picked
up and binary input (BI1) is still picked up if the command relay contact is open.

L+ U-CTR i SIPROTEC !
! I
L ! l6854 > I
—————————————————————— 7 U-BI I >TripC1 TripRel i
SIPROTEC T i
! | !
TR | i i
_____ i 2 | |
! i
[N ANy A S ;
R
] Legend
H TR — Relay Tripping Contaet
] CB — Circuit Breaker
L TC — Circuit Breaker Trip“Cail
X/ TCL .| Auxl 7/ Aux2 Aux1 — Circuit BreakemAuxiliarydContact (NO-Contact)
cB [/ L] Aux2 — Circuit Breaker Auxiliary Contact (NC-Contact)
R — EquivalentiResistance
U-CTR — Control Valtage (Ttip Voltage)
L U-BI — Inpdt Yoltage for/Binary Input
Figure 3-2 Trip circuit supervision with one binary input — example fortrip_cireuit

210

This results in an upper limit for the resistance’dimension, R, and a lower limit R,
from which the optimal value of the arithmetic mean R should be selected:

+ .
Rmax Rmm

R =
2

In order that the minimum,voltage for controlling the binary input is ensured, R, iS
derived as:

R _ Uctr-Us min) R
max ~ 1 { ¢ TC
Bl (High)
So the circuit@reaker trip coil does not remain energized in the above case, R, is
derived as:

R MR (UCTR_UTC (LOVV))
min T UTC (Low)

I8iich Constant current with activated Bl (= 1.8 mA)

Uz min Minimum control voltage for Bl (=19 V for delivery setting for nominal
voltage of 24/48/60 V; 88 V for delivery setting for nominal voltage of
110/125/220/250 V)

Ucrr Control voltage for trip circuit

Ryc DC resistance of circuit breaker trip coil

Utc Low Maximum voltage on the circuit breaker trip coil that does not lead to trip-
ping

If the calculation yields that R,,.x < Ry,n» then the calculation must be repeated using
the next lowest switching threshold Ug, .., and this threshold must be implemented in
the relay using plug-in jumpers (see Section ,Hardware Modifications").
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3.1 Mounting and Connections

For power consumption of the resistance:

U 2
_ 2 _ CTR)"
Pg = I 'R’(—R+RTC) R O
g1 (HiGH) 1.8 mA (SIPROTEC® 4 7ST6)

Uz min 19 V for delivery setting for nominal voltages of 24/48/60 \Rfrom the

7ST6);
88 V for delivery setting for nominal volta 11@0/250 V (from

device 7ST6);

Example:

Ucrr 110 V (system / trip circuit)
Ryc 500 Q (system / trip circuit)
Urc ow) 2V (system / trip circuit)
_(110VvV-19 _
Rar = [ =19Y) 500 0 = 50.1 ko Q
110V -2 @
R = 500 - (112Y22Y) = 270

2

R = Rmax* Rmin _ 0 01 ) \\

The closest standard Q is selected; the power is:

Pr = (s5reg 39kQ203 W

7ST6 Manual 211
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3 Mounting and Commissioning

3.1.2

3.1.2.1 General

Auxiliary Voltage

Life Contact

Rated Currents

Control Voltage for
Binary Inputs

Contact Mode for
Binary Outputs

Termination of
Serialjintérfaces

212

Hardware Modifications

A subsequent adaptation of the hardware to the power system conditions can, for ex-
ample, become necessary with regard to the control voltage for binary inputs or the
termination of bus-capable interfaces. Follow the procedure described in this se€tion,
whenever hardware modifications are done.

There are different input voltage ranges for nominal voltage. Thegversiens for
60/110/125 VDC and 110/125/220/250 VDC are interchangeable by-altering jumper
settings. The assignment of these jumpers to the nominal vailtage ranges and their
spatial arrangement on the PCB are described further below at§Processor Board C-
CPU-2“. Location and ratings of the miniature fuse and the“huffer battery are also
shown. When the device is delivered, these jumpers afe set.according to the name-
plate sticker and generally need not be altered.

The life contact of the device is a changeovercontact fram which either the NC contact
or the NO contact can be connected to the device terminals via a plug-in jumper (X40).
Assignments of the jumpers to the contactitype and the spatial layout of the jumpers
are described in Section at margin headingjRrocessor Board C-CPU-2".

The rated currents can be 1 or 5 A depending on the variant ordered.

When the device is delivered from thefactory the binary inputs are set to operate with
a voltage that corresponds.to the rated DC voltage of the power supply. In case of de-
viating nominal values afithefpower system control voltage, it may become necessary
to change the switching threshold of the binary inputs.

To change the switching threshold of a binary input, one jumper must be changed for
each input. The assignments of the jumpers to the binary inputs and the spatial layout
of the jumpers is described in the following sections under ,Processor Board C-CPU-
2", Board C-1/0¢¢, ;Beard(s) C-1/0-12 and C-I1/0-13“ and ,Board B-I1/0-2".

Note

If binary,inputs are used for trip circuit monitoring, note that two binary inputs (or a
binaryainputand a substitute resistor) are connected in series. The switching threshold
mustdoe significantly less than half the rated control voltage.

Depending on the version, some output relays can be set to have normally closed or
normally open contacts. To do so a jumper location must be changed. For which relays
on which boards this is valid can be found in the following sections under ,Switching
Elements on Printed Circuit Boards".

If the device is equipped with a serial RS 485 interface or PROFIBUS, they must be
terminated with resistors at the last device on the bus to ensure reliable data transmis-
sion. For this purpose terminating resistors are provided on the PCB of the C-CPU-2
processor boards and on the RS 485 or PROFIBUS interface module which can be
connected via jumpers. The spatial arrangement of the jumpers on the PCB of the pro-
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3.1 Mounting and Connections

cessor module C-CPU-2 is described in the following sections under ,,Processor Board
C-CPU-2" and on the interface modules under ,RS485 Interface” and ,PROFIBUYS. [n%
terface”. Both jumpers must be plugged in the same way.

On delivery of the device, the terminating resistors are switched ON.

Spare Parts Spare parts can be the battery for storage of data in the battery-buffered RAM in case
of a power failure, and the internal power supply miniature fuse. Their spatial arrange-
ment is shown in the figure of the processor board. The ratings of the fuseare printed
on the board next to the fuse itself. When exchanging the fusefplease observe the
hints given in the SIPROTEC® 4 System Description in the Chaptér ,Maintenance* and
»corrective Action / Repairs".

3.1.2.2 Disassembly

Work on the Printed
Circuit Boards

Note

( ]

l It is assumed for the following stepsythatthe device is not in operation.

f Caution!
Caution when chamging jumper settings that affect nominal values of the
device:

As a consequence, the order number (MLFB) and the ratings on the nameplate no
longer match theé agtual®device properties.

Where such_ehanges are necessary in exceptional changes, they MUST be marked
clearly and visiblyyon the device. Self adhesive stickers are available that can be used
as replacementmameplates.

To perform*work on the PCB’s, such as checking or rearranging switching elements
or exchanging modules, proceed as follows:

« QRrepare area of work: Prepare a surface appropriate to electrostatic sensitive
devices (ESD). In addition to this, the following tools are required:

— Screwdriver with a 5 to 6 mm wide tip,
— Philips screwdriver size 1,
— 5 mm socket or nut driver.

» Unfasten the screw-posts of the D-subminiature connectors on the back panel at
location ,A" and ,,C".

« If the device has, in addition to the communication interfaces at locations ,A" and
.C", interfaces at locations ,B" and ,D“, the screws located diagonally to the inter-
faces must be removed.

7ST6 Manual 213
E50417-G1176-C251-A3



3 Mounting and Commissioning

Work on the Plug
Connectors

A\

214

* Remove the caps on the front cover of the device and withdraw the then accessible
screws.

« Remove the front cover and tilt it to the side. With device versions with a detached
operator panel it is possible to remove the front cover of the device right after hayving
unscrewed all screws.

Caution!
Mind electrostatic discharges:
Non-observance can result in minor personal injury or materiahdamage.

When handling plug connectors, eliminate electrostatic discharges by first touching an
earthed metal surface.

Do not plug in or pull off interface terminals under y6liage!

The assembly of the boards for the housing size, /s shown in Figure 3-3 and for the

housing size ¥/, in Figure 3-4.

» Disconnect the plug connector of thejribbomcable between the front cover and the
processor board C-CPU-2 at the front cowerside. To do this, spread the latches on
the upper and lower end of the plug‘€annector to release the plug connector of the
ribbon cable. This action does potjapply to the device version with detached oper-
ator panel. However, on the,central processor unit C-CPU-2 (No. 1) the 7-pole plug
connector X16 behind the D-submiRiature connector and the plug connector of the
ribbon cable (connectedito the 68-pole plug connector on the rear side) must be re-
moved.

« Disconnect the ribbomeables between the processor board C-CPU-2 (No. 1) and
the input/output boards /@ (No. 2 to No. 6, depending on the ordered variant).

» Remove the modules‘ard place them on a surface suitable for electrostatically sen-
sitive modules (ESD).

e Check the jampers according to Figures 3-5 to 3-10, 3-13, 3-14 and the following
informationgChange or remove the jumpers if necessary.
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Figure 3-4 Front view with housing size 1/, after removal of the front cover (simplified and scaled down)
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3 Mounting and Commissioning

3.1.2.3 Switching Elements on Printed Circuit Boards

Processor Board C- The PCB layout of the processor board C—CPU-2 is illustrated in the following figureO
CPU-2 The set rated voltage of the integrated power supply is checked according to Ta -
2, the quiescent state of the life contact according to Table 3-3, the selected pic
voltages of the binary inputs BI1 to BI5 according to Table 3-4 and the integrated
RS232 / RS485 interface according to Table 3-5 to 3-7. The location and ratings of the
miniature fuse (F1) and the buffer battery (G1) are shown in the following figure®

Before checking the integrated RS232/RS485 interface, it may be n to
remove the interface modules mounted on top of it.

O N~

[o]l®][®]X51 F1
24/48V DC | T4H250V
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o Type CR 1/2 AA) =
Figure 3-5 Processor board C—CPU with jumper settings required for the board configuration
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3.1 Mounting and Connections

Table 3-2 Jumper setting of the rated voltage of the integrated Power Supply on theC-
CPU-2 processor board
Jumper Rated Voltage
24 to 48 VDC 60to 125 VDC 110 to 250 VDC
X51 Not used 1-2 2-3
X52 Not used 1-2 and 3-4 2-3
X53 Not used 1-2 2-3 S
X55 Not used Not used
Cannot be changed Interchan
Table 3-3 Jumper position of the quiescent state of the Lif on the C-CPU-2 pro-

cessor board

Jumper Quiescent State Open Factory Setting
X40 1-2 2-3
Table 3-4 Jumper settings of the Pickup Volta of the binary inputs BI1 to BI5 (DC volt-

Binary Inputs | Jumper eshold 88 V2 | Threshold 176V ¥
Bl1 X21 2-3 3-4
BI2 X22 2-3 3-4
BI3 X23 2-3 3-4
Bl4 X24 2-3 34
BI5 X25 2-3 3-4

1) Factory settings for dévige -’ ted power supply voltages 24 VDC to 125 VDC
2 Factory settings fa 4@ 2s with rated power supply voltages 110 VDC to 250 VDC
3) Only to be usedawith‘@éntrol voltages 220 or 250 VDC

By repositionin@s the interface RS485 can be modified into a RS232 interface
and vice ve

Jumpe?s\ 110 must be set to the same position.

Ta - Jumper settings of the integrated RS232/RS485 Interface on the C-CPU-2 pro-
cessor board
Jumper RS232 RS485
X103 and X104 1-2 1-2
X105 to X110 1-2 2-3

With interface RS232 jumper X111 is needed to activate CTS which enables the com-
munication with the modem.

%\The jumpers are preset at the factory according to the configuration ordered.

X111 is not important for consideration with regard to the RS485 interface.

L 4
Table 3-6 Jumper setting for CTS on the C-CPU-2 board
Jumper ICTS from Interface RS232 ICTS Controlled by /RTS
X111 1-2 2-3
7ST6 Manual 217
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3 Mounting and Commissioning

Jumper setting 2-3: The connection to the modem is usually established with a star
coupler or fibre-optic converter. Therefore the modem control signals according to
RS232 standard DIN 66020 are not available. Modem signals are not required sinc
communication to SIPROTEC® 4 devices is always carried out in the half duplex
mode. Please use the connection cable with order number 7XV5100-4. 9

Jumper setting 1-2: This setting makes the modem signals available, i. e. for a dir
RS232 connection between the SIPROTEC® 4 device and the modem this setting can
be selected optionally. We recommend to use a standard RS232 modem connegtion

cable (converter 9-pin to 25-pin). g
® Note

l For a direct connection to DIGSI® with the RS232 interface, : @11 must be

plugged in position 2-3.

If there are no external matching resistors in the syst thelast devices on a RS485
bus must be configured using jumpers X103 and .

Table 3-7 Jumper settings of the Terminatin si of the RS485 interface on the C-

CPU-2 processor board

Jumper Terminating Resistor ing Resistor Factory Setting
Switched ON itched OFF
X103 2-3 1-2 1-2
X104 2-3 1-2 1-2

Note: Both jumpers must b gged in the same way!
Jumper X90 has currentl ction. The factory setting is 1-2.
Terminating resistors can beimplemented outside the device (e.g. on the terminal

block). In this case, th g resistors located on the RS485 or PROFIBUS inter-
face module or direct PCB of the C-CPU-2 board must be disabled.

O
39%\

90 Q

Figure 3-6 Termination of the RS485 interface (external)
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3.1 Mounting and Connections

C-I/O-7 Input/Out- The P.C.B layout for the C-1/0-7 input/output board is shown in Figure 3-7.
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=

[

for the board configuration

&pending on the device version the contacts of some binary outputs can be changed

from from normally open to normally closed (see Appendix, under section A.2).

« Inversions 7ST6 1 * 1/5 (housing size !/, with 27 binary outputs), this is valid for the
binary outputs BO14, BO15, BO25 and BO26 (figure 3-3, slot 19).
* Inversions 7ST6 1 * 3/7 (housing size !/, with 22 binary outputs), this is valid for the
L 4 binary outputs BO9, BO10, BO20 and BO21 (figure 3-3, slot 19).

« Inversions 7ST6 3 * 3/7 (housing size ¥/, with 36 binary outputs), this is valid for the
binary outputs BO9, BO10, BO20 and BO21 (figure3-4, slot 19 right);

@ Input/output board C—I/O-7 with representation of the jumper settings required

The Tables 3-8 and 3-9 show the position of the jumpers for the contact mode.
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3 Mounting and Commissioning

Table 3-8 Jumper setting for the Contact Mode of the relays for BO14, BO15, BO25 and
BO26 or BO9, BO10, BO20 and BO21 on the input/output board C-1/O-7 with

housing size 1/,

Device 7ST61* Printed Circuit | For | Jumper |Openin Quiescent | Closed in Quiescent State | Fac

Board State (NO) (NC) Setting

1/5 Slot 19 BO14 X41 1-2 2-3 1-2
Slot 19 BO15 X42 1-2 2-3 1-2
Slot 19 BO25 | X43 12 23 %
Slot 19 BO26 X44 1-2 2-3 1-2

3/7 Slot 19 BO9 X41 1-2 2-3 1-2
Slot 19 BO10 X42 1-2 2-3 1-2
Slot 19 BO20 X43 1-2 2- 1-2
Slot 19 BO21 X44 1-2 1-2
Table 3-9 Jumper setting for the Contact Mode of the 09, BO10, BO20 and

BO21 on the input/output board C-1/0-7 wit size Y/,

Device 7ST63* Printed Circuit | For | Jumper |Openin Quiescent in"Quiescent State | Factory
Board State (NO) (NC) Setting

Slot 19 right side| BO9 X41 1-2 2-3 1-2

Slot 19 right side| BO10 X42 1-2 2-3 1-2

Slot 19 right side| BO20 X43 1- 2-3 1-2

Slot 19 right side| BO21 X44 2-3 1-2

S
r B¥inputs available on this board. 6 binary

potential, or 5 binary inputs divided into 1 x
2 binary inputs (BI7-BI8), te common potential and 1 x 3 binary inputs
(BI9-BI11), connected to n potential. Please note that the relationship between

jumpers X110, X111 an& st always be correct.
Table 3-10

Number
5 ts

Depending on the version there
inputs (BI7-BI12), connecte

Jumper 6 Inputs Factory Setting
S 1Xx 2 and 1 x 3 Binary Inputs, |1 x 6 Binary Inputs, Con-
0 d to Common Po- |nected to Common Poten-
tential tial
X110 —2 2-3 2-3
X111 -3 1-2 1-2
X29 ( , |2-3 1-2 1-2
@the control voltages of the binary inputs:
L 4
220 7ST6 Manual

E50417-G1176-C251-A3



3.1 Mounting and Connections

BI7 to BI12 (with housing size '/, slot 19, and with housing size /, slot 19 right si

according to Table 3-11.
Table 3-11 Jumper settings of Pickup Voltages of the binary inputs BI7 to BI1, Q

put/output board C-1/0-7

Binary Inputs Jumper | Threshold 19 V Y | Threshold 88 V 2| Thresho V3
BI7 X21 L M H
BI8 X22 L M @H
BI9 X23 L M H
BI10 xX24 L M H
Bl1 X25 L M H
BI12 X26 L r@ \ H

1) Factory settings for devices with rated power supply v@d VDC to 125 VDC
2 Factory settings for devices with power supply volt DC to 250 VDC

8) Use only with pickup voltages 220 to 250 VDC

Jumpers X71, X72 and X73 on the in
address and must not be changed. The

ard C-1/0-7 are used to set the bus
ing two tables list the jumper presettings.

utp

Table 3-12 Jumper settings of the ddress of the input/output board C-1/0-7 or C-1/O-
10 with housing sizey/, slot 19, and with housing size /; slot 19 right side)

Jumper
A0 X71
Al X72
A2 X73
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3 Mounting and Commissioning

Board C-1/0-12

The PCB layout for the C-1/0-12 input/output board is shown in Figure 3-8.
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Figure 3 é/o-lz input/output board with representation of jumper settings required for

‘ )checking configuration settings

Jumper setting for the Contact Mode of the relays for BO4 and BO5 on the in-
put/output board C-1/O-12 with housing size 1/,

222

Device 7ST61*1/ For [Jumpe| Open in Quies- | Closed in Quiescent State | Factory
r cent State (NO) (NC) Setting
Slot 33 BO4 X41 1-2 2-3 1-2
Slot 33 BO5 X42 1-2 2-3 1-2
7ST6 Manual
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3.1 Mounting and Connections

Table 3-14 Jumper settings of Pickup Voltages of the binary input BI6 on the input/o t
board C-1/0-12

Binary Input | Jumper | Threshold 19V | Threshold 88 V | Threshold 176 V ¥
1) 2)

BI6 X21 L M H

1) Factory settings for devices with rated power supply voltages 24 VDC to 125 VDC
2 Factory settings for devices with rated power supply voltages 110 VDC to 250%DC

3) Use only with pickup voltages 220 to 250 VDC %
Jumpers X71, X72 and X73 on the input/output board C-I/ \used to set the bus
address and must not be changed. The following table li umper presettings.

Mounting location: 0
with housing size /,: in Figure 3-3, slot 33

Table 3-15 Jumper settings of Board Addre input/output board C-1/0-12
Jumper Factory Setting
A0 X71 1-2 (H)
Al X72 2-3 (L)
A2 X73 2-3 (L)

>
N

.(,(b
xS

O
Q>®

L 4
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3 Mounting and Commissioning

C-1/0-13 Input/Out- P
put Board 8 & ég
sid__0 ()
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@ Q‘b
Figure 3-9 - put/output board with representation of jumper settings required for
\hec g configuration settings
Table 3416 Jumper settings of Pickup Voltages of the binary input BI6 on the input/output
board C-1/0-13
nput | Jumper | Threshold 19V | Threshold 88V | Threshold 176 V 9
1) 2)
BI6 X21 L M H
Factory settings for devices with rated power supply voltages 24 VDC to 125 VDC
2 Factory settings for devices with rated power supply voltages 110 VDC to 250 VDC
P 3) Use only with pickup voltages 220 to 250 VDC
Jumpers X71, X72 and X73 on the input/output board C-1/0-13 are used to set the bus
address and must not be changed. The following table lists the jumper presettings.
224 7ST6 Manual
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3.1 Mounting and Connections

Mounting location:
with housing size !/, in Figure 3-3, slot 33 O
with housing size /,: in Figure 3-4, slot 33 right side;

Table 3-17 Jumper settings of Bus Address of the input/output board C-I/O-lQ

Jumper Factory Setting

AO X71 12 (H) *

Al X72 2-3 (L)

A2 X73 2-3(L) \

Table 3-18 Jumper setting for current summation 11+12 wi%t stage
Jumper X600 Function
1-2 Only I1
23 11412 Q
L 4 \< ’
4
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Input/Output Board  The PCB layout for the B-1/O-2 input/output board is shown in Figure 3-10.
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igure 3 Input/output board B-1/0-2 with jumper settings required for the board configu-
ration (representation of the jumpers X71, X72 and X73 for housing size /,)

hecking the control voltages of the binary inputs:
BI13 to BI38 (with housing size /;) according to Table3-19.
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Table 3-19

Jumper settings for the Pickup Voltages of the binary inputs BI13 to BI38
the B—1/0O-2 board for model 7ST63*

1) Factory settings for devices with r

2) Factory settings for devices With&

Address. The jum

presettings.

The mounting lo

Binary Inputs Jumper Threshold 19V Y Threshold 8@
Slot 33left | Slot 19 left C)
side side
BI13 BI26 X21 1-2 2-3
Bl14 BI27 X22 1-2 2-3
BI15 BI28 X23 1-2 23
BI16 BI29
BI17 BI30
BI18 BI31
BI1 BI32
BI20 BI33
Bl21 BI34
Bl22 BI35
BI23 BI36
Bl24 BI37
BI25 BI38

supply voltages 24 VDC to 125 VDC
ply voltages 110 VDC to 250 VDC

put/output board B-1/0-2 are for the setting Bus

re shown in Figures 3-3 to 3-4.

Jumpers X71, X72 and X7
pers mu changed. The following two tables list the jumper
Q

Table 3-20 J r ings of the Board Address of the input/output board B-1/0-2 for
u ize Y/,
Jumper Mounting Location
Slot 33 left side Slot 19 left side
1 1-2 (H) 1-2 (H)
2-3 (L) 1-2 (H)
1-2 (H) 1-2 (H)

e

Q>®
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3 Mounting and Commissioning

3.1.2.4 Interface Modules

Exchanging Inter- The interface boards are located on the C—CPU-2 board (in Figures 3-3 and 3-4). O
face Modules

L
{
i

¥
70
Q

)

7S < ’ System Interface

Figure 3-11 C-CPU-2 board with interface module

@te the following:
interface modules can only be replaced in devices for panel flush mounting and
U

| e, |

.
/s
(

bicle mounting.

se only interface modules that can be ordered ex-factory via the ordering code
(see also Appendix, Section A.1).

& * You may have to ensure the termination of the interfaces featuring bus capability
according to the margin heading ,RS485 Interface"”.
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RS232 Interface

7ST6 Manual
E50417-G1176-C251-A3

Table 3-21 Exchangeable Interface Modules
Interface Mounting Location / Port Exchange Module
Only interface modules that can
System interface be ordered in our facilities via‘the
(0] :
order key (see also'Appendix,
Section A.1).

The order numbers of the exchange modules can be found in the Appendik in Section
A.1, Accessories.

Interface RS232 can be modified to interface RS485 and vice vessa (see Figures 3-12
and 3-13).

Figure 3-11 shows the PCB of the C-CPU-2 with the layoutief'the boards.

The following figure shows the location of the jumpersyof interface RS232 on the inter-
face module.

The fibre optics module is controlled via an RS232jinterface module at the associated
CPU interface slot. For this application type thejumpers X12 and X13 on the RS232
module are plugged in position 2-3.

Q%xg
g
O
L[]
]

Terminating Resistors 1
Disgonnected %

<
X3 1-27) [T=]1X10
X4 12:27%) 123 ;EI
3
™
<

Jumper

*) Default Setting

@)
L |
]

C53207-
A324-B180

Figure 3-12 kotation of the jumpers for configuration of RS232

Terminating resistors are not required for RS232. They are disconnected.

With jumper X11 the flow control which is important for modem communication is en-
abled:

Table 3-22 Jumper setting for CTS (Flow Control) on the interface board

Jumper /CTS from Interface RS232 /CTS Controlled by /RTS
X11 1-2 2-39

1) Factory Setting

Jumper setting 2-3: The connection to the modem is usually established with a star
coupler or fibre-optic converter. Therefore the modem control signals according to
RS232 standard DIN 66020 are not available. Modem signals are not required since
communication to SIPROTEC® 4 devices is always carried out in the half duplex
mode. Please use the connection cable with order number 7XV5100-4.
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3 Mounting and Commissioning

Jumper setting 1-2: This setting makes the modem signals available, i. e. for a direct
RS232 connection between the SIPROTEC® 0.4 device and the modem this setting
can be selected optionally. We recommend to use a standard RS232 modem conneo

tion cable (converter 9-pin to 25-pin). O

® Note
l For a direct connection to DIGSI® with interface RS232 jumper X11 must be plugged
in position 2-3. s
RS485 Interface The following figure shows the location of the jumpers of interface 5 on the inter-
face module.

Interface RS485 can be modified to interface RS232 and versa, according to

Figure 3-12. Q

123
2 X311
X611
X7
==
7] X12 X5[= —
Terminating Resistors 123 123 | e |
Jumper - 18] —
Connected Disconnected §H§ —_—
X3 2-3 1-27%) &1 X10 —
X4 2-3 1-2%) 123 —

*) Default Setting

WN—
X13

—]

O
L

C53207-
A324-B180

Figure 3-13 Positiong resistors and the plug-in jumpers for configuration of the
e ce

RS485 | @
O
PROFIBUS Inter- \

face 5\%

O [C53207-A322- 2|3[4
[B100 OO0
[B1o1]O0/0[O
\ O —]
i a 321 — 1
Jumper Terminatin R(la rs X4CTm]
ected /| Diseonnected —
X3 12 Gl £ 237 —
* 321 —
X4 1-2 2-3%) X3 =
*) Default Setting ]
O —]

Figure'3-14 Position of the plug-in jumpers for the configuration of the terminating resistors at the interfaces PROFIBUS
(FMS and DP), DNP3.0 and Modbus
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Termination

3.1.2.5 Reassembly

7ST6 Manual
E50417-G1176-C251-A3

For bus-capable interfaces a termination is necessary at the bus for each last devige,
i.e. terminating resistors must be connected. With the 7ST6 device, this conceras;the
variants with RS485 or PROFIBUS interfaces.

The terminating resistors are located on the RS485 or PROFIBUS interfage modtle,
which is on the board C-CPU-2 (No.1 in Figure 3-3 to 3-4), or directly on the PCB of
the processor board C-CPU-2 (see margin heading ,Processor Board C-CPU-2",
Table 3-7).

Figure 3-11 shows the C-CPU-2 P.C.B. with the layout of the boards.

The board with configuration as RS485 interface is shownin Figure 3:13, the module
for the PROFIBUS interface in Figure 3-14.

For the configuration of the terminating resistors both jumpershave to be plugged in
the same way.

On delivery the jumpers are set so that the terminating resistors are disconnected.

The terminating resistors can also be connectedfexternally (e.g. to the connection
module), see the following figure. In this case, the,termihating resistors located on the
RS485 or PROFIBUS interface module or diréetly on the PCB of the processor board
C-CPU-2 must be de-energized.

| +5V
390 Q
—F——ANA
220 Q
—4—B/B’
390 Q
I

Figure 3-15  Termination of the RS485 interface (external)

The reassembly of the device is carried out in the following steps:

* lnsertithe boards carefully in the housing. The mounting locations of the boards are
shown I Figures 3-3 to 3-4.

« Firstplug in the plug connectors of the ribbon cable onto the input/output boards 1/0
and'then onto the processor board C-CPU-2. Avoid to bend connection pins! Do not
apply force!

s¢'Connect the plug connectors of the ribbon cable between the C-CPU-2 board and
the front panel to the front panel plug connector. These activities are not necessary
if the device has a detached operator panel. Instead of this, the connector of the
ribbon cable connected to the 68-pin connector on the device rear panel must be
plugged on the connector of the processor board C-CPU-2. The 7-pole X16 con-
nector belonging to the ribbon cable must be plugged behind the D-subminiature
female connector. The plugging position is not relevant in this context as the con-
nection is protected against polarity reversal.

« Press the connector latches together.

« Attach the front cover and fix it again to the housing by means of the screws.
e Plug on the caps.

» Re-fasten the interfaces on the rear of the device housing.
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3.1.3 Mounting

O

3.1.3.1 Panel Flush Mounting Q
Depending on the version, the device housing can be ¥/, or 1/,. For the %/, housing

(Figure 3-16) there are four covers and four holes. For the %/, housing size (Figure 3-

17) there are six covers and six holes. e

« Remove the 4 covers at the corners of the front cover, for size 1/, thestwo covers
located centrally at the top and bottom also have to be removed. T respec-
tively 6 elongated holes in the mounting flange are revealed an n ccessed.

« Insert the device into the panel cut-out and fasten it with four iX serews. Dimen-
sion drawings see Section 4.17.

* Mount the four or six covers.

« Connect the low-resistance operational and protective e the rear plate of the
device, using at least one M4 screw for the device e e cable-cross section
used must correspond to the largest connected ca ross-section, at least being
2.5 mm?.

« Establish connections via the plug-in or s tions on the rear panel of the
housing according to circuit diagram.

For screw connections with forked lu irect connection, before inserting wires
the screws must be tightened so th ew heads are flush with the outer edge

of the connection block.

A ring lug must be centred in the c&tion chamber in such a way that the screw
thread fits in the hole of the lug
Specifications regarding maxi
and tension relief as spg
E50417-H1176-C15

included in the device:

@ DSS sections, tightening torques, bending radii
SIPROTEC® 4 System Description (Order No.
stdbe observed. You will find hints in the short description

Elongated Holes @

| SIEMENS | SIPROTEC

®
®
®
g BAnnunciation |
= Measurement - 2

Figure 3-16 Example of panel flush mounting of a device (housing size /,)
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3.1.3.2 Rack and Cubicle Mounting x&
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Elongated Holes

[ SIEMENS |
®
© MENU
® —'—
®
o X Y
® b a IS
g 21 kv 1000 A . .
@ - <
s 3 v \
®
@ Fault Location With F4
- R
@) =
Remote Measurement
O e Tipkg
Normal

Figure 3-17 Example of panel flush mou a device (housing size /;)

2 mounting brackets are re
order number is given_in t

For the /, housing @

housing size (Figure <

» Firstthe two rrm
of 4 screws each

* Remove the 4 @ rs at the corners of the front cover, for size !/, the two covers
located céntrally at the top and bottom also have to be removed. Thus the 4 respec-
ed holes in the mounting flange are revealed and can be accessed.

tive elonga
. Fas% evice to the mounting brackets with four or six screws.
n

. four or six covers.
« #Next,tighten the 8 screws of the mounting brackets in the frame or cabinet.

onnect the low-resistance operational and protective earth on the rear plate of the
ice, using at least one M4 screw for the device earthing. The cable cross-section
sed must correspond to the largest connected cable cross-section, at least being
2.5 mm? (AWG 14).

» Establish connections via the plug-in or screw connections on the rear panel of the
housing according to circuit diagram.

For screw connections with forked lugs or direct connection, before inserting wires
the screws must be tightened so that the screw heads are flush with the outer edge
of the connection block.

A ring lug must be centred in the connection chamber in such a way that the screw
thread fits in the hole of the lug.

Specifications regarding maximum cross sections, tightening torques, bending radii
and tension relief as specified in the SIPROTEC® 4 System Description (Order No.
E50417-H1176-C151) must be observed. You will find hints in the short description
included in the device.

incorporating a device in a rack or cubicle. The
dix, Subsection A.1.

gure 3-18), there are four covers and four holes. For the 1/,
) there are six covers and six holes.

brackets in the rack or cubicle are screwed loosely by means
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Mounting Bracket

SIPROTEC

®RWN ®ERROR

MAIN MENU
Bannunciation
Measurement

. [CRCNCRCNCNCNC] @@@@@@@E

Annundiation
=
Triplog

Mounting Bracket

Figure 3-18 Mounting device in a%

N
@)
¥

L 4

icle (housing size /,)
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Mounting Bracket

!

Fault Location With F4

Mounting Bracket

Figure 3-19  Example of rack or cubicle mounting of a@xousing size ;)

N
@)
¥

L 4
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3 Mounting and Commissioning

3.2 Checking Connections

3.2.1 Checking Data Connections of Serial Interfaces

Operator Interface

Service Interface

System Interface

236

The following tables illustrate the pin assignment of the various serial device interfaces
and of the time synchronization interface. The position of the connections can beseen
in the following figure.

Lo

5 ~J O § Vo) 1 o) 1
9 —I50 = [ —6 =6

30 Sl 193 30

o0 <3 o 0

30 3 oQ ©Q
6 ;’ 2) [ — 9 — 9
1 3 o) 5 ) 5
Operating Interface z Time Synchronization and

- Front Side Service Interface - Rear Side

Serial System (Panel Flush Mounting)
Interfaces - Rear Side

Figure 3-20 9-pin subminiature female conneetors

When the recommended communication cable is used, correct connection between
the SIPROTEC® 4 device and the P€,is automatically ensured. See the Appendix for
an ordering description of the cable,

Check the data connectjoniif.thie service interface (Port C) is used for communication
with the device via fix wirihg ora,modem. If the service port is used as input for one or
two RTD-boxes, verify the interconnection according to one of the connection exam-
ples given in the Appendix As3.

For versions equipped with a serial interface to a control centre, the user must check
the data connectien. The visual check of the assignment of the transmission and re-
ception chanhels is of particular importance in the context. With RS232 and fibre optic
interfaces; each'eonnection is dedicated to one transmission direction. For this
reason,ghe data’output of the first device must be connected with the data input of the
second device and vice-versa.

With data cables, the connections are designated according to DIN 66 020 and ISO
21108

e “TXD = Data Output

* RxD = Data Input

+f RTS = Request to Send

+ CTS = Clear to Send

* GND = Signal/Chassis Ground

The cable shield is to be earthed at both ends. In case of an extreme electromagnetic

environment, a separate, individually shielded pair of wires can be incorporated for im-
proving the interference immunity of the GND.
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Termination

Time Synchroniza-
tion Interface

Fibre-Optic Cables

A
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The RS485 interface is capable of half-duplex operation with signals A/A' and B/B' with
the common reference potential C/C' (GND). It is necessary to check that the temmi-
nating resistors are connected to the bus only at the last unit, and not at other devices
on the bus. The jumpers for the terminating resistors are on the interface medule
RS485 (see Figure 3-12) or on the PROFIBUS RS485 (see Figure 3-14),(or in the
7ST6 directly on the C—-CPU-2 (see Figure 3-5 and Table 3-7). Terminatinguesistors
can also be implemented outside the device (e.g. in the plug connectors) as shown in
Figure 3-6. In this case, the terminating resistors located on the module must be dis-
abled.

If the bus is extended, make sure again that only terminating resistors at the last
device to the bus are energized. The remaining terminating resisters at the bus may
not be energized.

It is optionally possible to process 5 V-, 12 V- or 24 V- time Synchronization signals,
provided that they are carried to the inputs named intthe following table.

Table 3-23 D-subminiature connector assignment,of the'time synchronization interface
Pin No. Description Signal Meaning
1 P24 TSIG Input 24 V
2 P5_TSIG Input 5V
3 M_TSIG Return Line

4 -1 -1

5 SHIELD. Shield Potential
6 — —

7 P12 (TSIG Input 12 V

8 P_TSYNE? Input 24 vV D
9 SHIELD Shield potential

1) Assigned, but camnothe used

WARNING!

Warning of laser rays!

Nan-observance of the following measure can result in death, personal injury or sub-
stantial property damage.

Do not look directly into the fibre-optic elements!

The transmission via fibre optics is particularly insensitive to electromagnetic interfer-
ence and thus ensures galvanic isolation of the connection. Transmit and receive con-
nections are represented by symbols.

The normal setting of the character idle state for the fibre optic cable interface is "Light
off". If the character idle state is to be changed, use the operating program DIGSI®, as
described in the SIPROTEC® 4 System Description.
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3.2.2

A
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Checking System Connections

WARNING!

Warning of hazardous voltages

Non-observance of the following measures can result in death, personal injury or sub-
stantial property damage.

Only qualified people who are familiar with and observe the safety, proagédures and
precautionary measures shall perform the inspection steps.

Caution!

Be careful when operating the device connected t@\a battery charger without a
battery

Non-observance of the following measure can,lead to unusually high voltages and
consequently, the destruction of the device.

Do not operate the device on a battery chargerwithout a connected battery. (For limit
values see also Technical Data, Sectiop.4.1)

If undervoltage protection is configured and enabled in the device and if, at the same
time, the current criterion is disabled; the-device picks up right after auxiliary voltage

has been connected, since po'measuring voltage is available. To make the device con-
figurable, pickup is to be stopped, i.e. the measuring voltage is connected or voltage

protection is blocked. This caf be performed by operation.

Before the device is engkgized, for the first time, the device should be in the final oper-
ating environment for @t least,2 hours to equalize the temperature, to minimize humid-
ity and avoid condepsations Connections are checked with the device at its final loca-
tion. The system must first be switched off and earthed.

Proceed as follows in“order to check the system connections:

« The protective circuit breakers of the auxiliary power supply and of the measuring
voltage‘must be switched OFF.

» Chegk thegcontinuity of all current and voltage transformer connections against the
system and connection diagrams:

&£ Is'the earthing of the current transformers correct?

— Do the current transformer connections have the same polarity?

— Is the phase assignment of the current transformers correct?

— Is the earthing of the voltage transformers correct?

— Do the voltage transformer connections have the same, correct polarity?
— Is the phase assignment of the voltage transformers correct?

« Check the functions of all test switches that may be installed for the purposes of
secondary testing and isolation of the device. Of particular importance are test
switches in current transformer circuits. Be sure these switches short-circuit the
current transformers when they are in the test mode (open).
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The short-circuit feature of the current circuits of the device is to be checked. This
may be performed with an ohmmeter or other test equipment for checking continu®
ity. Make sure that terminal continuity is not wrongly simulated in reverse direction
via current transformers or their short circuit links.

— Remove the screws of the front cover.
— Remove the ribbon cable connected to the 1/0 board with the measured current
inputs (on the front side it is the right printed circuit board). Furthermore, remove

the printed circuit board so that there is no more contact anymore with the plug-
in terminal of the housing.

— Check continuity on the connection side, for each currént copnéction pair.

— Insert the board again firmly; press the ribbon cable withieare’. Avoid to bend con-
nection pins! Do not apply force!

— At the terminals of the device, again check continuityyfor each pair of terminals
that receives current from the CTs.

— Reinstall the front cover and tighten it withyscrews.
Connect an ammeter in the supply circuitf the pewer supply. A range of about 2.5
A to 5 A for the meter is appropriate?

Switch on mcb for auxiliary voltage (supply.protection), check the voltage level and,
if applicable, the polarity of the #oltage at the device terminals or at the connection
modules.

The current input should correspend,to the power input in neutral position of the
device. The measured steady.state current should be insignificant. Transient move-
ment of the ammeter megely,indieates the charging current of capacitors.

Switch off mcb for the auxiliary power supply.

Remove ammetef; re-gstablish normal auxiliary voltage connection.
Switch on mchyforthe auxiliary power supply.

Switch on voltagetsansformer protective circuit breaker.

Switch off meb forithe voltage transformers and the auxiliary power supply.
Check thegtrip and'close circuits to the power system circuit breakers.
Chegk cantrol lines from and to the other devices.

Chegk signalling lines.

Switch,on m.c.b.
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Commissioning

WARNING!

Warning of hazardous voltages when operating electrical devices

Non-observance of the following measures can result in death, personal injury opsub-
stantial property damage.

Only qualified people shall work on and around this device. They'mustibe thoroughly
familiar with all warnings and safety notices in this instruction manuahas well as with
the applicable safety steps, safety regulations, and precautionafy measures.

The device is to be earthed to the substation earth before any,otheConnections are
made.

Hazardous voltages can exist in all switchgear compon@nts connected to the power
supply and to measurement and test circuits.

Hazardous voltages can be present in the device gvematfter the power supply voltage
has been removed (capacitors can still be charged){

After removing voltage from the power supply, Waitia minimum of 10 seconds before
re-energizing the power supply. This waltalléws the initial conditions to be firmly es-
tablished before the device is re-energized.

The limit values given in Technical Data mustinot be exceeded, neither during testing
nor during commissioning.

When testing the device with segondary test equipment, make sure that no other mea-
sured values are connectedyand that the TRIP command lines and possibly the
CLOSE command lines taithe Gircuit breakers are interrupted, unless otherwise spec-
ified.

DANGER!

Hazardous, v@ltages during interruptions in secondary circuits of current trans-
formers

Non-observamce of the following measure will result in death, severe personal injury
or substantial property damage.

Shertécireuit the current transformer secondary circuits before current connections to
the dewvicCe are opened.

For the commissioning switching operations have to be carried out. A prerequisite for
the prescribed tests is that these switching operations can be executed without
danger. They are accordingly not meant for operational checks.
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WARNING!

Warning of dangers evolving from improper primary tests

Non-observance of the following measure can result in death, personal injury oh sub-
stantial property damage.

Primary tests may only be carried out by qualified persons who are familiar with com-
missioning protection systems, with managing power systems and the relévant safety
rules and guidelines (switching, earthing etc.).

3.3.1 Test Mode and Transmission Block

Activation and De-
activation

If the device is connected to a central or main computersystem via the SCADA inter-
face, then the information that is transmitted can,be influenced. This is only possible

with some of the protocols available (see Tabley,Protocol-dependent Functions” in the
Appendix A.6).

If Test mode is activated, then a message'sentby a SIPROTEC®4 device to the main
system has an additional test bit. Bhis bit'allows the indication to be recognized as re-
sulting from testing and not an actuahfaulter power system event. In addition to this,
the user can determine by activating thettransmission block that no indications at all
are transferred via the system interface’during a test operation.

The SIPROTEC® 4 SystemgDescription describes in detail how to activate and deac-
tivate test mode and blocked data"transmission (Order No. E50417-H1176-C151).
Note that when DIGSI® is\beingfused, the program must be in the Online operating
mode for the test features to be used.

3.3.2 Checking Time Synchra@njzation

7ST6 Manual
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If exterpal time synchronization sources are used, the data of the time source (antenna
system,fime generator) are checked (see Chapter 4 under ,Time Synchronization®).
A correct funetion (IRIG B, DCF77) is recognized in such a way that 3 minutes after
the startupyof the device the clock status is displayed as ,synchronized”, accompanied
bysthe thdication ,Alarm Clock OFF*“.

Tables8-24 Time Status

No. Status Text Status
1 —— - -
Synchronized
2 - —= —= ST
3 -— —— ER —-
4 -— —— ER ST .
Not synchronized
5 —-— NS ER —--
6 -—— NS ——- ——
Legend:
—— NS —— —— Time invalid
—— —— ER -- Time fault
—_—— —— —— ST Summer time
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3.3.3 Testing System Interfaces

Prefacing Remarks
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Structure of the
Dialog Box
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If the device features a system interface and uses it to communicate with the control
centre, the DIGSI® device operation can be used to test if indications are transmitted
correctly. This test option should however definitely not be used while the device's.in
service on a ,live" system.

DANGER!

The sending or receiving of indications viathe system interfage byameans of the
test function is areal information exchange between the SIPROTEC device and
the control centre. Connected operating equipment such,as €Cireuit breakers or
disconnectors can be switched in this way!

Non-observance of the following measure will result in death;%sévere personal injury
or substantial property damage.

Equipment used to allow switching such as circuitddréakers or disconnectors is to be
checked only during commissioning. Do not undepany ¢ircumstances check them by
means of the testing mode during real operatiomperfefming transmission and recep-
tion of indications via the system interface.

Note

After termination of the hardware test, the device will reboot. All annunciation buffers
are erased. If required, these buffers'should be extracted with DIGSI® prior to the test.

The interface test is carried%eut Using DIGSI® in the Online operating mode:

< Open the Online difectoryaby double-clicking; the operating functions for the device
appear.

» Click on Test; the function selection appears in the right half of the screen.

» Double-click on,Generate Indications shown in the list view. The dialog box Gen-
erate Indi€ations’opens (refer to the following figure).

The Indicatign column shows the display texts of all indications configured in the
matrix toypthe/system interface. The SETPOINT column serves to specify a value for
thefindications to be tested. Depending on the indication type, several input fields are
offereéd (€.g. ON/ OFF). By double-clicking onto one of the fields the required value can
beyselected from the list.
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Changing the Oper-
ating State

Test in Indication
Direction

Exiting the ProCe-
dure

Test in Command
Direction
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Generate indications | %]

Attentan:
Depending on the masking output relals may be activated
Indications wil be sent wvia system interface

All messages masked to the systermn interface:

Indication SETPO Acfon =
>Time Synch (a]§] Send
»Feset LED oM Send
Device DK 0N Send
Frotctive oM Send
Reset Device O Send
Initial Start OM Send
Rezet LED a]§] Sond
Ewent Lost ON Send
Flag Lost 0N Send
Chatter O (o) Send
Error Sum Alarm o]} Send
Alarm Surn Ewvent 0N Send
Setings Calc. (o]§] Send
>DatasStop (i} Send
> Tast mora (91| Sand
N

O

Figure 3-21  System interface test with dialog box¥Generate Indications — example

On clicking one of the buttons in'thie colamn Action you will be prompted for the pass-
word No. 6 (for hardware test menus)yAfter you have entered the password correctly
you can send the indications individually. To do so, click on the button Send on the
corresponding line. The cogrespending indication is sent and can be read out either
from the event log of the,SIPROTEC® 4 device or from the substation control system.

As long as the window is'open, further tests can be performed.

For all informatiomthatis transmitted to the substation control system, test in Status
Scheduled theldesired options in the list which appears:

« Make surgrthatieaCh checking process is carried out carefully without causing any
danger (See above and refer to DANGER!).

» ClickjomSend in the function to be tested and check whether the transmitted infor-
mation reaches the substation control system and shows the desired reaction. Data
which are normally linked via binary inputs (first character ,>") are likewise indicated
to thewsubstation control system with this procedure. The function of the binary
inputs itself is tested separately.

Toend the system interface test, click Close. The device is briefly out of service while
the start-up routine is executed. The dialog box closes.

The information transmitted in command direction must be issued by the substation
control system. Check whether the reaction is correct.
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3.3.4 Checking the Binary Inputs and Outputs

Prefacing Remarks

A\

Structure of the
Dialog Box

244

The binary inputs, outputs, and LEDs of a SIPROTEC® 4 device can be individually
and precisely controlled in DIGSI®. This feature is used e.g. to check the correctfcon-
nection to the system during commissioning. This test option should however definite-
ly not be used while the device is in service on a ,live" system.

DANGER!

The sending or receiving of indications viathe system interfage byameans of the
test function is areal information exchange between the SIPROTEC device and
the control centre. Connected operating equipment such,as €Cireuit breakers or
disconnectors can be switched in this way!

Non-observance of the following measure will result in death;%sévere personal injury
or substantial property damage.

Equipment used to allow switching such as circuitddréakers or disconnectors is to be
checked only during commissioning. Do not undepany ¢ircumstances check them by
means of the testing mode during real operatiomperfefming transmission and recep-
tion of indications via the system interface.

Note

After termination of the hardware test, the device will reboot. All annunciation buffers
are erased. If required, these buffers'should be extracted with DIGSI® prior to the test.

The hardware test is carriedhout Using DIGSI® in the Online operating mode:

< Open the Online difectoryaby double-clicking; the operating functions for the device
appear.

» Click on Test; the function selection appears in the right half of the screen.

« Double-click imgheist view on Device Inputs / Outputs. The dialog box of the
same pame,opens (see the following figure).

The dialog bex is divided into three groups: Bl for binary inputs, BO for output relays,
and LEDyfordight-emitting diodes. On the left of each group is an accordingly labelled
panel By double-clicking a button, information regarding the associated group can be
shawn or hidden.

In the column Actual the present (physical) state of the hardware component is dis-
played. The display is made in symbols. The actual states of the binary inputs and
olitputs are displayed by the symbol of opened and closed switch contacts, those of
the LEDs by a symbol of a lit or extinguished LED.

The opposite state of each element is displayed in the column Scheduled. The display
is made in plain text.

The right-most column shows the commands or indications that are configured
(masked) to the hardware components.
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Changing the Oper-
ating State

Test of the Output
Relays
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Hardware Test
Bl. BO and LED:
Mo Status Scheduled 2
Bl1 - [High! [>BLOCK 50-2:3BLI
Bl? == High  |*ResetLED
B3 s High  |>Lighton
El4 i Low  |»5Z-h52Breaker
Bl5 il High *52-a.52Ereaker
Bl BlIG == High Dhisc.Swit.
EI7 — (=1 Dize Swit. e
Bl 21 b Ly GndSwit.
Bl 22 - High  |GndSwit.
Bl 23 = High  |>CB ready:>CBwi
Bl 24 = High >DoorClose;>0oc
FEL1 - O Fieloy TRIF528re
BEL2 - [(a] 79 Closeh?Break
REL3 - oM 789 Close:h2Break 4
REL 11 e (0] GndSwit.
o 2
[l
4
7 Automatic Update (20 sec) (W3]
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o
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Figure 3-22 Test of the binary inputs‘and olitputs — example

To change the operating state of‘a,hardware component, click on the associated
button in the Scheduled cglumn:

Before executing thedfirstghange of the operating state the password No. 6 is demand-
ed (provided that ithhas been activated). After entry of the correct password a change
of state will be executed. Further state changes remain possible while the dialog box
is open.

Each individual output relay can be energized allowing a check of the wiring between
the output relays‘of the protection device and the system, without having to generate
the indication'that is assigned to the relay. As soon as the first change of state for any
one of,the otitput relays is initiated, all output relays are separated from the internal
device functions, and can only be operated by the hardware test function. This means
that, €'g..a TRIP command coming from a protection function or a control command
from the operator panel to an output relay cannot be executed.

Proceed as follows in order to check the output relay:

 JEnsure that the switching of the output relay can be executed without danger (see
above under DANGER!).

< Each output relay must be tested via the corresponding Scheduled column in the
dialog box.

« The test sequence must be terminated (refer to margin heading ,Exiting the Proce-
dure"), to avoid the initiation of inadvertent switching operations by further tests.
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3 Mounting and Commissioning

Test of the Binary
Inputs

Test of the LEDs

Updating the
Display

Exiting the Proce-
dure
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To test the wiring between the system and the binary inputs of the protection device,
the condition in the system which initiates the binary input must be generated and the
response of the device checked.

To do so, open the dialog box Hardware Test again to view the physical positiop’of
the binary input. The password is not yet required.

Proceed as follows in order to check the binary inputs:
« Each state in the system which causes a binary input to pick up must be genesated.

» Check the reaction in the Actual column of the dialog box. To do thisgthe dialog box
must be updated. The options may be found below under the margingheading ,,Up-
dating the Display*“.

» Terminate the test sequence (see below under the margin heading,,EXiting the Pro-
cedure").

If, however, the effect of a binary input must be checked withoutyearrying out any
switching in the system, it is possible to trigger individual biRary/nputs with the hard-
ware test function. As soon as the first state change of anyabinary input is triggered
and the password No. 6 has been entered, all binary inputs are separated from the
system and can only be activated via the hardwarg test function.

The LEDs may be tested in a similar manner tothe®ather input/output components. As
soon as the first state change of any LED h@ssbeen triggered, all LEDs are separated
from the internal device functionality andscamenly be controlled via the hardware test
function. This means e.g .that no LED j§ illuminated anymore by a protection function
or by pressing the LED reset button.

When the dialog box Hardware, Test is'opened, the present conditions of the hard-

ware components at that mmoment are read in and displayed.

An update occurs:

« For each hardware compenent, if a command to change the condition is success-
fully performed,

« For all hardwareseemponents if the Update button is clicked,

« For all hardware.,components with cyclical updating (cycle time is 20 seconds) if the
Automatic Update®(20sec) field is marked.

To end the hardware test, click on Close. The dialog box closes. The device becomes
unavailable for a brief start-up period immediately after this. Then all hardware com-
ponentSyare returned to the operating conditions determined by the system settings.
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3.3.5 Tests for Circuit Breaker Failure Protection

General

Auxiliary Contacts
of the CB

Busbar Tripping

Termimation of the
Checks

7ST6 Manual
E50417-G1176-C251-A3

If the device provides a breaker failure protection and if this is used, the integration of
this protection function in the system can be tested under practical conditions.

Because of the manifold application facilities and various configuration possihilities of
the system it is not possible to give a detailed description of the necessary test steps.
It is important to observe local conditions and protection and system drawings.

Before starting the circuit breaker tests it is recommended to isglate at both ends the
feeder which is to be tested, i.e. line isolators and busbar iselaters'should be open so
that the breaker can be operated without risk.

Caution!

Also for tests on the local circuit breaker of the feeder atrip command to the surround-
ing circuit breakers can be issued for the busbat.

Non-observance of the following measure camtesuit in minor personal injury or prop-
erty damage.

Therefore, it is recommended primarily to iaterrupt the tripping commands to the ad-
jacent (busbar) breakers, e.qg. by interrupting the corresponding pickup voltage supply.

Before the breaker is closed again folriormal operation, the trip command of the
feeder protection routed to the Cifeuit breaker must be disconnected so that the trip
command can only be initiated by, the breaker failure protection.

Although the followinglists dajaet claim to be complete, they may also contain points
which are to be ign@red in the current application.

The circuit breakenauxiliary contact(s) form an essential part of the breaker failure pro-
tection system in caseithey have been connected to the device. Make sure the correct
assignment has been checked.

The maostimportant thing is the check of the correct distribution of the trip commands
to the ‘@djacent circuit breakers in case of breaker failure.

The,adjacent circuit breakers are those of all feeders which must be tripped in order
to ensare interruption of the fault current should the local breaker fail. These are there-
fore the circuit breakers of all feeders which feed the busbar or busbar section to which
the feeder with the fault is connected.

Algeneral detailed test guide cannot be specified, because the layout of the surround-
ing circuit breakers largely depends on the system topology.

In particular with multiple busbars the trip distribution logic for the surrounding circuit
breakers must be checked. Here it should be checked for every busbar section that all
circuit breakers which are connected to the same busbar section as the feeder circuit
breaker under observation are tripped, and no other breakers.

All temporary measures taken for testing must be undone, e.g. especially switching
states, interrupted trip commands, changes to setting values or individually switched
off protection functions.
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3.3.6 Current and Voltage Test

Load Current >
[10% I N ]

Currentand Voltage
Values

Voltage Transform-
er Miniature Circuit
Breaker (VT mch)

248

The connections of the current and voltage transformers are tested using primary
quantities. Secondary load current of at least 10 % of the nominal current of the device
is necessary. The line is energized and will remain in this state during the measure-
ments.

With proper connections of the measuring circuits, none of the measured values, su-
pervision elements should pick up in the device. If an element detects aproblem, the
causes which provoked it may be viewed in the Event Log.

If current or voltage summation errors occur, then check the matching, faetors (see
Section 2.1.3.1).

Indications from the symmetry monitoring could occur because there are actually
asymmetrical conditions in the network. If these asymmetrical céenditions are normal
service conditions, the corresponding monitoring functions'should be made less sen-
sitive (see Section 2.16).

Currents and voltages can be viewed in the display fielchon the front of the device or
the operator interface using a PC. They cane,compared to the actual measured
values, as primary and secondary quantities.

If the measured values are not plausible, the connection must be checked and correct-
ed after the line has been isolated and'the current transformer circuits have been
short-circuited. The measurements mudst thembe repeated.

Open the miniature circuit breaker of thesfeeder voltage transformers. The measured
voltages in the operational mieasured,values appear with a value close to zero (small
measured voltages are offno cansequence).

Check in the spontaneousyindieations that the VT mcb trip was entered (indication
»>FAIL:Feeder VT“4@N“in the spontaneous indications). It has to be assured be-
forehand that the position'ofithe VT mcb is connected to the device via a binary input.

Close the VT mcb again:Fhe above indication appears in the spontaneous indications
as ,OFF", i.e®,>FAIL:Feeder VT“ OFF".

If one of the indicatiens does not appear, the connection and allocation of these
signals must beychecked.

If the ,QN¥ state”and the ,OFF" state are swapped, the contact type (H-active or L—
active) 'must be checked and remedied.

If afbushar voltage is used (for voltage or synchronism check) and the assigned VT
mchds connected to the device, the following function must also be checked:

If theyVT mcb is open the indication ,ON" appears, if it is closed the indication ,OFF*
is displayed.

Switch off the protected power line.
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3.3 Commissioning

3.3.7 Direction Check with Load Current

Load Current >
[10% I N ]
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The correct connection of the current and voltage transformers is tested via the pro-
tected line using the load current. For this purpose, connect the line. The Igad current
the line carries must be at least 0.1 - Iy. The load current should be in-phaseier lagging
the voltage (resistive or resistive-inductive load). The direction of the load current must
be known. If there is a doubt, network or ring loops should be opened. The line
remains energized during the test.

The direction can be derived directly from the operational measSure@yalues. Initially
the correlation of the measured load direction with the actualdirection of load flow is
checked. In this case the normal situation is assumed, wheke the, forward direction
(measuring direction) extends from the busbar towards the lingysee the following fig-
ure).

P positive, if active power flows into the line,
P negative, if active power flows towards the busbaf
Q positive, if reactive power flows into the ling;

Q negative, if reactive power flows toward the'busbar.

R A
Positive Active Powerin
the Direction of the Line
S-Load
iQ
Negative Redctive Positive Reactive >
4| |7 Power in the Direction Power in the Direction —S_—
of the Line of the Line

Figure 323 \\, Apparent Load Power

Thepowermeasurement provides an initial indication as to whether the measured
valueshave the correct polarity. If both the active power as well as the reactive power
have the wrong sign, the polarity in address 201 CT Starpoint must be checked
anderectified.

However, power metering itself is not able to detect all connection errors. Therefore,
the impedance of the phase loop is read out as well. This impedance can also be
found as primary and secondary quantity in the operational measured values.

In addition, the following applies for the impedance when the load is in the first quad-
rant:

R, X both positive, when power flows into the line,
R, X both negative, when power flows towards the busbar.

In this case the normal situation is assumed, where the forward direction (measuring
direction) extends from the busbar towards the line. In the case of capacitive load, the
X-component may have the opposite sign.

Finally, switch off the protected power line.
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3 Mounting and Commissioning

3.3.8 Measuring the Operating Time of the Circuit Breaker

Only for Synchro-
nism Check

If the device is equipped with the function for synchronism and voltage check and it is
applied, it is necessary - under asynchronous system conditions - that the operating

time of the circuit breaker is measured and set correctly when closing. If the synehro-
nism check function is not used or only for closing under synchronous system condi-
tions, this subsection is irrelevant.

For measuring the operating time a setup as shown in Figure 3-24 is recommended.
The timer is set to a range of 1 s and a graduation of 1 ms.

The circuit breaker is connected manually. At the same time the timegis Started. After
closing the poles of the circuit breaker, the voltage U, ;. appears and the timer is
stopped. The time displayed by the timer is the real circuit breaker closing time.

If the timer is not stopped due to an unfavourable closing moment, the attempt will be
repeated.

Itis particularly favourable to calculate the mean valuefrom several (3 to 5) successful
switching attempts.

Set the calculated time in address 239 as T-€B close (Under P.System Data 1).
Select the next lower settable value.

Busbar

éUBus
Start
N

L+ < Close *
\

Timer

L

|
|
I
|
|
|
|
|
4

Stop

O—t
{ ULine \

Feeder

Figure 3-24, “S§Measurement of the circuit breaker closing time

3.3.9 Testing User-Defined Functions

250

The device has a vast capability for allowing functions to be defined by the user, es-
pecially with the CFC logic. Any special function or logic added to the device must be
checked.

Naturally, general test procedures cannot be given. Configuration of these functions
and the set value conditions must be actually known beforehand and tested. Possible
interlocking conditions of switching devices (circuit breakers, disconnectors, earth
switch) are of particular importance. They must be considered and tested.
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3.3 Commissioning

3.3.10 Trip and Close Test with the Circuit Breaker

The circuit breaker and tripping circuits can be conveniently tested by the deviee
7ST6.

The procedure to do so is described in detail in the SIPROTEC® System Désefiption.

If the check does not produce the expected results, the cause may be established from
the text in the display of the device or the PC. If necessary, the connections of the
circuit breaker auxiliary contacts must be checked.

3.3.11 Switching Test of the Configured Operating Equipment

Switching via
Command Input

Control from a
Remote Control
Centre

If the configured operating devices were not switchéd sufficiently in the hardware test
already described, all configured switching devicesymustibe switched on and off from
the device via the integrated control element. The feedback information of the circuit
breaker position injected using binary inputs.s,read, out at the device and compared
with the actual breaker position. For deviceg with'graphic display this is easy to do with
the control display.

The switching procedure is described in the SIPROTEC® 4 System Description (Order
No. E50417-H1176-C151). The switehingsauthority must be set in correspondence
with the source of commands used. With,the switching mode, you can choose
between locked and unlocked switching. In this case, you must be aware that un-
locked switching is a safety risk.

If the device is conne€tedyto ajremote substation via a system interface, the corre-
sponding switchingftestsimay also be checked from the substation. Please also take
into consideratiomthatthe switching authority is set in correspondence with the source
of commands used.

3.3.12 Creating Oscillographic Recordings for Test

Requirement
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In ordérito be“able to test the stability of the protection also during switch-on proce-
dures;, closing tests can also be carried out at the end. Oscillographic records obtain
the"maximum information about the behaviour of the protection.

Aleng with the capability of storing fault recordings via pickup of the protection func-

tiogn, the 7ST6 also has the capability of initiating a measured value recording using

the operator control program DIGSI® using the serial interface and via binary inputs.
For the latter, event ,,>Trig.Wave.Cap.“ must be allocated to a binary input. Trig-
gering for the oscillographic recording then occurs, for instance, via the binary input

when the protection object is energized.

Those that are externally triggered (that is, without a protective element pickup) are
processed by the device as a normal oscillographic record. For each oscillographic
record a fault record is created which is given its individual number to ensure that as-
signment can be made properly. However, these recordings are not displayed in the
fault indication buffer, as they are not fault events.
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3 Mounting and Commissioning

Start Triggering Os-  To trigger test measurement recording with DIGSI®, click on Test in the left part of the

cillographic Re- window. Double-click in the list view the entry Test Wave Form (see Figure 3-25).
cording O
5‘ DIGSI - SIPROTEC 7:i63 / Folder 7 75J633 V4 0/75J633 v__. [H[=] E3 O
File Edit Inzett Device “iew Options Window Help
= = 5 e 0 = 2 s = T T
[® SIPROTEC 7:i63 / Folder 7 75633 V4.0/75J633 v04.00_.. [M=] F{ |
= Eﬁ Ornlire Select function
E Settings ﬂ’:j Hardware Test
o ,ﬂ Control };T,’-"Test Systerm Part
#-24 Measurement @
[—]E Qzcillographic Aecords
iz Oscilographic Fault Beco
----- ";2, Test
Prezs F1 for Help.
Figure 3-25  Triggering o @ phic
Oscillographic recordingai ediately started. During recording, an indication is
given in the left part o s bar. Bar segments also inform you of the progress of
the operation.
The SIGRA athe@ade Viewer program is required to view and analyse the os-
cillographic d
L 4
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3.4 Final Preparation of the Device

3.4  Final Preparation of the Device

A\
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The used terminal screws must be tightened, including those that are not used.“All the
plug connectors must be correctly inserted.

Caution!
Do not apply force!

The tightening torques must not be exceeded as the threads,and terminal chambers
may otherwise be damaged!

The setting values should be checked again, if.they,were changed during the
tests.Check if protection, control and auxiliary functiens to be found with the configu-
ration parameters are set correctly (Section 2.1.33Functional Scope). All desired ele-
ments and functions must be set to ON. Keep ajcopy of all of the in-service settings on
a PC.

Check the internal clock of the device. Ifnecessary, set the clock or synchronize the
clock if the element is not automaticallyasynchronized. Further details on this subject
are described in /1/.

The indication buffers are deleted under Main Menu — Annunciation — Set/Re -
set, so that in the future they,onlypcontain information on actual events and states.
The numbers in the switching statistics should be reset to the values that were existing
prior to the testing.

The counters of thetgperational measured values (e.g. operation counter, if available)
are reset under Main Menu — Measurement — Reset.

Press the ESC keypseveral times if necessary, to return to the default display.

Clear the LEDs'onthe front panel by pressing the LED key, so that they only show real
events and States. In this context, saved output relays are reset, too. Pressing the LED
key also serves as a test for the LEDs on the front panel because they should all light
when thie button is pressed. If the LEDs display states relevant by that moment, these
LEDs, oficourse, stay lit.

Theygreem ,RUN" LED must light up, whereas the red ,ERROR" must not light up.

Close the protective switches. If test switches are available, then these must be in the
Operating position.

The device is now ready for operation.
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L 4
This chapter provides the technical data of the device SIPRO 7ST6 and its in-
dividual functions, inc_:luding the Iimiting values that undgr%_ ances may be
exceeded. The electrical and functional data for the maxi ional extent are fol-
lowed by the mechanical specifications with dimension %.
4.1 General 256
4.2 Distance Protection 266
4.3 Time Overcurrent Protectio 268
4.4 Voltage Protection (optional 274
4.5 Thermal Overload Pr I 275
4.6 Circuit Breaker Failuﬁe ion (optional) 276
4.7 Defrosting Protecti nding on device version) 277
. %) 277
i sure Function (optional) 278

oltage Check (optional and depending on device version) 279

(optional) 280

280

280

4. rip Circuit Supervision 280
ser Defined Functions (CFC) (optional) 281

ﬁ) Auxiliary Functions 284

@7 Dimensions 286
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4 Technical Data

4.1 General

4.1.1 Analog Inputs and Outputs

Rated system frequency

(depending on ordered version, or settable)

16.7
25, 50 or 60 Hz

Current Inputs

Rated current

1Aor5A

Measuring range

Error limits

1% of | for | > I

Thermal loading
(rms values)

Dynamic loading
(pulse current)

100 Iy 0
1%ofINforI£INQ

100 Iyforls
u

Power consumption per phase

VAatly=5A

Voltage Inputs

Rated voltage

Measuring range

V to 125 V (adjustable)

Error limits

Voltage overload capacity

Power consumption per phase

200V

1% of Uy for U < Uy
1% of U for U > Uy

220 V continuous

Approx. 0.1 VA

Measuring Transducer Inputs

Rated DC current

20 mA

Measuring range DC

—24 to +24 mA

Error limits

Input resistance

1% of I for I <l
1% of | for | > I

Approx. 11 Q

Overload capability

+ 100 mA continuous
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4.1 General

4.1.2 Auxiliary Voltage

DC Voltage O

Voltage supply via integrated converter < !

Rated auxiliary voltage U,,, DC 24/48 VDC 60/110/125 VDC 110/125/220/250 V
DC

Admissible voltage ranges 19 to 58 VDC 48 to 150 VDC 88 to 300 VDC

Admissible AC ripple voltage,

peak to peak <15 % of the auxiliary voltage

Power input
- Quiescent Approx. 5 W
- Energized 7ST6 1* Approx. 8

7ST6 3* Approx. 45 W

Plus approx. 1.5 W per interface module
Bridging time for power supply failure/short circuit Upx 2 110V

Vand Uy, =60V
4Vand >30msatU,, =60V

4.1.3 Binary Inputs and Outputs

Binary Inputs

Variant
7ST61*
7ST63*

Rated voltage range 4 VDC to 250 VDC, in 3 ranges, bipolar

Switching thresholds Adjustable with jumpers
- For rated voltages 24/48/60/110/125 VDC U high>19 vDC
\ U low <10 VDC
- For rated voltages 110/125/220/250 VDC U high > 88 VDC
U low <44 VDC
- For rated voltages 220/250 VvDC U high > 176 VDC
U low <88 VDC

Approx. 1.8 mA
Independent of the control voltage

300 VDC

with capacitive coupling With an interference pulse of 200 V and a coupling capacity of
220 nF, repeat time > 60 ms
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4 Technical Data

Output Relays

Signalling/trip relays (see also terminal assignments in Appendix A)

Number and information

According to the order variant (configurable)

Fast digital output BO1 an@

Order variant NO contact (normal) |NO/NC contact (select-
able) BO2

7ST61*3/7 16 4 2
7ST61*1/5 21 4 2 @
7ST63* 30 4 2
Switching capability ON 1000 W or VA
except for: BO23-BO26 OFF 30 VA 10
ad BO30-BO3: 40 W resistive
1 kW at VA = 48V...250V 25 W at L/R <50 ms
500 W at VA = 24V
Switching voltage AC 250V 00V

DC 250 V 300V
Continuous current per contact 5A
Continuous total current on common 5A —
paths
Max. DC inrush current with a closing 3
time of 0.5 s for the NO contact (this
does not apply for the NC contact)
Closing time approx. 8 ms 1ms
Tripping time approx. 2ms 11 ms

Bounce time approx.

O

4.1.4 Communication Interfaces

Operator Interface

Connection

personal computer

Operation

ide, non-isolated, RS232, 9 pin DSUB port for connecting a

ith DIGSI®

Transmission speed

Channel distance

K Min. 4800 Baud; max. 115200 Baud; factory setting: 38400 Baud;
Parity: 8E1

15 m (50 ft.)

Q>®
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4.1 General

Service / Modem Interface (optional)

RS232/RS485/FO Isolated interface for data transfer
Acc. to ordered variant
Operation With DIGSI®
RS232/RS485 RS232/RS485 according to ordered
variant
Connection for flush-mounted housing Rear panel, mounting location ,G:, 9-pin
D-subminiature female_connector
Test voltage 500 V; 50 Hz
Transmission speed Min. 4800 Baud; max. 125200 Baud
Factory setting38400"Baud
RS232
Channel distance ‘15 m (50 ft.)
RS485
Channel distance ‘1,000 m (8,300 ft.)

System Interface (optional)

RS232/RS485/FO Profibus
RS485/Profibus FO according
to the ordered variant

Isolated interface for data transfer to a‘eontsol centre

RS232
Connection for panel flush-maunted Rear panel, mounting location ,B* 9-pin D-
housing subminiature female connector
Connection for panel surface-meunted 9-pin D-subminiature female connector in
housing console housing on the bottom
Test voltage 500 V; 50 Hz
Transmission speed Min. 4800 Baud; max. 38400 Baud

Factory setting 19200 Baud

Channel distance Max. 15 m (50 ft.)

RS485

Coannection for panel flush-mounted
housing

Rear panel, mounting location ,B“ 9-pin D-
subminiature female connector

Goennection for panel surface-mounted
housing

9-pin D-subminiature female connector in
console housing on the bottom

Testwoltage

500 V; 50 Hz

Transmission speed

Min. 4800 Baud, max. 38400 Baud
Factory setting 19200 Baud

Channel distance

Max. 1 km (3,300 ft.)

MODBUS RS485

Connection for panel flush-mounted
housing

Rear panel, mounting location "B", 9-pin
D-subminiature female connector

For panel surface-mounted housing

In console housing on bottom

Test voltage

500 V; 50 Hz

Transmission speed

Up to 19200 Baud

Channel distance

Max. 1,000 m (3,300 ft.)

7ST6 Manual
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4 Technical Data

Fibre optic cable (FO)

FO connector type

ST connector

Connection for panel flush-mounted
housing

Rear panel, mounting location ,B*

Connection for panel surface-mounted
housing

In console housing on bottom

Optical wavelength

A =820 nm

Laser Class 1 according to EN 60825-1/-2

Using glass fibre 50/125 pum or using glass
fibre 62.5/125 pm

Permissible optical link signal attenuation

Max. 8 dB, with glass fibre 62°5/125 pum

Channel distance

Max. 1.5 km (5,000 ft.)

Character idle state

Selectable: factory setting ,,Light off*

Profibus RS 485 (FMS and DP)

Connection for panel flush-mounted
housing

Rear panel, modnting lgeation ,B“ 9-pin D-
subminiaturedemalesgonnector

Connection for panel surface-mounted
housing

9-pin D-subminiattre female connector in
console housing on the bottom

Test voltage

500 V3 50/Hz

Transmission speed

Upto,12'MBaud

Channel distance

1,000 m8,300 ft.) at < 93.75 kBd
500m)(1,150 ft.) at < 187.5 kBd
200.m (660 ft.) at < 1.5 MBaud
100'm (330 ft.) at < 12 MBaud

Profibus FO (FMS and DP)

FO connector type

ST-connector single ring / double ring ac-
cording to the order for FMS; for DP only
double ring available

Connection for panel flush-mounted
housing

Rear panel, mounting location ,,B*

Connection for panelssurface-mounted
housing

Please use version with Profibus RS485in
the console housing at the housing bottom
as well as separate electrical/optical con-
verter

Transmissian, speed

Conversion by means of external OLM
up to 1.5 MBaud
> 500 kBaud for normal version

Recommended speed:

> 500 kBd

Optical wavelength

A =820 nm

lrasen@lass 1 according to EN 60825-1/-2

Using glass fibre 50/125 pm or using glass
fibre 62.5/125 pum

Rermissible optical link signal attenuation

Max. 8 dB, with glass fibre 62.5/125 pm

Jransmission distance between two
modules with redundant optical ring topol-
ogy and optical fibre 62.5/125 m

2 m (6.6 ft.) with plastic fibre
500 kB/s max. 1.6 km (5,250 ft.)
1500 kB/s 530 m (1,738 ft.)

Character idle state (status for "No charac- |Light OFF
ter")
Max. number of modules in optical rings |41

with 500 kB/s or 1500 kB/s
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4.1 General

MODBUS FO

FO connector type

ST connector transmitter/receiver

Connection for panel flush-mounted
housing

Rear panel, mounting location "B"

For panel surface-mounted housing

In console housing on bottom

Transmission speed

Up to 19,200 Baud

Optical wavelength

A =820 nm

Laser Class 1 according to EN 60825-1/—
2

Using glass fibre 50/125 um or using glass
fibre 62.5/125 um

Permissible optical link signal attenuation

Max. 8 dB, with glass fibre#42.5/125 um

Channel distance

Max. 1.5 km (5,000, ft)

DNP3.0 RS485

Connection for panel flush-mounted
housing

Rear panel, mounting location ,B“,
9-pin D-subminijature female connector

Connection for panel surface-mounted
housing

In copSele housing

Test voltage

500,V; 50 Hz

Transmission speed

Up 10/19200 Baud

Channel distance

Max? 1 km (3,300 ft.)

DNP3.0 Optical fibre

FO connector type

ST—connector receiver/transmitter

Connection for panel flush-mounted
housing

Rear panel, mounting location ,B*

Connection for panel surfacesmounted
housing

In console housing

Transmission speed

Up to 19200 Baud

Optical wavelength

A =820 nm

Laser Class 1 aecording to EN60825-1/-2

Using glass fibre 50/125 um or
Using glass fibre 62.5/125 um

Permissible opticallink signal attenuation

Max. 8 dB, with glass fibre 62.5/125 pm

Channelsdistanee

Max. 1.5 km (5,000 ft.)

Time Synchronization Interfage

Time synchronization

DCF 77/IRIG B-Signal (telegram format IRIG-B000)

Connection for panel flush-mountedhousing

connector

Rear panel, mounting location ,A“; 9-pin D-subminiature female

Connection for panel sdrface;mounted housing

At two-tier terminals on housing bottom

Nominal signal voltages

Selectable 5V, 12V or 24V

Signal Levels and Burdens:

Nominal Signal Input Voltage

5V 12V 24V
Uhiigh 6.0V 15.8V 31V
UiLow 1.0V at |, = 0.25 mA 1.4V at |, = 0.25 mA 1.9V atly,, = 0.25 mA
I\figh 4.5 mAto 9.4 mA 4.5 mAto 9.3 mA 4.5 mAto 8.7 mA

R, 890 QatU =4V

1930 Q atU,=8.7V

3780 QatU, =17V

640 QatU =6V

1700 QatU, =158V

3,560 QatU, =31V
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4 Technical Data

Operating Modes for Time Tracking

1 Internal Internal synchronization using RTC (default)

2 IEC 60870-5-103 Rear panel, mounting location ,A“; 9-pin D-subminiature
female connector

3 Time signal IRIG B At two-tier terminals on housing bottom

4 Time signal DCF77 Selectable 5V, 12V or 24V

5 Time signal Sync. Box External synchronization using SIMEAS Sync. Box

6 Pulse via binary input External synchronization with pulse via binaryfifiput

7 Field bus External synchronization using field bus

415 Electrical Tests

Specifications

Standards:

IEC 60255 (product standasds)

ANSI/IEEE C37.90.0/.1/2

DIN 435 Part 303

For more standards ‘seeyalso individual functions

Insulation Test

Standards:

IEC 60255, IEC 60870-2-1 and EN 50124-1

High voltage test (routine test): all circuits except power
supply, binary inputs, high speed outputs, communica-
tion interface and time synchronization interfaces

2.5 kV (rms), 500Hz

High voltage test (routine test): auxiliary voltage, binary
inputs and high speed outputs

3.5kVDC

High voltage test (routine test): only isolated communica-
tion and time synchronization interfaces

500 V (rms), 50 Hz

Impulse voltage test (type test): all circuits except,com-
munication and time synchronization interfaces, Class Il

5 kV (peak), 1.2/50 us, 0.5 J, 3 positive and 3 negative im-
pulses in intervals of 5 s

EMC Tests for Interference Immunity (type tests)

Standards:

IEC 60255-6 and -22 (product standards)
EN 61000-6-2 (generic standard)

DIN VDE 0435-110

EN 50121-5

High Frequency Test IEC60255-221, Class Il and
VDE 0435 Part 303, Glass It

2.5kV (peak); 1 MHz; t = 15 us; 400 surges per s; test duration
2s;R;=200Q

Electrostatic Discharge IEC 60255-22-2, Class IV
and IEC 61000-4-2, Class |V

8 kV contact discharge; 15 kV air discharge, both polarities; 150
pF; R =330 Q

Irradiation with HF field, siagle frequencies
IEC 60255-22-3, Class Il and IEC 61000-4-3, Class
1

Class Ill: 10 V/m 80/160/450/900 MHz 80% AM 1 kHz: Closing
time > 10s

Irradiation with HF field, frequency sweep IEC
61000-4-8pClass Il

10 V/m; 80 MHz to 1000 MHz;
10 V/m; 800 MHz to 960 MHz;
20 V/m; 1,4 GHz to 2.4 GHz 80 % AM; 1 kHz

Fast Transient Disturbance Variables / Burst IEC
60255:22-4 and IEC 61000-4-4, Class IV

4KkV; 5/50 ns; 5 kHz; burst length = 15 ms; repetition rate 300 ms;
both polarities: R ; = 50 Q; test duration 1 min
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4.1 General

High Energy Surge Voltages (SURGE), IEC 61000-
4-5 Installation Class 3

Impulse: 1.2/50 us

Auxiliary voltage

Common mode: 2 kV; 12 O; 9 uF
Diff. mode: 1 kV; 2 Q; 18 uF

Measuring Inputs, Binary Inputs and
Relay Outputs

Common mode: 2 kV; 42 O; 0.5 uF
Diff. mode: 1 kV; 42 Q; 0.5 uF

Line conducted HF, amplitude modulated IEC
61000-4-6, Class I

10 V: 150 kHz to 80 MHz: 80 % AM: 1 kHz

Power System Frequency Magnetic Field IEC
61000-4-8, Class X |IEC 60255-6

1000 A/m; continuous; 1800 A/m Impulse 8/207ps;
16.7 Hz, 50 Hz and 60 Hz

Oscillatory Surge Withstand Capability ANSI/IEEE
C37.90.1

2.51t0 3 kV (peak value); 1 to 1.5 MHz; dampe@®scillation; 50
surges per s; Test Duration 2 s; R; = 160)Q t0°200 Q

Fast transient surge withstand cap. ANSI/IEEE
C37.90.1

4 kV to 5 kV: 10/150 ns: 50 pulses pepsj both polarities: duration
2s:R;=80Q

Radiated Electromagnetic Interference ANSI/IEEE
C37.90.2

35 V/m; 25 MHz to 1000 MHz

Damped oscillations IEC 60694, IEC 61000-4-12

2.5 kV (peak value), polarity,alternating 100 kHz, 1 MHz,
10 MHz and 50 MHz, Rg=,2000Q

EMC Tests For Noise Emission (type test)

Standard:

EN 50081 (géneric standard)

IEC-CISPR 22

Radio noise voltage to lines, only power supply voltage |150 kHzto 30'MHz

Limit class'B

Radio noise field strength IEC-CISPR 22

30.MHz#0 1000 MHz limit class B

4.1.6 Mechanical stress tests

Vibration and Shock Stress During Steady State Operation

IEC 60255-21-2, Class 1
IEC 60068-2-27

Standards: IEC 60255-21 and IEC 60068
Oscillation Sinusoidal
IEC 60255-21-1, Class 2 10 Hz to 60 Hz: £0.075 mm amplitude;
IEC 60068-2-6 60 Hz to 150 Hz: 1g acceleration
Frequency sweep 1 octave/min
20 cycles in 3 orthogonal axes
Shock Semi-sinusoidal

5 g acceleration, duration 11 ms,
3 shocks each in both directions of the 3 axes

Seismic vibration
IEC 60255-21-8, Classyl

Sinusoidal
1 Hz to 8 Hz: £ 3.5 mm amplitude (horizontal axis)

IEC 60068-3¢3 1 Hz to 8 Hz: +1.5 mm amplitude (vertical vector)
8 Hz to 35 Hz: 1 g acceleration (horizontal axis)
8 Hz to 35 Hz: 0.5 g acceleration (vertical vector)
Frequency sweep 1 octave/min
1 cycle in 3 orthogonal axes
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4 Technical Data

Vibration and Shock Stress During Transport

O

IEC 60255-21-2, Class 1
IEC 60068-2-27

Standards: IEC 60255-21 and IEC 60068

Oscillation Sinusoidal

IEC 60255-21-1, Class 2 5 Hz to 8 Hz:+ 7.5 mm amplitude;

IEC 60068-2-6 8 Hz to 150 Hz: 2 g acceleration sweep rate 1 octave/min
20 cycles in 3 orthogonal axes

Shock Semi-sinusoidal

L 4

15 g acceleration, duration 11 ms,
3 shocks each in both directions of the 3 axes

Continuous shock
IEC 60255-21-2, Class 1
IEC 60068-2-29

Semi-sinusoidal
10 g acceleration, duration 16 ms,
1000 shocks each in both directions of t S

4.1.7 Climatic Stress Tests

Climatic tests

Standards: IEC 60255-6
Type tested (acc. IEC 60086-2-1 and -2, Test Bd, for 16 |-23 °F to +85 °C (-25
h)

+40 °C)

Limiting temporary (transient) operating temperature
(tested for 96 h)

—4 °F to +15
be restricted

°C to +70 °C (legibility of display may
°F or +55 °C)

Recommended for permanent operation (according to
IEC 60255-6)

—23°Fto + (=5 °C bis +40 °C)

Limit Temperatures for Storage

Limit Temperatures during Transport

STORE AND TRANSPORT OF THE DEVICE WITH

Limit temperatures for normal operation (i.e. output
relays not energized)

Limit temperatures under maximum load (max. co

-
. ‘F C to +55 °C

0 +70 °C (-20 °C bis +40 °C)

admissible input and output values) O
L 4 \

Humidity

Permissible humidity

Annual average < 75 % relative humidity;
On 56 days of the year up to 93% relative humidity. Conden-
sation must be avoided in operation!

Siemens recommends that all
fluctuations in temperatuge th

;e installed so that they are not exposed to direct sunlight nor subject to large

yjcause condensation to occur.

&
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4.1 General

4.1.8 Service Conditions

The protection device is designed for installation in normal relay rooms and plants, so that electromagnetic com
bility (EMC) is ensured if installation is done properly.

In addition, the following are recommended:

» All contactors and relays that operate in the same cubicle, cabinet, or relay panel as the numerical protective device
should, as a rule, be equipped with suitable surge suppression components.

« For substations with operating voltages of 100 kV and above, all external cables should be shielded with a conduc-
tive shield earthed at both ends. For substations with lower operating voltages, no special meas re normally
required.

« Do not withdraw or insert individual modules while the protective device is energized. In
components are electrostatically endangered; during handling the ESD standards (for

condition, some
tic Sensitive De-

vices) must be observed. The modules and device are not endangered when insert housing.
4.1.9 Design
Housing 7XP20
Dimensions See dim al‘drawings, Section 4.17
Device Housing Size Weight (mass)
7ST6 1 In flush mounting housing Y, 6 kg (13.21b.)
7ST6 3 In flush mounting housing Y, 10 kg (22 1b.)
Protection class acc. to IEC 60529
For surface mounting housing equipment IP 51
in flush-mounted case
Front IP 51
Rear IP 50
For personal protection IP 2x with cover
UL-certification conditions ® < ’ .For use on a Flat Surface of a Type 1 Enclosure”
L 4
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4 Technical Data

4.2 Distance Protection

Distance Measurement

Characteristic

Polygonal or combined

Setting ranges

Ipp> = min. current, phases

forly=1A

0.10Ato 2.00 A

0.1102.0* Iy .

forly=5A

0.50 Ato 10.00 A

R1, X1, Z1, R1 Reverse, X1 Reverse, Z1

Forly=1A|0.2 Qto 250 Q

Reverse, R1, X1, Z1, R2, X2, Z2, R2 Re-
verse, X2 Reverse, Z2 Reverse, R3, X3,
Z3, R3 Reverse, X3 Reverse, Z3 Re-
verse, R1B, X1B, Z1B, R1B Reverse,
X1B Reverse, Z1B Reverse, R1L, X1L,
Z1L, R1L Reverse, X1L Reverse, Z1L
Reverse, ROR, XOR ZOR, ROR Re-
verse, XOR Reverse, ZOR Reverse, X1
Stroke, Z1 Stroke, X2 Stroke, Z2 Stroke,

Forly=5A|0.04 Qto 50 Q

o

Angle limitation zone Z1, Z2, Z3 left under axis R

X3 Stroke, Z3 Stroke,

ALPHA Z1, ALPHA 72, ALPHA Z3 —70° to 75° Increments 1°
Angle limitation zone Z1, Z2, Z3 right

BETA Z1, BETA Z2, BETA Z3 70° to 145° Increments 1°
Angle limitation zone Z1, 72, Z3 left

GAMMA Z1, GAMMA Z2, GAMMA Z3 —70° to 40° Increments 1°

Pickup Values for Zone Z2 and Z3

Z2 DI/DT di/dt function

Z2 DU/DT du/dt function

Z2 U< U< function
Z3 DI/DT di/dt function for zone Z2

Increments 0.1 I/IN

Increments 0.1 U/UN

.1..1.0 U/UN; o

Increments 0.1 U/UN

.1..1.0 I/IN;

Increments 0.1 I/IN

Z3 DU/DT du/dt function for zone 72 L2
Z3 U< U< function for zone Z2

0; 0.1..1.0 U/UN;

Increments 0.1 U/UN

0.5;0.1..1.0 U/UN; o

Increments 0.1 U/UN

Measuring tolerances for sinusoidal K values

‘ﬁ‘ <5%
X

ARl <509  foroe< <60°
5] <5 % ’sC

AZ) o509, for0°<@an<60°
‘7‘ o Psc

for 30° <0gc <90°
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4.2 Distance Protection

Times

Shortest trip time 40 ms at 16.7 Hz

35 ms at 25 Hz

25 ms at 50/60 Hz
Dropout time 80 ms at 16.7 Hz

60 ms at 25 Hz
30 ms at 50/60 Hz

S| Time Man.ClI Operating time for manual close 0.01st0 30.00 s
signal

Stage timers: T1, T2, T2K, T2L, T3K, T3L, T1b, TIL [0.00 s to 30.00 s;
Can be set separately for each timer

Time expiry tolerances 1 % of setting value or 10 ms
The set times are pure delay times

Increments O.ﬁ S
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4 Technical Data

4.3 Time Overcurrent Protection

Very High Set Current Stage, High Set Current Stage and Definite-time Overcurrent Stage

O

Pickup value | V)

0.10 Ato 25.00 A; © Increments 0.01 A

O

Delay time T |

0.00 s to 30.00 s; © Increments 0.01 s

Dropout to pickup ratio

Approx. 0.95 for I/l > 0.5

Pickup time

Approx. 1 cycle + 10 ms

Dropout time

Approx. 1-2 cycles

D The currents are specified in secondary values for Iy = 1 A. With |

multiplied by 5.

Inverse-time Overcurrent Stage (IEC)

>

o
N Sents must be

Pickup value IP

0.10 At0 4.00 A; o Increments 0.01 A

Delay time T IP

0.05st03.00s; ncrements 0.01 s

Dropout to pickup ratio

Approx. 0.91 for I/l =

Pickup time

Approx. 1 cycle + 10 m

Dropout time

Approx. 1-2 cyc

Inverse-time Overcurrent Stage (ANSI)

Pickup value IP

Increments 0.01 A

Delay time D IP

Increments 0.01 s

Dropout to pickup ratio

0.91 for I/ly> 0.5

Pickup time

1 cycle + 10 ms

Dropout time

High-Speed Overcurrent Protection

Pickup value | HS O/C

1.0At025.0 A; Increments 0.01 A

Delay time HS O/C
Dropout to pickup ratio

Pickup time

0 ms; 6 ms to 100 ms; o Increments 1 ms

Approx. 0.95

<2ms

Dropout time

Approx. 1-2 cycles
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4.3 Time Overcurrent Protection

Tolerances
DT Q
Currents 5 % of setting value for I, > Iy
Times 1 % of setting value, at least 10 ms g
With high-speed overcurrent protec- |1 % of setting value, at least 3 ms
tion
L
IDMT
Pickup/dropout thresholds I, Ig, 2 % of set value or 10 mA for Iy =1 G‘ ,
or50 mAforIy5A
Pickup time for 2 < 1/1, < 20 5 % of reference (calculated) value rrent tolerance, or
30 ms

Characteristics and Graphics

INVERSE (Type A) [s]
VERY INVERSE (Type B) [s]
EXTREMELY INV. (Type T, I[s]

/|p) -1
120
LONG INVERS Ty [s]
(|/| ) -1
Darin bedeuten:

| Fault Current

L 2 l, Setting Value of the Pickup Current

@haractenstlcs IEC

Q>®

t  Reset Time
O T, Setting Value of the Time Multiplier
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INVERSE

SHORT INVERSE

LONG INVERSE

MODERATELY INV.

VERY INVERSE

EXTREMELY INV.

DEFINITE INV.

L 4

O
Q>Q)

270

I Fault C t
I Settin%the Pickup Current
Trip Time Characteristi Q

[ 8.9341
t= (Ww.wg%) D [s]
0.2663
t = | ——=s— +0.03393| - D [s]
((I/Ip)1'2969 1 ) 0
5.6143
t = (2272 1218592).D [s] ¢
((I/Ip)—1 )
0.0103 : b
t=|——=—+0.0228)-D S
(<I/Ip>°'°2—1 ) | ](}
t= (2222 +00082)-D  [s]
(I/Ip) -1
t= (232 +0.02434) Q}
(I/Ip) -1
t= (2t 0 D [s]
Where:
t  Trip Time
D  Setting Va f the Time Multiplier
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4.3 Time Overcurrent Protection

Tripping Time Characterisitic
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O
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\
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a1y -1
i
Figure 4-1 Trip Time Characteristics of the Inverse-time Overcurrent Protection, acc. to
ANSI/IEEE
7ST6 Manual 271

E50417-G1176-C251-A3
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Tripping Time Characterisitic
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Figure 4-2 Trip Characteristics of the Inverse-time Overcurrent Protection, as per IEC

7ST6 Manual
E50417-G1176-C251-A3



4.3 Time Overcurrent Protection

Tripping Time Characterisitic
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Figure 4-3 Trip Time Characteristics of the Inverse-time Overcurrent Protection, acc. to
ANSI/IEEE
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4 Technical Data

4.4

Overvoltage Protection U>> Stage

Voltage Protection (optional)

Pickup value U>>

20.0Vt0 170.0 V; ©

Increments 1 V

Delay time Ty.»

0.00 s t0 60.00 s; o

Increments 0.01 s

Dropout to pickup ratio U,.propout

0.50 to 0.95

Increments 0.01

Pickup time

Approx. 1-2 cycles

Dropout time

Approx. 1-2 cycles

Overvoltage Protection U> Stage

Pickup value U>

20.0Vt0o 170.0 V; ©

Delay time Ty,

0.00 s t0 60.00 s; o

Dropout to pickup ratio U,.propout

0.50to 0.95

rements 0.01

Pickup time

Approx. 1-2 cycles

Dropout time

Approx. 1-2 cycles

Undervoltage protection U<< stage

Pickup value U<<

20.0 V to 120.

Increments 1V

Delay time Ty..

Increments 0.01 s

Dropout to pickup ratio

Pickup time

Dropout time

Undervoltage Protection U<< Stage

Pickup value U<

Delay time Ty

Increments 1V

Dropout to pickup ratio
Pickup time

Increments 0.01 s

Approx. 1-2 cycles

Dropout time

Approx. 1-2 cycles

Tolerances c ’
Voltages 3 % of setting value or 1 V
Times 1 % of setting value or 10 ms
L 4
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4.5 Thermal Overload Protection

4.5

Setting Ranges

Thermal Overload Protection

Factor k ITRise = ITRise / Iy (continuous limit current)

0.10 to 4.00

Increments 0.01 Q

Time constant TAU

2.0 min to 30.0 min

Increments 0.1 min (6 s)

VALUE

Final temperature rise TRise (for continuous limit cur-|0 to 100 K Increments 1 K e
rent)

Trip temperature TEMP TRIP 50to 100 °C Increm

Alarm temperature TEMP ALARM 40 to 100 °C Incr nt C
Close temperature TEMP CLOSE 2510100 °C | ents 1 °C
Factor for 2 catenaries CAT2 1.0t0 3.0 ts 0.1
Factor for 3 catenaries CAT3 1.0t0 3.0 ents 0.1
Fixed ambient temperature value TEMP.SENS -55t0 40 °C Inerements 1 °C

Dropout to Pickup Ratio

ULS TRIP Drops out with nal No dropout to pickup ratio
LCurrent=0¢
ULS ALARM 1K (dropout threshold =
pickup value —1K)
ULS BLOCK TEMPLIRIP P CLOSE Depends on the settings of
TEMP TRIP and TEMP
CLOSE
Tolerances
Currents % of measured value (for currents above I), or 2 % of rated
current (for currents < I)
Times 3%orls
Ambient temperature +/-1 K
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4 Technical Data

4.6  Circuit Breaker Failure Protection (optional)

Circuit Breaker Monitoring O

Current flow monitoring Forly=1A|0.05Ato 20.00 A Increments 0.01 A O
For Iy =5 A|0.25 Ato 100.00 A

Dropout to pickup ratio Approx. 0.95

Tolerance For Iy =1 A|5 % of the set value or 0.01 A
For Iy =5 A|5 % of the set value or 0.05 A

Pickup time Approx. 1/4 cycle with measured

o
values present
Dropout time <= 3/4 cycle with sinusoidal mea-
sured values

<=1 1/4 cycles max.
Delay times 0.10 st0 10.00 s; Cl nts 0.01s
Tolerance 1 % of setting value or 10 ms
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4.7 Defrosting Protection (depending on device version)

4.7

Defrosting Protection

Defrosting Protection (depending on device version)

O

Characteristic ID> 1

0.10 to 2.00 I/IN (referred to I)
k: 0.00 to 0.80

Increments 0.01 IQ

Increments 0.01

Delay time T ID>

0.00t0 30.00 s;

Increments 0.01

Dropout to pickup ratio

Approx. 0.88 for I/l > 0.5

L 4

Pickup time

Approx. 1 cycle + 10 ms

Dropout time

Approx. 1-2 cycles

Definite Time Overcurrent Stages

1 The currents are specified in secondary values for Iy = 1 A.\Wi
multiplied by 5.

@ 5 A, currents must be

Pickup value IX>>, IX>

0.10 Ato 25.00 A;

Delay time T IX>>, T IX>

Increments 0.01 A

Dropout to pickup ratio

Increments 0.01 s

Pickup time

Dropout time

Tolerances

Currents

Times

asured value (for currents
n)s Or 2 % of rated current

4.8

Pickup

Inrush Restraint

2nd harmonics content

IMax for deactivation

0
oV
3% or 10 ms

\t)il)

10 to 45 %

05t025A

Q>®
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4.9

General AR Function

Automatic Reclosure Function (optional)

Number of reclosures

Max. 8,
the first 2 with individual parameters
optionally 1 with SOTF-O/C

Polarization 1-pole
Control With TRIP Command
Action times 0.01 sto 300.00 s

2 separate parameters for cycle 1 and 2-8

Dead times prior to reclosure

0.01 s to 1800.00 s
2 separate parameters for cycle 1 and 2-8

Dead time extension - monitoring time

0.50t0 300.0 s; ©

Reclaim time after reclosure

0.50t0300.0 s

Blocking time after dynamic blocking

0.50t0 300.0 s

Blocking time after manual closing

0.50t0 300.0 s

Start signal monitoring time

0.01to0 300.0 s

Circuit-breaker monitoring time

0.01t0300.0s

I imit

1to25A Increments 1 A

Dynamic blocking in reverse direction

Yes/No

AR Function for Thermal Overload Protection

Number of reclosures Max. 8

Polarization 1-pole

Control With PU=TRIP command
Operating Time RU=TRIP

Dead time extension monitoring time See "General AR Function"
Dead time duration monitoring time 1 t9'60 min

Reclaim time after reclosure

0:50 t0 300.0 s

Blocking time after dynamic blocking

See "General AR Function"

Blocking time after manual closing

See "General AR Function"

Start signal monitoring time

See "General AR Function”

Circuit-breaker monitoring time

See "General AR Function”

ILimit

See "General AR Function”
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4.10 Synchronism and Voltage Check (optional and depending on device version)

4.10 Synchronism and Voltage Check (optional and depending on

device version)

Operating Modes

Operating modes
with automatic reclosure

Synchro check

Dead line / live bus

Dead bus / live line

Dead bus and dead line

Bypassing

Or combination of the above

Synchronization

Closing the circuit breaker und
tions possible (with circuit breaker

Operating modes
for manual closure

As for automatic reclosure
independently selectable

Sy

nous power condi-
rating time)

Voltages

Maximum operating voltage 20Vto 140V Increments 1V
U< for dead status 1Vto 60 Increments 1V
U> for live status 20V to Increments 1V
Tolerances 2 % of pick ueorlV

Dropout to pickup ratio Approx. (U>)or 1.1 (U<)

AU Measurement

Voltage difference

1V to 50 V (phase-to-phase)

’Increments 01V

Tolerance

Dropout to pickup ratio Approx. 1.05

Synchronous/Asynchronousg’o r Canditions

A¢ measurement 1° to 80° |Increments 1°
Tolerance 1°

Af measurement 0.01 Hz to 2.00 Hz ’Increments 0.01 Hz
Tolerance ‘ ’ 15 mHz

Enable delay 0.00 st0 30.00 s Increments 0.01 s

Minimum measur

Approx. 80 ms

Maximum measuring time

0.01 s to 600.00 s;

Increments 0.01 s

Tolerance of dll timers

1 % of setting value or 10 ms
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4 Technical Data

4.11 Fault Locator (optional)

General

Start

With trip command or dropout 0

Reactance (secondary) 0.05 to 50.00 Q/km In km or miles
Line length 1.0 to 200.0 km e
Reactance (secondary) 0.08 to 80.00 O/mile
Line length 0.6 to 124.0 miles
Output of the fault distance In Q primary and Q secondary,
In km or miles of line length
In % of the line length
Tolerance <3% if distance protection or time over otection trip
<6% if the high current switch on to ction trips
4.12 It Function (optional) (b
General
Operating mode Start with G-Tri st ith CB auxiliary contact
Alarm stage 1.0 l/In*s to 1000 I/ 0
Statistics Summate
Summated |
La
4.13 Trip Supervision @
O
Monitoring \
|CB pickup threshold |o.05 t0 0.5 A
4.14 Trip Circit\@rvision
Trip Circuit Supervision
Operating mode With 1 binary input or with 2 binary inputs
Alarm delay 1sto30s Increments 1 s
®
280 7ST6 Manual

E50417-G1176-C251-A3



4.15 User Defined Functions (CFC) (optional)

4.15 User Defined Functions (CFC) (optional)

Function Modules and Possible Assignments to Task Levels

S

Function Module Explanation Task Level
MV_PROC |PLC1_PROC |PLAN_BEARB|S_BEARB
ABSVALUE Magnitude Calculation X - - &
ADD Addition X X X X
AND AND - Gate X X X
BOOL_TO_CO Boolean to Control - X X -
(conversion)
BOOL_TO_DI Boolean to Double Point - X X
(conversion)
BOOL_TO_IC Bool to Internal S, - X X
Conversion
BUILD_DI Create Double Point - X X X
Annunciation
CMD_CHAIN Switching Sequence - X -
CMD_INF Command Information - - - X
CONNECT Connection - X X
D_FF D- Flipflop - X X
D_FF_MEMO Status Memory for Restart X X X X
DI_TO_BOOL Double Point to Boolean - X X X
(conversion)
DIV Division X X X
DM_DECODE Decode Double Point X X X
DYN_OR Dynamic OR X X X X
LIVE_ZERO Live-zero, non-linear C X - - -
LONG_TIMER Timer (max.1193h) X X X X
LOOP Feedback Loop X X X X
LOWER_SETPOINT |Lower Limit X - - -
MUL Multiplicati X X X X
NAND NAND - e X X X X
NEG Nega X X X X
NOR NO a X X X X
X X X X
- X X X
X X X X
- X X X
X X X X
Timer - X X -
UPPER_SETPOI Upper Limit X - - -
X_OR XOR - Gate X X X X
ZER POIN'? Zero Supression X - - -
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4 Technical Data

General Limits

Description Limit Comment

Maximum number of all CFC charts considering all task 32 When the limit is exceeded, an error in-,

levels dication is output by the device. Conse-
quently, the device starts monitoring.
The red ERROR LED lights up. Reduce
the number of CFC charts until they are
below the limit again.

Maximum number of all CFC charts considering one task |16 Only error indication

level (evolving fault in procéssingsprocedure)

Maximum number of all CFC inputs considering all charts |400 When the limit is exceededyan error in-
dication is output bysthe device. Conse-
quently, the device Stafts monitoring.
The red ERRORED lights up. Reduce
the number ofé€FC inputs until they are
below the limit agains

Maximum number of inputs of one chart for each task level {400 Only errogindication; here the number of

(number of unequal information items of the left border per elements ofthe left border per task level

task level) is codntedySince the same information
is,indicated at the border several times,
onlyaunequal information is to be count-
ed:

Maximum number of reset-resistant flipflops 50 No-error indication

D_FF_MEMO (ewvolving error in processing procedure)

Device-Specific Limits

Description Limit Comment

Maximum number of synchronous changes of chart inputs |50 When the limit is exceeded, an error in-

per task level dication is output by the device. Conse-

Maximum number of chart outputs per task level 150 quently, the device starts monitoring.

The red ERROR-LED lights up.

Additional Limits

Additional@imits D for the Following 4 CFC Blocks:

Task Level Maximum Number of Modules in the Task Levels
LONG_TIMER TIMER CMD_CHAIN D_FF_MEMO
MV_PROC
PLC1 PROC
— 18 9 20 50
PLAN_BEARB
S _BEARB

1) AWhen the limit is exceeded, an error indication is output by the device. Consequently, the
device starts monitoring. The red ERROR-LED lights up.
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4.15 User Defined Functions (CFC) (optional)

Maximum Number of TICKS in the Task Levels

Task Level Limit in TICKS 1)®
MW_BEARB (Measured value processing) 10 000
PLC1_BEARB (Slow PLC processing) 1900 @
PLC_BEARB (Fast PLC processing) 200
SFS_BEARB (Switchgear interlocking) 10 000
2 2

1) When the sum of TICKS of all blocks exceeds the limits before-men'@m error indication

is output by CFC. \

Processing Times in TICKS Required by the Individual Elements

Individual Element Number of TICKS
Block, basic requirement 5
Each input more than 3 inputs for generic modules 1
Combination with input signal border 6
Combination with output signal border 7
Additionally for each chart 1
Operating sequence module 34
Flip-flop 6
Loop module 8
Decoder 8
Dynamic OR 6
Addition 26
Subtraction 26
Multiplication 26
Division 54
Square root 83

L 4 \< ,

L 4

7ST6 Manual 283

E50417-G1176-C251-A3



4 Technical Data

4.16 Auxiliary Functions

Measured Values

Operational measured values for currents

I, IX, IF in A primary and secondary, and in % Iy

Tolerance

1% of Iy for 1 <Iyand 1 % of | for | > I

Operational measured values for voltages

U, UF, URef in kV primary, in V secondary or in % Uy N

Tolerance

1 % of Uy for U < Uy and 1 % of U for U > Uy

Operational measured values of impedances

R in Q primary and secondary

Operational measured values for power P in KW or MW
Q in KVA or Mvar

Tolerance 2 % each

Phase angle 0}

Tolerance 0.02

Operational measured values for frequency

fin Hz and % fy

Area 90 % to 110 % of fy
Tolerance 20 mHz
Thermal measured values Tiine in °C

TAmbient in°C

Operational measured values of synchro check

ULine; USyr_lc in K
fLine; fSync inH

Operational Event Log Buffer

| Capacity

Fault Logging

| Capacity

Fault Recording

Number of stored fault records

% with a total of max. 600 records ‘

Max. 8

Storage time

Max. 5 s for each fault
Approx. 15 s in total

Sampling rate at fy = 16.7 Hz 1.25ms
Sampling rate at fy = 25 Hz 1.25ms
Sampling rate at fy = 50 Hz 1.25ms
Sampling rate at fy = 6 1.05 ms
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4.16 Auxiliary Functions

Statistics

Number of trip events caused by device

Number of reclosure events caused by device

Separately for 1st AR cycle
and for all further cycles

Total of interrupted currents Summated It
Summated 1%t
Last It
Last It
Maximum interrupted current in A; kKA

Availability of transmission

Availability in %/min and %/h

Delay time of transmission

Resolution 0.01 ms

Real Time Clock and Buffer Battery

Resolution for operational indications 1ms
Resolution for fault indications 1ms
Battery Type: 3 V/1 Ahy, Typ AA
Self-dischargi X. 10 years
L 4 \< ,
4
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4 Technical Data

4.17 Dimensions

4.17.1 Housing for Panel Flush Mounting or Cubicle Mounting (Size 1/,)

OO

225 (8.86) L 4
295 172 6.77) ?;434 220 (8.66)
(1.18) Mounting plate (.34
| o 5} 1§
E o0
| R K F
< =
< ©
g e —
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(0.05)}
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o & |
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Rear View
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21*2870%°%) £
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206.5%03 (g 13001

| Dimensions in mm
Values in Brackets in Inches
Panel Cut-Out

Dimensional drawing of a 7ST6 for panel flush or cubicle mounting (housing
size 1/,)
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4.17 Dimensions

4.17.2 Housing for Panel Flush Mounting or Cubicle Mounting (Size %/,)

295 172 (6.77) 34
1.16 ' 1.34
(1.16) Mounting plate .34 450 (17.72)
3 445 (17.52)
— oo o =]
R P K H F .
< =
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e 2 —
© 3 ] o
8 2 [a)] Q N
-
(0.08)
% So
Side View (with Screw Terminals) R
446 +2
216.7%03 o132
B T
. A il A S x‘B ‘"x (T R i A T N
& 26 (0.24) &5 (0.20)
S g\ or Vi4
5|+
S|3
ol 25020 5 (004 26 (0.24) 47> (0 s
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a ; )
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Figure 4-5 Dimen@awing of a 7ST6 for panel flush or cubicle mounting (housing size %/,)
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Appendix OA

4
This appendix is primarily a reference for the experienced user{ ThiS'section provides
ordering information for the models of this device. Connecti s for indicating
the terminal connections of the models of this device are ineluded. Following the
general diagrams are diagrams that show the proper co s of the devices to
primary equipment in many typical power system configur s. Tables with all set-
tings and all information available in this device equippedWwith all options are provided.
Default settings are also given.
Al Ordering Information and A SOrj 290
A.2 Terminal Assignments 293
A3 Connection Examples 297
A.4 Current Transformerq ents 299
A5 Default Settings > 300
A6 Protocol-de pen @ ctions 309
A7 Functiona 310
A.8 Settings 311

321
337

A.10
A.11 d Values 338
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A Appendix

Al

Ordering Information and Accessories

A.1.1 Ordering Information

A.1.2 Accessories

C)O

N

Voltage Transform- Nominal Values

er Miniature Circuit

Or, ber

Breaker (VT mch) Thermal 1.6 A; magnetic 6 A

Interface Modules Exchange Modules for Interfaces Qer Number

V16e1-1AG14

RS232 C53207-A351-D641-1
RS485 C73207-A351-D642-1
FO 820 nm C73207-A351-D643-1
Profibus FMS RS 485 K C53207-A351-D603-1
Profibus FMS double ring C53207-A351-D606-1

Profibus DP RS485

C53207-A351-D611-1

Profibus DP double ring

C53207-A351-D613-1

Modbus RS485

C53207-A351-D621-1

Modbus opt. 820 nm

C53207-A351-D623-1

C53207-A351-D631-1

DNP 3.0 RS 485 < ,
DNP 3.0 820

C53207-A351-D633-1

C53207-A351-D651-1

onnector; 820 nm; multimode optical fibre -
gth: 3 km (1.9 miles)

C53207-A351-D652-1

T-connector; 1300 nm; monomode optical fibre
num length: 10 km (6.25 miles)

C53207-A351-D653-1

FQO8 with FC-connector; 1300 nm; monomode optical fibre
aximum length: 35 km (22 miles)

C53207-A351-D654-1
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A.1 Ordering Information and Accessories

Terminal Block
Covering Caps

Short-Circuit Links

Socket Housing

Mounting Bracket
for 19"-Racks

Battery

Interface Cable

DIGSI® Operating
Software

Graphical Analysis
Program SIGRA

7ST6 Manual
E50417-G1176-C251-A3

Terminal block covering cap for block type Order Number

18-pole voltage terminal, 12-pole current terminal C73334-A1-C31-1

12-pole voltage terminal, 8-pole current terminal C73334-A1-C32«1

Covering cap for terminal type Order Number

Jumper-KIT: 3 jumpers for current terminal, 6 jumpers for

voltage terminal C73334+A1-C40-1

Socket housing QrderNumber

2-pole C73334-A1-C35-1
3-pole C73334-A1-C36-1
Name Order Number

Mounting bracket C73165-A63-C200-3

Lithium battery 3 V/1 Ah, type CR 112 AA Order Number

VARTA

6127 101 501

An interface cable @and the DIGSI® software is necessary
for communicatiombetween the SIPROTEC® 4 device and
a PC or laptop: The P€ orfaptop must run MS-WINDOWS
95/98, MS-WINDOWS ME, MS-WINDOWS NT 4, MS-

WINDOWS 2000 or MS-WINDOWS XP. Order Number

Interfage cable between PC and SIPROTEC, Cable with 9-

pin maleffemale’Connectors 7XV5100-4

Softwarerfor setting and operating SIPROTEC® 4 devicesOrder Number of DIGSI®
Protection Operation and
Configuration Software

DIGSI®, basic version with licenses for 10 PCs 7XS5400-0AA00

DIGSI®, complete version with all option packages 7XS5402-0AA0

Software for graphical visualization, analysis, and evalua-
tion of fault data. Option package of the complete Version

of DIGSI® Order Number

Graphical analysis program SIGRA®; Full version with

license for 10 computers 7XS5410-0AA0

201



A Appendix

Display Editor

Graphic Tools

DIGSI REMOTE 4

SIMATIC CFC 4

292

Software for creating basic and power system control pic-
tures. Option package of the complete version of DIGSI® Order Number O

Display Editor 4; Full version with license for 10 PCs 7XS5420-0AA0

Graphical software to aid in the setting of characteristic
curves and provide zone diagrams for overcurrent and dis-

tance protective devices. Option package of the complete *
version of DIGSI®. Order Numbe
Graphic Tools 4; Full version with license for 10 PCs 7XS54
Software for remotely operating protective devices via a
modem (and possibly a star connector) using DIGSI®.
Option package of the complete version of DIGSI® rder Number
DIGSI REMOTE 4; Full version with license for 10 PCs;
Language: English, German, French, Spanish XS5440-1AA0
Graphical software for setting interlocki
control conditions and creating additio ions. Option
package of the complete version of DI Order Number
SIMATIC CFC 4; Full version with li or 10 PCs 7XS5450-0AA0

L 4 \< ,

7ST6 Manual

E50417-G1176-C251-A3



A.2 Terminal Assignments

A.2 Terminal Assignments

A.2.1 Panel Flush Mounting or Cubicle Mounting

7ST6I*1/5 e .

I
Q3 11* *) BO1 R3
S ™ R == IS
1

; feeder, t

er or busbar voltage

BI1

BO14 mé :
I
o158 L —k1s
T
'_21_l_:|
BO26 — & : J
BO25 »_\r:?;_:_:uz
I

BO24$ 1 4
BO16¢————+1J5
BO17¢ 1+ U6
BO18 ¢+ [J7
BO194-~——( U8
BO20 ¢~ [—1J9
BO21 ¢-———————{1J10
BO22 $-~————( UM
BO23 L— L y12

24 mA —o |
8 D1 Life Contact ﬁ—:g F3
) Q ; F4

Power Supply o) |

Service Interface

%, -
® E System Interface ﬁ ]

distance/voltage protection

Time Synchronization

I
ér
a1

Note: U1 is the reference voltage for the protection function

Operating Interface

I
I
I
I €L
Earthing on the Rear (5 | N
I
I

Wall

Figure A-1 Connection diagram for 7ST61*1/5 (panel flush mounted or cubicle mounted)
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7ST61*3/7 T T T T T T T i

Qs ' 2 - *) BO2 °~——1—{R5
| | *) Fast
Q6 T I_—y—l R6
e L Bo2z e
| *11: feeder current
Qs ! | K9 12: neg. feeder current
BO3 —~——L K10 13: current for deicing

|
*x |
R13 | ut BO4 ¢~ L [1K11 **U1: feeder or busbar voltage
R14 ! U2: neg. feeder voltage

U3: voltage for synchrocheck

distance/voltage protection

Operating Interface

! L
Earthing on the Rear 5 : -
Wall !
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A.2 Terminal Assignments

7ST63* Part 1

N

Q3+
Q4 1+
Q51
Q6 1+
Q7
Q8 [

R13 [
R14 1+
R15 [
R16 1
R17 1+
R18 1

F5 1+
F6 1
F7
F8 1
FO CH
F10 1+
R1 T+
R2

P11+
P2
P3 [}

P43
P53
Y —

*) BO1 —>—+—{"1R3  *Fast
‘———:| R4
*) BO2 —~— [ 1R5
|———:I R6
* I1: feeder current

BO22 —~—+—{1P8
|———|:I P9
12: neg. feeder current

BO3 —~ L P10 13: current for deicing

BO4 ¢~ L P11 ** U1: feeder or busbar voltage
U2 U2: neg. feeder voltage
~— .
BO5 ¢ —1P12 U3: voltage for synchrocheck .

BO6 [;—: P13
BO7 ¢~——{ P14
BOS¢ i P15
B P16
BI2 BO9 ¢— &———1P17

BI3 l—g_
Bl4 BO10 3 —{ P18

BI5

N

®

*
*

U1

*
*

%

BO21 "
mg
Bl6

] T

X110

distance/voltage protection

I———|:I J12

1 @
ue Next Figure Continue Next Figure
\@Jre A-3 Connection diagram for 7ST63 part 1 (panel flush mounted or cubicle mounted)

L 4

X
©
Note: U1 is the reference voltage for the protection function
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7ST63* Part 2

Continued from Continued from
Previous Figure Previous Figure
@ @
H1 [ H BI26
G1 (-
H2 1+ BI27 —G2 E+))
H3 BI28
BO30
Ha C—H BI29 im m— e
H6 [ H BI30
H7 CH BI31 BO31 hj_ G4
H8 1+ BI32 . @
BO32 —
H9 BI33 ,_j[ H18
H5 1+
H10 CH BI34 BO33 _j[_ C1H17
L I — BI35
H12 = BI36 BO34 —~—m———[1G7
H13 1 BI37 BO35 E;—:I G9
H14 —_1G8
H15 :_:Z_I BI38 BO36 —>~—+—_1G11
H16 1 |_——III G12
) 23
Life Contact — ]
24 mA 4
et B L SR
+) Q1+ Power Supply

L 4

>
\\\O
O

<<>Q’

L 4
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A.3 Connection Examples

O

A.3.1 Connection of Measured Values 0

A.3 Connection Examples

N 23
S

Flush Mounte
i |
P2 ° Q3 i |
g S2 I
P1 .
|
| |
|
|
| |
|

Figure A-5 C n 7ST61*1/5 (single-phase)

Flush Mounted/Cubche

P2 Q3 ;

A N n a R13!
+ L R15 |
R16 !
R17;
=i 8 ; fw’\(\(\_|
'S 7ST6**3/7
Figure A-6 Measured value connection in 7ST6**3/7 (single-phase) with synchro-check
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Catenary

R _ Negative Feeder C
l A A

C

i I
n n
g é Flush Mounted/Cubicle ¢
a a i | %
P2 i |
S2
st J - i
P1 P2 1 .
S2
AN i )
7ST6**3/7
Figure A-7 Measured value connecti *3/7 for auto-transformer systems

Catenary
Negative Feeder

Q3!

P2
g 52 Q4 W\_‘ 1
p

ZE’ I ngé L

’\() a Flush Mounted/Cubice

A N n a
\ —— Y YY j _l__/YY\’\ R14 : U1
) N n a R151
| u2
]
R
7ST6**3/7
Figure A-8 Measured value connection in 7ST6**3/7 for auto-transformer systems with
synchro-check
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A.4 Current Transformer Requirements

A.4  Current Transformer Requirements

The requirements to the feeder current transformers are normally determin
overcurrent protection, especially by the setting of the high-set stage. Furthermere,
there is a minimum requirement, which is an experimental value.

The recommendations for dimensioning are in accordance with IEC 60044-1.

For the conversion of the requirements to the knee-point voltage and otherfransformer
categories, reference is made to IEC 60044-6, BS 3938 and %EE C 57.13.

N
>
S

inimum operational overcurrent factor

A.4.1 Overcurrent Factors

Oper'atlonal and Required minimum operational
Nominal Overcur- overcurrent factor

rent Factor

primary pickup value of the high-set
stage

primary CT rated current

Resulting rated overcurrent factor

_ Regc+ Rt o
Ren + Ret
Q where
\ n Rated overcurrent factor
@ Rgc connected burden (device and connec-
tion lead)
O Ren Rated load

. Ret Internal transformer load
Calculation T
Example according 0 06+3
to IEC 60044-1 — 9 n= ?-20=9

=0.6 Q (device and connection leads)
Rg=3Q
an=5Q (5 VA) n with 10 selected,

\ therefore: 5P10. 5 VA
with
Iy = secondary nominal transformer current
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A Appendix

A.5 Default Settings
When the device leaves the factory, a large number of LED indications, binary in
and outputs as well as function keys are already preset. They are summarised in'the
following table.
L 4
A.5.1 LEDs
Table A-1 LED Indication Presettings %
LEDs Allocated Func- | Function No.
tion
LED1 HS O/C TRIP 4293 HSOICT
LED2 Dis.Trip 21 3810 Dist.: T
LED3 Dis. Trip Z2K 3930 Dis ne Z2 (short circuit)
LED4 Dis. Trip Z2L 3931 Di zone Z2 (overload)
LED5S Dis TRIP Z3K 13903 i . TRIP Zone Z3 (short cir-
LED6 Dis TRIP Z3L 13904 rot. TRIP Zone Z3 (overload)
LED7 Emer.Gen.Trip 2141 merg. O/C protection: General Trip
LED8 O/C TRIP 7211 Overcurrent General TRIP command
LED9 ThOverload TRIP |15 Thermal Overload TRIP
LED10 BrkFailure TRIP 14 Breaker failure TRIP
LED11 Defrost TRIP 1 Defrosting Protection TRIP
LED12 HS O/C PICKUP HS O/C PICKED UP
Dis. PICKUP Distance PICKED UP
Emer.Gen.F, Emerg. O/C prot.: General fault
detect.
O/C PIG 7161 Overcurrent PICKED UP
O/L ® Alar 1516 Overload Alarm! Near Thermal Trip
LED13 AR in progress 2801 Auto-reclose in progress
Th-AR 2805 Th-AR: Thermal AR in progress
LED14 > er VT | 361 >Failure: Feeder VT (MCB tripped)
>V 13951 >U feeder side VT MCB tripped
‘§ 13952 >U reference side VT MCB tripped
L 4
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A.5 Default Settings

A.5.2 Binary Input

7ST6 Manual

E50417-G1176-C251-A3

Table A-2 Binary input presettings for all devices and ordering variants
Binary Input Allocated Func- | Function No. Description
tion
BI1 >FAIL:Feeder VT | 361 >Failure: Feeder VT (MCB tripped)
BI2 >VT MCB UF 13951 >U feeder side VT MCB tripped
BI3 >Reset LED 5 >Reset LED 2 2
Bl4 >Dis.Z1 act. 3901 >Dist.: Zone s active
BIS >DisZ1str act 3900 >Dist.: 2 roke is active
BI6 >Dis. Z2 act. 3903 >Dist.: ctive
BI7 >DisZ2str act 3902 >Dist.; troke is active
BI8 >Dis Z3 act 3907 >Dist. active
BI9 >Dis Z3str act 3906 >D Z3 stroke active
BI10 >Cat.1 active 6605 i atenary is active
BI11 >Cat.2 active 6604 d catenary is active
BI12 >Cat.3 active 6603 ird catenary is active
Table A-3 Further binary input presettings
Binary Input Allocated Func- Description
tion
BI13 >Ctrl Select. >Select: Control by Bl or SYS inter-
face
BI15 >Time Synch >Synchronize Internal Real Time
Clock
BI17 >Set Group >Setting Group Select Bit 0
BI18 >Set Group 8 >Setting Group Select Bit 1
BI120 >CB 13860 >CB-Test: Start TRIP cycle
BI21 >C 13861 >CB-Test: Start TRIP-CLOSE cycle
Bl122 4601 >Breaker contact (OPEN, if bkr is
open)
BI23 NC 4602 >Breaker contact(OPEN, if bkr is
closed)
2730 >Circuit breaker READY for reclosing
2701 >Auto reclose ON
2702 >Auto reclose OFF
2901 >Switch on synchro-check function
2902 >Switch off synchro-check function
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A.5.3 Binary Output

302

Table A-4

Output relay presettings for all devices and ordering variants

Binary Output

Allocated Func-
tion

Function No.

Description

BO1 Protection TRIP 13992 General protective TRIP of device
BO2 With a 2-channel - -

TRIP command

control of the high-

speed overcurrent

protection function

the BO2is assigned

like BO1. Usually it

BO2 is not as-

signed.
BO3 BrkFailure TRIP 1471 Breakerfailure TRIP

CB-TESTTRIP M |13862 CB-festy, TRIP command main trip

element

BO4 AR in progress 2801 Auto-reglose in progress

Th-AR in prog 2805 Th-AR: Thermal AR in progress
BO5 Emer.Gen.Trip 2141 Emerg. O/C protection: General Trip
BO6 O/C TRIP 7211 @vercurrent General TRIP command
BO7 ThOverload TRIP 1521 Thermal Overload TRIP
BO8 Defrost TRIP 13967 Defrosting Protection TRIP

Table A-5 F

urther output relay presettings for 7ST61* 1/5 and 7ST61* 3/7

Binary Output | Allocated Func-£| Fumction No. Description
tion
BO9 Dis.Gen. Tiip 3801 Distance protection: General trip
BO10 Dis. Z1 act. 3915 Dist.: Zone Z1 is active
BO11 Dis.Z1str aet 3916 Dist.: Zone Z1 stroke is active
BO12 Dis.Z2 aet: 3917 Dist.: Zone Z2 is active
BO13 Dis.Z2stract 3918 Dist.: Zone Z2 stroke is active
BO14 DisgZ3 act 3991 Dist.: Zone Z3 is active
BO15 Dis. Z3str act 3992 Dist.: Zone Z3 stroke is active
BO16 Catidactive 6616 First catenary is active
BO17 Caty2 active 6617 Second catenary is active
BO18 Cat. 3 active 6618 Third catenary is active
BO19 Relay CLOSE 510 General CLOSE of relay
BO20 O/L ® Alarm 1516 Overload Alarm! Near Thermal Trip
BO21 Fai. TEMPSENS 158 Failure of outdoor temp. sensing
B@22 B/F s.ordProt 1484 B/F: pick up superordinat.prot.relais
Table A-6 Further output relay presettings for 7ST61* 1/5
Bimary Output | Allocated Func- | Function No. Description
tion
BO28 Device OK 51 Device is Operational and Protecting
Table A-7 Further output relay presettings for 7ST61* 3/7
Binary Output | Allocated Func- | Function No. Description
tion
BO23 Device OK 51 Device is Operational and Protecting
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Table A-8 Further output relay presettings for 7ST63*
Binary Output | Allocated Func- | Function No. Description
tion
BO9 Dis.Trip Z1 3810 Dist.: Trip in Zone Z1
BO10 Dis. Trip Z2K 3930 Dist.: Trip in zone Z2 (shaert circuit)
BO11 Dis. Trip Z2L 3931 Dist.: Trip in zone Z2 (overload)
BO12 Dis TRIP Z3K 13903 Dist. Prot. TRIP Zone Z3 (short cir-
cuit)
BO13 Dis TRIP Z3L 13904 Dist. Prot. TRIP,Zone Z3 (overload)
BO15 B/F s.ordProt 1484 B/F: pick up Superardinat.prot.relais
BO17 Dis. Z1 act. 3915 Dist.: ZoneyZ1 is active
BO18 Dis.Z1str act 3916 Dist.: Zone Zstroke is active
BO19 Dis.Z2 act. 3917 Dist.: Zone Z2,is active
BO20 Dis.Z2str act 3918 Dists. Zone Z2 stroke is active
BO21 Dis. Z3 act 3991 Dist.: Zene Z3 is active
BO22 Dis. Z3str act 3992 Dist.: Zone Z3 stroke is active
BO24 Cat. 1 active 6616 First catenary is active
BO25 Cat. 2 active 6617 Second catenary is active
BO26 Cat. 3 active 6618 Third catenary is active
BO27 Relay TRIP 51% Relay GENERAL TRIP command
BO28 Relay CLOSE 510 General CLOSE of relay
BO29 O/L ® Alarm 1516 Overload Alarm! Near Thermal Trip
BO30 Fail. TEMPSENS 158 Failure of outdoor temp. sensing
BO32 CB-TEST TRIP M1} 13862 CB-Test: TRIP command main trip
element
CB-TEST TRIP B, 13863 CB-Test: TRIP command backup trip
elem.
BO33 CB-TESI. CLOSE) | 13864 CB-Test: CLOSE command main trip
M element
CB=TEST CLOSE B | 13865 CB-Test: CLOSE command backup
trip elem.
BO37 Devicg,OK 51 Device is Operational and Protecting

A.5.4 Function Keys

Table A=9 Applies to all devices and ordered variants
Fufiction Keys | Allocated Func- | Function No. Description
tion

Fl Display of Opera- |- -
tional Indications

F2 Operating Mea- - -
sured Values,
Primary

F3 An overview of the |- -
last eight network
faults

F4 Not assigned - -

7ST6 Manual
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A.5.5 Default Display

C)Q

4-line Display Table A-10 This selection is available as start page which may be configured.
Page 1 L 4
I: 5000 A U: 150.0 kv
¢: 00 ° \%
Page 2
P: 0000.00 kW
Q: 0000.00 kVAR
f: 00.00 Hz:
Page 3
g Z:
R: 00.00 Q
X:

Graphic Displa
P play DEFAULT DISPLAY 1/1 DEFAULT D A

I: 5000A

IF: 5000A( Id:Ws000A

IX: 5000 s: 5000A

@
l Xbove examples of basic displays may deviate, depending on the configuration,
with regard to information contents and extent.
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Spontaneous Dis-
plays

7ST6 Manual

E50417-G1176-C251-A3

Spontaneous displays are fault indications which appear in the display automati
following a general fault detection or trip command of the device. In the case of
they are the following:

+SIEIF TRIP*: Protective function that tripped,;

»PU Time*“: Operating time from the general pickup to t pout
of the device, in ms;

» TRIP Time®: Operating time from general pickup to thedirst trip
command of the device, in ms;

LXpri =« X (primary) (Xpri=); \%
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A5.6 Pre-defined CFC Charts

Device and System
Logic

Some CFC charts are already supplied with the SIPROTEC 4 device. Depending on
the variant the following charts may be implemented:

Some of the event-controlled logical allocations are created with blocks of the slow
logic (PLC1_BEARB = slow PLC processing). This way, the binary input ,Data Stop*
is modified from a single point indication (SP) into an internal single point indication
(IntSP) by means of a negator block.

With double point indication ,EarthSwit.“ = CLOSE an indication saying
LJArEARTHED" ON and with ,EarthSwit.“ = OPEN or INT the indication ;fdrEARTHED"
OFF is generated.

From the output indication ,definite TRIP* the internal indicationgBrkOPENED" is gen-
erated. As indication ,definite TRIP* is only queued for 500%ms, indication ,Device Brk
OPENED" is also reset after this time.

“IN: Device >Data Stop SP”

“OQUT: Control Device Unlock DT IE”

“OUT: Device F&ArEARTHED IE”

“IN: Control Device Q8 Earth Swit DP”

CONNECT

“IN: P.System Data 2 Final Trip OUT”

Verbindung

“QUT: Device Brk OPENED. IE”

Figure A-10  Allocation ofyinputand output with blocks of level System Logic
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Interlocking With blocks of level Interlocking (SFS_BEARB = interlocking), standard interlockin

The circuit breaker can only be closed if

« the circuit breaker is set to OPEN or CLOSE and 0
« the disconnector is set to OPEN or CLOSE and

« the earth switch is set to OPEN or CLOSE and S

» the disconnector and the earth switch are not set to CLOSE he same time and
« the input indication ,,CB wait" is set to OPEN and
« the input indication ,Door open“ is set to OPEN.

The disconnector can only be closed if: @
« the circuit breaker is set to OPEN and
« the earth switch is set to OPEN and

« the disconnector is set to OPEN or CLOSE a

« the input indication ,Door open” is set to

The disconnector can only be opened if:

« the circuit breaker is set to OPEN a

 the disconnector is set to OPE L and
« the earth switch is set to OP
« the input indication,Door op

The earth switch can only b
« the circuit breaker is set and

If the above requir s are not fulfilled, the actions of the switch commands will be

blocked with Wages by DIGSI®.
0\< ’

O
Q>®

L 4
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Worksheet 1

“IN: Control Device Breaker DP” “Interlocking (A) \ 17, X1”

“Interlocking (A) \ 16, X1”

“Interlocking (A) \ 15, X1”

“IN: Control Device Breaker DP”

“IN: Control Device Disc. Swit. DP”

“IN: Control Device Disc. Swit. DP”

“IN: Control Device Earth Swit DP”

“IN: Control Device Earth Swit DP” . Control Device 52 Close IE”

“IN: Process Data > CB wait SP”
“IN: Process Data >Door open SP”

“Interlocking (A) \ 14, X”

“Interlocking (A) \ 15, X4”
“Interlocking (A) \ 17, X4”
“Interlocking (A) \ 16, X4”

Worksheet 2 (continuation of Worksheet 1)

“Interlocking (A)\ 12 Y “OUT: Control Device 52 OPEN IE”

“Interlocking (A) \ 5 Y Indication™
“Interlocking (A) \ 8 Y~

“Interlocking (A)\ 12 Y
“Interlocking (A) \ 1 Y Indication™

“OUT: Control Device Disc. Swit. CLOS IE’

“OUT: Control Device Disc. Swit. OPEN IE’

“Interlocking (A)\ 8 Y~
“Interlocking (A)\ 12 Y

“Interlocking (A) \ 10 Y
“Interlocking (A)\ 1 Y Indication.’

“Interlocking (A)\ 3 Y Indication” s0 50 X “OUT: Control Device GndSwit. CLOS IE”
“Interlocking (A)\ 12'Y” & I B [— “OUT: Control Device GndSwit. OPEN IE”

Standard interlocking for circuit breaker (Breaker), disconnector (Disc. Swit.) and earth switch (GndSwit.)
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A.6  Protocol-dependent Functions
Protocol — IEC 60870-5-103 PROFIBUS FMS PROFIBUS DP DNP3.0 Additi Q
Function ¢ Senvice
Inter
(optional)
Operational Mea- |Yes Yes Yes Yes Yes.
sured Values
Metered Values Yes Yes Yes Yes
Fault Recording Yes Yes No. Only via addi- Yes
tional service inter-
face
Remote Protection |No. Only via addi- |Yes No. Only via addi- Yes
setting tional service inter- tional service inter-,
face face
User-defined an- Yes Yes Predefined ,U Yes
nunciations and ~User-defined
switching objects Annunciations*
in CFC
Time Synchroniza- |Via protocol; Via protocol; Via protocol; -
tion DCF77/IRIG B; DCF77/IRIG B; DCF77/IRIG B;
Interface; Binary Interface; Binary Interface; Binary
Input Input Input
Messages with Time | Yes Yes Yes Yes
Stamp
Commissioning Tools
Measured Value In- |Yes Yes No Yes
dication Blocking
Creating test mes- |Yes Y No No Yes
sages
Physical Mode Asynchronous onous Asynchronous Asynchronous |-
Transmission Mode |Cyclically/Event ally/Event Cyclically Cyclically/Event |-
Baud Rate 0 1.5 MBaud Up to 1.5 MBaud 2400 to 19200 |2400 to
115200
Type RS485 fibre optic RSA485 fibre optic  |RS485 fibre RS232/RS48
cable cable optic cable 5
Double ring Double ring
L 4
7ST6 Manual
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A.7  Functional Scope

O

Addr. Parameter Setting Options Default Setting Comments
103 Grp Chge OPTION Disabled Enabled Setting Group Change Optio
Enabled
104 OSC. FAULT REC. Disabled Enabled Oscillographic Fault Records
Enabled ¢
113 DISTANCE CURVE Quadrilateral Combined Distance Curve
Combined
122 InrushRestraint Disabled Enabled 2nd Harmoni
Enabled
124 FCT HS O/C Disabled Enabled Instant;
Enabled tection
126 Back-Up O/C Disabled Enabled B current
Enabled
127 FCT Emerg. O/C Disabled Enabled rgency Overcurrent Protec-
Enabled
133 Auto Reclose Disabled Enabled to-Reclose Function
Enabled
135 Synchro-Check Disabled Enabl Synchronism and Voltage Check
Enabled
137 O/U VOLTAGE Disabled Ena Under / Overvoltage Protection
Enabled
138 Fault Locator Disabled | Fault Locator
Enabled
139 BREAKER FAILURE Disabled ed Breaker Failure Protection
Enabled
140 Trip Cir. Sup. Disabled Disabled Trip Circuit Supervision
Enabled
141 FCT It-Calc. Disable Start by TRIP It Function (ampere-seconds)
142 Therm.Overload Disabled Thermal Overload Protection
143 Temp.Sens Disabled Ambient Temperature Sensing
0 +55 °C
to +55 °C
144 FCT DEFROSTING Disabled Disabled Defrosting Protection Function
@ Enabled
L 4
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A.8  Settings
Addresses which have an appended "A" can only be changed with DIGSI, -
ditional Settings.
The table indicates region-specific presettings. Column C (configuration) in sthe
corresponding secondary nominal current of the current transformer.
L 4
Addr. Parameter Function C Setting Options Default Setting Comments
201 CT Starpoint P.System Data 1 towards Line towards Line point
towards Busbar
202 CT PRIMARY P.System Data 1 10 .. 5000 A 1000 A C ted Primary Current
203 CT SECONDARY P.System Data 1 1A 1A ated Secondary Current
5A
204 Unom PRIMARY P.System Data 1 1.0 .. 150.0 kV 15.0 kV Rated Primary Voltage
205 Unom SECONDARY P.System Data 1 50.0 .. 130.0 V 100.0 V Rated Secondary Voltage (Ph-
Ph)
206 IF CT STARPOINT P.System Data 1 towards Line towar IF CT Starpoint
towards Busbar
207 IF CT PRIMARY P.System Data 1 10 .. 5000 A CT Rated Primary Current IF
209 UF PRIMARY P.System Data 1 1.0 .. 150.0 kv Rated Primary Voltage UF
210 UF SECONDARY P.System Data 1 50.0 .. 130.0 V Rated Secondary Voltage UF
211 IX CT STARPOINT P.System Data 1 towards Line IX CT Starpoint
towards Busbar
212 IX CT PRIMARY P.System Data 1 10 .. 5000 A 1000 A CT Rated Primary Current IX
213 CURRENT 11, 12 P.System Data 1 Separate 11, Separate 11, 12 Current Inputs 11, 12
Sum 11, 12
215 Uline/Uref P.System Data 1 1.00 Matching Ratio Uline / Uref
230 Rated Frequency P.System Data 1 50 Hz Rated Frequency
234 No. SECTIONS P.System Data 1 1 Section Number of Line Sections
8 Sections
Sections
b Sections
without
235 No.SECTIONS REV P.System Data 1 1 Section without Number of Line Sections
2 Sections Reverse
3 Sections
4 Sections
5 Sections
without
236 Distance Unit ta 1 km km Distance measurement unit
Miles
237 T CB BREAKTIME Data 1 0.001 .. 0.600 sec 0.080 sec Breaktime (Circuit Breaker)
238 T CB OPENING P.System Data 1 0.001 .. 0.200 sec 0.030 sec Opening Time (Circuit Breaker)
239 T-CB close System Data 1 0.01 .. 0.60 sec 0.06 sec Closing (operating) time of CB
240A P.System Data 1 0.01 .. 32.00 sec 0.15 sec Minimum TRIP Command Dura-
tion
241A P.System Data 1 0.01 .. 32.00 sec 1.00 sec Maximum Close Command Du-
ration
242 P.System Data 1 0.10 .. 30.00 sec 0.10 sec Dead Time for CB test-autoreclo-
sure
243 TEST Cﬁ CIRCUIT P.System Data 1 Main Trip Main Trip Trip Circuit Test
Backup Trip
Both
2 | CONTROL P.System Data 1 Edge Edge Control of BI for Changeover
Level Functions
BkrClosed | MIN P.System Data 1 1A 0.04..1.00 A 0.04 A Closed Breaker Min. Current
5A  |0.20..5.00 A 0.20A Threshold
Ir-CB P.System Data 1 10 .. 50000 A 1250 A Rated Normal Current (Circuit
Breaker)
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Addr. Parameter Function C Setting Options Default Setting Comments
261 OP.CYCLES AT Ir P.System Data 1 100 .. 1000000 10000 Switching Cycles at Rated
Normal Current
262 Isc-CB P.System Data 1 10 .. 100000 A 25000 A Rated Short-Circuit Breakin
Current CB
263 OP.CYCLES Isc P.System Data 1 1..1000 50 Switch. Cycles at Rated Shert-
Cir. Curr.
302 CHANGE Change Group Group A Group A Change to Another Setting
Group B Group
Group C Y
Group D
Binary Input
Protocol
402A WAVEFORMTRIGGER | Osc. Fault Rec. Save w. Pickup Save w. Pickup Wavef a
Save w. TRIP
Start w. TRIP
403A WAVEFORM DATA Osc. Fault Rec. Fault event Fault event
Pow.Sys.Flt.
410 MAX. LENGTH Osc. Fault Rec. 0.30 .. 5.00 sec 1.00 sec
411 PRE. TRIG. TIME Osc. Fault Rec. 0.05 .. 0.50 sec 0.10 sec Cgptured Waveform Prior to
rigger
412 POST REC. TIME Osc. Fault Rec. 0.05 .. 0.50 sec 0.10 sec Captured Waveform after Event
415 Binin CAPT.TIME Osc. Fault Rec. 0.10 .. 5.00 sec; © 0.50 sec Capture Time via Binary Input
610 FltDisp.LED/LCD Device Target on PU Tar PU Fault Display on LED / LCD
Target on TRIP
615 Spont. FltDisp. Device NO Spontaneous display of flt.an-
YES nunciations
620 T Backlight on Device 1..1000 min 60 Time Backlight on
699A TO IV-Bit T103 Device 0 .. 1500 min in Timeout IV-Bit T103
1110 X1 P.System Data 2 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance per Unit Length 1st
5A | 0.01..10.00 O 04 Q/km Section
1111 d1l P.System Data 2 1.00 .. ; 20.00 km Line Length 1st Section
1112 X2 P.System Data 2 1A 0.05 450.00/0/km 0.20 Q/km Reactance per Unit Length 2nd
5A | 001 Q/km 0.04 Q/km Section
1113 d2 P.System Data 2 1. 20 km; 0 20.00 km Line Length 2nd Section
1114 X3 P.System Data 2 1A Q/km 0.20 Q/km Reactance per Unit Length 3rd
5A 0 Q/km 0.04 Q/km Section
1115 d3 P.System Data 2 1) 00.00 km; O 20.00 km Line Length 3rd Section
1116 X4 P.System Data % 5 .. 50.00 Q/km 0.20 Q/km g:;(i:;arl]nce per Unit Length 4th
1..10.00 Q/km 0.04 Q/km
1117 d4 1.00 .. 200.00 km; O 20.00 km Line Length 4th Section
1118 X5 0.05 .. 50.00 Q/km 0.20 Q/km Reactance per Unit Length 5th
0.01 .. 10.00 Q/km 0.04 Q/km Section
1119 ds 1.00 .. 200.00 km; 0 20.00 km Line Length 5th Section
1130 X1 REV 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 1th
0.01 .. 10.00 Q/km 0.04 Q/km Section Rev
1131 dl REV 1.00 .. 200.00 km; O 20.00 km Line Length 1th Section Reverse
1132 X2 REV 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 2th
0.01 .. 10.00 Ykm 0.04 Q/km Section Rev
1133 d2 REV 1.00 .. 200.00 km; O 20.00 km Line Length 2th Section Reverse
1134 X3 REV P.System Data 2 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 3th
5A | 0.01..10.00 km 0.04 Q/km Section Rev
1135 d3 REV & P.System Data 2 1.00 .. 200.00 km; O 20.00 km Line Length 3th Section Reverse
P.System Data 2 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 4th
5A | 0.01..10.00 km 0.04 Q/km Section Rev
P.System Data 2 1.00 .. 200.00 km; O 20.00 km Line Length 4th Section Reverse
P.System Data 2 1A 0.05 .. 50.00 Q/km 0.20 Q/km Reactance Unit Length 5th
5A | 0.01..10.00 km 0.04 Q/km Section Rev
P.System Data 2 1.00 .. 200.00 km; O 20.00 km Line Length 5th Section Reverse
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Addr. Parameter Function C Setting Options Default Setting Comments
1150A | SI Time Man.ClI P.System Data 2 0.01 .. 30.00 sec 0.30 sec Seal-in Time after MAN -
sures
1151 SYN.MAN.CL P.System Data 2 with Sync-check w/o Sync-check Manual CLOSE CO
w/o Sync-check generation
NO
1160 X1 P.System Data 2 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance per Uni 1st
5A | 0.01..16.00 O/mi 0.06 /mi Section
1161 d1l P.System Data 2 0.60 .. 124.00 Miles; 0 12.50 Miles Line Length 1st %ction
1162 X2 P.System Data 2 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance per Unit Length 2nd
5A 0.01 .. 16.00 Q/mi 0.06 Q/mi
1163 d2 P.System Data 2 0.60 .. 124.00 Miles; 0 12.50 Miles
1164 X3 P.System Data 2 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi ance per Unit Length 3rd
5A 0.01 .. 16.00 Q/mi 0.06 Q/mi
1165 d3 P.System Data 2 0.60 .. 124.00 Miles; 0 12.50 Miles e Length 3rd Section
1166 X4 P.System Data 2 1A 0.05 .. 80.00 Q/mi 0.30 Q/mi Reactance per Unit Length 4th
5A | 0.01..16.00 Q/mi 0.06 /i Section
1167 d4 P.System Data 2 0.60 .. 124.00 Miles; 0 12.50 Miles Line Length 4th Section
1168 X5 P.System Data 2 1A 0.05 .. 80.00 Q/mi Reactance per Unit Length 5th
5A | 0.01..16.00 O/mi 0, Section
1169 d5 P.System Data 2 0.60 .. 124.00 Miles; Q Line Length 5th Section
1180 X1 REV P.System Data 2 1A 0.05 .. 80.00 Q/mi Reactance Unit Length 1th
oA 0.01 .. 16.00 /mi Section Rev
1181 dl REV P.System Data 2 0.60 .. 50 Miles Line Length 1th Section Reverse
1182 X2 REV P.System Data 2 1A 0.05 .. 80.00 O 0.30 Q/mi Reactance Unit Length 2th
5A | 0.01..16.00 ['0.06 o/mi Section Rev
1183 d2 REV P.System Data 2 0.60 .. 12.50 Miles Line Length 2th Section Reverse
1184 X3 REV P.System Data 2 1A 0.30 Q/mi Reactance Unit Length 3th
5A 0.06 O/mi Section Rev
1185 d3 REV P.System Data 2 . 124.00 Miles; 0 12.50 Miles Line Length 3th Section Reverse
1186 X4 REV P.System Data 2 .. 80.00 Q/mi 0.30 Q/mi Reactance Unit Length 4th
~16.00 CYmi 0.06 Q/mi Section Rev
1187 d4 REV P.System Data 2 .. 124.00 Miles; 0 12.50 Miles Line Length 4th Section Reverse
1188 X5 REV P.System Data 2 .. 80.00 Q/mi 0.30 Q/mi Reactance Unit Length 5th
- 16.00 Q/mi 0.06 Q/mi Section Rev
1189 d5 REV P.System Data 2 0.60 .. 124.00 Miles; 0 12.50 Miles Line Length 5th Section Reverse
1201 FCT Distance Distance \ ON ON Distance protection is
OFF
1202 Minimum Iph> istan rot. 1A 0.1..20A 0.1A Phase Current threshold for dist.
5A  |0.5.100A 05A meas.
1205 CHANGE ZONE t. Binary Input Protocol Change to Zone
Protocol
Setting
Blocked
1207 R1 Strk stance prot. 1A 0.20 .. 250.00 Q 5.00 Q Resistance R Zone Z1 Reverse
5A 0.04 .. 50.00 © 1.00 Q
1208 R1 St ev Distance prot. 1A 0.20 .. 250.00 Q 5.00 Q Resistance R Zone Z1 Stroke
5A | 0.04..50.00 Q 1.00Q Reverse
1210 Rel. T2K Distance prot. di OR du di OR du Release of TK of Zone Z2
di AND du
1211 Rest. di/dt 22 Distance prot. 0.0..05 0.0 Restraint Factor of di/dt-Stage Z2
1217 R2 Strk@y Distance prot. 1A 0.20 .. 250.00 Q@ 10.00 Q Resistance R Zone Z2 Reverse
5A 0.04 .. 50.00 O 2.00Q
1 2 Strk Reverse Distance prot. 1A 0.20 .. 250.00 Q 10.00 Q Resistance R Zone Z2 Stroke
5A  |0.04.50000 2000 Reverse
220 Rel. T3K Distance prot. di OR du di OR du Release of TK of Zone Z2
di AND du
1221 Rest. di/dt Z3 Distance prot. 0.0..05 0.0 Restraint Factor of di/dt-Stage Z3
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Addr. Parameter Function C Setting Options Default Setting Comments
1227 R3 Strk Distance prot. 1A 0.20 .. 250.00 Q 15.00 Q Resistance R Zone Z3 Reverse
5A 0.04 .. 50.00 Q 3.00 Q
1228 R3 Strk Reverse Distance prot. 1A 0.20 .. 250.00 Q 15.00 Q Resistance R Zone Z3 Stro|
5A  |0.04.50000 3000 Reverse
1232 SOTF zone Distance prot. PICKUP Inactive Instantaneous trip after Swit
Overreach Zone OnToFault
Inactive
1240 1st Recl. Z1B Distance prot. NO YES Enable Zone Z1B for 1st Reclo-
YES sure Cycle
1301 Op. Mode Z1 Distance prot. Forward Forward Operating Mo ance Zone
Forward ext. zZ1
Reverse
Non-Directional
Inactive
1302 Zone Sel. Z1 Distance prot. Z active Z active
Z Strk active
1306 T1 Distance prot. 0.00 .. 30.00 sec; « 0.00 sec
Distance prot.
1308 R1 Distance prot. 1A 0.20 .. 250.00 Q 5.00 Q Resistance R Zone Z1
5A 0.04 .. 50.00 Q 1.00 Q
1309 X1 Distance prot. 1A 0.20 .. 250.00 Q Reactance X Zone Z1
5A 0.04 .. 50.00 Q
1310 Z1 Distance prot. 1A 0.20 .. 250.00 Q Impedance Z Zone Z1
5A 0.04 .. 50.00 Q
1311 ALPHA Z1 Distance prot. -70..75° Angle Limitation Alpha Zone Z1
1312 BETA Z1 Distance prot. 70..145°0 Angle Limitation Beta Zone Z1
1313 GAMMA Z1 Distance prot. -70..40° Angle Limitation Gamma Zone

Z1

1314 R1 Reverse

Distance prot.

1A 0.20 .. 250.00

Resistance R Zone Z1 Reverse

5A 1.00 Q
1315 X1 Reverse Distance prot. 1A 0.20 . 10.00 Q Reactance X Zone Z1 Reverse
5A 2.00 Q
1316 Z1 Reverse Distance prot. 1A 10.00 Q Impedance Z Zone Z1 Reverse
2.00 Q
1317 X1 Strk Distance prot. 10.00 Q Reactance X Zone Z1 Stroke
2.00Q
1318 Z1 Strk Distance prot. 250.00 Q 10.00 Q Impedance Z Zone Z1 Stroke
50.00 Q 2.00Q
1319 X1 Strk Reverse Distance prot. .. 250.00 Q 10.00 Q Reactance X Zone Z1 Stroke
0.04 .. 50.00 O 2,000 Reverse
1320 Z1 Strk Reverse Distance p 0.20 .. 250.00 10.00 Q Impedance Z Zone Z1 Stroke
0.04 .. 50.00 O 2000 Reverse
1321 Op. Mode Z1B Distan rot. Forward Forward Operating Mode Distance Zone
Forward ext. Z1B
Reverse
Non-Directional
Inactive
1322 TiB 0.00 .. 30.00 sec; « 0.00 sec Delay Time Zone Z1B
1323 R1B 1A 0.20 .. 250.00 Q 6.00 Q Resistance R Zone Z1B
5A 0.04 ..50.00 Q 1.20Q
1324 X1B Distance prot. 1A 0.20 .. 250.00 12.00 Q Reactance X Zone Z1B
5A 0.04 ..50.00 Q 240 Q
Distance prot. 1A 0.20 .. 250.00 © 12.00 Q Impedance Z Zone Z1B
5A 0.04 ..50.00 Q 240 Q
Distance prot. 1A 0.20 .. 250.00 @ 6.00 Q Resistance R Zone Z1B Reverse
5A 0.04 ..50.00 Q 1.20Q
Distance prot. 1A 0.20 .. 250.00 12.00 Q Reactance X Zone Z1B Reverse
5A 0.04 ..50.00 Q 240 Q
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Addr. Parameter Function C Setting Options Default Setting Comments
1328 Z1B Reverse Distance prot. 1A 0.20 .. 250.00 Q 12.00 Q Impedance Z Zone Z1B,
5A 0.04 .. 50.00 Q 240 Q
1331 Op. Mode Z1L Distance prot. Forward Forward Operating Mode Di Ci
Forward ext. Z1L
Reverse
Non-Directional
Inactive
1332 TiL Distance prot. 0.00 .. 60.00 sec; « 0.40 sec Delay Time Zone Z1L
Distance prot.
1333 R1L Distance prot. 1A 0.20 .. 250.00 O 9.00 O nce R Zone Z1L
5A 0.04 .. 50.00 Q 1.80 Q
1334 X1L Distance prot. 1A 0.20 .. 250.00 O 18.00 Q X Zone Z1L
5A 0.04 .. 50.00 Q 3.60 Q
1335 Z1L Distance prot. 1A 0.20 .. 250.00 O 18.00 Q& dance Z Zone Z1L
5A 0.04 .. 50.00 Q 3.60 Q
1336 R1L Reverse Distance prot. 1A 0.20 .. 250.00 Q 9.00 Q Resistance R Zone Z1L Reverse
5A 0.04 .. 50.00 Q 1.80 Q
1337 X1L Reverse Distance prot. 1A 0.20 .. 250.00 Q 18.00 Q Reactance X Zone Z1L Reverse
5A 0.04 .. 50.00 Q
1338 Z1L Reverse Distance prot. 1A 0.20 .. 250.00 Q Impedance Z Zone Z1L Reverse
5A 0.04 .. 50.00 Q
1341 Op. Mode Z2 Distance prot. Forward Operating Mode Distance Zone
Forward ext. z2
Reverse
Non-Directio
Inactive
1342 Zone Sel. Z2 Distance prot. Z active A Z active Zone Selection Zone Z2
1343 di/dt 2 Distance prot. 05A Pickup Value of di/dt Function
25 A Zone Z2
1344 du/dt Z2 Distance prot. 20V Pickup Value of du/dt Function
Zone Z2
1345 Dead VoltThr Z2 Distance prot. 80V ?;ad Voltage Threshold for Zone
1346 T2K Distance prot. 0.80 sec Delay Time TK Zone Z2
Distance prot.
1347 T2L Distance prot. .. 60.00 sec; «© 4.00 sec Delay Time TL Zone Z2
Distance prot
1348 R2 Distan@ pro A 0.20 .. 250.00 @ 10.00 Q@ Resistance R Zone 72
5A 0.04 .. 50.00 Q 2.00Q
1349 X2 1A 0.20 .. 250.00 Q 20.00 Q@ Reactance X Zone Z2
5A 0.04 .. 50.00 Q 4.00 Q
1350 z2 1A 0.20 .. 250.00 Q 20.00 Q@ Impedance Z Zone 72
5A 0.04 .. 50.00 Q 4.00 Q
1351 ALPHA 72 -70..75° 20° Angle Limitation Alpha Zone 72
1352 BETA 72 70..145°,0 135° Angle Limitation Beta Zone Z2
1353 GAMMA 72 Distance prot. -70..40° -20° Angle Limitation Gamma Zone
z2
1354 R2 Distance prot. 1A 0.20 .. 250.00 Q 10.00 Q Resistance R Zone Z2 Reverse
5A 0.04 .. 50.00 Q 2.00Q
1355 X2 Reverse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Zone Z2 Reverse
5A 0.04 .. 50.00 Q 4.00 Q
1356 z2 Revgse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Zone Z2 Reverse
5A 0.04 .. 50.00 Q 4.00 Q
1 2 Strk Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Zone Z2 Stroke
5A 0.04 .. 50.00 Q 4.00 Q
3 Z2 Strk Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Zone Z2 Stroke
5A 0.04 .. 50.00 Q 4.00 Q
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Addr. Parameter Function C Setting Options Default Setting Comments
1359 X2 Strk Reverse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Zone Z2 Stroke
5A |0.04.50000 4000 Reverse
1360 Z2 Strk Reverse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Zone Z2 Stro
5A |0.04.50000 4000 Reverse
1361 Op. Mode Z3 Distance prot. Forward Forward Operating Mode Distance Z
Forward ext. Z3
Reverse
Non-Directional
Inactive
1362 Zone Sel. Z3 Distance prot. Z active Z active
Z Strk active
1363 di/dt Z3 Distance prot. 1A 0.0..1.0A; 05A
5A 0.0..5.0A;© 25A
1364 du/dt Z3 Distance prot. 0..100 V; w 20V
1365 Dead VoltThr Z3 Distance prot. 50 .. 100 V; 80V
1366 T3K Distance prot. 0.00 .. 30.00 sec; » 1.20 sec Time TK Zone Z3
Distance prot.
1367 T3L Distance prot. 0.00 .. 60.00 sec; « 8.00 sec Delay Time TL Zone Z3
Distance prot.
1368 R3 Distance prot. 1A 0.20 .. 250.00 Q Resistance R Zone Z3
5A 0.04 .. 50.00 Q
1369 X3 Distance prot. 1A 0.20 .. 250.00 Q Reactance X Zone Z3
5A 0.04 .. 50.00 Q@
1370 Z3 Distance prot. 1A 0.20 .. 250.00 @ Impedance Z Zone Z3
5A 0.04 .. 50.00 Q
1371 ALPHA Z3 Distance prot. -70..75° Angle Limitation Alpha Zone Z3
1372 BETA Z3 Distance prot. 70..145°0 35° Angle Limitation Beta Zone Z3
1373 GAMMA Z3 Distance prot. -20° Angle Limitation Gamma Zone
Z3
1374 R3 Reverse Distance prot. 1A 15.00 Q Resistance R Zone Z3 Reverse
5A 3.00Q
1375 X3 Reverse Distance prot. 1A 30.00 Q Reactance X Zone Z3 Reverse
5A 6.00 Q
1376 Z3 Reverse Distance prot. 1A 30.00 Q Impedance Z Zone Z3 Reverse
6.00 Q
1377 X3 Strk Distance prot. .. 250.00 Q 30.00 Q Reactance X Zone Z3 Stroke
4 ..50.00 Q 6.00 Q
1378 Z3 Strk Distance prot. .. 250.00 Q 30.00 Q Impedance Z Zone Z3 Stroke
0.04 ..50.00 Q 6.00 Q
1379 X3 Strk Reverse Distance 0.20 .. 250.00 Q 30.00 Q Reactance X Zone Z3 Stroke
0.04 .. 50.00 O 6.00 Q Reverse
1380 Z3 Strk Reverse 0.20 .. 250.00 30.00 Q Impedance Z Zone Z3 Stroke
0.04 .. 50.00 O 6.00 Q Reverse
1381 Op. Mode ZOR Forward Forward Operating Mode Overreach Zone
Forward ext.
Reverse
Non-Directional
Inactive
1382 ROR istance prot. 1A 0.20 .. 250.00 Q 10.00 Q Resistance R Overreach Zone
5A 0.04 .. 50.00 Q 2.00Q
1383 XOR Distance prot. 1A 0.20 .. 250.00 20.00 Q Reactance X Overreach Zone
¢ 5A 0.04 ..50.00 Q 4.00 Q
Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Overreach Zone
5A 0.04 ..50.00 Q 4.00 Q
Distance prot. -70..75° 20° Angle Limit. Alpha Overreach
Zone
Distance prot. 70..145° 0 135° Angle Limit. Beta Overreach

Zone
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Addr. Parameter Function C Setting Options Default Setting Comments
1387 GAMMA ZOR Distance prot. -70..40° -20° Angle Limit. Gamma Ov;
Zone
1388 ROR Reverse Distance prot. 1A 0.20 .. 250.00 Q 10.00 O Resistance R Overr
5A | 0.04..50.00 Q 2000 Reverse
1389 XOR Reverse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Reactance X Ovel ne
5A |0.04.50.00Q 4000 Reverse
1390 ZOR Reverse Distance prot. 1A 0.20 .. 250.00 Q 20.00 Q Impedance Z Overreach Zone
5A |0.04.50.00Q 4.00Q Reverse
2301 Inrush DIS >=Z2 Distance prot. NO NO
InRushRestraint YES
2302 Inrush O/C InRushRestraint NO NO
Overcurrent YES
2303 Inrush O/C BU InRushRestraint NO NO rg. O/C Blocked by Inrush
Emerg. O/C YES
2305 2nd HARM.BLOCK InRushRestraint 10..45% 15 % nd Harmonics Content of Inrush
Blocking
2306 Imax InrushRest InRushRestraint 1A 05..25.0A 75A V Max.Current, overriding inrush
5A |25.1250A 375A restraint
2307 S| Time INRUSH InRushRestraint 0 .. 10000 ms; Seal-In Time of Inrush Detection
2401 HS O/C HS O/C ON High-Speed Overcurrent Protec-
OFF tion
2404 I HS O/C HS O/C 1A 1.0..25.0A; High-Speed O/C Pickup Current
5A 5. 125A;»
2405 THS O/C HS O/C 0.006 .. 0.100 se High-Speed O/C Delay Time
2408 HS O/C TRIP HS O/C single-chann dual-channel HS O/C TRIP Allocation
dual-channel
2601 OverCurrent Overcurrent ON OFF Overcurrent Protection Function
OFF
2602 CURVE O/C Overcurrent Definite Ti Definite Time Characteristic Curve for O/C
IEC
2603 O/C SOTF Trip Overcurrent NO Instantan. Trip after Switch-onto-
Fault
2605 1>>> Overcurrent 25.00 A; © 4.00 A Pickup Current I>>> VeryHigh-
12500 A; 0 20.00 A SetStage
2606 TI>>> Overcurrent .00 .. 30.00 sec; « 0.10 sec Delay Time T I>>> Very High Set
Stage
2608 1>> Overcurrent A 0.10 .. 25.00 A; « 2.00 A 1>> Pickup
A 0.50 .. 125.00 A; © 10.00 A
2609 TI>> Overcutrent 0.00 .. 30.00 sec; o 0.30 sec T I>> Time Delay
2611 IEC Curve u Normal Inverse Normal Inverse IEC Curve
Very Inverse
Extremely Inv.
LongTimelnverse
2612 ANSI Curve ercurrent Inverse Inverse ANSI Curve
Short Inverse
Long Inverse
Moderately Inv.
Very Inverse
Extremely Inv.
Definite Inv.
2614 1> Overcurrent 1A 0.10 .. 25.00 A; © 1.50 A 1> Pickup
5A 0.50 .. 125.00 A; © 7.50 A
2615 TI> Overcurrent 0.00 .. 30.00 sec; © 0.50 sec T I> Time Delay
2617 IP 'S QOvercurrent 1A 0.10..4.00 A; 1.00 A Pickup Current IP for IEC
5A 0.50 .. 20.00 A; « 5.00 A
2 IP Overcurrent 0.05 .. 3.00 sec; o 0.50 sec Time Dial T IP for IEC
61 IP Overcurrent 0.50 .. 15.00 ; © 5.00 Time Dial D IP for ANSI
Emerg. O/C Emerg. O/C ON ON Emergency Overcurrent Func-
OFF tion
SOTF Emerg. O/C Emerg. O/C NO NO Instantan. trip after Switch-onto-
YES Fault
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2705 | Emerg. O/C Emerg. O/C 1A 0.10 .. 25.00 A; = 2.00 A Emergency O/C Pickup Current
5A 0.50 .. 125.00 A; 10.00 A
2706 T Emerg. O/C Emerg. O/C 0.00 .. 30.00 sec; « 0.30 sec Emergency O/C Delay Tim
2901 MEASURE. SUPERV Monitoring With FFM With FFM Measurement Supervisio
Without FFM
OFF
2921 I>CB Trip Superv 1A 0.05..0.50 A 0.10A Pickup Current Trip Supervision
5A 0.25..250A 0.50 A
2922 T 1> CB MAX Trip Superv 1..200 sec 30 sec
3401 AUTO RECLOSE Auto Reclose OFF ON
ON
3402 No.Recl. Auto Reclose 1 AR-cycle 1 AR-cycle
2 AR-cycles
3 AR-cycles
4 AR-cycles
5 AR-cycles
6 AR-cycles
7 AR-cycles
8 AR-cycles
3405 AR w/ DIST. Auto Reclose YES YES AR with Distance Protection
NO
3406 AR w/ HS O/C Auto Reclose YES YE AR with HS O/C Protection
NO
3407 AR W/ DTT Auto Reclose YES YES AR with direct transfer trip
NO
3411 I LIMIT BLK Auto Reclose 1..25A;0; o Current Limit for AR Blocking
3412 No.Recl. HS O/C Auto Reclose 1 AR-cycle AR-tycle No. of Reclosure Attempts HS
All AR Cycles O/C Tripped
3413 AR BLK REVERSE Auto Reclose YES NO AR Blocking at Faults Reverse
NO Direction
3415 CB? 1L.TRIP Auto Reclose YES NO CB ready interrogation at 1st trip
3416 T-Start MONITOR Auto Reclose 0.50 sec AR start-signal monitoring time
3417 CB TIME OUT Auto Reclose 3.00 sec Circuit Breaker (CB) Supervision
Time
3420 TIME RESTRAINT Auto Reclose 3.00 sec Auto Reclosing reset time
3421A | T-DEAD EXT. Auto Reclose 00.00 sec; o sec Maximum dead time extension
3423 T-BLOCK MC Auto Reclose 300.00 sec; 0 1.00 sec AR blocking duration after
manual close
3430 1.AR: START Auto Reclose @ S YES Start of AR allowed in this cycle
(e}
3431 1.AR: T-ACTION Auto Reclose 0.01 .. 300.00 sec; « 0.20 sec Action Time
3432 1st Recl: Tdead Auto Recl 0.01 .. 1800.00 sec; © 0.50 sec Dead Time for 1st Reclosure
Cycle
3434 SYN-CHECK Auto R YES NO Synchro-Check after Dead Time
NO
3440 2nd Recl:START YES NO Start 2nd Reclosure Cycle Per-
NO mitted
3441 2-8 Recl:T SI A se 0.01 .. 300.00 sec; « 0.20 sec Seal-In Time for 2nd-8th Reclo-
sure Cycle
3442 2-8 Recl:Tde: Auto Reclose 0.01 .. 1800.00 sec; 0.50 sec Dead Time for 2nd to 8th Reclo-
sure Cycle
3450 AUTO-TH-AR Auto Reclose ON ON Automatic Reclosure after
OFF Thermal Trip
3451 No. of TH-AR Auto Reclose 1 AR-cycle 1 AR-cycle Max. Number Automatic Reclo-
'S 2 AR-cycles sure Attempts
3 AR-cycles
4 AR-cycles
5 AR-cycles
6 AR-cycles
7 AR-cycles
8 AR-cycles
Auto Reclose 0.50 .. 300.00 sec 3.00 sec Inhibit Time after Reclosure
Auto Reclose 1..60 min; o 30 min Maximum Duration of Dead Time
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3501 FCT Synchronism Sync. Check ON ON Synchronism and VoltagesGhe
OFF function 9
3502 Dead Volt. Thr. Sync. Check 1..60V 5V Voltage Threshold
Reference
3503 Live Volt. Thr. Sync. Check 20..125V 90V Voltage Threshold'Live Line /
Reference
3504 Umax Sync. Check 20..140V 110V Maximum permissible voltage
3507 T-SYN. DURATION Sync. Check 0.01 .. 600.00 sec; « 1.00 sec Maximum duratiw of synchro-
nism-check
3508 T SYNC-STAB Sync. Check 0.00 .. 30.00 sec 0.00 sec us condition stability
3509 SyncSD Sync. Check (Setting options depend | None able switching device
on configuration)
3510 Op.mode with AR Sync. Check with T-CB close w/o T-CB close ating mode with AR
w/o T-CB close
3511 Max. Volt. Diff Sync. Check 1.0..50.0V 20V aximum voltage difference
3512 Max. Freq. Diff Sync. Check 0.01..2.00 Hz 0.10 Hz Maximum frequency difference
3513 Max. Angle Diff Sync. Check 1..80° 10° Maximum angle difference
3515A | SYNC-CHECK Sync. Check YES YES Live Ref. / Live Line and Sync
NO
3516 Uref>Uline< Sync. Check YES Live Ref. / Dead Line Check
NO
3517 Uref<Uline> Sync. Check YES Dead Ref. / Live Line Check
NO
3518 Uref<Uline< Sync. Check YES Dead Ref. / Dead Line Check
NO
3519 OVERRIDE Sync. Check YES NO Override of any check before AR
NO
3530 Op.mode with MC Sync. Check with T-CB clo w/o T-CB close Operating mode with Man.ClI
3531 MC maxVolt.Diff Sync. Check 20V Maximum voltage difference
3532 MC maxFreq.Diff Sync. Check 0.10 Hz Maximum frequency difference
3533 MC maxAngleDiff Sync. Check 10° Maximum angle difference
3535A | MC SYNCHR Sync. Check YES Live Ref. / Live Line and Sync
before MC
3536 MC Uref>Uline< Sync. Check NO Live Ref. / Dead Line Check
before MC
3537 MC Uref<Uline> Sync. Check NO Dead Ref. / Live Line Check
before MC
3538 MC Uref<Uline< NO Dead Ref. / Dead Line Check
before MC
3539 MC O/RIDE NO Override of any check before
Man.Cl
3701 OVERVOLTAGE ON ON Overvoltage Protection
OFF
3702 U>> 20..170V; « 150 V Pickup Overvoltage U>>
3703 U>> Reset 0.50 .. 0.95 0.95 Reset Ratio U>>
3704 T U>> 0.00 .. 60.00 sec; « 1.00 sec Delay Time Overvoltage U>>
3705 u> Over/Under Volt 20..170V; « 120 vV Pickup Overvoltage U>
3706 U> Reset Over/Under Volt 0.50 .. 0.95 0.95 Reset Ratio U>
3707 TU Over/Under Volt 0.00 .. 60.00 sec; « 2.00 sec Delay Time Overvoltage U>
3711 UNDER Over/Under Volt ON ON Undervoltage Protection
OFF
3712 U<< Over/Under Volt 20..120V; 0 30V Pickup Undervoltage U<< (pos.
seq.)
3713 T U<< Over/Under Volt 0.00 .. 60.00 sec; © 1.00 sec Delay Time Undervoltage U<<
< Over/Under Volt 20..120V;0 0V Pickup Undervoltage U< (pos.
seq.)
T U< Over/Under Volt 0.00 .. 60.00 sec; « 2.00 sec Delay Time Undervoltage U<
START Fault Locator TRIP TRIP Start fault locator with

Reclosing/Trip
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3901 FCT BreakerFail Breaker Failure ON OFF Breaker Failure Protection is
OFF
3902 1> BF Breaker Failure 1A 0.05..20.00 A 0.10A Pick-up threshold I>
5A 0.25..100.00 A 0.50 A
3904 tBF1 Breaker Failure 0.10 .. 10.00 sec; » 0.50 sec Delay Time Backup Trip El
3905 tBF2 Breaker Failure 0.10 .. 10.00 sec; » 0.75 sec Delay Time Higher-Level Protec-
tion
4001 FCT TripSuperv. TripCirc.Superv ON OFF TRIP Circuit Supervision i§
OFF
4002 No. of Bl TripCirc.Superv 1.2 2
4003 Alarm Delay TripCirc.Superv 1..30sec 2 sec
4101 It FUNCTION It Function ON ON
OFF
4102 TOO It Function 0.001 .. 0.100 sec; O 0.005 sec
4103 DELTA AuxCont It Function -0.050 .. 0.050 sec 0.000 sec Ti iff. CB Main and Auxiliary
ontact
4104 It ALARM It Function 1.0..1000.0 ; 500.0 Alarm Stage of It Detection in
/In*s
4201 Ther. OVER LOAD Therm. Overload OFF OFF Thermal overload protection
ON
4202 CAT CHANGEOVER Therm. Overload Binary Input Bin p Catenary Changeover
Protocol
Setting
Blocked
4203 TAU Therm. Overload 2.0 ..30.0 min in Thermal Time Constant
4204 k ITRise Therm. Overload 0.10 .. 4.00 20 Max. Permissible Current Factor
ITRise
4205 T Rise Therm. Overload 0..100K;<> 0 50 K Final Temperature at ITRise
4206 TEMP TRIP Therm. Overload 50 ..100 °C 0 °C Tripping Temperature
4207 TEMP ALARM Therm. Overload 40 ..10 40 °C Alarm Temperature
4208 TEMP CLOSE Therm. Overload 25 .. °C 40 °C Closing Temperature
4210 CHANGE TO CAT Therm. Overload CA i CAT1 active Change to Catenary
4211 CAT2 Therm. Overload 1.0 Factor for 2 Catenaries
4212 CAT3 Therm. Overload 1.0 Factor for 3 Catenaries
4215 AMB.TEMP. Therm. Overload 15°C Ambient Temperature Value
4216 MIN TEMP PRESET Therm. Overloa‘ ..40°C -55°C Minimum Setting Ambient Tem-
perature
4301 Defrosting Defrosting ON OFF Defrosting Protection
OFF
4302 ID> Defrosting 0.10 .. 2.00 l/In 0.40 I/In Pickup Current ID> Defrosting
Protection
4303 T ID> 0.00 .. 30.00 sec; « 0.10 sec Delay Time ID> for Defrosting
Protection
4304 k 0.00 .. 0.80 0.50 Charact. Slope of Defrosting Pro-
tection
4306 IX>> 1A 0.10 .. 25.00 A; «© 2.00 A Pickup Current High-Set Stage
5A | 0.50..125.00 A; = 10.00 A IX>>
4307 T IX>> rosting 0.00 .. 30.00 sec; « 0.30 sec Delay Time IX>>
4308 IX> efrosting 1A 0.10 .. 25.00 A; © 1.50 A Pickup Overcurrent Stage IX>
5A 0.50 .. 125.00 A; 7.50 A
4309 TIX> Defrosting 0.00 .. 30.00 sec; « 0.50 sec Delay Time IX>
L 4
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A.9 Information List
Indications for IEC 60 870-5-103 are always reported ON / OFF if they are subject to
general interrogation for IEC 60 870-5-103. If not, they are reported only as ON:
New user-defined indications or such newly allocated to IEC 60 870-5-103 are'set to
ON / OFF and subjected to general interrogation if the information type is not a spon-
taneous event (,.._EV"). Further information on indications can be found.dn detail in
the SIPROTEC 4 System Description, Order No. E50417-H1100-C151.
In columns ,Event Log", , Trip Log"“ and ,,Ground Fault Log“the“following applies:
UPPER CASE NOTATION “ON/OFF": definitely set, notallocatable
lower case notation “on/off”:  preset, allocatable
*: not preset, allocatahle
<blank>: neither preset nopfallgcatable
In column ,Marked in Oscill.Record” the followingyapplies:
UPPER CASE NOTATION “M":  definitely(set, not allocatable
lower case notation “m”: preset, allocatable
*: not'preset, allocatable
<blank>: neither preset nor allocatable
No. Description Function Type Log Buffers Configurable in Matrix IEC 60870-5-103
of In4
fors = % = c - c
matio (i Q > § o 2 2
h (@6 [0 |z s |3 g E S
=z =) o = S 4 o 2 = |0
©C |5 (S |3 |a |E|c |3 |2 |9 s |t
a © Q |a c o} 9]
o | - 2 |w > |8 |3 > o s |
IS = = o |4 P = a | | L e
- S T c g |2 = T SR
€ © L = = S Q = a ©
& L ° 3 o T = = L]
> c < o c
i} k=3 S =< = c [
Fol2 (S © = o
5 |=
- Test mode (Test mode) Deyice IntSP |ON | * * LED BO 128 |21 |1 Yes
OFF
- Stop data transmission (DataS- | Device IntSP |ON | * * LED BO 128 |20 |1 Yes
top) OFF
- Clock Synchronization (Syhch- “{iBevice IntSP | * * LED
Clock) _Ev
- >Back Light on (>Light gn) Device SP ON |* BI
OFF
- Hardware Test Modey(HWTest= | Device IntSP | ON | * * LED BO
Mod) OFF
- Error FMS'EO 1 (Efror EMS1) Device OuUT |ON |* * LED BO
OFF
- Errof FMS FO 2 (Erter FMS2) Device OUT |ON |[* * LED BO
OFF
- Breaker ©PENED (Brk Device IntSP | * * * LED BO
OPENED)
- Feeder EARTHED Device IntSP | * * * LED BO
(FArEARTHED)
- Group'A (Group A) Change Group IntSP |ON | * * LED BO 128 |23 |1 Yes
OFF
- Group B (Group B) Change Group IntSP |ON | * * LED BO 128 |24 |1 Yes
OFF
- Group C (Group C) Change Group IntSP |ON | * * LED BO 128 |25 |1 Yes
OFF
= Group D (Group D) Change Group IntSP |ON | * * LED BO 128 |26 |1 Yes
OFF
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No. Description Function Type Log Buffers Configurable in Matrix IEC 60870-5-103
of In- "
for- = % 2 c _ -
matio |k |Q s |8 S o S
c (9} D Ke) =
n |0 |6 o |x = |z A £ o
2 o 2 |= 2 |¥ I 2 s 4o
S 15 1S |3 le |51 |7 |22 |2 |55
= = 9w > |2 |3 =] o
o = = (] 4 - = o > = 8
2 |5 2 8 |8 |x |9 |F = I
= 3 s £ £ |c 5 = 0 |®
S w S [ = = 5
[ ~ ke D w ‘ES’ S [}
o o = ~ s 2 c
a2 |5 |3 5 = 8
= 2
5 = 9
- Fault Recording Start (FItRecSta) | Osc. Fault Rec. IntSP |ON | * m
OFF
- CB-Test:TRIP command maintrip | Testing - * *
element (CB-T T M)
- CB-Test:TRIP command backup | Testing - * *
trip element (CB-T T B)
- CB-Test: trip/close main trip Testing - * *
element (CB-T T/C M)
- CB-Test: trip/close backup trip Testing - * *
element (CB-T T/C B)
- Control Authority (Cntrl Auth) Cntrl Authority DP ON |* 1 Yes
OFF
- Controlmode LOCAL (ModeLO- | Cntrl Authority DP ON |* 1 Yes
CAL) OFF
- Controlmode REMOTE (ModeR- | Cntrl Authority IntSP |ON | *
EMOTE) OFF
- Breaker (Breaker) Control Device CFD|on |[* 20
12 off
- Breaker (Breaker) Control Device DP on |* 1 Yes
off
- Disconnect Switch (Disc.Swit.) Control Device CF_D |on |[* BO 240 | 161 |20
2 off
- Disconnect Switch (Disc.Swit.) Control Device BI CB |240 |161 |1 Yes
- Earth Switch (EarthSwit) Control Device * BO 240 | 164 |20
- Earth Switch (EarthSwit) Control Device * Bl CB (240 (164 |1 Yes
- Interlocking: Breaker Open (Brk | Control Device * *
Open)
- Interlocking: Breaker Close (Brk * *
Close)
- Interlocking: Disconnect switch * * *
Open (Disc.Open)
- Interlocking: Disconnect switch * * *
Close (Disc.Close)
- Interlocking: Earth switch Open ice IntSP | * * *
(E Sw Open)
- Interlocking: Earth switch C! | Device IntSP | * * *
(E SwCl.)
- Fan ON/OFF (Fan (¢] ontrol Device CF D |on |[* BO 240 (175 |20
2 off
- Fan ON/OFF(Fan QN/OF Control Device DP on |* BI CB | 240 |175 |1 Yes
off
- Unlock data tral ia Bl | Control Device IntSP | * * *
(UnlockDT)
- Error Systeminterface (SyslIn- Protocol IntSP |{on | * * LED BO
tErr.) off
1 NoFunction ccﬁfigured (Not con-| Device SP
fig )
Not Available (Non Exis- | Device SP
hronize Internal Real Time | Device SP * * * LED | BI BO
Clock (>Time Synch)
4 Trigger Waveform Capture Osc. Fault Rec. SP ON |* m | LED | BI BO
(>Trig.Wave.Cap.)
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No. Description Function Type Log Buffers Configurable in Matrix IEC 60870-5-1
of In- n
for- = [T °
. (@) o c
matio | L Q = o o
o = P4 ] =
n o o (e} 14 = Fy 0 S
% o 2 = 3 |« o E ©
o 5 c > Q =
> |2 2 1218 |218 1|8 |2 |8 3
S5 1ZIE]” (ElE|E |12 F |z =
< A Lo a |3 2 £ [
(3] =4 o 5 L < B (]
o a c ~ s 2 c
Il 18 |E 5| 12| (8
= 2
5 = @
5 >Reset LED (>Reset LED) Device SP * * * LED | BI BO
7 >Setting Group Select Bit 0 (>Set | Change Group SP *
Group Bit0)
8 >Setting Group Select Bit 1 (>Set | Change Group SP *
Group Bitl1)
11 >User defined annunciation 1 P.System Data 1 SP * 128 (27 |1 Yes
(>Annunc. 1)
12 >User defined annunciation 2 P.System Data 1 SP * 128 |28 |1 Yes
(>Annunc. 2)
13 >User defined annunciation 3 P.System Data 1 SP * 128 |29 |1 Yes
(>Annunc. 3)
14 >User defined annunciation 4 P.System Data 1 SP * 128 |30 |1 Yes
(>Annunc. 4)
15 >Test mode (>Test mode) Device SP 135 |53 |1 Yes
16 >Stop data transmission Device SP 135 |54 |1 Yes
(>DataStop)
51 Device is Operational and Pro- | Device ouT 138 |32 |1 Yes
tecting (Device OK)
52 At Least 1 Protection Funct. is P.System Data 2 IntSP 128 |18 |1 Yes
Active (ProtActive)
55 Reset Device (Reset Device) Device * LED BO 128 |4 1 No
56 Initial Start of Device (Initial Start) | Device * LED BO 128 |5 1 |No
60 Reset LED (Reset LED) Device LED 128 |19 |1 No
67 Resume (Resume) Device * | LED BO 135 |97 |1 |[No
68 Clock Synchronization Error Device * LED BO
(Clock SynckError) OFF
69 Daylight Saving Time (DayLight- | Device OUT |ON |* * LED BO
SavTime) OFF
70 Setting calculation is running 'S Device OUT |[ON |* * LED BO 128 |22 |1 Yes
(Settings Calc.) OFF
71 Settings Check (Settings Chec ouT |* * * LED BO
72 Level-2 change (Level-2 OuUT |ON |* * LED BO
OFF
73 Local setting change ( evice ouT |* *
change)
110 Event lost (Event Device OUT_ |on |* LED 135 |130 |1 No
Ev
113 Flag Lost Device OUT |[ON |* m | LED BO 135 (136 |1 |Yes
125 Chatt Device OUT [ON |[* * LED BO 135 [145 |1 | Yes
OFF
126 Pri P.System Data 2 IntSP |ON | * * LED BO
port) OFF
140 Error with mmary alarm Device OUT |ON |[* * LED BO 128 |47 |1 Yes
(Error Sum Alarm) OFF
144 Errora/ (Error 5V) Device OUT [ON |* * LED BO 135 (164 |1 Yes
OFF
15 Failure of main circuit breaker Breaker Failure ouT |on |* * LED BO 138 |73 |1 Yes
(Fail. MAIN CB) off
Failure of outdoor temp. sensing | Device ouT |on |* * LED BO 138 | 234 |1 |Yes
(Fai. TEMPSENS) off
Alarm Summary Event (Alarm Device ouT |* * * LED BO 128 |46 |1 Yes
Sum Event)
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169 VT Fuse Failure (alarm >t) (VT Monitoring OUT |on [* * 1 Yes
FuseFail>t) off
170 VT Fuse Failure (alarm instanta- | Monitoring OuUT |on |*
neous) (VT FuseFail) off
177 Failure: Battery empty (Fail Bat- | Device OUT [ON |* 1 Yes
tery) OFF
181 Error: A/D converter (Error A/ID- | Device OUT |ON [* 1 Yes
conv.) OFF
182 Alarm: Real Time Clock (Alarm | Device OUT |ON |[* 1 Yes
Clock) OFF
183 Error Board 1 (Error Board 1) Device OUT |ON |* 1 Yes
OFF
184 Error Board 2 (Error Board 2) Device OUT |ON |[* 1 Yes
OFF
185 Error Board 3 (Error Board 3) Device OUT |ON |* 1 Yes
OFF
186 Error Board 4 (Error Board 4) Device OUT |ON |[* 1 Yes
OFF
187 Error Board 5 (Error Board 5) Device OUT |ON |[* 1 Yes
OFF
188 Error Board 6 (Error Board 6) Device OUT |ON |[* * LED BO 135 | 176 |1 Yes
OFF
189 Error Board 7 (Error Board 7) Device * LED BO 135 | 177 |1 Yes
190 Error Board 0 (Error Board 0) Device * * LED BO 135 | 210 |1 Yes
192 Error:1A/5Ajumper different from | Device * * LED BO 135 | 169 |1 Yes
setting (Error1A/5Awrong)
193 Alarm: Analog input adjustment | Device * * LED BO 135 | 181 |1 Yes
invalid (Alarm adjustm.) OFF
196 Fuse Fail Monitor is switched Monitoring on |* * LED BO 135 | 196 |1 Yes
OFF (Fuse Fail M.OFF) off
197 Measurement Supervision is Monitori OUT |on |* * LED BO 135 |197 |1 Yes
switched OFF (MeasSup OFF) off
301 Power System fault ON |ON * 138 |43 |2 Yes
(Pow.Sys.Flt.) OFF
302 Fault Event (Fault Event) \Y| * ON * 138 (42 |2 Yes
356 >Manual close signal (>Manual SP * * * LED | BI BO 150 |6 1 Yes
Close)
357 >Block all close comman . System Data 2 SP ON |[* * LED | BI BO 150 |7 1 Yes
external (>CloseC OFF
361 >Failure: Feed P.System Data 2 SP ON |* * LED | BI BO 128 |38 |1 Yes
tripped) (>F OFF
365 >Select: Co P.System Data 2 SP ON |* * LED | BI BO
terface (>Ctrl OFF
378 >CB faulty (>CB fau P.System Data 2 SP * * * LED | BI BO
385 >Lockout SET (>Lockout SET) P.System Data 2 SP ON |* * LED | BI BO 150 |35 |1 Yes
& OFF
out RESET (>Lockout P.System Data 2 SP ON |* * LED | BI BO 150 |36 |1 Yes
OFF
LOSE of relay (Relay | P.System Data 2 ouT |* * * LED BO
GENERAL TRIP command | P.System Data 2 ouT |* m | LED BO
Relay TRIP)
OCKOUT is active (LOCKOUT) | P.System Data 2 IntSP | ON | ON * LED BO 150 {170 |1 |Yes
OFF | OFF
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536 Final Trip (Final Trip) P.System Data2 |OUT |ON |ON * LED BO 150 | 180 |2 |No
545 Time from Pickup to drop out (PU | P.System Data 2 VI
Time)
546 Time from Pickup to TRIP (TRIP | P.System Data 2 VI
Time)
561 Manual close signal detected P.System Data 2 OuUT |ON |* * LED BQ 150 (211 |1 No
(Man.Clos.Detect)
562 CB close command for manual P.System Data 2 ouT |* * * LED BO 150 | 212 |1 No
closing (Man.Close Cmd)
563 CB alarm suppressed (CB Alarm | P.System Data 2 ouT |(* * LED BO
Supp)
1000 Number of breaker TRIP com- Statistics Vi * *
mands (# TRIPs=)
1008 Sum of fault currents (I/In)"2 Statistics VI * *
=(/In)n2=)
1106 >Start Fault Locator (>Start Flt. Fault Locator SP on ((omeif * LED | BI BO
Loc) off
1110 Fault locator is blocked (FltLoc Fault Locator OUT |on “|* * LED BO 138 |11 |1 Yes
block) off
1114 Flt Locator: primary RESIS- Fault Locator Vi * on off 138 |1 4 No
TANCE (Rpri =)
1115 FIt Locator: primary REAC- Fault Locator \i 3 on off 128 |73 |4 No
TANCE (Xpri =)
1117 FlIt Locator: secondary RESIS- Fault Locator Vi * on off 138 |2 4 No
TANCE (Rsec =)
1118 Flt Locator: secondary REAC- Fault Locator: Vi * on off 138 |8 4 No
TANCE (Xsec =)
1119 Flt Locator: Distance to fault (dist | Fault Locator Vi * on off 138 |3 4 No
=)
1120 FlIt Locator: Distance [%] to fault | Faultdsecatar \Y * on off 138 |4 4 No
(d[%] =)
1121 Fault in section (Fault section) FaultiL ocator VI * on off 138 |5 No
1122 Flt Locator: Distance to fault (distfp Fault,Locator VI * on off 138 |10 No
=)
1129 No calculation of distance possi- | Fault Locator OUT |on * * LED BO 138 |6 1 No
ble (FltLoc imposs)
1130 Distance to fault out of fange (Elt | Fault Locator OuUT |(on |* * LED BO 138 |7 1 No
dist >)
1132 Fault location invalid(Bit.Loc.in- | Fault Locator OuT_ |* on LED
valid) Ev
1190 Forward dire¢tion ‘(forward dir.) Distance prot. OuUT |on |[* * LED BO 138 |40 |1 Yes
off
1191 Pickup autem. testunit P.System Data 2 ouT on * LED BO 138 |38 |2 Yes
overhicont.line (Pekup TstUnit)
1401 >BF: Switeh ofh breaker fail pro- | Breaker Failure SP on |* * LED | BI BO
tection (>BFon) off
1402 >BF: Switch off breaker fail pro- | Breaker Failure SP on |* * LED | BI BO
tection, (>BF off) off
1431 >Breaker failure initiated exter- | Breaker Failure SP on |* * LED | BI BO
nally (>BrkFail extSRC) off
1438 >External CB Trip (>Ext. CB Trip) | Trip Superv SP on |* * LED | BI BO
off
1440 Breaker failure prot. ON/OFF via | Breaker Failure IntSP | * * * LED BO
BI (BkrFailON/offBl)
1451 Breaker failure is switched OFF | Breaker Failure OouUT |on |* * LED BO 138 |64 |1 Yes
(BkrFail OFF) off
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1455 Breaker failure : fault detection Breaker Failure OouT |* on off * LED BO 2 Yes
(B/F fault)
1471 Breaker failure TRIP (BrkFailure | Breaker Failure 2 No
TRIP)
1484 B/F: pick up superordinat.prot.re- | Breaker Failure 2 No
lais (B/F s.ordProt)
1491 Circuit Breaker Fault (CB Fault) | Trip Superv 1 Yes
1501 >Switch on thermal overload pro- | Therm. Overload 1 Yes
tection (>O/L on)
1502 >Switch off thermal overload pro- | Therm. Overload 1 Yes
tection (>O/L off)
1511 Thermal Overload Protection Therm. Overload 1 Yes
OFF (Th.Overload OFF)
1516 Overload Alarm! Near Thermal Therm. Overload 1 Yes
Trip (O/L © Alarm)
1521 Thermal Overload TRIP (ThOver-| Therm. Overload 1 No
load TRIP)
1820 Ip picked up (Ip picked up) Overcurrent Yes
1825 Ip TRIP (Ip TRIP) Overcurrent No
2001 >Switch ON emerg. overcurrent | Emerg. O/C 1 Yes
prot. (>Emer. ON)
2002 >Switch OFF emerg. overcurrent | Emerg. O/C 1 Yes
prot. (>Emer. OFF)
2051 Emergency O/C protect. is Emerg. O/C 1 Yes
switched off (Emer. off)
2053 Emergency O/C protection is Emerg. O/C
active (Emer. active)
2054 Emergency mode (Emer. mode) | Monitoring 1 Yes
2061 Emerg. O/C prot.: General fault Emer%O/C ut | * on off m |LED BO 61 |61 |2 Yes
detect. (Emer.Gen.Flt)
2141 Emerg. O/C protection: General ouT |* on m | LED BO 138 |53 |2 No
Trip (Emer.Gen.Trip)
2640 FL Fault direction forward (FL Flt ouT |* * * LED BO 138 |54 |2 No
forward)
2641 FL Fault direction reverse (FL F ‘ ouT |* * * LED BO 138 |55 |2 No
reverse)
2701 >Auto reclose ON (>AR O) Auto Reclose SP on |* * LED | BI BO 40 |1 1 Yes
off
2702 >Auto reclose OFF OFF).4| Auto Reclose sP |on |[* * |LED|BI BO 20 [2 |1 [ves
off
2703 >BLOCK Al Auto Reclose SP on | on off * LED | BI BO 40 |3 1 Yes
AR) off
2710 >Th-AR: Block t Auto Reclose SP on | on off * LED | BI BO 40 |5 1 Yes
tion (>Th-AR block) off
2711 >External start of internal Auto Auto Reclose SP * on off * LED | BI BO 40 (11 |2 Yes
reclose (>AR %rt)
2718 >TRLAR: Switch on thermal-AR | Auto Reclose SP on |* * LED | BI BO 40 (18 |1 Yes
(>Th-AR ON) off
witch off thermal-AR | Auto Reclose SP on |* * LED | BI BO 40 19 1 Yes
ion (>Th-AR OFF) off
it breaker READY for re- | P.System Data 2 SP * * * LED | BI BO 40 30 1 Yes
losing (>CB Ready)
AR: Synchronism from ext. Auto Reclose SP * * * LED | BI BO 40 (31 |2 Yes
sync.-check (>Sync.release)
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2742 >AR: Block 1st AR-cycle (>BLK | Auto Reclose SP on | on off * LED | BI BO 40 |37 |1 Yes
1.AR-cycle) off
2746 >AR: External Trip for AR start Auto Reclose SP * on off * LED | BI BO. 40 |41 |2 Yes
(>Trip for AR)
2781 Auto recloser is switched OFF Auto Reclose OuUT |on |* * LED BO 40 |81 |1 Yes
(Auto recl. OFF) off
2782 Auto recloser is switched ON Auto Reclose IntSP | * * * LED BO 128 |16 |1 Yes
(Auto recl. ON)
2783 AR: Auto-reclose is blocked (AR | Auto Reclose ouT |on |* * LER BO 128 [130 (1 |Yes
is blocked) off
2784 Auto recloser is NOT ready (AR is | Auto Reclose ouT |on |* * LED BO
NOT ready) off
2785 Auto-reclose is dynamically Auto Reclose ouT |* on * LCED BO 40 |85 |2 Yes
BLOCKED (AR DynBlock)
2787 AR: Circuit breaker notready (CB | Auto Reclose OouT |* * X LED BO 40 |87 |1 Yes
not ready)
2788 AR: CB ready monitoring window | Auto Reclose ouT |* on * LED BO 40 |88 |2 No
expired (AR T-CBreadyExp)
2793 Th-AR: Thermal AR not ready Auto Reclose OUT |ongl|™* * LED BO 40 |136 |1 Yes
(Th-AR not rdy) off;
2794 Th-AR: Thermal AR is switched | Auto Reclose OUT gen 1 * LED BO 40 (94 |1 |Yes
off (Th-AR off) off!
2795 Th-AR: Thermal AR is switched | Auto Reclose IntSP” |* * * LED BO 40 |17 |1 Yes
on (Th-AR on)
2796 AR: Auto-reclose ON/OFF via Bl | Auto Reclose Intsp | * * * LED BO
(AR on/off BI)
2801 Auto-reclose in progress (AR in | Auto Reclose our |* on * LED BO 40 (101 (2 |Yes
progress)
2805 Th-AR: Thermal AR in progress | Auto Rec¢lose ouT |* on * LED BO 40 [104 |2 Yes
(Th-AR in prog)
2808 AR: CB open with no trip (AR Auto Reclose ouT |* * * LED BO 40 |55 |1 Yes
BLK: CB open)
2809 AR: Start-signal monitoring time | ‘Auto Re€lose OouT |* on * LED BO 40 (174 |2 |No
expired (AR T-Start Exp)
2810 AR: Maximum dead time expired {/Auto Reclose ouT |* on * LED BO 40 |[175 |2 No
(AR TdeadMax Exp)
2819 Th-AR: dead time is runfiing Auto Reclose ouT |* on * LED BO 40 |138 (2 Yes
(ThAR Tdead ru)
2823 AR: no starter configured (ARMo | Auto Reclose OouT |on |* * LED BO
starter) off
2829 AR: actiontime expired before Auto Reclose ouT |* on * LED BO
trip (ARSTact expired)
2844 AR 18t cyclgirunning)(AR 1stCyc. | Auto Reclose ouT |* on * LED BO 40 | 155 (2 Yes
run.)
2851 Auto-reclese Glose command Auto Reclose ouT |* on m | LED BO 40 |128 |2 No
(AR Close)
2855 Th-AR: Close command from Auto Reclose OouT |* on m | LED BO 40 |139 |2 No
thermal AR (Th-AR ClosCmd)
2861 AR: Reclaim time is running (AR | Auto Reclose OouT |* * * LED BO 40 |161 (1 Yes
T-Recl. run.)
2862 Auto reclose cycle successful Auto Reclose OouT |* * * LED BO 40 |162 |1 Yes
(AR Successful)
2863 Auto reclose Lockout (AR Lock- | Auto Reclose ouT |* * * LED BO 40 [163 |1 Yes
out)
2865 AR: Synchro-check request (AR | Auto Reclose ouT |* * * LED BO 40 |165 |2 Yes
Sync.Request)
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2866 Th-AR: Therm.AR reclaim time is | Auto Reclose OouT |* * *
running (Th-AR T-Recl.)
2867 Th-AR: Thermal AR cycle suc- Auto Reclose OuT |* * 1 Yes
cessful (Th-AR success)
2868 Th-AR: Thermal AR definite trip | Auto Reclose OuT |* * 1 |Yes
(Th-AR def.Trp)
2901 >Switch on synchro-check func- | Sync. Check SP on |*
tion (>Sync. on) off
2902 >Switch off synchro-check func- | Sync. Check SP on |*
tion (>Sync. off) off
2903 >BLOCK synchro-check function | Sync. Check SP * *
(>BLOCK Sync.)
2905 >Start synchro-check for Manual | Sync. Check SP on |*
Close (>Sync. Start MC) off
2906 >Start synchro-check for AR Sync. Check SP on |*
(>Sync. Start AR) off
2907 >Sync-Prog. Live bus / live line / | Sync. Check SP * *
Sync (>Sync. synch)
2911 >Sync-Prog. Override ( bypass) | Sync. Check SP * *
(>Sync. ofride)
2930 Synchro-check ON/OFF via Bl Sync. Check IntSP |on | * * LED BO
(Sync. on/off BI) off
2931 Synchro-check is switched OFF | Sync. Check ouT N * LED BO 41 |31 |1 Yes
(Sync. OFF)
2932 Synchro-check is BLOCKED Sync. Check on off * LED BO 41 |32 |1 Yes
(Sync. BLOCK)
2934 Synchro-check function faulty Sync. Check * * LED BO 41 |34 |1 Yes
(Sync. faulty)
2935 Synchro-check supervision time | Sync. Check on * LED BO 41 (35 |1 No
expired (Sync.Tsup.Exp)
2936 Synchro-check request by control | Sync. Checl on |on * LED BO 41 |36 |1 No
(Sync. req.CNTRL) &
2941 Synchronization is running (Sync. | Sync. OUT |on |on * LED BO 41 |41 |1 |Yes
running) off
2942 Synchro-check override/bypass OUT |on |on * LED BO 41 (42 |1 Yes
(Sync.Override) off
2943 Synchronism detected (Synchro | k OuUT |on |* * LED BO 41 |43 |1 Yes
nism) off
2944 Sync. Dead ref. / Live line dete . Check OouT |on |* * LED BO 41 |44 |1 |Yes
off
2945 Sync. Check ouT |on |* * LED BO 41 (45 |1 Yes
off
2946 Sync. Check OuUT |on |* * LED BO 41 |46 |1 Yes
off
2947 Sync. Check OUT |on |onoff * LED BO 41 |47 |1 Yes
limit (Sync. Udiff>) off
2948 Sync. Freq. diff. greater than limit | Sync. Check OUT |on |onoff * LED BO 41 (48 |1 Yes
(Sync. fdiff>) off
2949 Sync. Angle di&;reaterthan limit | Sync. Check OUT |on |[on off * LED BO 41 |49 |1 Yes
(Syne, ¢-diff>) off
2951 ism release (to ext. AR) | Sync. Check ouT |* * * LED BO 41 |51 |1 Yes
ease)
command from synchro- | Sync. Check ouT |* * * LED BO 41 |61 |1 Yes
check (Sync.CloseCmd)
297 ync. Reference frequency > Sync. Check OUT |on |[on off * LED BO
(fn+3Hz) (Sync. fref>>) off
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2971 Sync. Reference frequency < (fn-| Sync. Check OUT |on |[on off * LED BO
3Hz) (Sync. fref<<) off
2972 Sync. Line frequency > (fn + 3Hz) | Sync. Check OUT |on |onoff * LED BO.
(Sync. f-line>>) off
2973 Sync. Line frequency < (fn - 3Hz) | Sync. Check OUT |on |onoff * LED BO
(Sync. f-line<<) off
2974 Sync. Reference voltage > Umax | Sync. Check OUT |on |[on off * LED BO
(Sync. Uref>>) off
2975 Sync. Reference voltage < U> Sync. Check OUT |on |[on off * LED. BO
(Sync. Uref<<) off
2976 Sync. Line voltage > Umax Sync. Check OUT |[on |onoff *  |'EED BO
(P.3504) (Sync. U-line>>) off
2977 Sync. Line voltage < U> (P.3503) | Sync. Check OUT |on |[on off * LED BO
(Sync. U-line<<) off
3601 >Distance protection is switched | Distance prot. SP on |[* R LED | BI BO
on (>Dis.prot. on) off
3602 >Distance protection is switched | Distance prot. SP on |~ * LED | BI BO
off (>Dis.prot.off) off
3603 >BLOCK Distance protection Distance prot. SP ongh| * * LED | BI BO
(>BLOCK Distance) off.
3651 Distance is switched off (Dist. Distance prot. OUT gon & * LED BO 138 {96 |1 Yes
OFF) off!
3652 Distance is BLOCKED (Dist. Distance prot. QUT" (fon /| on off * LED BO 28 |52 |1 |Yes
BLOCK) off
3653 Distance is ACTIVE (Dist. Distance prot: @QUT |on |* * LED BO 28 |53 |1 Yes
ACTIVE) off
3671 Distance PICKED UP (Dis. Distance prot. our |~ on off m | LED BO 28 |71 |2 |Yes
PICKUP)
3740 Dist.: Fault detection Zone Z1 Distance/prot ouT |* on * LED BO 138 | 116 |2 Yes
(Dist. Z1)
3755 Distance Pickup Z2 (Dis. Pickup | Distance pret. OouT | * on * LED BO 138 [ 117 |2 | Yes
Z2)
3758 Distance Pickup Z3 (Dis. Pickup { Distance’prot. OouT |* on * LED BO 138 [ 118 |2 | Yes
Z3)
3771 DistanceTime Out T1 (Disdiime {Ristance prot. ouT |* on * LED BO 138 | 176 |2 No
Oout T1)
3780 DistanceTime Out T1B (Dis.Tim- |"Distance prot. ouT |* on * LED BO
eOut T1B)
3783 Dist.: Time T1L ( Zone,Z11) Distance prot. OouT |* on * LED BO
expired (Dist. T1L)
3801 Distance protectiont General trip | Distance prot. ouT |* on m | LED BO 138 | 192 |2 No
(Dis.Gef. Trip)
3810 Dist4 Trip in@Zone Z(Dis.Trip Z1) | Distance prot. ouT |* * * LED BO 128 |78 |2 No
3900 >Disty, Zone Z1 stroke is active | Distance prot. SP * * * LED | BI BO 28 |22 |1 |Yes
(>DisZ1sir act)
3901 >Dist.: Zone'Z1 is active (>Dis.Z1 | Distance prot. SP * * * LED | BI BO 28 21 1 Yes
act.)
3902 >Dist.;Zone Z2 stroke is active | Distance prot. SP * * * | LED | BI BO 28 (24 |1 |Yes
(>DisZ2str act)
3903 >Dist.: Zone Z2 is active (>Dis. Distance prot. SP * * * LED | BI BO 28 |23 |1 Yes
Z2 act.)
8906 >Dist.: Zone Z3 stroke active Distance prot. SP * * * LED | BI BO 28 |26 |1 |Yes
(>Dis Z3str act)
3907 >Dist.: Zone Z3 active (>Dis Z3 | Distance prot. SP * * * | LED | BI BO 28 |25 |1 |Yes
act)
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3909 Dist.: Delay Time T2K is active | Distance prot. OouT jon |* *
(Dis. T2K active) off
3915 Dist.: Zone Z1 is active (Dis. Z1 | Distance prot. OUT |on [* 1 Yes
act.) off
3916 Dist.: Zone Z1 stroke is active Distance prot. IntSP |on | * 1 |Yes
(Dis.Z1str act) off
3917 Dist.: Zone Z2 is active (Dis.Z2 | Distance prot. OuUT |on |* 1 Yes
act.) off
3918 Dist.: Zone Z2 stroke is active Distance prot. IntSP {on |[* 1 |Yes
(Dis.Z2str act) off
3925 Dist.: Flt. detect. Z2 (short circuit) | Distance prot. ouT |* on 2 Yes
(Dist.Flt.Z2K)
3926 Dist.: Fault detection Z2 (over- Distance prot. OouT |* on 2 Yes
load) (Dist.Flt.Z2L)
3927 Dist.: Flt. detect. VE (short circuit) | Distance prot. OuT |* on 2 Yes
(Dist.FIt.VE)
3930 Dist.: Trip in zone Z2 (short cir- | Distance prot. ouT |* * 2 No
cuit) (Dis. Trip Z2K)
3931 Dist.: Trip in zone Z2 (overload) | Distance prot. OouT | * * 2 |No
(Dis. Trip Z2L)
3935 Dist.: Time T2K (Zone Z2) Distance prot. OuUT |* * LED BO 138 | 177 |2 No
expired (Dist. T2K)
3936 Dist.: Time T2L (Zone Z2) expired | Distance prot. * LED BO 138 | 181 |2 No
(Dist. T2L)
3941 Fault impedance, Ohm sec. Measurement ON 138 |9 4 No
(Zsec=) OFF
3943 DIS Fault direction forward (DIS | Distance prot. on * LED BO 128 |74 |2 No
Flt forward)
3944 DIS Fault direction reverse (DIS | Distance prot. on * LED BO 128 |75 |2 No
Flt reverse)
3991 Dist.: Zone Z3 is active (Dis. Z3 | Distance pr * * LED BO 138 |82 |1 Yes
act) @
3992 Dist.: Zone Z3 stroke is active Distan * * LED BO 138 |87 |1 |Yes
(Dis. Z3str act)
4271 HS O/C is switched OFF (HS O/C / OuUT |on |* * LED BO 25 |71 |1 |Yes
OFF) off
4281 HS O/C PICKED UP (HS O/C O, OouUT |* on off m | LED BO 138 (218 |2 |Yes
PICKUP)
4293 HS O/C TRIPPED (HS O/C C ouT |* on m | LED 138 (220 |2 No
4331 Overvoltage detection : S Over/Under Volt ouT |* on off * LED BO 50 |31 |2 |Yes
(U> Detection)
4332 Overvoltage de Over/Under Volt ouT |* on off * LED BO 50 (32 |2 Yes
U>> (U>> Dej
4335 Overvoltag Over/Under Volt ouT |* on * LED BO 50 |35 (2 Yes
Trip)
4336 Overvoltage trip : Sta ge U>> Over/Under Volt ouT |* on * LED BO 50 (36 |2 Yes
(U>> Trip)
4601 >Breaker contit (OPEN, if bkris | P.System Data 2 SP * * * LED | BI BO 150 |60 |1 Yes
open) (>Brk Aux NO)
4602 er contact(OPEN, if bkr is | P.System Data 2 SP * * * LED | BI BO 150 |61 |1 Yes
Brk Aux NC)
6603 ird catenary is active (>Cat.3 | Therm. Overload SP * * * LED | BI BO
66 Second catenary is active Therm. Overload SP * * * LED | BI BO
Cat.2 active)
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6605 >First catenary is active (>Cat.1 | Therm. Overload SP * * * LED | BI BO
active)
6616 First catenary is active (Cat. 1 Therm. Overload | IntSP |on |[* * LED 38 (225 |1 |Yes
active) off
6617 Second catenary is active (Cat. 2 | Therm. Overload IntSP |{on |* * LED 138 226 |1 Yes
active) off
6618 Third catenary is active (Cat. 3 | Therm. Overload | IntSP on |[* * LED 138 | 227 |1 |Yes
active)
6854 >Trip circuit superv. 1: Trip Relay | TripCirc.Superv BO
(>TripC1 TripRel)
6855 >Trip circuit superv. 1: Breaker | TripCirc.Superv BO
Relay (>TripC1 Bkr.Rel)
6861 Trip circuit supervision OFF TripCirc.Superv BO
(TripC OFF)
6865 Failure Trip Circuit (FAIL: Trip cir.) | TripCirc.Superv BO 128 |36 |1 Yes
6866 TripC1 blocked: Binary Inputis | TripCirc.Superv BO
not set (TripC1 ProgFAIL)
7151 Overcurrent is switched OFF Overcurrent BO 138 | 208 |1 Yes
(OIC OFF)
7161 Overcurrent PICKED UP (O/C Overcurrent BO 64 |61 |2 Yes
PICKUP)
7191 Overcurrent Pickup 1>> (O/C Overcurrent BO 138 | 210 |2 Yes
PICKUP I>>)
7192 Overcurrent Pickup 1> (O/C Overcurrent T |* on off * LED BO 138 | 209 |2 Yes
PICKUP I>)
7201 O/C I-STUB Pickup (I-STUB Overcurrent * on off * LED BO 138 | 211 |2 Yes
PICKUP)
7211 Overcurrent General TRIP ouT |* * * LED BO 64 |111 |2 No
command (O/C TRIP)
7221 Overcurrent TRIP [>> (O/C TRIP ouT |* on * LED BO 138 (214 |2 |No
1>>) @
7222 Overcurrent TRIP I> (O/C TRIP ouT |* on * LED BO 138 [ 213 |2 No
1>)
7235 O/C I-STUB TRIP (I-STU ouT |* on * LED BO 138 (215 |2 No
7345 CB-TEST is in progress ting ouT |on |* * LED BO 153 |45 |1 Yes
TEST running) off
7346 CB-TEST canceled du Testing OuUT_|on |* LED
Sys. Fault (CB-TSIstep Ev
7347 Testing OUT_|on |[* LED
Ev
7348 Testing OUT_|on |[* LED
Ev
7349 Testing OUT_|on [* LED
stayed CLOSED (CB-TSTstop Ev
CLOS)
7350 CB-TEST was succesful (CB- Testing OuUT_|on |* LED
TST .OK.) Ev
1 di/dt function is active in Zone Z2 | Distance prot. ouT |on |* * LED BO
Z2di/dt ACTIVE) off
du/dt function is active in Zone Z2 | Distance prot. OuUT |on |[* * LED BO
(Z2du/dt ACTIVE) off
02 di/dt function is active in Zone Z3 | Distance prot. OouT |on |* * LED BO
(Z3di/dt ACTIVE) off
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13803 du/dt function is active in Zone Z3 | Distance prot. OUT |on [* * LED BO
(Z3du/dt ACTIVE)
13804 Dist.: Delay Time T3K is active Distance prot.
(Dis. T3K active)
13805 Time Out T3K (Time Out T3K) Distance prot. No
13806 Time Out T3L (Time Out T3L) Distance prot. No
13807 Picked up in Zone Z1Strk (PU Distance prot. Yes
Z1Strk)
13808 Picked up in Zone Z2Strk (PU Distance prot. 2 Yes
Z2Strk)
13809 Picked up in Zone Z3Strk (PU Distance prot. 2 Yes
Z3strk)
13810 ON/OFF via Bl (ON/offBI) Distance prot.
13811 Zone Z1Stroke ON/OFF via Distance prot.
Serial Inteface (Z1StrkON/OFFs-
er)
13812 Distance Zone Z2Stroke ON Distance prot.
(Z22StrkON/OFFser)
13813 Distance Zone Z3Stroke ON Distance prot.
(Z3StrkON/OFFser)
13815 HS O/C TRIPPED (M) (HS O/C | HS O/C
TRIP (M)
13816 >Switch on HS O/C Protection HS O/C
(>HS O/C ON)
13817 >Switch off HS O/C Protection HS O/C
(>HS O/C OFF)
13818 HS O/C ON/OFF about Binary HS O/C
Input (HSo/c ON/OFF BI)
13819 HS O/C uC-Failure (HS O/C Fail- | HS O/C 1 |Yes
ure)
13820 >Switch on Overcurrent Protec- Over%’rent P on |* * LED | BI BO 64 |1 1 Yes
tion (>O/C ON) off
13821 >Switch off Overcurrent Protec- SP on |* * LED | BI BO 64 |2 1 Yes
tion (>0O/C OFF) off
13822 Overcurrent Protection ON/OFF IntSP | * * * LED BO
via Bl (O/C ON/OFF BI)
13824 Overload Protection ON/OFF vi Overload IntSP | * * * LED BO
BI (O/L ON/OFF BI)
13825 O/L Inrush blocking (O/L b erm. Overload OuUT |on |* * LED BO 138 |232 |1 Yes
off
13826 Reset thermal replica herm. Overload | IntSP |on |* * LED BO 138 (239 |1 |No
setThermRepl),
13827 O/L Catenan ele-| Therm. Overload IntSP | * * * LED BO
gram (Catl
13828 OJ/L Catenary 2O '!,’ Therm. Overload IntSP | * * * LED BO
gram (Cat2 ON/OF L)
13829 OJ/L Catenary 3 ON/OFF via Tele- | Therm. Overload IntSP | * * * LED BO
gram (Cat3 OWFF TEL)
13830 Oveivoltage Protection is Over/Under Volt OouT |on |* * LED BO 73 |2 1 Yes
d off (OVER. OFF) off
13832 age Protection is Over/Under Volt OuUT |on |* * LED BO 73 |4 1 Yes
hed off (UNDER. OFF) off
13834 Over/Undervoltage Protection Over/Under Volt OouT |* * m | LED BO 73 |32 |2 |Yes
icked up (OVER/UNDER PU)
ndervolt. U< picked up (UNDER | Over/Under Volt ouT |* on off * LED BO 73 |33 |2 Yes
U< PU)
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13836 Undervolt. U<< picked up Over/Under Volt ouT |* on off * LED BO 3 (34 |2 Yes
(UNDER U<< PU)
13837 Undervolt. U< TRIP command Over/Under Volt OouT |* on * LED 3 |36 |2 Yes
(UNDER U< TRIP)
13838 Undervolt. U<< TRIP command | Over/Under Volt ouT |* on * LED 73 |37 |2 Yes
(UNDER U<< TRIP)
13839 Over/Undervoltage Prot. TRIP Over/Under Volt OouT |* * m | LED 73 |35 |2 No
comm. (OVER/UNDER TRIP)
13840 Distance Protection: Inrush Distance prot. ouT BO 28 |60 1 Yes
blocked (Dis Rush blk)
13841 Overcurrent Protection: Inrush Overcurrent ouT BO 64 |3 1 Yes
blocked (O/C Rush blk)
13842 Emerg. O/C Protection: Inrush Emerg. O/C ouT BO 61 |8 1 Yes
blocked (Emer. Rush blk)
13845 >Switch on It function (>It ON) It Function BO
13846 >Switch off It function (>It OFF) | It Function BO
13847 CB It Alarm Stage (It Alarm) It Function BO 138 (17 |1 Yes
13848 Start time for It measurement It Function
(Start It Meas)
13849 Overflow It measurement (It It Function BO 138 |18 |1 No
Overflow)
13850 It function is ACTIVE (It ACTIVE) | It Function BO 138 |19 |1 Yes
13851 Summation of measured It values | Statistics
(ZIt=)
13852 Summation of measured 12t Statistics
values (2 12t=)
13853 Last It value measured (Last It=) | Statistic: VI * *
13854 Last 12t value measured (Last Stati VI * *
12t=)
13855 It measurement CB settings not ouT |* * * LED BO
plausible (It set error)
13856 It function: ON/OFF via Bh(It t Function IntSP | * * * LED BO
ON/offBI)
13857 2P function is ACTIVE unction ouT |* * * LED BO 138 {20 |1 |Yes
ACTIVE)
13860 >CB-Test: Start TRIP ¢ >CB- | Testing SP * * * LED | BI BO
TEST)
13861 >CB-TestStart SE Testing SP * * * LED | BI BO
cycle (>CB
13862 CB-Test: mand main Testing OouT |on |[* * LED BO 138 |34 |1 Yes
trip CB-TEST TRIP M) off
13863 CB- mand backup | Testing OUT (on [* * LED BO 138 |35 |1 |Yes
trip ele ST TRIP B) off
13864 CB-Test: CLOSE command main | Testing OuUT |on |[* * LED BO 153 |30 |1 Yes
trip element (CB-TEST CLOSE off
M)
1386 CB-Test: CLOSE command Testing OouT |on |[* * LED BO 153 |31 |1 Yes
backup trip elem. (CB-TEST off
CLOSE B)
AR Number reclosure attempts | Statistics VI * *
1st cycle (AR 1st cycle=)
71 AR Number reclosure attempts | Statistics VI * *
>1st cycle (AR >1st cycle=)
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13872 AR thermal trip:ON/OFF via Tele- | Auto Reclose IntSP | * * *
gram (AR TH ON/OFFtel)
13873 AR thermal trip:ON/OFF via Auto Reclose Intsp | * *
Binary Input (AR TH ON/OFF BI)
13874 >AR: BLOCK 2nd-nth cycle (>AR | Auto Reclose SP on |on off 1 Yes
BLK >1st) off
13875 AR thermal trip:Time Out Dead | Auto Reclose ouT jon |*
time (AR TH TO Tdead) off
13876 AR thermal trip:dynam. blocked | Auto Reclose OuT |* * 1 Yes
(AR TH dyn BIk)
13877 AR Dead time is running (AR Auto Reclose ouT |* on 2 Yes
Dead Time)
13878 AR 2nd cycle or higher is running | Auto Reclose ouT |* on 2 Yes
(AR >1st cycle)
13879 AR CLOSE command 1st cycle | Auto Reclose OuT |* * 1 No
(AR Close 1st)
13880 AR CLOSE command 2nd cycle | Auto Reclose ouT |* * 1 No
or higher (AR Close >1st)
13881 AR ON/OFF via Telegram (AR Auto Reclose IntSP |on | *
ON/OFF TEL) off
13882 AR blocked by failure direction | Auto Reclose ouT |* * LED BO 40 |58 |2 |Yes
(AR BLK DIR)
13883 AR blocked by max. current (AR | Auto Reclose ouT * LED BO 40 |57 |2 Yes
BLK | MAX)
13884 AR blocked by BF (AR BLK BF) | Auto Reclose * * LED BO 40 |56 |2 Yes
13885 AR blocked by manual closing Auto Reclose T * * LED BO 40 |54 Yes
(AR BLK MC)
13886 AR enable Zone Z1 (AR EN Z1) | Auto Reclose * * LED BO 40 61 1 Yes
13887 AR enable Zone Z1B (AR EN Auto Reclose * * * LED BO 40 |62 (1 Yes
Z1B)
13888 AR enable Zone Z1L (AR EN Auto Reclos ut |* * * LED BO 40 (63 |1 Yes
Z1L)
13889 AR after thermal trip cannot start OuUT |on |[* * LED BO 40 |95 |1 Yes
(AR TH T Reclaim) off
13890 Distance Prot. Picked up in Zone OouT |* on * LED BO
Z1B (Dis PU Z1B)
13891 Distance Prot. Picked up in Zong ouT |* on * LED BO
Z1L (Dis PU Z1L)
13892 Picked up di/dt function in ance prot OouT | * on * LED BO 138 |160 |2 |Yes
Z2 (Dis PU Z2di/dt)
13893 Picked up du/dt func I Distance prot. OuT |* on * LED BO 138 | 164 |2 Yes
Z2 (Dis PU Z2d
13894 Picked up d Distance prot. ouT |* on * LED BO 138 | 161 |2 Yes
Z3 (Dis PU
13895 Picked up du/dt fu Distance prot. OouT |* on * LED BO 138 |165 |2 |Yes
Z3 (Dis PU Z3du/dt)
13896 Picked up in Zone Z3 (short cir- | Distance prot. OouT |* on * LED BO 138 | 129 |2 |Yes
cuit) (Dis PU Zs()
d up in Zone Z3 (overload) | Distance prot. ouT |* on * LED BO 138 | 133 |2 Yes
Z3L)
rotection TRIP in Zone | Distance prot. OouT |* * * LED BO 28 |118 |2 |No
Dis TRIP Z1B)
ce Protection TRIP in Zone | Distance prot. ouT |* * * LED BO 28 [119 |2 No
1L (Dis TRIP Z1L)
ist. Prot. TRIP Zone Z3 (short | Distance prot. OuT |* * * LED BO 138 (195 |2 | No
circuit) (Dis TRIP Z3K)
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13904 Dist. Prot. TRIP Zone Z3 (over- | Distance prot. OouT |* * * LED BO 138 | 199 |2 No
load) (Dis TRIP Z3L)
13905 Dist. Prot. TRIP after PU by Man. | Distance prot. ouT |* on * LED BO. 28 |116 |2 No
Close (Dis TRIP PU MC)
13906 TRIP Overreach Zone after Man. | Distance prot. ouT |* on * LED BO 28 117 |2 No
Close (Dis TRIP MC ZOR)
13911 Zone Z1Stroke ON/OFF about Distance prot. IntSP | * * * LED BO
Binary Input (Z1StrkON/OFF BI)
13912 Zone Z2Stroke ON/OFF about Distance prot. IntSP | * * * LED. BO
Binary Input (Z2StrkON/OFF BI)
13913 Zone Z3Stroke ON/OFF about Distance prot. IntSP | * * * LED BO
Binary Input (Z3StrkON/OFF BI)
13925 Max. fault current (MAX I=) Statistics \ * *
13926 Last current interrupted by CB Statistics Vi * * 138 |16 |4 |No
(Last I=)
13927 Summation interrupted primary | Statistics \ * *
currents (2 I=)
13946 Inrush detection picked up InRushRestraint OUT |on “Jen off * LED BO
(INRUSH detected) off
13947 Inrush detection for Dis. is InRushRestraint OUT |oniy]* * LED BO
switched ON (Inrush Dis ON) off
13948 Inrush detection O/C is switched | InRushRestraint OUT ! |on™ | * LED BO
ON (Inrush O/C ON) off
13949 Inrush detection Emerg. O/C ON | InRushRestraint out |on |* * LED BO
(Inrush BuO/C ON) off
13951 >U feeder side VT MCB tripped | P.System Data 2 SP ON |* * LED | BI BO
(>VT MCB UF) OFF
13952 >U reference side VT MCB P.System Datay2 'SP ON |* * LED | BI BO 150 |11 |1 |Yes
tripped (>VT MCB Uref) OFF
13953 Measured value failure: Umeas | Monitering ouT |* on off * LED BO
failed (Failure Umeas)
13960 >Switch on Defrosting Protection”| Defrosting SP on |* * LED | BI BO 93 |201 |1 Yes
(>Defrost ON) off
13961 >Switch off Defrosting Protectian| Defrosting SP on |* * LED | BI BO 93 202 |1 |Yes
(>Defrost OFF) off
13962 >BLOCK Defrosting Protection{y| Defrosting SP * * * LED | BI BO 93 [203 |1 |Yes
(>BLOCK Defrost)
13963 Defrosting Protection isswitched | Defrosting IntSP | * * * LED BO 93 [205 |1 |Yes
ON (Defrost ON)
13964 Defrosting Protegtionfis switched | Defrosting OUT (on [* * LED BO 93 206 |1 |Yes
OFF (Deffast OFF) off
13965 Defrosting Protegtion is blocked | Defrosting OUT |on |onoff * LED BO 93 209 |1 Yes
(Defrost blk) off
13966 Defrosting Protection PICKED Defrosting ouT |* * m | LED BO 93 |211 |2 Yes
UP (Defrest PICKUP)
13967 Defrosting Protection TRIP (De- | Defrosting ouT |* * m | LED BO 93 |212 |2 |No
frost TRIP)
13970 Defrosting current IX>> Pickup | Defrosting ouT |* on off * LED BO
(IX>>"Pickup)
13971 Defrosting current IX> Pickup Defrosting OouT |* on off * LED BO
(IX> Pickup)
13972 Defrosting current IX>> TRIP Defrosting ouT |* on * LED BO
command (IX>> TRIP)
13973 Defrosting current IX> TRIP Defrosting ouT |* on * LED BO
command (IX> TRIP)
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13974 Differential Protection picked up | Defrosting OouT |* on off * LED BO 2 Yes
(Diff PU)
13975 Differential Protection TRIP (Diff | Defrosting 2 No
TRIP)
13976 Defrosting Protection on/off about | Defrosting
BI (DEF ON/OFF BI)
13978 Block Defrosting Protection (De- | Defrosting 1 Yes
frost block)
13980 Catenary 1 ON/OFF about Binary | Therm. Overload
Input (Cat.1 ON/OFF BI)
13981 Catenary 2 ON/OFF about Binary | Therm. Overload
Input (Cat.2 ON/OFF BI)
13982 Catenary 3 ON/OFF about Binary | Therm. Overload
Input (Cat.3 ON/OFF BI)
13990 Relay General pickup (Relay PU) | P.System Data 2
13991 General protective PICKUP of P.System Data 2 2 Yes
device (Protection PU)
13992 General protective TRIP of P.System Data 2 2 No
device (Protection TRIP)
13993 AR: Recl. after thermal trip: Auto Reclose 2 Yes
Meas. Req. (TH Recl.SyncReq)
13994 Emerg.O/C Prot.: ON/OFF via Emerg. O/C
Binary Input (Emer. ON/OFF BI)
13995 AR: Taction 1st cycle is running | Auto Reclose
(AR Taction 1st)
13996 AR: Taction 2nd cycle or higher | Auto Reclose
running (AR Taction >1st)
13998 Delay time for back up trip Breaker Failure 1 Yes
expired (BF T-BF1)
16006 Residual Endurance (Resid.En- | Statistics
du.=)
16010 Dropped below Threshold CB SetPdint(Sta UT |on * LED BO
Res.Endurance (Thresh.R.En- off
du.<)
16011 Number of mechanical Trips \Y * *
(mechan.TRIP=)
16019 >2P Measurement Start (>2P SP on |* * LED | BI BO
start) off
16020 2P blocked by Time-Setting OUT |on [* * LED BO
Failure (2P T sett.fail) off
16027 2P Logic blocked Ir: Function OuT |on |* * LED BO
(2P blk | PaErr) off
16028 2P Logic blk It Function OUT (on [* * LED BO
Isc>=SwCy: off
L 4
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A.10 Group Alarms

A.10 Group Alarms

.-

No. Description Function No. Descrip

140 Error Sum Alarm 144 Error 5V D
13953 Failure Umeas
192 ErrorlA/5Awrong
181 Error A/D-conv. ®

160 Alarm Sum Event 169
170
361
13951
177 Fail\Bat!
193 j .
190 Error Board 0
183 ror Board 1
184 Error Board 2
185 Error Board 3
186 Error Board 4
187 Error Board 5
188 Error Board 6
189@ Error Board 7

L 4 \< ’
L 4
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A.11 Measured Values

No. Description Function IEC 60870-5-103 Configurable in Matrix
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c
- Control DIGSI (CntrIDIGSI) Cntrl Authority - - - - - CEC CD DD
636 U - Difference (line - reference) (Udif=) Measurement - - - - - CFC CD DD
637 U - Line (Uline=) Measurement - - - - - GFC CD DD
638 U - Reference (Uref=) Measurement - - - - - CFC CD DD
641 P (active power) (P =) Measurement 128 148 Yes 9 7 CFC CD DD
134 120 No 9 7
138 241 No 9 6
642 Q (reactive power) (Q =) Measurement 128 148 Yes 9 8 CFC CD DD
134 120 No 9 8
138 241 No 9 7
644 Frequency (Freq=) Measurement 128 148 Yes 9 9 CFC CD DD
134 1220 No 9 9
138 241 No 9 8
646 f - Reference (fref=) Measurement - - = - - CFC CD DD
647 f - Difference (line-reference) (fdif=) Measurement - - - - - CFC CD DD
648 Angle (difference line-bus) (¢-diff=) Measurement - - - - - CFC CD DD
649 f - Line (fline=) Measurement - o - - - CFC CD DD
668 Operational measurement: | = (I =) Measurement 128 148 Yes 9 1 CFC CD DD
134 120 No 9 1
138 240 No 3 1
138 241 No 9 1
678 Operational measurement: U = (U =) Measurement 128 148 Yes 9 4 CFC CD DD
134 120 No 9 4
138 240 No 3 2
138 241 No 9 4
950 Operat. meas. temp. of catenary (Tmp.cats) | Meastrement 134 120 No 9 12 CFC CD DD
138 241 No 9 2
951 Operat. meas. ambient temperaturé Measurement - - - - - CFC CD DD
(Tmp.amb=)
13915 R)esistive component of total resistance(R | Measurement - - - - - CFC CD DD
13916 Reactive componentof totahrgsistance (X =) | Measurement - - - - - CFC CD DD
13917 Operating impedénce (Z=) Measurement 134 120 No 9 10 CFC CD DD
138 241 No 9 5
13918 Phase angle'PHLifi[degreges] (¢ =) Measurement 134 120 No 9 11 CFC CD DD
138 241 No 9 3
13920 Voltage UF- is (UF- =) Measurement 128 148 Yes 9 5 CFC CD DD
134 120 No 9 5
13921 Cugent IF- is (IF- =) Measurement 128 148 Yes 9 2 CFC CD DD
134 120 No 9 2
13922 Reference voltage (Uref=) Measurement 128 148 Yes 9 6 CFC CD DD
134 120 No 9 6
13923 Defrosting current IX is (IX =) Measurement 128 148 Yes 9 3 CFC CD DD
134 120 No 9 3
13924 Summated current 11 + 12 is (Z11,12=) Measurement - - - - - CFC CD DD
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13968 Differential current in [%] is (Id =) Measurement - - - - - CFC g) DD
13969 Restraint current in [%] is (Ir =) Measurement - - - - - CFC CD DD
16009 Lower Threshold of CB Residual Endurance | SetPoint(Stat) 138 21 No 4 - CD DD
(Resid.Endu. <)
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Battery
Bay controllers

Bit pattern indica-
tion

BP_xx

C_xx
CF_xx

CFC
CFC blocks

Chatter blocking

Combination
devices

Combination matrix

Communication
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Cemmunication
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The buffer battery ensures that specified data areas, flags, timers afthcounters are re-
tained retentively.

Bay controllers are devices with control and monitoring funetions without protective
functions.

Bit pattern indication is a processing function by!means of which items of digital
process information applying across several inputs can be detected together in paral-
lel and processed further. The bit pattern lepgthhean’be specified as 1, 2, 3 or 4 bytes.

— Bit pattern indication (Bitstring Of x Bit), Xddesignates the length in bits (8, 16, 24 or
32 hits).

Command without feedback

Command with feedback

Continuous Functiom€hart. CFC is a graphical editor with which a program can be
created and configlred By, using ready-made blocks.

Blocks are partsof the user program delimited by their function, their structure or their
purpose.

A rapidly intermittent input (for example, due to a relay contact fault) is switched off
afterda comfigurable monitoring time and can thus not generate any further signal
changes. g he function prevents overloading of the system when a fault arises.

€ombination devices are bay devices with protection functions and a control display.

From DIGSI V4.6 onward, up to 32 compatible SIPROTEC 4 devices can communi-
cate with one another in an Inter Relay Communication combination (IRC combina-
tion). Which device exchanges which information is defined with the help of the com-
bination matrix.

A communications branch corresponds to the configuration of 1 to n users that com-
municate by means of a common bus.

The communication reference describes the type and version of a station in commu-
nication by PROFIBUS.
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Glossary

Component view

COMTRADE

Container

Control display

Data pane

DCF77

Device container

Double command

Double-point indi-
cation

DP

DP_|

Drag and drop

Earth
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In addition to a topological view, SIMATIC Manager offers you a component view. The
component view does not offer any overview of the hierarchy of a project. It does, how-
ever, provide an overview of all the SIPROTEC 4 devices within a project.

Common Format for Transient Data Exchange, format for fault records.

If an object can contain other objects, it is called a container. The object Folder js an
example of such a container.

The display which is displayed on devices with a large (graphic) display after you have
pressed the control key is called the control display. It contains the"SwitChgear that can
be controlled in the feeder with status display. It is used to perform switching opera-
tions. Defining this display is part of the configuration.

— The right-hand area of the project window displays thé centents of the area selected
in the — navigation window, for example indications, ‘measured values, etc. of the in-
formation lists or the function selection for the devicejeonfiguration.

The extremely precise official time is determinedin, Germany by the "Physikalisch-
Technische-Bundesanstalt PTB" in BraurdSehweig. The atomic clock station of the PTB
transmits this time via the long-wave time-signal transmitter in Mainflingen near Frank-
furt/Main. The emitted time signal can bé‘received within a radius of approx. 1,500 km
from Frankfurt/Main.

In the Component View, all SIPROTEC 4 devices are assigned to an object of type
Device container. This objget isja spe€ial object of DIGSI Manager. However, since
there is no component viewyin DIGSI Manager, this object only becomes visible in con-
junction with STEP 7.

Double commands are process outputs which indicate 4 process states at 2 outputs:
2 defined (for example ON/OFF) and 2 undefined states (for example intermediate po-
sitions)

Double-peipt indications are items of process information which indicate 4 process
states at 2'iAputs:’2 defined (for example ON/OFF) and 2 undefined states (for
examplé intermediate positions).

— (Datible-point indication

> Deuble point indication, intermediate position 00

Copying, moving and linking function, used at graphics user interfaces. Objects are
selected with the mouse, held and moved from one data area to another.

The conductive earth whose electric potential can be set equal to zero at every point.
In the area of earth electrodes the earth can have a potential deviating from zero. The
term "Earth reference plane" is often used for this state.
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Earth (verb)

Earthing

Electromagnetic
compatibility

EMC

ESD protection

ExBPxx

ExC

ExCF

ExDP

EXDP_|

ExMV

ExSI

ExSI_F

Field devices

Floating

FMS communica-
tion branch

Folder

General interroga-
tion (Gl)
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This term means that a conductive part is connected via an earthing system to the;->
earth.

Earthing is the total of all means and measures used for earthing.

Electromagnetic compatibility (EMC) is the ability of an electrical apparatus to function
fault-free in a specified environment without influencing the environment unduly.

— Electromagnetic compatibility

ESD protection is the total of all the means and measuresfusedto protect electrostatic
sensitive devices.

External bit pattern indication via an ETHERNET_eonneetion, device-specific — Bit
pattern indication

External command without feedback via an\EFHERNET connection, device-specific

External command with feedbackdfiasan ETHERNET connection, device-specific

External double point indicationgvia’an ETHERNET connection, device-specific —
Double point indication

External double poingghdicationvia an ETHERNET connection, intermediate position
00, device-specific& Dauble point indication

External metered.valte,via an ETHERNET connection, device-specific

External singl€ pointindication via an ETHERNET connection, device-specific —
Single pointiindication

Extemnahsingle point indication via an ETHERNET connection, device-specific —
Transient information, — Single point indication

Genefic term for all devices assigned to the field level: Protection devices, combina-
tioh devices, bay controllers.

— Without electrical connection to the — Earth.

Within an FMS communication branch, the users communicate on the basis of the
PROFIBUS FMS protocol via a PROFIBUS FMS network.

This object type is used to create the hierarchical structure of a project.

During the system start-up the state of all the process inputs, of the status and of the
fault image is sampled. This information is used to update the system-end process
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GOOSE message

GPS

Hierarchy level

HV field description

HV project descrip-
tion

ID_S

IEC

IEC address

IEC communication
branch

IEC61850

Initializatiomstring
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image. The current process state can also be sampled after a data loss by means of
a Gl.

GOOSE messages (Generic Object Oriented Substation Event) are data pakets whiCh
are transferred event-controlled via the Ethernet communication system. They serve
for direct information exchange among the relays. This mechanism implements cross-
communication between bay units.

Global Positioning System. Satellites with atomic clocks on board orbitthesearth twice
a day on different paths in approx. 20,000 km. They transmit sighals Which'also
contain the GPS universal time. The GPS receiver determines its,owmposition from
the signals received. From its position it can derive the delay time ofia satellite signal
and thus correct the transmitted GPS universal time.

Within a structure with higher-level and lower-level objeets a‘hierarchy level is a con-
tainer of equivalent objects.

The HV project description file contains details of{fieldsiwhich exist in a ModPara-
project. The actual field information of each fieldiis stared in a HV field description file.
Within the HV project description file, each field is allecated such a HV field description
file by a reference to the file name.

All the data is exported once the configuratiomand parameterization of PCUs and sub-
modules using ModPara has been.eempleted. This data is split up into several files.
One file contains details about the fundamental project structure. This also includes,
for example, information detailing which fields exist in this project. This file is called a
HV project description filef

Internal double point indicatioan — Double point indication

Internal double pointiindieation, intermediate position 00 — Double point indication

International Electretechnical Commission, international standardisation body

Within anslECW@Is a unique IEC address has to be assigned to each SIPROTEC 4
device A total of 254 IEC addresses are available for each IEC bus.

Within an' IEC communication branch the users communicate on the basis of the
[E€60-870-5-103 protocol via an IEC bus.

International communication standard for communication in substations. The objective
of this standard is the interoperability of devices from different manufacturers on the
station bus. An Ethernet network is used for data transfer.

An initialization string comprises a range of modem-specific commands. These are
transmitted to the modem within the framework of modem initialization. The com-
mands can, for example, force specific settings for the modem.

7ST6 Manual
E50417-G1176-C251-A3



Glossary

Inter relay commu-
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IRIG-B

ISO 9001

Link address

List view

LV

LVU

Master

Metered value

MLFB

Modem connection

Modem profile
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— IRC combination

Inter Relay Communication, IRC, is used for directly exchanging process information
between SIPROTEC 4 devices. You require an object of type IRC combination tg con-
figure an inter relay communication. Each user of the combination and all the'neces-
sary communication parameters are defined in this object. The type and scope of the
information exchanged between the users is also stored in this object.

Time signal code of the Inter-Range Instrumentation Group

Internal single point indication — Single point indication

Internal indication transient — Transient information;%»> Single point indication

The ISO 9000 ff range of standards defines measures used to assure the quality of a
product from the development stage to the /manufacturing stage.

The link address gives the address of a 3/Vi2 device.

The right pane of the project window displays the names and icons of objects which
represent the contents of a container Selected in the tree view. Because they are dis-
played in the form of a list, this,aréa is called the list view.

Limit value

Limit value, user-defined

Masters may_send data to other users and request data from other users. DIGSI op-
erates as a/master.

Metered values are a processing function with which the total number of discrete
similar events (counting pulses) is determined for a period, usually as an integrated
value. Imypower supply companies the electrical work is usually recorded as a metered
Value (energy purchase/supply, energy transportation).

MLFB is the abbreviation for "MaschinenLesbare FabrikateBezeichnung" (machine-
readable product designation). This is the equivalent of an order number. The type and
version of a SIPROTEC 4 device are coded in the order number.

This object type contains information on both partners of a modem connection, the
local modem and the remote modem.

A modem profile consists of the name of the profile, a modem driver and may also
comprise several initialization commands and a user address. You can create several
modem profiles for one physical modem. To do so you need to link various initialization
commands or user addresses to a modem driver and its properties and save them
under different names.
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Modems

MV

MVMV

MVT

MVU

Navigation pane

Object

Object properties

Off-line

OlLF

On-line

ouT

Parameter set

Phone book

PMV

Process bus

PROFIBUS

PROFEIBUS)address
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Modem profiles for a modem connection are stored in this object type.

Measured value

Metered value which is formed from the measured value

Measured value with time

Measured value, user-defined

The left pane of the project window displays the names and symbgls'of all containers
of a project in the form of a folder tree.

Each element of a project structure is called an object in DIGSI.

Each object has properties. These might be genefal preperties that are common to
several objects. An object can also have speCific praperties.

In offline mode a connection to a SIPROTEC*adevice is not required. You work with
data which are stored in files.

Output Indication Transient — Transientinformation

When working in online made, there is/a physical connection to a SIPROTEC 4 device.
This connection can be implemented as a direct connection, as a modem connection
or as a PROFIBUS FMSigonnection.

Output indication

The parameter setiis.the set of all parameters that can be set for a SIPROTEC 4
device.

User addressesffor a modem connection are saved in this object type.

Pulse metered value

Devices with a process bus interface allow direct communication with SICAM HV mod-
ules. The process bus interface is equipped with an Ethernet module.

PROcess Fleld BUS, the German process and field bus standard, as specified in the
standard EN 50170, Volume 2, PROFIBUS. It defines the functional, electrical, and
mechanical properties for a bit-serial field bus.

Within a PROFIBUS network a unique PROFIBUS address has to be assigned to
each SIPROTEC 4 device. A total of 254 PROFIBUS addresses are available for each
PROFIBUS network.
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Project

Protection devices

Reorganizing

RIO file

RSxxx-interface

SCADA Interface

Service port

Setting parameters

Sl

SLF

SICAM SAS

SICAM SC

SICAM WinCC

Single command

Single pointindica-
tion

SIPROTEC
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Content-wise, a project is the image of a real power supply system. Graphically, a
project is represented as a number of objects which are integrated in a hierarchieal
structure. Physically, a project consists of a number of directories and files containing
project data.

All devices with a protective function and no control display.

Frequent addition and deletion of objects results in memory areas that can no longer
be used. By reorganizing projects, you can release these membry.areas again. How-
ever, a cleanup also reassigns the VD addresses. The conseguence is that all SIPRO-
TEC 4 devices have to be reinitialized.

Relay data Interchange format by Omicron.

Serial interfaces RS232, RS422/485

Rear serial interface on the devices for connecting to a control system via IEC or
PROFIBUS.

Rear serial interface on the devicesyforeennecting DIGSI (for example, via modem).

General term for all adjustments made™to the device. Parameterization jobs are exe-
cuted by means of DIGSI orgin some cases, directly on the device.

— Single point indication

— Single point indicationransient — Transient information, — Single point indication

Modularly structured/station control system, based on the substation controller —
SICAM SCfand the SICAM WinCC operator control and monitoring system.

Substation Cantroller. Modularly structured substation control system, based on the
SIMATIC'M7 automation system.

The SICAM WinCC operator control and monitoring system displays the state of your
network graphically, visualizes alarms, interrupts and indications, archives the network
data, offers the possibility of intervening manually in the process and manages the
system rights of the individual employee.

Single commands are process outputs which indicate 2 process states (for example,
ON/OFF) at one output.

Single indications are items of process information which indicate 2 process states (for
example, ON/OFF) at one output.

The registered trademark SIPROTEC is used for devices implemented on system
base V4.
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SIPROTEC 4 device

SIPROTEC 4
variant

Slave

Time stamp

Topological view

Transformer Tap In-
dication

Transient informa-
tion

Tree view

TxTap

User address

Users

VD

VD address
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This object type represents a real SIPROTEC 4 device with all the setting values and
process data it contains.

This object type represents a variant of an object of type SIPROTEC 4 device. The
device data of this variant may well differ from the device data of the original object.
However, all variants derived from the original object have the same VD address as
the original object. For this reason they always correspond to the same real SIPRO-
TEC 4 device as the original object. Objects of type SIPROTEC 4 variant have @
variety of uses, such as documenting different operating states when entering param-
eter settings of a SIPROTEC 4 device.

A slave may only exchange data with a master after being promptedyto do so by the
master. SIPROTEC 4 devices operate as slaves.

Time stamp is the assignment of the real time to a process event.

DIGSI Manager always displays a project in the top@legical view. This shows the hier-
archical structure of a project with all available objects.

Transformer tap indication is a processingdfunction on the DI by means of which the
tap of the transformer tap changer can be detected together in parallel and processed
further.

A transient information is a brief transient™» single-point indication at which only the
coming of the process signal.is detected and processed immediately.

The left pane of the project wifidow displays the names and symbols of all containers
of a project in the form of ‘ayfolder tree. This area is called the tree view.

— Transformer Tapndication

A user address eemprises the name of the user, the national code, the area code and
the user-speeific phone number.

From DIGSI V4.6 onward , up to 32 compatible SIPROTEC 4 devices can communi-
cate with,one 'another in an Inter Relay Communication combination. The individual
participating devices are called users.

A VB, (Virtual Device) includes all communication objects and their properties and
states that are used by a communication user through services. A VD can be a phys-
ical device, a module of a device or a software module.

The VD address is assigned automatically by DIGSI Manager. It exists only once in
the entire project and thus serves to identify unambiguously a real SIPROTEC 4
device. The VD address assigned by DIGSI Manager must be transferred to the
SIPROTEC 4 device in order to allow communication with DIGSI Device Editor.

A VFD (Virtual Field Device) includes all communication objects and their properties
and states that are used by a communication user through services.
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Index

A

Acknowledgement of commands 201
Analog Inputs 256

Auxiliary voltage 257

Automatic reclosing commands 192
Automatic Reclosure Function 124
Automatic reclosure function 278
Auxiliary Functions 284

Auxiliary voltage 212

B

Backup Time Overcurrent Protection 87
Binary Inputs 257

Binary Outputs 186, 257

Breaker Failure Protection 103

Bus address 227

C

C-1/O-7 input/output board 219

Check time synchronization 241

Check: Circuit breaker failure protection 247

Check: Current and voltage connection 248

Check: Direction 249

Check: Operator interface 236

Check: Service interface 236

Check: Switching states of binaky inputs and
outputs 244

Check: System connections 238

Check: System interface 236

Check: Termination 237

Check: Time synchronization ifterface 237

Check: Tripping/Closing,ofthesonfigured operating
equipment 251

Check: User-defined functions 250

Check: Voltage transfermer miniature circuit
breaker (VTgmchb), 248

Circuit breaker failufe protection 106, 276

Climatic stress tests 264

Climatic tests 264

Command duration 183

Command Execution 195

Command output 201

€ommand Path 195

Command Processing 194

command Task 195

Command types 194
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Communication 20

Communication interfaces 258
Configuration of functional scope 27
Contact mode for binary outputs 212
Control Logic 199

Control voltage for binaryinputs®212
Counters and memories 192
Cubicle mounting 233,286, 287
Current flow monitoring, 404

Current Inputs 256

D

DC voltage 25%

Definite, time very high set current stage 1>>> 76
DefrostingyProtection 111

Defresting protection 277

Delay times 105

Design” 265

Detection of the Circuit Breaker Position 176
Device and system logic 306

Pirection check with load current 249
Display Panel 187

Distance Protection 266

Distance protection 21

E

Electrical tests 262

EMC Tests for Interferencelmmunity (type
tests) 262

EMC tests for noise emission (type test) 263

F

Fast Binary Outputs 186

Fault Indications 30

Fault indications (buffer: trip log) 188
Fault Locator 152

Fault locator 280

Fault logging 284

Fault Recording 44

Fault recording 20

Feedback monitoring 201
Fibre-optic cables 237

Final Preparation of the Device 253
Function modules 281
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G

General 26
General Diagrams 293
General interrogation 189

H

High-set current stage 1>> 78
High-speed overcurrent protection 84
Humidity 264

Indications 188

Information to a Control Centre 187
Initiation 104

Input/output board B-1/0-2 226
Inrush Restraint 120

Inrush restraint 277

Insulation test 262

Interlocking 196

Interrupted currents 192

It Function 156

It function 280

L

Life contact 212
Limits for CFC blocks 282
Limits for User DefinedFunctions 282

M

Measuring the operating time of the Gircuit

breaker 250
Measuring Transducer Inputs 256
Mechanical Stress Tests 263
MODBUS Optical fibre%261
MODBUS RS485 259
Monitoring 166
Monitoring with binagy'input” 173

O

Operatingsmodes 144
Operating'\Modes for Time Tracking

Operating time of the circuit breaker 250

Opérational event log buffer 284

@perational indications (buffer: event log) 188
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Operational measured values 284

Operator Interface 258

Oscillographic recordings for test 251

Output relays 186

Output relays of binary outputs 258

Overcurrent stage 1> 80

Overcurrent stage IP (inverse-time overcurrent pro-
tection with ANSI characteristics) 81

Overcurrent stage IP (inverse-time overcurrent pro-
tection with IEC characteristics){” 80

Overload protection 94, 275

P

Panel flush mounting 2863287
Phase rotation field check, 248
Pickup logic for the ‘entire device 177
Pickup voltage 216

Pickup voltagesof/BI1to BI5 216
Power supply 257

Power System,Data 2 40

R

Rackymounting 233

Rated currents 212
Readout/setting/resetting 193

Real time clock and bufferbattery 285
Retrievable indications 189

S

Service / modem interface 259

Service conditions 265

Setting Groups 38

Setting groups: Changing; Changing setting groups

209

Settings Group Change Option 38

Single-stage breaker failure protection 106

Specifications 262

Spontaneous Indications on the Display 30

Standard Interlocking 197

Start triggering oscillographic recording 252

Statistics 285

Supply voltage 257

Switchgear interlocking 307

Switching 79

Switching (interlocked/non-interlocked) 196

Switching test of the configured operating
equipment 251

Synchro-check 142

Synchronism check 279
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Terminal Assignment 293
Termination 237

Termination of serial interfaces 212 \2

Test mode 241

Test: System interface 242
Time constantt 99

Time Overcurrent Protection 268

Time overcurrent protection 76
Time overcurrent stage 1> 78

Time overcurrent stage Ip 78

Time Synchronization Interface 261
Time synchronization interface 237
Transmission block 241

Trip Circuit Supervision 170

Trip circuit supervision 209, 280

Trip dependent indications 30

Trip supervision 109, 280

Tripping logic 79

Tripping logic of the entire device 178
Tripping test with circuit breaker 251
Trips 192

Two-stage breaker failure protection 107\

U @
User-defined functions 281 ’\

Y \

Vibration and Shock S g Steady State Op-
eration 263

Vibration and s ss during transport 264
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