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Preface

Aim of This Manual

Target Audience

Applicability of this
Manual

This manual describes the functions, operation, installation, and commissioning of the
device. In particularly, you will find:

« General information regarding operation of SIPROTEC® 4 devices - Chapter 4,
 Information regarding configuration of the device —» Chapter 5,

« Description of the device functions and setting facilities — Chapter 6,

« Instruction of operation while in service » Chapter 7,

« Instruction for mounting and commissioning —» Chapter 8,

« List of the technical data — Chapter 10.

As well as a compilation of the most significant data for experienced users in the Ap-
pendix.

Protection engineers, commissioning engineers, persons who are involved in setting,
testing and service of protection, automation, and control devices, as well as operation
personnel in electrical plants and power stations.

This manual is valid for SIPROTEC® 7SA6 Distance Protection; firmware version 4.2.

@

Indication of Conformity

This product complies with the directive of the Council of the European Communities
on the approximation of the laws of the member states relating to electromagnetic
compatibility (EMC Council Directive 89/336/EEC) and concerning electrical equip-
ment for use within specified voltage limits (Low-voltage Directive 73/23/EEC).

This conformity has been proved by tests conducted by Siemens AG in accordance
with Article 10 of the Council Directive in agreement with the generic standards

EN 50081 and EN 50082 (for EMC directive) and the standards EN 60255-6 (for low-
voltage directive).

The conforms with the international standards of IEC 60255 and the German stand-
ards DIN 57435 part 303 (corresponding to VDE 0435 part 303).

Additional support

Courses
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Should further information be desired or should particular problems arise which are
not covered sufficiently for the purchaser's purpose, the matter should be referred to
the local Siemens representative.

Individual course offerings may be found in our Training Catalog, or questions can be
directed to our training center. Please contact your Siemens representative.
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Instructions and
Warnings

The warnings and notes contained in this manual serve for your own safety and for an
appropriate lifetime of the device. Please observe them!

The following terms are used:

DANGER

indicates that death, severe personal injury or substantial property damage will 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 property damage can result if proper precau-
tions are not taken. This is especially valid for damage on or in the device itself and
consequential damage thereof.

Note
indicates information about the device or respective part of the instruction manual
which is essential to highlight.

Warning!

Hazardous voltages are present in this electrical equipment during operation. Non—
observance of the safety rules can result in severe personal injury or property dam-
age.

Only qualified personnel shall work on and around this equipment after becoming thor-
oughly familiar with all warnings and safety notices of this manual as well as with the
applicable safety regulations.

The successful and safe operation of this device is dependent on proper handling, in-
stallation, operation, and maintenance by qualified personnel under observance of all
warnings and hints contained in this manual.

In particular the general erection and safety regulations (e.g. IEC, DIN, VDE, EN or
other national and international standards) regarding the correct use of hoisting gear
must be observed. Non—observance can result in death, personal injury or substantial
property damage.

Typographic and
Symbol
Conventions

QUALIFIED PERSONNEL

For the purpose of this instruction manual and product labels, a qualified person is one
who is familiar with the installation, construction and operation of the equipment and
the hazards involved. In addition, he has the following qualifications:

« |Is trained and authorized to energize, de-energize, clear, ground and tag circuits
and equipment in accordance with established safety practices.

 Istrained in the proper care and use of protective equipment in accordance with es-
tablished safety practices.

* |Is trained in rendering first aid.

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

Parameter names, i.e. 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
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computer (with operation software DIGSI® 4), are marked in bold letters of a mono-
space type style.

Parameter options, i.e. possible settings of text parameters, which may appear
word-for-word in the display of the device or on the screen of a personal computer
(with operation software DIGSI® 4), are written in italic style, additionally.

“Annunciations”, i.e. designators for information, which may be output by the relay
or required from other devices or from the switch gear, are marked in a monospace
type style in quotes.

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

The following symbols are used in drawings:

Earth fault device-internal logical input signal
Earth faulty ~ device-internal logical output signal

|

Uiz internal input signal of an analog value
external binary input signal
external binary output signal

Parameter address

\ Parameter name

example of a parameter switch FUNCTION with the address 1234

| on and the possible settings On and Off
_/ﬁq

Parameter options

Furthermore, the graphic symbols according IEC 617-12 IEC 617—13 or similar are
used in most cases.

¢ [ Analog input value

L — 4
S . .
_d OR-Logic of input value
] e b — AND-Logic of input value
—q

/I‘nversion of Signal
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|ph>

2611|T Iph>>

Exclusive OR (Non-equivalence): output active, if
only one of the inputs is active

Coincidence: output active, if both inputs
are active in the same direction

Dynamic input signals

Creation of an analog output signal
out of several analog input signals

Monitoring stage with
parameter address and parameter name

Timing element (pickup delay) with
parameter address and parameter name

Timing element (resetting time delay)

Transition-operated timing element
with action time T

Static memory (RS—flipflop) with Set
Input (S), Reset Input (R), Output (Q)
and Negated Output (Q)

Liability statement

We have checked the contents of this manual against the de-
scribed hardware and software. Nevertheless, deviations may oc-
cur so that we cannot guarantee the entire harmony with the prod-
uct.

The contents of this manual will be checked in periodical intervals,
corrections will be made in the following edition. We look forward to
your suggestions for improvement. Release 4.22.01

Subject to technical alteration.

Copyright
Copyright © SIEMENS AG 2000; 2002. All rights reserved.

Copying of this document and giving it to others and the use or
communication of the contents thereof, are forbidden without ex-
press authority. Offenders are liable to the payment of damages. All
rights are reserved, especially in the event or grant of a patent or
registration of a utility model or design.

Registered trademarks

SIPROTEC, SINAUT, SICAM, and DIGSI are registered trade-
marks of SIEMENS AG. Other names and terms can be trade-
marks the use of which may violate the rights of thirds.

vi
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1

The SIPROTEC® 4 devices 7SA6 are introduced in this chapter. An overview of the

devices is presented in their application, features, and scope of functions.

1.1 Overall Operation 1-2
1.2 Applications 1-5
1.3 Features 1-8
1.4 Scope of Functions 1-9
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Introduction

1.1  Overall Operation

Analog Inputs

1-2

aux

The numerical Distance Protection SIPROTEC® 7SA6 is equipped with a powerful 32
Bit microprocessor. This provides fully numerical processing of all functions in the
device, from the acquisition of the measured values up to the output of commands to
the circuit breakers. Figure 1-1 shows the basic configuration of the device.

The measuring inputs MI transform the currents and voltages derived from the
instrument transformers and match them to the internal signal levels for processing in
the device. The device has 4 current and 4 voltage inputs. Three current inputs are
provided for measurement of the phase currents, a further measuring input (1) may
be configured to measure the earth current (residual current from the current
transformer star-point), the earth current of a parallel line (for parallel line
compensation) or the star-point current of a power transformer (for earth fault direction
determination).
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Figure 1-1 Hardware structure of the numerical device 7SA6 (maximum configuration)
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A voltage measuring input is provided for each phase—earth voltage. A further voltage
input (U,) may optionally be used to measure either the displacement voltage (e—n—
voltage) or any other voltage Uy (for overvoltage protection). The analogue signals are
then routed to the input amplifier group IA.

The input amplifier group IA ensures that there is high impedance termination for the
measured signals and contains filters which are optimized in terms of band-width and
speed with regard to the signal processing.

The analogue/digital converter group AD has an analogue/digital converter and
memory modules for the data transfer to the microcomputer.

Apart from processing the measured values, the microcomputer system also executes

the actual protection and control functions. In particular, the following are included:

— Filtering and conditioning of the measured signals,

— Continuous supervision of the measured signals,

— Monitoring of the individual protection function pick-up conditions,

- Interrogation of threshold values and time sequences,

— Processing of signals for the logic functions,

— Reaching trip and close command decisions,

— Storage of fault annunciations, fault annunciations as well as fault recording data,
for system fault analysis,

— Operating system and related function management such as e.g. data storage, real
time clock, communication, interfaces etc.

Informations are provided via output amplifier group OA.

The microcomputer system obtains external information through binary inputs such as
remote resetting or blocking commands for protective elements. The “uC” issues
information to external equipment via the output contacts. These outputs include, in
particular, trip commands to circuit breakers and signals for remote annunciation of
important events and conditions.

Light-emitting diodes (LEDs) and a display screen (LCD) on the front panel provide
information on measured values, events, states and finally the functional status of the
device.

Integrated control and numeric keys in conjunction with the LCD facilitate local
interaction with the 7SA6. All information of the device can be accessed using the
integrated control and numeric keys. The information includes protective and control
settings, operating and fault messages, and measured values (see also Chapter 7).
The settings can be modified as are discussed in Chapter 6.

If the device is provided with the main functions of system control, the required
operation can also be carried out via the front cover.

A serial operating interface on the front panel is provided for local communications
with the 7SA6 through a personal computer. Convenient operation of all functions of
the device is possible using the SIPROTEC® 4 operating program DIGSI® 4.

A separate serial service interface is provided for remote communications via a
modem, or local communications via a substation master computer that is
permanently connected to the 7SA6. DIGSI® 4 is required.

All 7SA6 data can be transferred to a central master or main control system through
the serial system interface. Various protocols and physical arrangements are
available for this interface to suit the particular application.
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Protection Data
Interface (optional)

Power Supply

1-4

A battery backed clock is always provided and can be synchronized via a
synchronization signal with IRIG-B (GPS via satellite receiver) or DCF 77.

Additional interface modules provide the option to carry out further communication
protocols.

Depending on the version there are one or two protection data interfaces. Via these
interfaces the data for the teleprotection scheme and further information such as
closing the local circuit breaker, other external trip commands coupled via binary
inputs and binary information can be transmitted to other ends.

The 7SA6 can be supplied with any of the common power supply voltages. Transient
dips of the supply voltage which may occur during short-circuit in the power supply
system, are bridged by a capacitor (see Technical Data, Subsection 10.1.2).

7SA6 Manual
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1.2  Applications

Protection
Functions
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The numerical Distance Protection SIPROTEC® 7SAG6 is a fast and selective
protection device for overhead lines and cables with single- and multi-ended infeeds
in radial, ring or any type of meshed systems with insulation ratings. The system
starpoint can be earthed, resonant-earthed or isolated.

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

The devices located at the ends of the protected zone exchange measuring
information via protection data interfaces using dedicated communication links
(usually fibre optic cables) or a communication network. If the 7SA6 devices are
equipped with a protection data interface, they can be applied for an object with

2 ends. Lines with three terminals (teed feeders) require at least one device with two
protection data interfaces.

Recognition of the distance to fault with distance protection measurement, is the basic
function of the device. In particular for complex multiphase faults, the distance
protection has a non-switched 6-impedance-loops design (fullscheme). Different
pickup schemes enable a good adaption to system conditions and the user
philosophy. The influence of wrong distance measurement due to parallel lines can be
compensated by feeding the earth current of the parallel line to the relay. Parallel line
compensation can be used for distance protection as well as for the fault locator. It
may be supplemented by teleprotection using various signal transmission schemes
(for fast tripping on 100 % of the line length). In addition, an earth fault protection (for
high resistance earth faults, ordering option) is available, which may be directional,
non-directional and may also be incorporated in signal transmission. On lines with
weak or no infeed at one line end, it is possible to achieve fast tripping at both line ends
by means of the signal transmission scheme. Subsequent to energizing the line onto
a fault which may be located along the entire line length, it is possible to achieve a non-
delayed trip signal.

In the event of a failure of the measured voltages due to a fault in the secondary
circuits (e.qg. trip of the voltage transformer mcb or a fuse) the device can automatically
revert to an emergency operation with an integrated time delayed overcurrent
protection, until the measured voltage again becomes available. The overcurrent
protection consists of three definite time overcurrent stages and an inverse time
(IDMT) stage. For the IDMT stage, a number of characteristics based on various
standards are available. The stages can be combined according to the user’s
requirements. Alternatively, the time delayed overcurrent protection may be used as
back-up time delayed overcurrent protection, i.e. it functions independent and in
parallel to the distance protection.

Depending on the version ordered, most short-circuit protection functions may also trip
single-pole. It may work in co-operation with an integrated automatic reclosure
(available as an option) with which single-pole, three-pole or single and three-pole
automatic reclosure as well as several interrupt cycles are possible on overhead lines.
Before reclosure after three-pole tripping, the permissibility of the reclosure can be
checked by voltage and/or synchronization check by the device. It is possible to
connect an external automatic reclosure and/or synchronization device as well as
double protection with one or two automatic reclosure functions.

1-5



Introduction

Digital
Transmission of
Protection Data
(optional)

Messages and
Measured Values;
Storage of Data for
Fault Recordings

Communication
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In the event of a communication failure, if there is no possible reserve, the devices can
automatically be switched to emergency operation using an integrated overcurrent
time protection until communication is healthy again. This overcurrent time protection
has three definite-time overcurrent stages and one inverse-time (IDMT) stage; a
series of characteristics according to various standards is available for the inverse-
time stage. Alternatively, the overcurrent time protection can be used as a back-up
overcurrent time protection, i.e. it operates independent of and parallel to the Distance
Protection at either end.

Apart from the short-circuit protection functions mentioned, further protection
functions are possible such as earth fault detection (for isolated or resonant-earthed
systems), multi-stage overvoltage and undervoltage protection, circuit breaker failure
protection and protection against the effects of power swings (for impedance starting,
simultaneously active as power swing blocking for the distance protection), as well as
thermal overload protection for protecting the operational equipment (especially
cables) against too much heating due to overloading.

For the rapid location of the damage to the line after a short-circuit, a fault locator is
integrated which also may compensate for the influence of a parallel line and load.

If the distance protection is to be complemented by digital teleprotection schemes, the
data required for this purpose can be transmitted via the protection data interface by
employing a digital communication link. Communication via the protection data
interface can be used for transmitting further information. Besides measured variables
also binary commands or other information (ordered variant) can be transmitted.

The devices will automatically find the remaining healthy communication lines. But
even with two ends, communication lines can be doubled to create redundancies.

A series of operating messages provides information about conditions in the power
system and the 7SAG6 itself. Measurement quantities and values that are calculated
can be displayed locally and communicated via the serial interfaces.

Messages of the 7SA6 can be indicated by a number of programmable LEDs on the
front panel, externally processed through programmable output contacts, and
communicated via the serial interfaces (see “Communication” below). With the help of
the CFC graphic tool (Continous Function Chart), user-defined annunciations and
logical combinations of internal or external signals can also be generated.

Important events and changes in conditions are saved under Annunciation in the
Event Log or the Trip Log, the latter being used for faults. The instantaneous
measured values during the fault are also stored in the device and are subsequently
available for fault analysis.

Serial interfaces are available for communications with PCs, RTUs and SCADA
systems.

A 9-pin D-subminiature female connector on the front cover is used for local
communication with a personal computer. DIGSI®4 software is required to
communicate via this port. Using the SIPROTEC® DIGSI®4 operator software, all
operating and evalution procedures may be implemented via this operating interface,
such as setting and modification of configuration and parameter settings, configuration
of user-specific logic functions, reading out and display of operating and fault event
messages as well as measured values, reading out and display of fault records,
queries of device states as well as queries of measured values, and issuing of control
commands.
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Depending on the version ordered, further interfaces are on the rear side of the device.
Thus a comprehensive communication can be built up with other digital operating
control and storage systems:

The service interface can be operated via data or fibre optic cables. Communication
via modems is also possible. This enables remote operation from a PC using the
DIGSI®4 operating software, e.g. if several devices are to be operated from a central
PC.

The system interface is used for central communication between the device and the
control centre. It can also be operated via data and fibre optic cables. Standardized
protocols for data transfer in accordance with IEC 60870-5-103 are available. This
profile also enables the integration of devices into the SINAUT®LSA and SICAM®
automation systems.

As an alternative SIPROTEC® 4 also provides a field bus interface with PROFIBUS
FMS. The PROFIBUS FMS according to DIN 19245 with a very high capacity is a
widespread communication standard in the control and automation technology. The
profile of the PROFIBUS communication covers all types of information transmission
needed for substation control and protection systems. Via this profile the devices are
connected to the energy automation system SICAM®.
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Features

Powerful 32-bit microprocessor system.

Complete digital processing of measured values and control, from the sampling and
digitilization of measured values to close and trip decisions for the circuit breaker.

Complete galvanic and reliable separation between the internal processing circuits
of the 7SA6 and the external measurement, control, and DC supply circuits
because of the design of the analog input transducers, binary inputs and outputs,
and the DC converters.

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

Different pickup modes can be selected enabling the user to adapt the distance
protection system to different network conditions and his requirements.

Polygonal tripping characteristics with separate setting along the X—axis (reach)
and R-axis (arc resistance reserve) and separate R—setting for earth faults.

Direction determination is done with unfaulted loop (quadrature) voltages and
voltage memory, thereby achieving unlimited directional sensitivity.

Compensation of the influence of a parallel line during earth faults is possible.

Abundance of additional protective and control functions available, some as
options.

Continuous calculation and display of measured quantities on the front of the
device.

Simple device operation using the integrated operator panel or by means of a
connected personal computer running DIGSI® 4.

Storage of operational data, fault data, and oscillographic fault records with SER
information to be used for analysis and troubleshooting.

Communication with central control and data storage equipment via serial
interfaces through the choice of data cable, modem, or optical fibers, as an option.

Constant monitoring of the measurement quantities, as well as continuous self-
diagnostics covering the hardware and software.
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1.4  Scope of Functions

Distance Protection
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(optional
for Impedance
Starting)

Teleprotection
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The numerical Distance Protection SIPROTEC® 7SA6 has the following functions
(sometimes dependent on the order variant):

Protection for all types of short-circuit in systems with earthed, resonant-earthed or
isolated star point;

Different pickup schemes enable the user to adapt the distance protection system
to different network conditions and user’s requirements:

overcurrent pickup, voltage and angular-controlled pickup or impedance starting
(with polygonal angle-dependent characteristeric) can be selected;

Reliable distinction between load and short-circuit conditions, also on long, heavily
loaded lines;

High sensitivity in the case of a weakly loaded system, extreme stability against
load jumps and power swings;

Optimum adaption to line conditions by means of a polygonal tripping characteristic
with separate setting along the X—axis (reach) and R—axis (arc resistance reserve),
separate R—setting for earth faults.

Six measuring systems for each distance zone (full scheme design);

Six distance zones, selectable as forward, reverse or non-directional reaching, one
may be graded as an overreaching zone;

Nine time stages for the distance zones;

Direction determination is done with unfaulted loop (quadrature) voltages and
voltage memory, thereby achieving unlimited directional sensitivity, and not
affected by capacitive voltage transformer transients;

Current transformer saturation detection and compensation;
Compensation against the influence of a parallel line;
Shortest tripping time is approx. 15 ms (fy = 60 Hz) or 17 ms (fy = 50 Hz);

Phase segregated tripping (in conjunction with single-pole or single- and three-pole
auto-reclosure);

Non-delayed tripping after switching on to a fault;

Two sets of zero sequence compensation factors.

Power swing detection with dZ/dt—-measurement with three measuring systems;
Power swing detection up to a maximum of 7 Hz swing frequency;

In service also during single-pole dead times ;

Settable power swing programs;

Prevention of undesired tripping by the distance protection during power swings;

Tripping for out-of-step conditions can also be configured.

Can be configured to various schemes for:

Permissive Underreach Transfer Trip (PUTT) (directly via pickup or via overreach
zone that is set separately)
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Differential connections (release or blocking schemes, with separate overreach
zone or directional pickup)

Pilot protection / reverse interlocking (with direct voltage for local connections or
extremely short lines)

All lines are suited for 2 or 3 ends;

Phase segregated transmission applicable for lines with 2 ends;
Communication between devices via dedicated communication connections (in
general optical fibre) or a communication system possible (as an option);
Steady monitoring of the communication ways and the signal propagation delay
with automatic re-adjustment.

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

For the IDMT protection a selection of various characteristics based on several
standards is possible;

A fourth definite time stage can be set for the IDMT
High sensitivity from 3 mA (dependent on the version) is possible;

Phase current stabilization against error currents during current transformer
saturation;

Inrush stabilization with second harmonic;
Earth fault protection with a tripping time dependent on zero sequence voltage

Each stage can be set to be non-directional or directional in the forward or reverse
direction;

Direction determination with zero sequence system quantities (lg, Ug), with zero
sequence current and transformer star-point current (lg, ly). or with negative
sequence system quantities (I,, U,);

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

Non-delayed tripping after switching on to a fault is possible with any stage.

Transmission of the measured values from all ends of the protected object;
Transmission of 4 commands at all remote ends;

Transmission of 24 additional binary signals to all remote ends.

Possible in conjunction with teleprotection schemes;

Allows fast tripping at both line ends, even if there is no or only weak infeed
available at one line end;

Phase segregated tripping is possible.

Tripping at the local line end from an external device via a binary input;

Tripping of the remote line end by internal protection functions or an external device
via a binary input (with teleprotection).
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Selectable as emergency function in the case of measured voltage failure, or as
back up function independent of the measured voltage;

Maximally two definite time stages (DT) and one inverse time stage (IDMT), each
for phase currents and earth current;

For IDMT protection a selection from various characteristics based on several
standards is possible;

Blocking options e.g. for reverse interlocking with any stage;
Non-delayed tripping in the case of switching onto a fault with any stage is possible;

Stub protection: additional stage for fast tripping of faults between the current
transformer and circuit breaker (when the isolator switching status feed back is
available); particularly suited to sub-stations with 11/2 circuit breaker arrangements.

Fast tripping for switch-on-to-fault conditions;
Selectable for manual closure or following each closure of the circuit breaker;

With integrated line energization detection.

For resonant-earthed or isolated systems with

Detection of displacement voltage
Determination of earth-faulted phases
Sensitive determination of the earth fault direction

Phase displacement correction for current transformers

For reclosure after single-pole, three-pole or single and three-pole tripping;
Single or multiple reclosure (up to 8 reclosure attempts);

With separate action times for every reclosure attempt, optionally without action
times;

With separate dead times after single-pole and three-pole tripping, separate for the
first four reclosure attempts;

Controlled optionally by protection start with separate dead times after single, two
and three-pole starting

Optionally with adaptive dead time, phase-to-phase voltage and reduced dead time

Checking synchronism conditions before reclosure after three-pole switching;

Fast measuring of voltage difference U diff of the phase angle difference ¢ diff and
the frequency difference f diff;

Alternative check of dead-line / dead-bus before reclosure;

Switching under asynchronous network conditions with advance calculation of the
synchro-time possible;

Adjustable minimum and maximum voltage;

Checking synchronism or dead-line / dead-bus also before manual closure of the
circuit breaker, with separate limit values;

Measurement via transformer also possible;
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1-12

Measuring voltages optionally phase-phase or phase-earth

Overvoltage and undervoltage detection with different stages

Two overvoltage stages for the phase-earth voltages, with common time delay
Two overvoltage stages for the phase-phase voltages, with common time delay
Two overvoltage stages for the positive sequence voltage, with a time delay each
Two overvoltage stages for the negative sequence voltage, with a time delay each

Two overvoltage stages for the zero sequence voltage or any other single-phase
voltage, with a time delay each

Settable drop-off to pick-up ratios for the overvoltage protection functions

Two undervoltage stages for the phase-earth voltages with common time delay
Two undervoltage stages for the phase-phase voltages with common time delay
Two undervoltage stages for the positive sequence voltage, with a time delay each

Settable current criterion for undervoltage protection functions

Initiated by trip command or reset of the fault detection;

Computation of the distance to fault with dedicated measured value registers;
Fault location output in ohm, kilometers or miles and % of line length;

Parallel line compensation can be selected,;

Optional function; taking into consideration the load current in case of single-phase
earth faults fed from both sides

Fault location output as BCD-code or analog value (dependent on the order variant)

With independent current stages for monitoring current flow through every pole of
the circuit breaker;

With independent monitoring time steps for single-pole and three-pole tripping;
Start by trip command of every internal protection function;

Start by external trip functions possible;

Single or two stages

Short drop off and overshoot times.

Thermal display of ohmic loss of the protected object
R. m. s. measurement for all three phase currents

Settable thermal and current alarm stages

Output of up to four analog values (dependent on the order variant) is possible:
measured values, fault location, breaking earth fault current

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

All common logic functions;
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Time delays and measured value set point interrogation.

Display of magnitude and phase angle of local and remote measured values;

Display of the measured values of the communication link, such as runtime and
availability.

Switching on and off switchgears manually via the local control keys, configurable
function keys, via the system interface (e.g. of the SICAM® or LSA) or via the
operator interface (by means of personal computers and the operating program
DIGSI® 4)

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

Plausibility check of the circuit breaker positions and interlocking conditions, for
switching operations

Monitoring of the internal measuring circuits, the auxiliary supply, as well as the
hard- and software, resulting in increased reliability;

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

Trip circuit supervision is possible;
Checking for the load impedance, the measured direction and the phase sequence;

Monitoring the signal transmission of the digital communication way (optional).

Battery buffered real time clock, which may be sychronized via a synchronization
signal (DCF77, IRIG B via satellite receiver), binary input or system interface;

Fault event memory for the last 8 network faults (faults in the power system), with
real time stamps (ms-resolution);

Earth fault protocols for up to 8 earth faults (devices with sensitive earth fault
detection)

Fault recording memory and data transfer for analogue and user configurable
binary signal traces with a maximum time range of 15 s;

Switching statistic: the statistic comprises the number of trip and close commands
issued by the device, the recorded fault data and interrupted fault currents;

Commissioning aids such as connection and direction checks as well as circuit
breaker test functions. All binary inputs and outputs can be displayed and set
directly. This can simplify the wiring check process significantly for the user.
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This chapter describes the construction and connection of the 7SA6. The different
housing versions and available termination techniques are described.

The recommended and permitted data for the wiring is stated and suitable accessories
and tools are given.

2.1 Version of 7SA6 for Panel Flush Mounting (Cubicle Mounting) 2-2
2.2 Version of 7SAG for Panel Surface Mounting 2-22
2.3 Version of 7SA6 with Detached Operator Panel 2-36
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2.1

2.1.1

2-2

Version of 7SAG6 for Panel Flush Mounting (Cubicle Mounting)

Housing

The numerical Distance Protection SIPROTEC® 7SA6 for panel and cubicle flush
mounting is enclosed in a 7XP20 housing. 3 housing sizes are available, namely 1/3,
11, and Y/, (of 19 inch).

Housing size 1/3 is provided with a four-line display. The two other housing sizes can
either be ordered with a four-line display or a graphic display.

Different termination techniques are available depending on the ordered version.

The housing consists of a rectangular tube with a rear plate and a front cover. Guide
rail mats are mounted at the top and bottom on the inside of the tube, to guide the
modules during mounting. Each guide rail mat has visible numbering from 1 to 42, des-
ignating the mounting positions of the modules. The modules and the front cover are
connected by means of flat ribbon cables and the corresponding plug connectors. The
rear plate screwed to the tube contains the required connectors for the external con-
nections to the device.

The front cover can be taken off after removal of the covers located at the 4 corners
of the front cover and the 4 screws that are then revealed. Housing size /; has 2 ad-
ditional screw covers located at the centre of the top and bottom of the front cover
frame; accordingly 6 screws must be removed in this case. The front cover has a
membrane keypad containing the control and indication elements required for the user
interface with the device. All terminations to the control and indication elements are
combined by a converter module on the front cover, and routed to the processor mod-
ule (CPU) via a plug connector.

The name plate containing the principal data of the device, such as auxiliary supply
voltage, the rated test voltage and the ordering code (MLFB) is located on the external
top of the housing and on the inside of the front cover.

The mechanical dimension drawings are located in Section 10.22.
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Figure 2-1  Front view of a 7SA61 (housing size 1/3) for panel flush mounting or cubicle
mounting

Referring to the operating and display elements in Figure 2-1;

1.

Display (LCD)

The LCD shows processing and device information as text in various lists. Com-
monly displayed information includes measured values, counter values, binary in-
formation regarding the condition of circuit breakers, status of the device, protec-
tion information, general reports, and alarms.

Navigation keys
These keys serve for navigation through operating menus.

MENU key
This key activates the main menu.

ESC and ENTER keys
These keys serve to escape from specific menues or execute changes (such as
setting changes).

Numerical keys
These keys serve for entry of numerical values, such as limit value settings.

Function keys

Four function keys (F1 to F4) allow the quick and simple execution of frequently
used actions. Typical applications include, for example, jumping to a particular po-
sition in the menu tree such as the fault data in the Trip Log or the measured val-
ues. Three of the function keys were already configured in our factories, for dis-
playing the lists of the event logs (F1), the operational measured value (F2) and
the trip logs of the last system fault (F3). Key F4 is not allocated. All function keys
are freely configurable. Next to the keypad, a labeling strip is provided on which
the user-specified key functions may be written.
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7.

10.

11.

9-pin female D-subminiature connector
This serial interface is for the connection of a local PC running DIGSI® 4.

LED key
This key has the dual purpose of resetting latched LEDs and the latched contacts
of output relays, as well as testing all of the LEDs.

Light emitting diodes (LEDs)

The function of the 7 LEDs can be programmed. There is a vast selection of sig-
nals from which to choose. Some examples are device status, processing or con-
trol information, and binary input or output status. Next to the LEDs on the front
panel, a labeling strip is provided on which the user-specified LED functions may
be written.

Operating condition indicators
The two LEDs “RUN” (green) and “ERROR” (red) indicate the operating condition
of the device.

Coverings for the screws that secure the front panel.
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View of Front Panel  The significance of the operating and display elements is the same as explained after
with Four-Line Figure 2-1. However, 14 LEDs are freely configurable.
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Figure 2-2  Front view of a 7SA61, housing size 1/2, for panel flush mounting or cubicle
mounting
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View of Front Panel  The significance of the operating and display elements is the same as explained

\Iljvii;frl);c;/ur—Line after Figure 2-1. However, 14 LEDs are freely configurable.
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Figure 2-3  Front view of a 7SA61, housing size 1/1, for panel flush mounting or cubicle
mounting
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Figure 2-4  Front view of a 7SA63, housing size 1/2, for panel flush mounting or cubicle
mounting

Referring to the operating and display elements in Figure 2-4;

1. MENU key
This key activates the main menu.

2. LC-Display (LCD)
In the LCD the processing and device information can be illustrated in a control
display or displayed in the form of text in various lists. Commonly displayed infor-
mation includes the position of the switchgears, measured values, counter values,
binary information regarding the condition of circuit breakers, status of the device,
protection information, general reports, and alarms.

3. Navigation keys
These keys serve for navigation through operating menus.

4. Control keys
These keys serve for controlling the process. They are located below the LCD.

5. Numerical keys
These keys serve for entry of numerical values, such as limit value settings.

6. Function keys
Four function keys (F1 to F4) allow the quick and simple execution of frequently
used actions. Typical applications include, for example, jumping to a particular po-
sition in the menu tree such as the fault data in the Trip Log or the measured val-
ues. Three of the function keys were already configured in our factories, for dis-
playing the lists of the event logs (F1), the operational measured value (F2) and
the trip logs of the last system fault (F3). The key F4 is not allocated. All function
keys are freely configurable. Next to the keypad, a labeling strip is provided on
which the user-specified key functions may be written.
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7. CTRL key
The function of this key is to show the control display.

8. Key-operated switch
2 key-operated switches guarantee a fast, but save access to the functionalities
.changing between local and remote" and ,,changing between interlocked and
non-interlocked operation”.

9. 9-pin female D-subminiature connector
This serial interface is for the connection of a local PC running DIGSI® 4.

10. LED key
This key has the dual purpose of resetting latched LEDs and the latched contacts
of output relays, as well as testing all of the LEDs.

11. Light emitting diodes (LEDS)
The function of the 7 LEDs can be programmed. There is a vast selection of sig-
nals from which to choose. Some examples are device status, processing or con-
trol information, and binary input or output status. Next to the LEDs on the front
panel, a labeling strip is provided on which the user-specified LED functions may
be written.

12. Operating condition indicators
The two LEDs “RUN” (green) and “ERROR” (red) indicate the operating condition
of the device.

13. Coverings for the screws that secure the front panel.

View of Front Panel  The significance of the operating and display elements is the same as explained after
with Graphic Figure 2-4.

Display

(Housing Size 1/;)
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Figure 2-5  Front view of a 7SA63, housing size 1/1, for panel flush mounting or cubicle mounting
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View of Rear Panel Figure 2-6 shows a simplified view of the rear panel of a device with screw-type termi-
(Housing Size /) nals.
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Figure 2-6  Rear view of a 7SA6, housing size /5 (terminal arrangement
example only)
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Figure 2-7 is a simplified view of the rear panel of the version of the device with screw-

type terminals and optical fibre ports for the service interface at location B.

Hardware and Connections

View of Rear Panel
(Housing Size 1/,)
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Rear view of a 7SA6, housing size /; (terminal arrangement example only)
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Figure 2-8

View of Rear Panel
(Housing Size 1/1)
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2.1.2 Screw Terminal Connections

The following must be distinguished in the case of connection via screw terminals:

terminal plugs for voltage connections and
terminal plugs for current connections.

The terminal screws have a slot head for tightening or loosening with a flat screw driv-
er, sized 6 x 1. mm.

Terminal Blocks for  The voltage connection terminal modules are available in 2 variants (Figure 2-9).
Voltage
Connections

O%

EOEQEOEOEOEOHOHOHO

O%

QOEQEOEOEOEQEOEOEOH
Q0000000000000 0O

000000000000
BOEOHOEOHEOHO

OEQEQEOEOEOE

%o

18 terminal 12 terminal

Figure 2-9  Connection plug module with screw terminals for voltage connections — rear
view

Figure 2-10 shows an example of the allocation of an individual screw terminals to
their terminal numbers.

connection terminal 1

connection terminal 2 —

Figure 2-10  Allocation of screw terminal to terminal number — example

Terminal Block for There is one version of a terminal block for current connections to a 7SA6. The termi-
Current nal block is illustrated in Figure 2-11.

Connections The correlation between the terminals and their terminal numbers is the same for the

current terminals as shown in Figure 2-10.
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Connections to
Voltage Terminals
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8 terminal

Figure 2-11 Terminal block of screw terminals for current connections — rear view

The available poles are arranged into pole pairs, each containing two poles. In this
manner, the two neighbouring terminals form one pair. Accordingly the current termi-
nal module with 8 poles contains 4 pairs.

In combination with the plug connection on the module side, these terminal pairs have
an integrated short-circuiting function which short-circuits the two neighbouring cur-

rent passages when the module is withdrawn. If the current transformer secondary cir-
cuits should become open circuited, large voltages can arise, which may endanger op-
erating personnel and the insulation of the CTs. When the module is inserted, the cur-
rent paths have a low impedance termination via the measuring inputs on the module.

During insertion of the module, the short-circuit of the current path is automatically re-
moved. The interruption only occurs once a reliable contact to the plug connector on
the module is established. This does not reduce the care that must be taken when
working on the current transformer secondary circuits!

The short-circuiting contacts of the current terminals are located on the housing side,
inside the terminal module connector, while the operating pins are located on the mod-
ule side of the plug connector.

Ring-type and fork-type lugs may be used. To ensure that the insulation paths are
maintained, insulated lugs must be used. Alternatively, the crimping area must be in-
sulated with other methods, e.g. by covering with a shrink sleeve.

The following must be observed:

Connections with cable lugs: inner diameter of lugs, 4 mm;
maximum outer diameter of lugs, 10 mm;

conductor with cross-section of 1 mm? to 2.6 mm? (AWG 16 to 14).
Use copper wires only!

Cable lugs of series PIDG from Messrs. Tyco Electronics AMP are recommended, e.g.
Ring cable lug: PIDG PN 320565-0
Fork lug: PIDG PN 321233-0.

Direct cable connections: solid or stranded conductor with connector sleeve;
conductor with cross-section of 0.5 mm? to 2.6 mm? (AWG 20 to 14).

When using one single conductor, the conductor end must be inserted such that it will
be drawn into the contact cavity while tightening the screw.

Use copper wires only!

Wire strip length: solid conductor 9 to 10 mm (0.35 to 0.39 in).

Maximum tightening torque: 1.8 Nm (16 in-Ib).

7SA6 Manual
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Connections to
Current Terminals

Short-Circuit Links

Covering Caps
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Ring-type and fork-type lugs may be used. To ensure that the insulation paths are
maintained, insulated lugs must be used. Alternatively, the crimping area must be in-
sulated with other methods, e.g. by covering with a shrink sleeve.

The following must be observed:

Connections with cable lugs: inner diameter of lugs, 5 mm;
maximum outer diameter of lugs, 12 mm;

conductor with cross-section of 2.6 mm? to 6.6 mm? (AWG 14 to 10).
Use copper wires only!

Cable lugs of series PIDG from Messrs. Tyco Electronics AMP are recommended, e.g.
Ring cable lug: PIDG PN 130171-0
Fork lug: PIDG PN 326865-0

Direct cable connections: solid or stranded conductor with connector sleeve;
conductor with cross-section of 2.6 mm? to 3.3 mm? (AWG 14 to 12).

When using one single conductor, the conductor end must be inserted such that it will
be drawn into the contact cavity while tightening the screw.

Use copper wires only!

Wire strip length: solid conductor 10 to 11 mm (0.39 to 0.43 in).

Maximum tightening torque: 2.7 Nm (24 in-lb).

Short-circuit links are available for convenience in making terminal connections.

The short-circuit links can connect two neighbouring terminals located on the same
side of the terminal module. By connecting further links, neighbouring terminals can
be included in the short-circuit. On each terminal it is possible to connect two shot-

circuiting links, or one short-circuit link and one lug, or one individual conductor.

The links meet the safety requirements for protection against electric shock.

There are two types of links, one for voltage connections and one for current connec-
tions. The links are illustrated in Figure 2-12. Ordering information for the links is pro-
vided in Section A.1 in the Appendix.

Short-circuit links for Short-circuit links for
voltage connections current connections

Figure 2-12  Short-circuit links for voltage connections and current connections

Terminal covering caps are available for the screw terminal modules, to increase the
protection of personnel against hazardous voltages (degree of protection against ac-
cess to dangerous parts) on the terminal modules. The degree of protection is in-
creased from the standard “back of the hand protection” (IP1x) to “finger protection”
(IP2x).

The terminal covering caps provide an enclosure which securely covers all voltage
carrying components. They are simply snapped onto the terminal module. It must be
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noted that all screws on the terminal module must be screws in before snapping the
cover on. The terminal covering cap can simply be removed with a screw driver 6x1.

There are two types of covering caps, as shown in Figure 2-13. Ordering information
is provided in Section A.1 in the Appendix.

1
[AMP] [>PCG ;<ED
/|

[AvP] >pcGF<Eg
/

SIEMENS]
C73334-A1-C31-1]
SIEMENS]
C73334-A1-C32-1

L 28 SLm
Covering cap for Covering cap for
18 terminal voltage 12 terminal voltage
connection terminal block or 8 Terminal Current

connection terminal block

Figure 2-13  Covering caps for terminal blocks with screw terminals
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2.1.3 Connections to Plug-In Terminals

Terminal Blocks for
Voltage
Connections
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Plug-in terminals are only available for voltage connections. Current connections are
made with screw terminals on all 7SA6.

There are two versions of plug-in terminal blocks. They are shown in Figure 2-14.

0
[«]
1

[T opn.

a5E Ann o ABE
258 in een
OBp == oG ==

18 terminal 12 terminal

Figure 2-14 Terminal blocks of plug-in terminals for voltage connections — rear view

The system of numbers and letters used to designate the plug-in terminals is illustrat-
ed in Figure 2-15.

Plug-in terminal 1

Plug-in terminal 2 —

e[l
[a b c|

Figure 2-15 Correlation between plug-in terminals and connection numbers/letters

Each plug-in terminal forms a complete set of connections that consists of three pins
arranged as follows:

Pin a: Signal connection
Pin b: Common connection
Pin c: Shielding connection

The signal pins are the only terminal pins that are directly connected to the internal
printed circuit boards of the 7SA6. Depending on the version of the terminal block, 18
or 12 signal connections are provided. Refer to Figure 2-16.

There are two isolated groups of common pins. Within a group the pins are inter-con-
nected as shown in Figure 2-16. The common pins “b” are not connected to the boards
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Connections to
Plug-In Terminals

2-16

inside the 7SA6. Each common group can, for example, be used for signal multiplica-
tion or as a common point for a signal (independent of the signals on the pin “a” termi-
nals). Depending on the version of the terminal block, 18 or 12 common connections

are available.

Grouping of common connections within a terminal block is as follows:

12 terminal block:

18 terminal block:

Group 1
Group 2

Group 1
Group 2

Terminals 1 through 6
Terminals 7 through 12

Terminals 1 through 9
Terminals 10 through 18

All shielding pins are connected together as shown in Figure 2-16. The shielding pins
are also connected to the housing. Depending on the version of the terminal block, 18

or 12 shielding connections are provided.

12 terminal

M)
E—

bl a_ 1] ¢ 1]
q .|2 a|lb |c
bla_ 3® ¢ ¢]
q
b

0|4 a |b |cH

b 9 @[3 alb
b[a_ 9@ ¢
b ¢ @10 a b
bl a_ 11]® ¢
b ¢ o|12 a b

——
—

ololelolelolglolglolglo
G
[}
(e}
I
o

Signal connection 18 terminal

Cgmmon connectiqn
Shielding connection (

Common connections, group 1
looped together

Common connections, group 2
looped together

Shielding connections
looped together

b ®|2 alp

b

p § o|4 alp
a 5|. q
b ¢ o6 alp
bla 7@ ¢ ¢

i0.8|ab

elllalOVg O -7/

—]o
o
®
©
®
Y
o[ Jo [ Jo [ Jo [ Jo [ Jo[Z

p o o|12 a b
a 13|O D O|
> .|14 a|b |c
a 15|0 0|
> 0|16 a|b |c
a 17|0 0|
> ¢ o] albc

—

TZ./-O

3\

aol0la
=

Figure 2-16 Schematic diagram of the plug-in terminal blocks

Connections to plug-in terminals are made with pin connectors.

There are two versions of pin connectors:

Version 1: 2-pin connector
Version 2: 3-pin connector
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Ordering information for the pin connectors is provided in Section A.1 of the Appendix.

Figure 2-17  2-pin connector and 3-pin connector

The design of the pin connectors is such that only correct connections can be made.
For example, the design of the 2-pin connector allows connection only to pins “a” and
“b”. An erroneous connection to pins “b” and “c” is excluded.

The pin connectors snap in to the plug-in terminals. The connectors can be removed
without tools.

Control wires are connected to contacts of the pin connectors. Wires with 0.5 mm? to
2.5 mm? diameter (AWG 20 to 14) can be accommodated.

Use only flexible copper control wire!
The following crimp connectors can be used:

Tin-plated version:

Diameter 0.5 mm? to 1.0 mm

e.g. Bandware 4000 pieces type: 0-827039-1 from Messrs. Tyco Electronics AMP
Individual piece type: 0—827396—1 from Messrs. Tyco Electronics AMP

Diameter 1.0 mm? to 2.5 mm?:

e.g. Bandware 4000 pieces type: 0-827040-1 from Messrs. Tyco Electronics AMP

2.

Individual piece type: 0—827397-1 from Messrs. Tyco Electronics AMP
Connection of a conductor to a contact is performed using the following tools:
e.g. Hand crimping tool type: 0—734372-1 from Messrs. Tyco Electronics AMP
Stencil type: 1-734387-1 from Messrs. Tyco Electronics AMP

The use of individual pieces is recommended.

Gold-plated version (recommended):
Diameter 0.75 mm? to 1.5 mm?;
e.g. Bandware 4000 pieces type: 0-163083—7 from Messrs. Tyco Electronics AMP

Individual piece type: 0-163084-2 from Messrs. Tyco Electronics AMP
Connection of a conductor to a contact is performed using the following tools:
e.g. Hand crimping tool type: 0-539635-1 from Messrs. Tyco Electronics AMP
Stencil type: 1-539668-2 from Messrs. Tyco Electronics AMP

The use of individual pieces is recommended.

After the wires are crimped, the contacts are pressed into the terminals of the connec-
tor until they snap into place.

Stress relief for individual pin connector must be provided with cable ties. Stress relief
must also be provided for the entire set of cables, e.g., cable ties.

2-17



Hardware and Connections

The following separation tool is needed to remove the contacts from the pin connec-
tors:
Type: 725840-1 from Messrs. Tyco Electronics AMP.

The separation tool contains a small tube that is subject to wear. The tube can be or-
dered separately:
Type: 725841-1 from Messrs. Tyco Electronics AMP.

2.1.4 Connections to Optical Communication Interfaces

Optical Interfaces

ST-Connectors

Connections to
Optical
Communication
Interfaces with
ST-Connectors

Connections to
Optical
Communication
Interfaces with
FC—-Connectors

2-18

The three available versions of optical communication interfaces are shown in Figure
2-18. The ports are supplied with caps to protect the optical components against dust
or other contaminants. The caps can be removed by turning them 90° to the left.

o
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210 @)

2 channel 1 channel 1 channel

Figure 2-18 Optical communication interfaces with protective caps

Optical connector type: ST-connector

Fibre type: Multimode graded-index (“G”) optical fibre
G50/125 pm,
G62.5/125 pum,
G100/140 pm

Wavelength: A =820 nm (approximately)

Allowable bending radius: For indoor cable  ryi,= 5cm (2 in)

For outdoor cable rp,i, = 20 cm (8 in)

Laser class 1 (acc. EN 60825-1) is achieved with fibre type G50/125 pm and
G62.5/125 pm.

The optical communication interfaces with FC-connectors and screw connections also
provide caps to protect the optical components against dust or other contaminants.
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Connections to
Optical
Communication
Interfaces with
FC-Connectors
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Figure 2-19 Optical communication interfaces with caps

Optical connector type: FC—connector

Fibre type: Monomode
9/125 pm,
Wavelength: A = 1300 nm (approximately)

Allowable bending radius:For indoor cable  r,, =5cm(2in)
For outdoor cable rn;;, =20cm (8in)
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2.1.5 Connections to Electrical Communication Interfaces

Electrical 9-pin D-subminiature female socket connectors are provided for all electrical commu-
Communication nication interfaces of the 7SA6. The connector is illustrated in Figure 2-20. The pin as-
Interfaces signments are described in Sub-section 8.2.1.
5.0 J o | 1 e 1
99— T == 6 6
©0 =L ||39] ol
o9 Sl 93
6 —1°9 22 |[SofH—9 3ei—9
1— | @) o T—5 o) 5
=i
Operating Interface E= Time Synchronization
on the Front Side Interface on the
Serial Interface Rear Side

on the Rear Side

Figure 2-20 9 pin D-subminiature connectors

Connections to Standard 9-pin D-subminiature plug connectors per MIL—C-24308 and DIN 41652
Electrical can be used.

ﬁ](t)ér;frggggcation The necessary communication cables are dependent on the type of interface:

* RS232/EIA232: Five-wire, twisted and shielded, e.g. interface cable 7XV5100-4.
* RS485/EIA485: Three-wire, twisted and shielded.

* Profibus: Two-wire or four-wire, twisted and shielded:
Wire type A, DIN 19245, part 2 and EN 50170 vol. 2, twisted and shielded,
Wire Resistance: 135 Q to 165 Q (f > 100 kHz)
Capacitance: < 30 nF/km (48 nF/mile)
Circuit resistance: < 110 Q/km (177 Q/mile)
Conductor diameter: > 0.64 mm
Conductor cross-sectional area: > 0.34 mm
e.g., SINEC L2 Industrial twisted pair installation wire
(see catalogue 1K 10 “SIMATIC NET, Industrial Communications Networks”).

2

« Time synchronization: At least two-wire, shielded.
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2.1.6 Connections to Analog Outputs

9-pin D-subminiature female socket connectors are provided for all analog outputs of
the 7SA6. The connector is illustrated in Figure 2-21. The pin assignments are de-
scribed in Subsection 8.2.1.

Connections

Fx| 0 |-¢
om
N Og
O
§ Eiig
©
<<

Figure 2-21 9 pin D-subminiature connectors

Connections to Standard 9-pin D-subminiature plug connectors per MIL—-C-24308 and DIN 41652

Serial can be used.

Communication . . . .
Communication cable: Two-wire / four-wire, shielded

Interfaces

Max. load impedance: 350 Q

7SA6 Manual 2-21
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2.2  Version of 7SAG6 for Panel Surface Mounting

The numerical Distance Protection SIPROTEC® 7SA6 for surface mounting is en-
closed in a 7XP20 housing. 2 housing versions are available, 1/2 und 1/1 (of 19 inch).
The device is fitted into a surface mounting housing.

2.2.1 Housing

The housing consists of a rectangular tube with a rear plate and a front cover. Guide
rail mats are mounted at the top and bottom on the inside of the tube, to guide the
modules during mounting. Each guide rail mat has visible numbering from 1 to 42, des-
ignating the mounting positions of the modules. The modules and the front cover are
connected by means of flat ribbon cables and the corresponding plug connectors.

This tube is fitted into a surface mounting housing and secured with 4 screws, which
are located behind screw covering caps at the four corners of the front cover. Two ad-
ditional screw covering caps and associated securing screws, are located at the cen-
tre top and bottom of the front cover frame with the housing size 1/1. The surface
mounting housing contains the wiring from the back plate to the screw terminal.

The front cover can be taken off after removal of the covers located on the 4 corners
of the front cover and the 4 screws that are then revealed. Housing size /; has 2 ad-
ditional screw covers located at the centre of the top and bottom of the front cover
frame; accordingly 6 screws must be removed in this case. The front cover has a
membrane keypad containing the control and indication elements required for the user
interface with the device. All terminations to the control and indication elements are
combined by a converter module on the front cover, and routed to the processor mod-
ule (CPU) via a plug connector.

The name plate containing the principal data of the device, such as auxiliary supply
voltage, the rated test voltage and the ordering code (MLFB) is located on the external
top of the housing and on the inside of the front cover.

The mechanical dimension drawings are located in Section 10.22.
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View of Front Panel
with Four-Line
Display

(Housing Size /)
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Figure 2-22  Front view of a 7SA61, housing size 1/3, for panel surface mounting without

optical communication interfaces
Referring to the operating and display elements in Figure 2-22:

1. Display (LCD)
The LCD shows processing and device information as text in various lists. Com-
monly displayed information includes measured values, counter values, binary in-
formation regarding the condition of circuit breakers, status of the device, protec-
tion information, general reports, and alarms.

2. Navigation keys
These keys serve for navigation through operating menus.

3. MENU key
This key activates the main menu.

4. ESC and ENTER keys
These keys serve to escape from specific menues or execute changes (such as
setting changes).

5. Numerical keys
These keys serve for entry of numerical values, such as limit value settings.

6. Function keys
Four function keys allow the quick and simple execution of frequently used ac-
tions. Typical applications include, for example, jumping to a particular position in
the menu tree such as the fault data in the Trip Log or the measured values. The
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2-24

10.

11.

function keys are programmable, and may be used to execute control functions
such as closing or tripping circuit breakers. Next to the keypad, a labeling strip is
provided on which the user-specified key functions may be written.

9-pin female D-subminiature connector
This serial interface is for the connection of a local PC running DIGSI® 4.

LED key
This key has the dual purpose of resetting latched LEDs and the latched contacts
of output relays, as well as testing all of the LEDs.

Light emitting diodes (LEDs)

The function of these indicators can be programmed. There is a vast selection of
signals from which to choose. Some examples are device status, processing or
control information, and binary input or output status. Next to the LEDs on the front
panel, a labeling strip is provided on which the user-specified LED functions may
be written.

Operating condition indicators
The two LEDs “RUN” (green) and “ERROR” (red) indicate the operating condition
of the device.

Coverings for the screws that secure the front panel.
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View of Front Panel  The significance of the operating and display elements is the same as explained after
with Four-Line Figure 2-22. However, 14 LEDs are freely configurable.
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Figure 2-23  Front view of a 7SA61, housing size 1/2, for panel flush mounting without optical
communication interfaces
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View of Front Panel  The significance of the operating and display elements is the same as explained after
with Four-Line Figure 2-22.
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Figure 2-24  Front view of a 7SAB, housing size 1/1, for panel surface mounting without optical communication interfaces
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Figure 2-25 Front view of a 7SA63, housing size 1/2, for panel surface mounting without
optical communication interfaces

Referring to the operating and display elements in Figure 2-25:

1. MENU key
This key activates the main menu.

2. Display (LCD)
The LCD illustrates processing and device information in the form of a control dis-
play or of text in various lists. Commonly displayed information includes the posi-
tion of the switchgears, measured values, counter values, binary information re-
garding the condition of circuit breakers, status of the device, protection informa-
tion, general reports, and alarms.

3. Navigation keys
These keys serve for navigation through operating menus.

4. Control keys
These keys serve for controlling the process. They are located below the LCD.

5. Numerical keys
These keys serve for entry of numerical values, such as limit value settings.

6. Function keys
Four function keys (F1 to F4) allow the quick and simple execution of frequently
used actions. Typical applications include, for example, jumping to a particular po-
sition in the menu tree such as the fault data in the Trip Log or the operational
measured values. Three of the function keys were already configured in our fac-
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2-28

10.

11.

12.

13.

tories, for displaying the lists of the event logs (F1), the operational measured val-
ue (F2) and the trip logs of the last fault (F3). The key F4 is not allocated. All func-
tion keys are freely configurable. Next to the keypad, a labeling strip is provided
on which the user-specified key functions may be written.

CTRL key
The function of this key is to show the control display.

Key-operated switch

2 key-operated switches guarantee a fast, but save access to the functionalities
.changing between local and remote" and ,,changing between interlocked and
non-interlocked operation”.

9-pin female D-subminiature connector
This serial interface is for the connection of a local PC running DIGSI® 4.

LED key
This key has the dual purpose of resetting latched LEDs and the latched contacts
of output relays, as well as testing all of the LEDs.

Light emitting diodes (LEDs)

The function of the 14 LEDs are freely configurable. There is a vast selection of
signals from which to choose. Some examples are device status, processing or
control information, and binary input or output status. Next to the LEDs on the front
panel, a labeling strip is provided on which the user-specified LED functions may
be written.

Operating condition indicators
The two LEDs “RUN” (green) and “ERROR” (red) indicate the operating condition
of the device.

Coverings for the screws that secure the front panel.
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View of Front Panel  The significance of the operating and display elements is the same as explained after
with Graphic Figure 2-25.
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Figure 2-26  Front view of a 7SA63, housing size 1/1, for panel surface mounting without optical communication
interfaces

2.2.2 Screw Terminal Connections

Terminal Blocks All connections to the device are located at the top and bottom of the surface mounting
housing by means of two-tier terminals. For housing size 1/3 there are 60 terminals,
for the housing size 1/, there are 100 terminals and for the housing size '/, there are
200 two-tier terminals.

The plug connection module in the device for the current terminals automatically short-
circuits the current transformer circuits when the modules are withdrawn. This does
not reduce necessary care that must be taken when working on the current transform-
er secondary circuits.
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Connections to
Terminals

Solid conductor or stranded wire with lugs can be used.
The following specifications must be observed:

Direct cable connections: solid or stranded conductor with connector sleeve
conductor with cross-section of 0.5 mm? to 7 mm? (AWG 20 to 9).
Use copper wires only!

Maximum tightening torque: 1.2 Nm (0.9 ft-Ib or 10.6 ft-in)).

2.2.3 Connections to Optical Communication Interfaces

Optical
Communication
Interfaces

2-30

Optical communication interfaces may be 1- to 4-channel. The ports are supplied with
caps to protect the optical components against dust or other contaminants. The caps
can be removed by turning them 90° to the left.

A maximum of two fibre optic channels are located in each inclined housing. In the
case of device versions with 1 and 2 channels, the inclined housing is located at the
bottom side of the device. With device versions having up to a maximum of 4 fitted
optical channels, there is a second inclined housing mounted to the top side of the de-
vice (refer to Figure 2-27). If no inclined housing is fitted a cover plate is mounted in-
stead. Unused fibre optic connections are replaced by plastic studs.
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Housing for optical communication interfaces, channel D and E

P -

A

Housing for optical communication interfaces, channel B and C

Figure 2-27  Side view of 7SAG, panel surface mounting, possible optical communication in-
terfaces

Atable indicating the available channel designations B to E is printed onto the inclined
housing. In Figure 2-28 the channels B and C are fitted.

[Channel CTX] [ Channel B [X]
Channel E Channel D

— e > e

R B R

Figure 2-28 Inclined housing with optical communication interfaces
(example: channel B and C fitted)

For the device variant with the electrical Profibus interface RS485 and DNP3.0 a direct
fibre communication connection in the surface mounting housing is not possible. For

7SA6 Manual
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Connections to
Optical
Communication
Interfaces with
ST-Connectors

Optical Interfaces
(FC-Connector)

2-32

this purpose, the inclined housing features a DSUB-socket for electrical connection on
channel B which can be converted externally to optical connection via a separate elec-
tro-optical converter.

@) (@]
[ Channel C [X] [ Channel B [X]
[ ChannelE | | [ ChannelD| |
— —

ol @ @ cemwis L

Figure 2-29 Inclined housing with optical communication interface B and D SUB socket for
Profibus interface

Optical connector type: ST-connector
Fibre type: Multimode graded-index (“G”) optical fibre
G50/125 pm,

G62.5/125 pum,
G100/140 pm
Wavelength: A =820 nm (approximately)

Allowable bending radius: For indoor cable  ryi,=5cm (2 in)
For outdoor cable rp,ij, = 20 cm (8 in)

Laser class 1 (acc. EN 60825-1) is achieved with fibre type G50/125 pm and
G62.5/125 pm.

Optical communication interfaces with FC-connectors are provided with 1 channel or
1to 2 channels. The ports are supplied with caps to protect the optical components
against dust or other contaminants. They can be removed from the interfaces.

The fibre-optic channels are located in an inclined housing. The inclined housing is at
the top side (channels “D” and “E"), see Figure 2-19).

Fibre-optic connections that are not needed are replaced by plastic studs.
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Connections to
Optical
Communication
Interfaces with
FC—-Connectors

7SA6 Manual
C53000-G1176-C156-2

[KanalC [ | [
[Kanal E

Figure 2-30 Inclined housing with fibre-optic connections (channel D and E fitted)

Optical connector type: FC—connector

Fibre type: Monomode
9/125 pm,
Wavelength: A = 1300 nm (approximately)

Allowable bending radius:For indoor cable r,, =5cm(2in)
For outdoor cable rn;, =20cm (8in)
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2.2.4 Connections to Electrical Communication Interfaces

Electrical 9-pin D-subminiature female socket connectors are provided for all electrical commu-
Communication nication interfaces of the 7SA6. The connector is illustrated in Figure 2-31. The pin as-
Interfaces signments are described in Subsection 8.2.1.
o) O o) o)
[Channel dX] [Channel BX] [Channel d | [Channel H |
[Channel E | [Channel O | [Channel § | [Channel OX]
—> —>» —> —>»
ol ooy clomy 1o bl Q O ooy lo

Plastic Plugs

Figure 2-31 Inclined housing with 9-pin DSUB socket

Connections to Standard 9-pin D-subminiature plug connectors per MIL-C—-24308 and DIN 41652

Serial can be used.

ﬁ?ggggécation The necessary communication cables are dependent on the type of interface:
» RS232/EIA232: Five-wire, twisted and shielded, e.g. interface cable 7XV5100—4.
* RS485/EIA485: Three-wire, twisted and shielded.

» Profibus: Two-wire or four-wire, twisted and shielded:
Wire type A, DIN 19245, part 2 and EN 50170 vol. 2, twisted and shielded,
Wire Resistance: 135 Q to 165 Q (f > 100 kHz)
Capacitance: < 30 nF/km (48 nF/mile)
Circuit resistance: < 110 Q/km (177 Q/mile)
Conductor diameter: > 0.64 mm
Conductor cross-sectional area: > 0.34 mm?
e.g., SINEC L2 Industrial twisted pair installation wire
(see catalogue 1K 10 “SIMATIC NET, Industrial Communications Networks”).
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2.2.5 Connections to Analog Outputs

Connections

Connections to
Serial
Communication
Interfaces

7SA6 Manual
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9-pin D-subminiature female socket connectors are provided for all analog outputs of
the 7SA6. The connector is illustrated in Figure 2-32. The pin assignments are de-
scribed in Subsection 8.2.1.

[Channel d | [Channel |
[Channel H | [Channel OX]
—

\/

Plastic Plugs

ol QO O ;i

Figure 2-32  Inclined housing with 9 pin D-subminiature connectors

Standard 9 pin D-subminiature plug connectors per MIL—-C-24308 and DIN 41652 can

be used.

Communication cable: Two-wire / four-wire, shielded

Max. load impedance: 350 Q
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2.3  Version of 7SA6 with Detached Operator Panel

The numerical Distance Protection SIPROTEC® 7SA6 with detached operator panel
is intended for mounting it into a low-voltage box. It consists of a device in a 7XP20
housing for surface mounting and a detached operator panel for mounting onto a
mounting plate. 2 housing sizes are available, namely 1/2 and 1/1 (of 19 inch).

The device and the detached operator panel are connected via a 68-pole cable 2.2 m
long. The precut cable is part of the detached operator panel and connects it to the
housing via a 68-pin connector (see also Figure 2-33 and 2-34).

Different termination techniques are available depending on the ordered version.

2.3.1 Housing and Detached Operator Panel

Operator Panel

2-36

The housing consists of a rectangular tube with a rear plate specific to the device ver-
sion and a front cover without operator or display elements. Guide rail mats are mount-
ed at the top and bottom on the inside of the tube, to guide the modules during inser-
tion. Each guide rail mat has visible numbering from 1 to 42, designating the mounting
positions of the modules. The connection between the modules and to the front cover
is by means of flat ribbon cables and the corresponding plug connectors. The rear
plate screwed to the tube contains the required connectors for the external connec-
tions to the device.

The name plate containing the principal data of the device, such as auxiliary supply
voltage, the rated test voltage and the ordering code (MLFB) is located on the external
top of the housing and on the inside of the front cover.

For housing size 1/, threre are 3 wholes and for housing size %/; 5 wholes located at
the bottom and top angle to enable the mounting of the device.

The operator control element is composed of a front cover and a housing. On the front
cover there is a keypad with the operator and display elements. The device and key-
pad are connected via a communication cable with a plug connector inside the hous-
ing.

For mounting the operator control element onto the mounting plate the 4 covers locat-

ed at the corners of front cover must firstly be taken off. The removal reveals elongated
holes intended for the screws fastening the control element.

The operating and display elements are explained in the paragraph to be found direct-
ly after Figure 2-4.
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View of Device and  The following figure shows an 7SA6 device with detached operator panel, its housing
Operator Control with plug-in terminals and communication cable.
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Figure 2-33  7SA64 with detached operator panel (housing size /,)
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View of Device and  The following figure shows an 7SA6 device with detached operator panel, its housing
Operator Control with plug-in terminals and communication cable.
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Figure 2-34  7SA64 with detached operator panel (housing size /;)

2.3.2 Screw Terminal Connections

The following must be distinguished in the case of connection via screw terminals:

terminal plugs for voltage connections and
terminal plugs for current connections.

The terminal screws have a slot head for tightening or loosening with a flat screw driv-
er, sized 6 x 1 mm.

Terminal Blocks for  The voltage connection terminal modules are available in 2 variants (Figure 2-9).
Voltage
Connections
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Figure 2-35 Connection plug module with screw terminals for voltage connections — rear
view

Figure 2-10 shows an example of the allocation of an individual screw terminals to
their terminal numbers.

connection terminal 1

connection terminal 2 —

Figure 2-36  Allocation of screw terminal to terminal number — example

Terminal Block for There is one version of a terminal block for current connections to a 7SA6. The termi-
Current nal block is illustrated in Figure 2-11.

Connections The correlation between the terminals and their terminal numbers is the same for the

current terminals as shown in Figure 2-10.
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© ©)
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§ ©)
e
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Figure 2-37 Terminal block of screw terminals for current connections — rear view
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Connections to
Voltage Terminals

Connections to
Current Terminals

2-40

The available poles are arranged into pole pairs, each containing two poles. In this
manner, the two neighbouring terminals form one pair. Accordingly the current termi-
nal module with 8 poles contains 4 pairs.

In combination with the plug connection on the module side, these terminal pairs have
an integrated short-circuiting function which short-circuits the two neighbouring cur-

rent passages when the module is withdrawn. If the current transformer secondary cir-
cuits should become open circuited, large voltages can arise, which may endanger op-
erating personnel and the insulation of the CTs. When the module is inserted, the cur-
rent paths have a low impedance termination via the measuring inputs on the module.

During insertion of the module, the short-circuit of the current path is automatically re-
moved. The interruption only occurs once a reliable contact to the plug connector on
the module is established. This does not reduce the care that must be taken when
working on the current transformer secondary circuits!

The short-circuiting contacts of the current terminals are located on the housing side,
inside the terminal module connector, while the operating pins are located on the mod-
ule side of the plug connector.

Ring-type and fork-type lugs may be used. To ensure that the insulation paths are
maintained, insulated lugs must be used. Alternatively, the crimping area must be in-
sulated with other methods, e.g. by covering with a shrink sleeve.

The following must be observed:

Connections with cable lugs: inner diameter of lugs, 4 mm;
maximum outer diameter of lugs, 10 mm;

conductor with cross-section of 1 mm? to 2.6 mm? (AWG 16 to 14).
Use copper wires only!

Cable lugs of series PIDG from Messrs. Tyco Electronics AMP are recommended, e.g.
Ring cable lug: PIDG PN 320565-0
Fork lug: PIDG PN 321233-0.

Direct cable connections: solid or stranded conductor with connector sleeve;
conductor with cross-section of 0.5 mm? to 2.6 mm? (AWG 20 to 14).

When using one single conductor, the conductor end must be inserted such that it will
be drawn into the contact cavity while tightening the screw.

Use copper wires only!

Wire strip length: solid conductor 9 to 10 mm (0.35 to 0.39 in).

Maximum tightening torque: 1.8 Nm (16 in-Ib).

Ring-type and fork-type lugs may be used. To ensure that the insulation paths are
maintained, insulated lugs must be used. Alternatively, the crimping area must be in-
sulated with other methods, e.g. by covering with a shrink sleeve.

The following must be observed:

Connections with cable lugs: inner diameter of lugs, 5 mm;
maximum outer diameter of lugs, 12 mm;

conductor with cross-section of 2.6 mm? to 6.6 mm? (AWG 14 to 10).
Use copper wires only!

Cable lugs of series PIDG from Messrs. Tyco Electronics AMP are recommended, e.g.
Ring cable lug: PIDG PN 1301710
Fork lug: PIDG PN 326865-0
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Short-Circuit Links

Covering Caps
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Direct cable connections: solid or stranded conductor with connector sleeve;
conductor with cross-section of 2.6 mm? to 3.3 mm? (AWG 14 to 12).

When using one single conductor, the conductor end must be inserted such that it will
be drawn into the contact cavity while tightening the screw.

Use copper wires only!

Wire strip length: solid conductor 10 to 11 mm (0.39 to 0.43 in).

Maximum tightening torque: 2.7 Nm (24 in-lb).

Short-circuit links are available for convenience in making terminal connections.

The short-circuit links can connect two neighbouring terminals located on the same
side of the terminal module. By connecting further links, neighbouring terminals can
be included in the short-circuit. On each terminal it is possible to connect two shot-

circuiting links, or one short-circuit link and one lug, or one individual conductor.

The links meet the safety requirements for protection against electric shock.

There are two types of links, one for voltage connections and one for current connec-
tions. The links are illustrated in Figure 2-12. Ordering information for the links is pro-
vided in Section A.1 in the Appendix.

Short-circuit links for Short-circuit links for
voltage connections current connections

Figure 2-38  Short-circuit links for voltage connections and current connections

Terminal covering caps are available for the screw terminal modules, to increase the
protection of personnel against hazardous voltages (degree of protection against ac-
cess to dangerous parts) on the terminal modules. The degree of protection is in-
creased from the standard “back of the hand protection” (IP1x) to “finger protection”
(IP2x).

The terminal covering caps provide an enclosure which securely covers all voltage

carrying components. They are simply snapped onto the terminal module. It must be
noted that all screws on the terminal module must be screws in before snapping the
cover on. The terminal covering cap can simply be removed with a screw driver 6x1.

There are two types of covering caps, as shown in Figure 2-13. Ordering information
is provided in Section A.1 in the Appendix.

2-41



Hardware and Connections

1
[AMP] [>PCG ;<ED
/|

[AvP] >pcGF<ED
/

SIEMENS]
C73334-A1-C31-1]
SIEMENS]
C73334-A1-C32-1

L == L ==
Covering cap for Covering cap for
18 terminal voltage 12 terminal voltage
connection terminal block or 8 Terminal Current

connection terminal block

Figure 2-39 Covering caps for terminal blocks with screw terminals

2.3.3 Connections to Plug-In Terminals

Plug-in terminals are only available for voltage connections. Current connections are
made with screw terminals on all 7SA6.

Terminal Blocks for  There are two versions of plug-in terminal blocks. They are shown in Figure 2-14.
Voltage
Connections

oay SHE oE

oo e |lg e e (o 1D
a b ¢ a b c

18 terminal 12 terminal

Figure 2-40 Terminal blocks of plug-in terminals for voltage connections — rear view
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The system of numbers and letters used to designate the plug-in terminals is illustrat-
ed in Figure 2-15.

Plug-in terminal 1

Plug-in terminal 2 —

1
[a b c|

Figure 2-41  Correlation between plug-in terminals and connection numbers/letters

Each plug-in terminal forms a complete set of connections that consists of three pins
arranged as follows:

Pin a: Signal connection
Pin b: Common connection
Pin c: Shielding connection

The signal pins are the only terminal pins that are directly connected to the internal
printed circuit boards of the 7SA6. Depending on the version of the terminal block, 18
or 12 signal connections are provided. Refer to Figure 2-16.

There are two isolated groups of common pins. Within a group the pins are inter-con-
nected as shown in Figure 2-16. The common pins “b” are not connected to the boards
inside the 7SA6. Each common group can, for example, be used for signal multiplica-
tion or as a common point for a signal (independent of the signals on the pin “a” termi-
nals). Depending on the version of the terminal block, 18 or 12 common connections
are available.

Grouping of common connections within a terminal block is as follows:

12 terminal block: Group 1 Terminals 1 through 6
Group 2 Terminals 7 through 12

18 terminal block: Group 1 Terminals 1 through 9
Group 2 Terminals 10 through 18

All shielding pins are connected together as shown in Figure 2-16. The shielding pins
are also connected to the housing. Depending on the version of the terminal block, 18
or 12 shielding connections are provided.
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Connections to
Plug-In Terminals

2-44

12 terminal Signal connection 18 terminal
Common connection

[ — Shielding connection ( —
c|l b| a 1|. D/"’i/ el b) a 1|‘ 0|
(¢ ¢ ]2 alb]c ¢ e|2 alblc
c| b] a 3|. 0| ) c|l b a 3|‘ 0|
|0c .|4 a |b |[c.I— Common connections, group 1 Py .|4 a lo lc
ol a s|e d ] looped together c a se ¢ ¢
® & 0|6 a b |c ® ¢ O(6 a|b |c
|Eba 710 ¢ ¢] |cba|7|0 Y
¢ ¢ o]8 albc | & o]s albfc
o[ a oe ¢ 9] b a oe d ¢]
¢ ¢ @|10 ab]c (¢ 9 @10 a b [c
bl a 11(e ¢ ¢] ol a_ 11(® ¢ &]
|0 0|12 a|b|c Common connections, group 2 ® 0|12 a|b |c
— looped together | Bl a_13(® ¢ 9]
~— [6 ¢ |14 _albc
L[ bl a 15/® ¢ 9]
o ) [ ¢ o]is _alb]c
Shielding connections [ ol a_ 17[e® ¢ o]
looped together [6 ¢ @18 abc
—

Figure 2-42  Schematic diagram of the plug-in terminal blocks

Connections to plug-in terminals are made with pin connectors.
There are two versions of pin connectors:

Version 1: 2-pin connector
Version 2: 3-pin connector

——

N1 |

Figure 2-43  2-pin connector and 3-pin connector

Ordering information for the pin connectors is provided in Section A.1 of the Appendix.

The design of the pin connectors is such that only correct connections can be made.
For example, the design of the 2-pin connector allows connection only to pins “a” and
“b”. An erroneous connection to pins “b” and “c” is excluded.

The pin connectors snap in to the plug-in terminals. The connectors can be removed
without tools.

Control wires are connected to contacts of the pin connectors. Wires with 0.5 mm? to
2.5 mm? diameter (AWG 20 to 14) can be accommodated.
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Use only flexible copper control wire!
The following crimp connectors can be used:

Tin-plated version:

Diameter 0.5 mm? to 1.0 mm?:

e.g. Bandware 4000 pieces type: 0-827039-1 from Messrs. Tyco Electronics AMP
Individual piece type: 0—-827396—1 from Messrs. Tyco Electronics AMP

Diameter 1.0 mm? to 2.5 mm?:

e.g. Bandware 4000 pieces type: 0-827040-1 from Messrs. Tyco Electronics AMP

Individual piece type: 0—-827397-1 from Messrs. Tyco Electronics AMP
Connection of a conductor to a contact is performed using the following tools:
e.g. Hand crimping tool type: 0—734372-1 from Messrs. Tyco Electronics AMP
Stencil type: 1-734387-1 from Messrs. Tyco Electronics AMP

The use of individual pieces is recommended.

Gold-plated version (recommended):
Diameter 0.75 mm? to 1.5 mm?;
e.g. Bandware 4000 pieces type: 0-163083—7 from Messrs. Tyco Electronics AMP

Individual piece type: 0-163084-2 from Messrs. Tyco Electronics AMP
Connection of a conductor to a contact is performed using the following tools:
e.g. Hand crimping tool type: 0-539635-1 from Messrs. Tyco Electronics AMP
Stencil type: 1-539668-2 from Messrs. Tyco Electronics AMP

The use of individual pieces is recommended.

After the wires are crimped, the contacts are pressed into the terminals of the connec-
tor until they snap into place.

Stress relief for individual pin connector must be provided with cable ties. Stress relief
must also be provided for the entire set of cables, e.g., cable ties.

The following separation tool is needed to remove the contacts from the pin connec-
tors:
Type: 725840-1 from Messrs. Tyco Electronics AMP.

The separation tool contains a small tube that is subject to wear. The tube can be or-
dered separately:
Type: 725841-1 from Messrs. Tyco Electronics AMP.

2.3.4 Connections to Optical Communication Interfaces

Optical Interfaces The three available versions of optical communication interfaces are shown in Figure
ST-Connectors 2-18. The ports are supplied with caps to protect the optical components against dust
or other contaminants. The caps can be removed by turning them 90° to the left.
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o

2 )

2 o ]

H@) 2 @)
o =t o

7l Fin )
B B !

o) e 2| e

210 210

2 channel 1 channel 1 channel

Figure 2-44  Optical communication interfaces with protective caps

Connections to Optical connector type: ST—-connector
Optical
Communication Fibre type: Multimode graded-index (“G”) optical fibre
Interfaces with G50/125 pm,
ST-Connectors G62.5/125 pm,
G100/140 pm
Wavelength: A =820 nm (approximately)
Allowable bending radius: For indoor cable  ryi,= 5cm (2 in)

For outdoor cable rp,ij, = 20 cm (8 in)

Laser class 1 (acc. EN 60825-1) is achieved with fibre type G50/125 pm and
G62.5/125 pm.

Optical Interfaces Optical communication interfaces with FC-connectors are provided with 1 channel or
(FC-Connector) 1to 2 channels. The ports are supplied with caps to protect the optical components
against dust or other contaminants. They can be removed from the interfaces.

The fibre-optic channels are located in an inclined housing. The inclined housing is at
the top side (channels “D” and “E"), see Figure 2-19).

Fibre-optic connections that are not needed are replaced by plastic studs.

[KanalC T | [K
[Kanal E_[X] [K

X
o e —>» e —>» o

Figure 2-45 Inclined housing with fibre-optic connections (channel D and E fitted)
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Connections to Optical connector type: FC—connector

Optical

Communication Fibre type: Monomode

Interfaces with 9/125 um,

FC—-Connectors Wavelength: A = 1300 nm (approximately)

Allowable bending radius:For indoor cable r,, =5cm(2in)
For outdoor cable ry;, =20cm (8in)
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2.3.5 Connections to Electrical Communication Interfaces

Electrical 9-pin D-subminiature female socket connectors are provided for all electrical commu-
Communication nication interfaces of the 7SA6. The connector is illustrated in Figure 2-20. The pin as-
Interfaces signments are described in Sub-section 8.2.1.
5.0 J o | 1 e 1
99— T == 6 6
©0 =L ||39] ol
OO %% QO OO
O N[ (@] O
6 /Q 28 [:\ 9 Soi— 9
1— | @) En o) —5 o) 5
S~ 1
Operator Interface E= Time Synchronization
on the Front Side Interface on the
Serial Interface Rear Side

on the Rear Side

Figure 2-46 9 pin D-subminiature connectors

Connections to Standard 9-pin D-subminiature plug connectors per MIL—C-24308 and DIN 41652
Serial can be used.
ﬁ](t)ér;frggggcation The necessary communication cables are dependent on the type of interface:
* RS232/EIA232: Five-wire, twisted and shielded, e.g. interface cable 7XV5100-4.
* RS485/EIA485: Three-wire, twisted and shielded.

* Profibus: Two-wire or four-wire, twisted and shielded:
Wire type A, DIN 19245, part 2 and EN 50170 vol. 2, twisted and shielded,
Wire Resistance: 135 Q to 165 Q (f > 100 kHz)
Capacitance: < 30 nF/km (48 nF/mile)
Circuit resistance: < 110 Q/km (177 Q/mile)
Conductor diameter: > 0.64 mm
Conductor cross-sectional area: > 0.34 mm
e.g., SINEC L2 Industrial twisted pair installation wire
(see catalogue 1K 10 “SIMATIC NET, Industrial Communications Networks”).

2

« Time synchronization: At least two-wire, shielded.
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2.3.6 Connections to Analog Outputs

Connections 9-pin D-subminiature female socket connectors are provided for all analog outputs of
the 7SA6. The connector is illustrated in Figure 2-47. The pin assignments are de-
scribed in Subsection 8.2.1.

Fx| 0 |-¢
om
N Og
O
§ Eiig
©
<<

Figure 2-47 9 pin D-subminiature connectors

Connections to Standard 9-pin D-subminiature plug connectors per MIL—-C-24308 and DIN 41652
Serial can be used.

Communication Communication cable:Two-wire / four-wire, shielded

Interfaces

Max. load impedance: 350 Q
[ |
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This chapter describes the initial inspections that should be carried out upon recept of
the SIPROTEC® 4 device 7SA6.

Unpacking and re-packing is explained.

Visual and electrical checks that are appropriate for initial inspection are discussed.
The electrical tests include navigating through the operating menus of the device us-
ing the operator control panel on the front of the device, and the operator control win-
dows in DIGSI® 4. For personnel inexperienced with the 7SAB6, these checks also pro-
vide a quick and simple method for understanding the operation of the control panel
and DIGSI® 4. The electrical tests can be done without measuring quantities being ap-
plied.

Observations relevant to long-term storage of the device are noted.

3.1 Unpacking and Repacking 3-2
3.2 Inspections upon Receipt 3-3
3.3 User Interface 3-4
3.4 Storage 3-12
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3.1 Unpacking and Repacking

3-2

The 7SA6 is packaged at the factory to meet the requirements of IEC 60255-21.

Unpacking and re-packing must be done with usual care, without using force, and with
appropriate tools. Visually check the device immediately upon arrival for correct me-
chanical condition.

Please observe also the brief reference booklet and all notes and hints that are en-
closed in the packaging.

The transport packaging can be reused in the same manner for further transport. Stor-
age packaging alone, for the individual devices, is not sufficient for transport. If alter-
native packaging is used, shock requirements according to IEC 60255-21-1 Class 2
and IEC 60255-21-2 Class 1 must be met.

The device should be in the final operating area for a minimum of two hours before the
power source is first applied. This time allows the device to attain temperature equilib-
rium, and dampness and condensation to be avoided.
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3.2 Inspections upon Receipt

3.2.1 Inspection of Features and Ratings

Ordering Number

Verify that the 7SA6 has the expected features by checking the complete ordering
number with the ordering number codes given in Sub-section A.1 of the Appendix.
Also check that the required and expected accessories are included with the device.
The ordering number of the device is on the nameplate sticker attached to the outside
of the housing. The nameplate also indicates the current, voltage, and power supply
ratings of the device. A verification that these ratings are the expected values is espe-
cially important. The jumpers for the control voltage of the binary inputs are set at the
factory for a DC control voltage equal to the DC voltage rating of the power supply.
The jumpers can be changed if a different control voltage is to be used.

3.2.2 Electrical Check

Operating conditions that meet VDE 0100/5.73 and VDE 0105 Part 1/7.83, or national
and international standards, are to be observed.

Before applying power supply voltage or any measuring quantities for the first time, be
sure the device has been in the operating area for at least two hours. This time period
allows the device to attain temperature equilibrium, and prevents dampness and con-
densation from occurring.

A\

Warning!

The following inspection steps are done in the presence of dangerous voltages. Only
appropriately qualified personnel familiar with and adhering to safety requirements
and precautionary measures shall perform these steps.

Power-Up
O
O
O
O
O
7SA6 Manual
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For a first electrical inspection of the device it is sufficient to ensure safe grounding of
the housing and to apply the power supply voltage:

Connect the ground of the device solidly to the ground of the location. The ground of
a 7SA6 designed for flush mounting is on the rear panel; the ground of a device de-
signed for surface mounting is on the terminal with the grounding symbol.

Prepare the connections to the power supply. Verify that the power supply voltage has
the correct magnitude. Check polarity connections to the device inputs. Follow the ap-
propriate connection diagram in the Appendix, Section A.2.

Close the protective switches to apply the power supply.

The green “RUN" LED on the front panel must light after no more than 0.5 second, and
the red “ERROR” LED must go out after no more than 10 seconds.

After no more than 15 seconds, the start-up messages must vanish from the display
(in which the complete ordering number, the version of firmware implemented, and the
factory number are shown), and the default display must appear. Depending on the
assignment of the LEDs, some indicators may light up during and after power-up.
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3.3 User Interface

3.3.1 Operation Using the Operator Control Panel

Operator Control
Panel

Reading Ordering
Number/Version

The device has a hierarchically structured operating tree, within which movements
and actions are made using the A, ¥, «, P keys and the MENU, ENTER | CTRL and ESC
keys on the front panel.

The brief discussions below illustrate the navigation techniques using the integrated
operations in the operator control panel. Some typical operations are covered. For
easier understanding, the accompanying figures show the entire contents of the
menus, while only a limited number of lines can be seen in the display at any time.

To view the complete ordering number of the device, the version of firmware imple-
mented, and the serial number:

O When the device is ready for operation, first press the MW key. The MAIN MENU ap-
pears.

O Using the '¥ key, select the menu item Settings, and move to the device settings
using the B key. The SETTINGS menu appears, as shown in Figure 3-1.

O Using the |¥ key, select the menu item Setup /Extras and switch to the selection
SETUP/EXTRAS using the B key. See Figure 3-2.

MAIN MENU 04/05_

¥ || Annunciation —> 1

Measurement —> 2

Control -=> 3
E%etglggs - g > SETTINGS . 10711
est/Diagnose — v || Device Config. —> 01

Masking (I/0) —> 02
P.System Datal —> 03

Group A —> 04
Group B —> 05
Group C —> 06
Group D —> 07

Change Group —> 08
Osc.Fault Rec. —> 09
BSetup/Extras — 10| p»
Device > 11

Figure 3-1  Main menu and sub-menu SETTINGS — example

O Using the ¥ key, select the menu MLFB/Version and view the selection MLFB/
VERSION using the B key.

The device-specific data appear in two or three lines. Press the '¥ key as necessary
to view all of the data:
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Viewing Measured
Values

Viewing Operation-
al Messages

7SA6 Manual
C53000-G1176-C156-2

SETUP/EXTRAS __ 05/06
Y| Date/Time - 1
Clock Setup —-> 2
Serial Ports —> 3
Device-ID —> 4
EVLFB/Version —> 5/| [p MLFB/VERSION 01/03
Contrast -> 6 MLFB: 7SA6...
3HA1
BF—Nr.: 9811049704

MLFB/VERSION 02/083
Firmware: 4.00.18
Bootsystem: 1.00.04

Figure 3-2  Display of device-specific data — example

To view the measured values:
Q If the main menu is not shown, press the MW key. The MAIN MENU appears.

Q Using the ' ¥ key, select the menu item Measurement, and move to the measure-
ment values using the P key. The MEASUREMENT sub-menu appears.

Q Using the '¥ key, select the menu item Operation. sec (operating measured
values, secondary), and switch to the OPERATION. SEC sub-menu using the [p
key.

Q Using the ‘A and ¥ keys, all operating measured values can be viewed.

Since no measured AC voltages or currents are present at this time, all operating
measured values show near zero. Deviations of the last digit are insignificant.

To return to the main menu, press the MM key once, or repeatedly press the ESC key
or the « key.

Reading the operational messages is described to serve as an additional example.
Q If the main menu is not shown, press the MW key. The MAIN MENU appears.

Q Using the '¥ key, select the menu item Annunciation, and switch to the annun-
ciations using the » key. The ANNUNCIATION sub-menu appears.

Q Using the [¥ key, select the menu item Event Log, and move to the EVENT LOG
sub-menu using the [P key.

The last number in the upper right corner of the display indicates the number of oper-
ational messages stored in memory. The number before the slash indicates the mes-
sage presently being displayed. Upon entering the menu, the latest (newest) message
is shown. The date and time of the event are shown in the display line above the mes-
sage.

Q Use the |A key to read other operational messages.

Q Press the LED key; all LEDs should illuminate. Press the ‘¥ key. The newest mes-
sage in the event log should be “Reset LED”, and the number of messages in
memory should increase by one (maximum of 200).

To return to the main menu, press the MM key once, or repeatedly press the ESC key
or the « key.
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Setting the Display
Contrast

If the image in the integrated LCD does not have satisfactory contrast, adjustments
can be made. A stronger contrast serves, among other purposes, to improve the read-
ability of the image from an angle. With increasing numbers, the contrast is increased
and the picture gets darker. If the contrast is too weak or too strong, there is a risk that
the display will be unreadable and that no operation will be possible using the integrat-
ed operator control panel. Therefore, the preset contrast value should only be
changed in small steps (1 or 2 levels).

Q When the device is ready for operation, first press the MENU key. The MAIN MENU ap-
pears.

Q Using the ¥ key, select the menu item Settings, and switch to the settings using
the > key. The SETTINGS sub-menu appears.

O Using the |¥ key, select the menu item Setup /Extras and switch to the selection
SETUP/EXTRAS using the B key. See Figure 3-3.

Q Using the ¥ key, select the sub-menu item Contrast.

Q If a change of the contrast of the integrated LCD is desired, press the ENTER key. The
existing setting appears in a frame with a blinking cursor.

Q Overwrite the present setting with the desired setting using the numerical keys. The
setting range is 11 to 22.

Q Confirm the change with the ENTER key, or cancel the change with the ESC key.

Exit the sub-menu using the ESC key, or return to the main menu using the MEN key.

SETUP/EXTRAS 6/06
Date/Time —> 1
¥ || Clock_Setup —> 2
Serial Ports —> 3
Device—ID . —=> 4
MLFB/Version —> 5
EContrast —> 6 ENTER :' 1_8—:
L — 4

Figure 3-3  Operating sub-menu for adjusting the display contrast

3.3.2 Operation Using DIGSI® 4

DIGSI® 4 User
Interface

3-6

DIGSI® 4 has the typical PC application Windows operating environment to guide the
user. The software has a modern, intuitive, user-interface. Further details are found in
Section 4, as well as in the DIGSI® 4 handbook “Device Configuration”.

Some applications of DIGSI® 4 which are described below concern viewing the meas-
urement values, reading messages, and setting the time clock. The handling of the op-
erator control windows of DIGSI® 4 can be learned quickly by following the simple ex-
amples as described below. To perform the steps in the examples, first connect the
SIPROTEC® 4 device to the PC and match the DIGSI® 4 interface data with the equip-
ment. To accomplish this:

Q Establish a physical connection between a serial interface of the PC and the oper-
ating serial interface of the device on the front panel.
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Q Open the DIGSI® 4 application in the PC.

Q Generate a new project by clickingon File — Newinthe DIGSI® 4—Manager menu
bar.

New | ]

& Mew Project © Mew Library
MName:
Itesﬂ
Kl JR—
Type: IPrDjed j
Starage Location (Path): Brawse... |
IC:\Siemens\Digsi4\D4PROJ

oK I Cancel | Help |

Figure 3-4  Dialogue box to open a new project in DIGSI® 4

O Enter a name for the new project in the Name entry field (e.g. test 1) and close the
box with OK.

O Select Folder by clicking on the item in the newly opened window. Then click in
the menu bar the item Device and select the option DIGSI > Device (Plug &
Play), as shown in Figure 3-5. The Plug & Play dialogue box opens, as shown in
Figure 3-6.

_DIESI 4 Manager - test 1
Fil=  Edit Inzert

Dl=| #|8

B test 1 -- C:\Siemens\Digs
#42 test 1

Wiew Option: Window  Help

Iritialize ey Ma Filker =

ploads curent device seftings to the selected folder. A

Figure 3-5  Window with selection of Plug and Play

Q Enter the designation of the PC serial interface (COM 1,2, 3, or 4) and select in the
dialogue box under Frame the transfer format, to be used in making the connection.

0 Click on OK. DIGSI® 4 automatically determines the type of device present and
reads the settings needed for communication (transfer format, transfer speed)
through the interface.
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Viewing Measured
Values

3-8

Flug & Flay Ed

Warning:

Plug & Flay iz only pozzible if the font device senal
interface iz inked to the PC directly wia DIGS] protocol
[DIGSI 1:1].

DIGS| [point-ta-point)
PC interface: -
Frame: IS Efven] 1 "l

0k I Cancel | Help |

Figure 3-6  Plug & Play dialogue box for communication between device and PC

A direct connection is then established (on-line), the data are exchanged between the
PC and the device, and the initial screen for DIGSI® 4 opens, as shown on Figure 3-7.

Q By double clicking Online in the navigation window (left window), the structure
opens (directory tree).

Q By clicking on one of the menu items offered there, the associated contents become
visible in the right window.

[® Substation South / Feeder 1 f 725J631 V4.0/75J6... M[=] E3

Online Select function

,ﬂ Contral

E2 Anrunciation

A Measurement

=4 Dzcilographic Records

q.?.nTest

Figure 3-7 DIGSI® 4 — online initial screen — example

As an example the procedure for viewing the measured values is described.

a Double click on Measurement in the navigation window (left).

0 Double click on the subdirectory Secondary Values in the navigation window.
a Click on Operational values, secondary.

Q The present date and time are shown in the data window (right), as illustrated in Fig-
ure 3-8.

a Double click on this entry in the data window.
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Viewing Operation-
al Messages

7SA6 Manual
C53000-G1176-C156-2

8 Substation South / Feeder 1/ 75J631 ¥4.0/75.J631 v04.00.18 M=l B3

Online
-7 Settings

/ﬂ Control

£ Annunciation

X Measurement

-5 Primary W aluss

=59 Secondary Valuss

Ly (L ™ Operational values, secondary
-39 Percent Values

-3 MindMax/Demand

-2 Others
[+-=4 Ozcillographic Records
----- Test

Figure 3-8  DIGSI® 4 — Viewing the secondary operating measured values — example

Atable of the secondary operating measured values appears, as shown in Figure 3-9.

Since no measured AC currents or voltages are present at this time, all operating
measured values are close to zero. Deviations of the last digit are insignificant. The
measured values are automatically updated.

In the same manner, other measured and counter values can be read out.

BE Operational values, secondary - 03.05.99 - Substation South { Feeder 1 /75J6.. MEE

beasured value

0601 IL1

0602 IL2 0.00 A
0603 IL3 0.00 A
0610 310 (zero sequence) 0.00A
0619 311 (positive sequence) 0.00A
0620 312 (negative sequence) 0.00A

=]

10000 ms 4

Figure 3-9  DIGSI® 4 — Table of secondary operating measured values — example

The read-out of operating messages is described to serve as an additional example.
a Double click on Annunciation in the navigation window.

a Click on Event Log in the function selection.

The present date and time are shown in the data window.

a Double click on this entry in the data window.

A table of the accumulated event messages is displayed. See Figure 3-10as an ex-
ample. The number designation for an event is provided with a description of the mes-
sage. The corresponding cause, value (ON or OFF), and date and time of the event
are given. The events are listed chronologically; the newest message is shown first.
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3-10

BE Event Log - 03.05.99 - Substation South / Feeder 1 / 754631 ¥4.0/7SJ631 V04.00.18

I

MNumber Indlication Cause Yalue Diate and time

0284 SetPoint 37-1 Undercurrent alarm Spontane.. ON 03.05.1999 16:15:09.349

1758 SON/STM is ACTIVE Spontane... OM 03.05.15999 16:15:08.895

1753 50451 O/ is ACTIVE Spontane... OMN 03.05.1599 16:15:08.895

nos2 AtLeast1 Protection Funct, is Active Spontane.. 0N 03.05.1999 16:1%:08.895
>Cahinet door open Spontane... ON 03.05.1999 16:15:08.488
>CB waiting for Spring charged Spontane.. ON 03.05.1999 16:15:08.488

2656 BINEIN-TOC switched OFF Spontane.. ON 03.05.1999 16:15:08.486

2651 67/67-TOC switched OFF Spontane... OM 03.05.15999 16:15:08.486

5147 Fhase rotation ABC Spontane.. ON 03.05.1999 16:15:08 486

0056 Imitial Start of Device Spontane.. 0N 030571893 167508386 <

4] | ¥ )

Figure 3-10 DIGSI® 4 — Operational messages window — example

Q Press the LED key on the device; all LEDs should light while the key is pressed.

Q The message “Reset LED” appears as the newest message as soon as the window
is updated. The window can be updated by clicking on View in the menu bar, and
then on Refresh. Pressing the F5 function key on the keyboard also updates the

window.

The operating messages can be saved in DIGSI® 4, and also deleted from the de-
vice’s memory as described in Sub-section 7.1.1.
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Setting Date and To enter the date and time:
Time Q Click on Device in the menu bar. See Figure 3-11.

Q Select Set Clock.

& DIGSI - Substation South / Feeder 1/ 75J631 V4.0/75J631 V04.00.18 =] E3

File Edit | (Wl “Jiew  Options  Window Help
nlél %llﬁ D EE > Dewice (i o 18 *‘?l
% Substation So(EELEERIEES 4.00.18 [C[O[X]
E- B [Online Black Data Transmissian
Beset
Fesume
Fesource heter... Ctrl+D
Operational Status... Cirl+I

Campare setting s Onioline...

Sets the time and date of the current module.  [7SJ631 [wo400.18 2L [Comi (38400 ¢ 4

Figure 3-11 DIGSI® 4 — Selection of the option Set Clock

The dialog field Set clock & date in device opens. The field shows the present
date and the approximate present time according to the device. The day of the week
is automatically derived from the date and cannot be edited.

» Edit the input fields Date and Time. The format depends on your regional settings
of the PC. See Figure 3-12.
Date: mm/dd/yyyy or dd.mm.yyyyy
Time: hh.mm.ss

Click OK to download the entered values to the device. The former values are
changed and the dialog field is closed.

Set clock k& date in device E Set clock k date in device E

b arially b anually

Date: I1D.-"'|5.-"1995 Date: 11.10.1999
Day: IFriday Dy I—Monday

Time: [e:17.08 &M Time: |11;24;25

Ok I Cancel | Help | ok I Cancel | Help |

Figure 3-12 DIGSI® 4 — Dialog Field: Set clock & date in device
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3.4

3-12

Storage

If the device is to be stored, note:

SIPROTEC® 4 devices and associated assemblies should be stored in dry and clean
rooms, with a maximum temperature range of —25° C to +55° C (—-12° F to 131° F).
See Sub-section 10.1.7 under Technical Data. To avoid premature aging of the elec-
trolyte capacitors in the power supply, a temperature range of +10° C to +35° C (50° F
to 95° F), is recommended for storage.

The relative humidity must not lead to condensation or ice buildup.

After extended storage, the power supply of the device should be energized, approx-
imately every two years, for one or two days to regenerate the electrolytic capacitors
in the power supply. This procedure should also be done prior to the device being put
in service. Under extreme climatic conditions (tropics), pre-warming is achieved at the
same time, and condensation is prevented.

After long storage, power should not be applied until the device has been in the oper-
ating area for a minimum of two hours. This time period allows the device to attain tem-
perature equilibrium, and prevents dampness and condensation from occurring.

To save the energy of the buffer battery inside the device, the battery is switched off
automatically without auxiliary supply voltage after a time period of 1 to 2 days.
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This chapter provides an overview of the family of SIPROTEC® 4 devices and the in-
tegration of the devices into power plants and substation control systems. Principle
procedures are introduced for setting the devices, controlling primary equipment with
the devices, and performing general operations with the devices.

Please note the SIPROTEC® 4 family of devices is described in general in this chap-
ter, and the examples shown may differ in detail from a specific device. Also, depend-
ing on the type and version of a specific device, some of the functions discussed may
not be available.

Details about the extent of the functions of the devices, the individual settings, and the
representation structure of the system data are found in the following chapters and the
DIGSI® 4 instruction book.

4.1 General 4-2
4.2 Operator Control Facilities 4-5
4.3 Information Retrieval 4-8
4.4 Control 4-14
4.5 Manual Overwrite / Tagging 4-16
4.6 General about the Setting Procedures 4-17
4.7 Configuration of the Scope of Device Functions 4-20
4.8 Configuration of Inputs and Outputs (Configuration Matrix) 4-21
4.9 Programmable Logic CFC 4-24
4.10 Power System Data 4-26
411 Setting Groups 4-27
412 General Device Settings 4-29
413 Time Synchronization 4-30
4.14 Serial Interfaces 4-31
4.15 Passwords 4-33
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SIPROTEC®4 Devices

4.1 General

The SIPROTEC® 4 family is an innovative product series of numerical protective and
control devices with open communication interfaces for remote control and remote
setting, ergonomically designed operator panels, and highly flexible functionality.

41.1 Protection and Control

The devices utilize numerical measuring techniques. Complete numerical signal
processing offers high measurement accuracy and long-term consistency, as well as
reliable handling of harmonics and transients. Digital filtering techniques and adaptive
stabilization of measured values ensure the highest security in establishing the devic-
es’ correct responses. Device errors are recognized and quickly annunciated by inte-
grated self-monitoring routines. Failure of protection during a fault is therefore almost
entirely prevented.

You may choose devices with separate protective and process control functions, or
select a solution that implements both requirements.

The following solutions are available:
Q Protection and control in separate devices,

Q Protective devices that provide the capability to control the circuit breaker or primary
switching device through a communication interface,

Q Devices with combined features that, in addition to protective functions, allow on-
site operation for several circuit breakers and primary switching devices and that
provide extensive substation control functions.

4.1.2 Communication

SIPROTEC® 4 devices are completely suited for the requirements of modern commu-
nication technology. They have interfaces that allow for integration into higher-level
control centres, and user friendly operation through an on-site PC or via a modem con-
nection. Simple, comfortable device setup and operation are provided.

SIPROTEC® 4 devices support the widespread, internationally accepted communica-
tion standards

IEC 60870-5-103,
PROFIBUS FMS,
DNP 3.0 Level 2,
MODBUS ASCII/RTU,
PROFIBUS DP and

Q
Q
Q
Q
Q
Q UCA Il / Ethernet (future)
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Operation and Observation To Network Control Centers
SICAM WinCC IEC 60870-5-101

DIGSI 4 J—‘i DCF, GPS
r Time Synchronization

SICAM SC
IEC 60870-5-103

RN

Profibus FMS

Ll
O

LSA2182 eps

gF | 5% | B gF | | D%ﬂ = D%ﬂ
:Dg oo :Dg og :Dg :Dg og :Dg ooood :Dg ooood
gl [a# [ Bl [g 18

Feeder Devices

+ Profibus DP, DNP3.0

| 8
& i=h s=dh |5
] A =0 =l
T e P
DO % HH D%EEE D%EBH

Figure 4-1  Integration of feeder devices in substation control system — example

In the sample configuration in Figure 4-1, data transmitted from the feeder devices can
be processed in the sub-station control device SICAM SC, displayed at the operating
and observation station SICAM WinCC, and transferred by the remote terminal unit
interfaces (via the network channels) to network control centres (SCADA).

In the case when commands are sent to the devices, equally flexible processing is
possible; that is, substation switching operations can be initiated from the network
control centres, as well as from the operation and observation unit of the substation
control system.

Note:

e

All SIPROTEC® 4 devices also operate with the proven star coupler (e.g. 7XV5). Thus,
for simple applications, you can retrieve all information from your office or while on the
road.
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4.1.3

4.1.4 Operations

Settings

The PROFIBUS DP protocol facilitates the connection of SIPROTEC®-devices to
SPS-based process control systems (e.g. SIMATIC S5/S7). The protocols DNP3.0
and MODBUS ASCII/RTU allow the connection to a wide range of control systems by
other manufacturers.

The devices in the SIPROTEC® 4 family are delivered with default settings. After set-
tings are made for specific applications, the devices are suitable for direct use in power
systems.

The windows-based DIGSI® 4 software program offers an application-oriented inter-
face with thorough guidance for quick and simple setting of the devices.

DIGSI® 4 s installed on a normal personal computer. For local use, the PC is connect-
ed to the operating serial interface on the front panel of the device.

All on-site operations of a SIPROTEC® 4 device can be done with DIGSI® 4. Exam-
ples of operations are switching, retrieval of information, or changing of setting groups.
These operations can also be performed using the operator control panel on the front
of the SIPROTEC® 4 device.

415 Oscillographic Fault Records

4-4

DIGSI® 4 can also be used to retrieve oscillographic fault data captured by the
SIPROTEC® 4 device. The DIGRA® 4 software program can then be used to provide
several different graphical representations of the captured signals. DIGRA® 4 also cal-
culates additional values on the basis of the captured signals. The program presents
the data in analogue curves with time base, phasor diagrams, locus diagrams, and
harmonic charts.
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4.2  Operator Control Facilities

4.2.1 Operator Control Panel On Device

The operating panels of SIPROTEC® 4 devices are ergonomically designed and easy
to read. The operating panels allow on-site control operations to be done, individual
settings to be entered, and all information required for operations to be displayed.

The operating panel contains either a full graphical display or a four-line display, de-
pending on the specific device of the SIPROTEC® 4 family.

Operating Panel
with Four-Line
Display

SIPROTEC
@®RUN ® ERROR 7SA522

®
© MAIN MENU 01/05
ONEEEE 4 [ et SIPROTEC
@ . @RUN @ ERROR 7SA522
BAnnunciation -1
® Measurement
®
®
SIEMENS SIPROTEC]
® . _ @RUN @ERROR  7SJ61/62
® o =
® . MAIN MENU 01/05
@ 7777777777777
® BAnnunciation -1
® Measuremen -2
®

® Pickup B

® Pickup C

® Pickup GND
® Device faulty
@

-

® Trip . . MENU
® Pickup A .

EventLog [=k§

Operation
Pri

. PP EEE® PPEOO®O®O®®

Eventlog M=k§

Operation.
Pri F2
Trip Log

Figure 4-2 SIPROTEC® 4 Device, operator control panel with four-line display — examples

Note:

Refer to Chapter 2 to determine the type of operating field for your specific
SIPROTEC®4 device.
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Display

Keys

LEDs

Operating Serial
Interface

4-6

The functions of the operating and display elements on the operator control panel are
described below.

Process and device information are displayed in the LCD display. Commonly dis-
played information includes circuit breaker status, measured values, counter values,
binary information regarding the condition of the device, protection information, gen-
eral messages, and alarms.

The light for the display is normally off. The light automatically turns on whenever a
key is pressed on the operating field. If no input from the operator control panel occurs
for ten minutes, then the light turns off again. The light can be controlled via a binary
input that is configured (programmed) for this purpose.

The keys have various functions.

Q Navigation through the operating menus of the device and movement within the op-
erator control display are accomplished with the 4, >, A, '¥ keys.

Q The main menu is opened with the Men key.
O Changes are cancelled or confirmed with the ESC and ENTER keys, respectively.

0 Numerical values are entered with the 0 to [9 keys, the | . key for a decimal
point, and the +~ key for a negative sign. If a value of infinity («) is desired, press
the decimal point key twice; « appears in the display.

Q The to keys are programmable. The keys are typically used to execute com-
monly performed actions. Labelling strips are provided.

Q Latched LEDs and output relays are reset and the group of LEDs are tested with
the LED key.

0 “RUN” and “ERROR” LEDs indicate the condition of the device.

a All other LEDs are freely configured to indicate process information, status, events,
etc. Labelling strips are provided.

Local communication with the device is established through the front operating serial
interface with a PC running DIGSI® 4. The interface on the device is a 9-pin, female,
D-subminiature port.
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4.2.2 DIGSI® 4 Tool

User Guide

Configuring
Inputs and Outputs

Passwords

Commissioning
Aids

Help System

DIGSI® 4 uses the familiar Windows operating environment.

In DIGSI® 4 only the settings that are available within a specific device are shown in
the specific windows. If a protective feature is changed from disabled to enabled in the
Device Configuration, then the settings relevant to that feature become available.

Entering settings for SIPROTEC® 4 devices is easy due to many types of assistance
offered, such as context menus, pop-up lists for the selection of available options, and
specific limits for the entry of numerical values.

A configuration matrix is used to assign the binary inputs, output relays, and LEDs. In-
formation to be stored in the various buffers and transmitted via the system interface
is also selected in this matrix. The setting options are presented in an easy-to-read
tabular format. Parts of the matrix can be minimized or expanded as desired to simplify
the displayed sections, and therefore the setting process. Filter functions can reduce
the size of the matrix to display only relevant information.

Password entry is required for tasks such as changing settings, executing control
commands, or exercising the test and diagnostics features. The passwords protect
against unauthorized access to these critical tasks.

DIGSI® 4 simplifies commissioning with test functions for the binary inputs, outputs
and LEDs. Control of primary equipment can be done. The measured values of the
device can be viewed with the program. Oscillographic fault records can be triggered
with DIGSI® 4.

The help system clarifies the individual functions and settings, and provides additional
support.

e

Note:

Detailed information about DIGSI® 4 can be found in the DIGSI® 4 Manual, order
number E50417-H1176-C097.

7SA6 Manual
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4.3 Information Retrieval

Remote

Local

DIGSI® 4

4-8

A SIPROTEC® 4 device has an abundance of information that can be used to obtain
an overview of the present and past operating conditions of the device and the portion
of the power system being protected or controlled by the device. The information is
represented in separate groups:

Q Annunciations,
0 Measurements,

a Oscillographic fault records.

If the device is integrated into a substation control system, then information transfer
can take place, via a connection to the system interface of the SIPROTEC® 4 device,
to:

a higher level control systems, or

O substation control devices, e.g. SICAM SC.

On site, the operator control panel of the SIPROTEC® 4 device can be used to retrieve
information.

Information retrieval is simple and fast when DIGSI® 4 is used. For local use, connect
a PC to the operating serial interface at the front of the SIPROTEC® 4 device. For re-
mote retrieval of information, communication occurs via a modem connected to the
service serial interface. DIGSI® 4 must operate in the Online mode to obtain informa-
tion from the device.
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43.1

Display in DIGSI® 4

7SA6 Manual
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Annunciations

The scope of the indication (messages) that are given under Annunciation is deter-
mined when settings for the configuration of functions are applied to the SIPROTEC®
device.

The messages are divided into the following categories, and displayed using DIGSI® 4
or the operator control panel of the device:

O Event Log: Operating messages: independent of network faults, e.g. messages
about switching operations or monitoring functions;

Q Trip Log: Fault messages;
O General interrogation: display of present condition messages;

O Spontaneous messages; continuous display of important messages from the de-
vice; e.g., after faults, switching operations, etc.

4 DIGSI - SIPROTEC 7562 / Folder / 75632 V4.0/75J633 V04.00.18

File Edt Insert Device Wiew Options ‘Window Help
Bla| & [=lele] 2zl=] ==zE nfiu x|

[% SIPROTEC 75i63 / Folder / 75J633 ¥4.0/75J633 V04.00.18 9=l 3
E--;"; Offline Metwork Fault rumber Date and time

.2 Settings

BE@ Anhunciation

¢ " EventLog

-}

@] General Intemrogation

-2 5 pontaneous Annunciatio

q Statistic

Measurement

=4 Dseilographic Records

DIGSI® 4, annunciations — example

Figure 4-3

To view the indications in DIGSI® 4 Online:

e Select Annunciation in the navigation (left) window.

All annunciation groups are shown in the data (right) window.

« Double click on an annunciation group in the data window, such as Event Log.

The data and time appear. Double click on the entry. The list of indications appears.
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Display on To display messages in the operating field of the SIPROTEC® 4 device:

the Device . . L
e Select Main Menu - Annunciation -

e.g. Event LogorTrip Log

MAIN MENU_ _____. 01/05
BAnnunciation —> 1

Measurement —> 2| ® ANNUNCIATION __ 01/05

EEvent Log —> 01

Trip Log —> 02

>

EVENT LOG_______ 19/19

06.19.98 11:52:05,461

Reset LED ON

Figure 4-4 SIPROTEC® 4, device display of operating messages in the event log — ex-
ample

TRIP LOG 01/08

Blast Fault = —> 1)) ™ [[LAST FAULT 01/10

nd ~ast rau-t - 06.22.98 23:49:34.845

Network Fault 6 ON

Figure 4-5 SIPROTEC® 4, device display of fault messages— example
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4.3.2 Measurements

Display in DIGSI® 4

7SA6 Manual
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The registered measured values are classified into the following categories for display
in DIGSI® 4 or on the operating field of the device:

a Primary values, based on the measured secondary values and the settings entered
for the current transformers and voltage transformers.

O Secondary values, which are the measured values or are derived from the meas-
ured values.

QO Percentage values, relative to nominal ratings.

Q Other values calculated by the device, e.g. thermal values or user-defined values.

Q Statistics values.

I_i; Sinuz / Screenshots / 75A522 V4.0 Var/75A522 ¥04.00.19 [_ (O] %]

=] ;; Offline Select function
?

& Settings 1';6 Operational Percent
2 Annunciation

Measurement
<37 Primary ¥alues
Secondary Values

Percent Values:

;6 Operational Percent

Others

;6 Uszer Defined

4| Set Points

- Set Points (Measured
g Oscilographic Records

1] i ©
Figure 4-6  DIGSI® 4 measured value display — example

To display the measured values in the DIGSI® 4 Online:

» Select Measurement in the navigation (left) window. The measured value groups
appear in the data (right) window.

» Double click on a group, for example Primary Values.

» Double click on the next item in the data window, Operational values, pri-
mary in the example. The date and time appear.

« Double click on the date and time, and the measured values appear.
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Display on To display the measured values in the operating field of the SIPROTEC® 4 device:

the Device « SelectMain Menu - Measurement —
e.g. Operation. pri.

MAIN MENU 02/05
Annunciation > 1
EMleasurement > 2| > MEASUREMENT 01/12
EOperation. pri —> 01
Operation. sec —> 02
MEASUREMENT 01/12
Egperation. pri — ot OPERATION. PRI 02/24
P - IL1 = 1062.8A
BiL2 = 1081.5A

Figure 47  SIPROTEC® 4, device display of measured values — example

o Note:

l Measured values can also be displayed in the default display and the control display.
Prior to this the measured values to be indicated have to be configured in the config-
uration matrix under settings in DIGSI® 4. Then their position within the LCD displays

can be designed using the Display Editor.
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4.3.3 Oscillographic Fault Records

As an option, SIPROTEC® 4 devices can have waveform capturing and event record-
ing. Furthermore, the elements that are shown in the fault records can be selected by
the user.

The fault record data are retrieved from the device memory by DIGSI® 4 and are
stored as oscillographic records in standard COMTRADE format.

The DIGRA® 4 program is used to convert the oscillographic data into graphical rep-
resentations that can be used to analyse the fault or the event captured by the device.

DIGRA® 4 calculates additional values from the waveform data, e.g. impedances and
rms values, and displays the captured and calculated values in:

Q analogue curves with timebase (time signals),
Q phasor diagrams,
a locus diagrams, and

aQ harmonic graphs.

A% DIGRA 4 - Faultl.cfg [_[E]x]
File Edit Insert “iew Option: Window Help

(2@ & & 2e B Q) klF 6 w00 o |~ -

#% Vector Diagrams - Fault].cfg: 12/01... M=l E3

Time Signals - Faultl_cfg: 12501799 11:10:00.00

tinms Measuring Sig tin ms Measuring Signal Amovirit
Cursor 1: -927.0 |Mone Cursar 1: 8270 |Mone
Cursar 2 -9243  |Mone Cursar 2 -954.3  |Mone
DeftaC2-C1 -2 4 Detta(C2-C1): 274
0

-

Ll

Zen Pickup
Trip

_ 0850 0800 0850 -0800 0750 0700 -0
pe - 1B0OHT  armonics -]

|For Help, press F1. |Prirary | frc B0.0 Hz | Pri: 10000 %1000 A |Sec: 100.0%A.0A [f 1.2 kHz

Figure 48  DIGRA® 4 graphical representations of the waveform data — view examples

Details can be found in the DIGSI® 4 manual, order number E50417-H1176-C097,
and the DIGRA® 4 manual, order number E50417-H1176-C070.
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4.4

Remote

Local

4-14

Control

The multiple application possibilities for SIPROTEC® 4 devices allow an equally flex-
ible concept for command processing and control.

If the device is integrated into a master control system, then command outputs can be
remotely controlled via the system interface using telegrams from

a Higher-level control systems, or

Q substation control devices such as SICAM SC.

On-site, the SIPROTEC® 4 device offers the possibility to control a circuit breaker or
primary switching equipment using the operator control panel.

For devices with a four-line display, switching operations are controlled using:

* Main menu - Control - Breaker/Switch - Control - Equipment and in-
tended direction ON or OFF (Figure 4-9), or

» The Function Keys F1 to F4.

The functionality of these keys is programmable.

MAIN MENU__ . 03/05

Measurement - 2
EControl — 3w CONTROL 01/03
EBreaker/Switch—> 1
Tagging - 2

CONTROL . 01/03
EBreaker/Switch—> 1 > BREAKER/SWITCH 02/04
Tagging —> 2| " e
Displa - 1
Bcontro > 2

Figure 4-9  On-site control using the operator control panel
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DIGSI® 4

The status of a primary switch can be read out on the display using BREAKER /SWITCH
- Display (Figure 4-10).

BREAKER/SWITCH 01/04

EDispla —> 1 > DISPLAY 01/03
Contro —> of| T || FeeUT oo lElLYY
E52Breaker . OPEN

Disc.Swit. CLOS

Figure 4-10 Determining primary switch status using the operator control panel

Control operations can be carried out using the DIGSI® 4 Tool. Connect a PC to the
operating interface of the device on site, or communicate with the SIPROTEC® device
using a modem and the service interface.

DIGSI® 4 must operate in the Online mode for this function.

» Select Control in the Navigation window and double click on Breaker /
Switches in the data window.

In the dialogue window that follows, all relevant primary switching equipment is dis-
played in a table with the present status.

« Enter the intended switching direction in the Scheduled column. Answer the ques-
tion with Yes.

The password is requested, the interlocking conditions are checked, and the com-
mand is issued.

e

Note:

The control option of DIGSI® 4 is typically used during commissioning, and for test and
diagnostic purposes.

CFC

Passwords

Interlocking

Command Process-
ing Times

Event Recording

7SA6 Manual
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Using the graphically supported design tool CFC for logic functions in DIGSI® 4, infor-
mation can be logically combined. Command outputs can be derived from the output
of logic functions. The link of the output of the CFC functions to the respective device
outputs is determined in the configuration matrix.

Only authorized personnel can perform switching operations. Switching operations
are protected by passwords.

Command outputs may be subject to interlocking checks, which can be configured in-
dividually and graphically using the CFC logic too. Standard interlocking, such as
ground switch closed status indication, may be already contained in the basic settings
of certain device types when delivered from the factory.

Details about the command output time, checkback indication monitoring time, etc.,
are entered within the framework of the settings.

All switching operations are recorded in the message list with date and time.
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4.5 Manual Overwrite / Tagging

Manual Overwrite

If the breaker/switch position is not available from the switch-gear, the status of the
switchgear device can be manually set to the actual present position using the opera-
tor control panel: Main Menu - Control - Breaker/Switch - Man. Over-
write. The simulated switching status is used for interlocking checks, and for auto-
matically initiated switching operations.

Set Status For convenience during commissioning or at other times, decoupling of the informa-
tion exchange between the switchgear and the protective device may be desired for a
short period, without disconnecting the wires. This function is activated using the op-
erator control panel: Main Menu - Control - Breaker/Switch - Set Status.

Tagging To identify unusual operating conditions in the power system, tagging can be done.
The tagging can, for example, be entered as additional operating conditions in inter-
locking checks, which are set up with CFC. Tagging is configured in the same way as
for operating devices.

» The status of the tagging is displayed on the operating panel, Main Menu - Con-
trol - Tagging - Display (Figure 4-11),
or changed using
* Main Menu - Control - Tagging - Set.
MAIN MENU______ 03/05
Annunciation —> 1
Measurement —> 2

» || TAGGING 01/02

Set - 2

Figure 4-11 Tagging equipment from the operator control panel

Note:

The Manual Overwrite function is always done using the operator control panel on the
SIPROTEC® 4 devices.

4-16

7SA6 Manual
C53000-G1176-C156-2



SIPROTEC®4 Devices

4.6  General about the Setting Procedures

The SIPROTEC® 4 devices are delivered with standard default settings. Changes to
the settings are done with DIGSI® 4.

The setting procedure for a SIPROTEC® 4 device consists of
U Overall Protection and Control Design:
a determining the functions that are to be used (device configuration),

Q assigning the binary inputs, outputs, LEDs, buffers, system port, etc. (I/O-configu-
ration

a defining user-definable logic functions (CFC).
U Specific Settings:

Q settings for all elements to be used,

Q settings of the protective functions,

O settings of the process control functions.

Settings are first done Off-line. The settings are then loaded into the SIPROTEC® 4
device on-site using the operating serial interface, or remotely by modem and the
service interface.

4 DIGS| - SIPROTEC 7si63 / Folder / 75J633 V4.0/75J633 ¥04.00.18
Eile Edit Insett Device Yiew DOphions Window Help

1 e e o e gl |
(% sIPROD 3 / Folder J633 V4.0, 8 |_ (O] x]
[=E ;"; uji | Select function
G:I Device Configuration
on ﬁ Masking 140 [Configuration b atrix)

54 Measurement & Detault Display

=4 Oscilographic Records WCDI’]UU‘ Display
'

ZEcro
@ Power System Data 1
ﬁ Setting Group &
ﬁ Setting Group B
@ Setting Group C
ﬁ Setting Group D
g% Change Group
&% Oscilographic Fault Records
General Device Settings
@ Time Synchranization
? Senial Ports
2t Passwords
abe. | anguage

Figure 4-12  Setting a SIPROTEC® 4 device using DIGSI® 4 — example

The transfer of data from DIGSI® 4 to the SIPROTEC® 4 device is indicated in the dis-
play. The progress of the transfer is displayed. See Figure 4-13.
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Setting Sequence

LOAD PARAMETER

Download active

Figure 4-13 Screen of Device during Settings Transfer

When setting a SIPROTEC® 4 device, adhere to the following sequence:

Q Specify the interfaces, the device data, and the time synchronization,

O Determine the device functions to be used,

Q Carry out routing

Q Design the assignment of the inputs and outputs using the configuration matrix,
Q Design all of the special logic that is to be employed using CFC (optional),

Q Enter the power system data,

Q Apply the settings to groups A to D (groups B to D optional),

Q Set the passwords.

Setting steps partially build on the decisions from the previous steps. By following the
sequence listed, unnecessary changes and rework are avoided. The sequence en-
sures that information required for an individual step will be available.

To design the control display, for example, the physical connections between the de-
vice and the primary equipment must be known. These connections are determined
and setup during configuration of the inputs and outputs in the matrix. During the dis-
play design, simply select the relevant available equipment indications, and assign
these indications with selected graphic symbols.

Note:

Changes to the configuration matrix and the control display are protected by password
No. 7 (Password for parameter set).

4-18
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Settings for Setting changes to individual protective elements and functions can be done using the
Protective operator control panel on the SIPROTEC® 4 device.
Elements

Other settings such as input/output and device configuration can be viewed from the
front panel, but not changed.

« Display the settings on the LCD using Main Menu - Settings -
e.g. Masking (I/0).

« Change settings such as date and time using Main Menu - Settings - Setup/

Extras.
MAIN MENU 04/05
¥ |Annunciation —> 1
Measurement - 2
control —> 3
S L = SETTINGS 10/11
est/Diagnose  — ¥ ||Device Config. —> 01

Masking (I/0) —> 02
P.System Datal —> 03

Group A —> 04
Group B —> 05
Group C —> 06
Group D —> 07

Change Group —> 08
Osc.Fault Rec. —> 09
etup/Extras —> o] »
Device —>

Active Group is: A

Figure 4-14 Changing settings using the operator control panel — example

Note:

e

Changes to the individual settings are protected by Password No. 5 (Password for
single settings).
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4.7  Configuration of the Scope of Device Functions

The individual devices within the SIPROTEC® 4 family can be supplied with various
protective functions. The ordering number of the device determines the available func-
tions. The functions are specified more precisely through the process of enabling and
disabling in the Device Configuration area of the settings.

To specify the active functions using DIGSI® 4;
» Double click on Device Configuration inthe data window.

* Click on the individual fields and select the functions to be enabled.

Avwailable functions:

Ia. | Function | Soope

o3 Setting Group Change Option |Disabled -
0112  Phasze Distance MHD

0113  Eatth Distance Quadrilatersl

020 Power Swing detection Enabled

21 Teleprotection for Distance prot. POTT

0122  DTT Direct Transfer Trip Enabled

24  Instartaneous HighSpeed SOTF Overcurrert Enabled

M25  ‘Weak Infeed (Trig andfaor Echa) Enabled

QK. I WEs] = device Cancel Help

Figure 4-15 DIGSI® 4, setting the device configuration — example

The device configuration can be viewed from the operator control panel on the
SIPROTEC® 4 device.

* In the main menu, select Settings - Device Config.

DEVICE CONFIG. 07/16
0112 Phase Distance
Quadrilateral

Figure 4-16  Viewing device configuration from the operator control panel — example
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4.8 Configuration of Inputs and Outputs (Configuration Matrix)

7SA6 Manual
C53000-G1176-C156-2

A configuration matrix is used to determine processing of the binary inputs, outputs,
LEDs, and indication buffers.

Configuration is performed with DIGSI® 4.

The configuration matrix is primarily divided into the following columns:

Device functions

Information, e.g. indications or command with

a information number, identification of the information,

Q display text, representative brief text of the information on the device display,
a long text, extensive description of the information,

Q type, identification of the information, e.g. CF_D2 double command with feedback
indication;

Source, that is, origin of the information with
Q binary inputs, for the input of binary information

a function keys, freely programmable keys on the operating field, e.g. assigned
switching operations, etc. as the origin of the information,

a CFC (programmable logic), user-specific logic outputs as the origin of the informa-
tion;

Destination of the information, with
a binary outputs for the output of signals,
LED, display of information on the device front, e.g. messages,

a
a system interface, transmission of information, e.g. to a substation control system,
a CFC (programmable logic), information as an input to a user-specified logic,

a

buffer, in which the information should be entered,
—event log or

— earth fault message

— trip log,

a display, information shown in
— control display
— default display

a control menu, primary device can be controlled or tagging can be set.

The user determines the configurations by
Q clicking on the appropriate column, or by

O Using the context menu: L (latched), U (unlatched), H (activate high),
L (activate low), (not configured), (configured) etc.

DIGSI® 4 checks the entry for plausibility and locks the input field if necessary. A
locked input field is shown in gray.
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3— DIGSI - [Settings - Masking 1/0 [Configuration Matrnix] - Siemens / Folder / 75J621 ¥4.0 Var/75J621 V04.10.08]

#Eile Edit Inzet Dewvice “iew Options ‘wWindow Help

Infarmation Source Destination
Mar. [} Bl Flc BO LED Butfer |5 Ch
112/3/4/5 6 7 8 1(2(3[4(5|6|7|B|1]|2]|3|4|5|6|F|E|S|T
Device, General
P System Data 1
Qe Fault Rec.
0501 |Relay PICKUR u [ 8
0511 |Relay TRIP u L [ 8
P System Data 2 1601 =523 m m
4602 |=52-h H X
1721 [=BLOCK 50-2 H X
1762 50051 Ph A PU L oo X
1763|5001 Ph B PU L oo X
SRSt Overeur. o T5aist Ph e FU L oo [%
1724 |=BLOCK S00-2 H X
1765 |S0MS1 MPickedu, L oo X

leasurem. Supery
Fault Locstor
oritrl Authorit
iControl Device
Process Data
Measurement
Set Points(hy
Energy
Statistic
SetPoint(Stat

Figure 4-17 DIGSI® 4, Input/Output Masking with the Configuration Matrix, Example

Filter Functions

New Information

Function Keys

4-22

With the use of filters, either all information can be displayed or a selection can be
done according to indications, commands, or measured values.

Additionally, there is a filter setting that differentiates between information configured
and not configured.

The filters allows for a quick overview and simple checking of the configuration set-
tings.

Also, columns and rows can be temporarily hidden from view, so that you can view
only the sections of the total matrix that are relevant.

A further function of the configuration matrix is the capability to define new information.
This is accomplished by inserting a new line, defining the appropriate information type,
and assigning it to a source and a destination. The new information can also be dis-
played in the LCD of the SIPROTEC® 4 device after it has been downloaded to the
device.

The function keys on the operator control panel of the SIPROTEC® 4 device can be

assigned to commonly performed operating functions, e.g. initiation of a switching op-
eration. Select the appropriate function key to in the Source F column for the
related information (e.g. switching command).
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CFC SIPROTEC® 4 device information can be connected in a user-specified manner using
the programmable logic components of the DIGSI® 4 CFC. For example, the user can
implement interlocking checks, create grouped messages, or derive limit value viola-
tion messages.

Information can be both a source and a destination in combined CFC editing. The spe-
cific logic’s inputs, e.g. the individual messages that are to be combined to form a
grouped message, must be marked in the Destination C column. The logic’s output,
the grouped message in this example, is derived from the Source C column.

Viewing the Config- The configuration can be seen on the operating panel of the SIPROTEC® 4 device.
uration on the

Operating Panel In the main menu, select Settings - Masking (I/0).

MASKING (I/0) 01/03

EBinary Inputs —> 1
LED - 2

* Inthe next menu, select Masking (I/0) - e.g. Binary Inputs.

BINARY INPUTS 02/20

Binary Input 1 —> -—
BEBinary Input 2 —> -

Figure 4-18 Reading the configuration using the operator control panel, example assignment
of binary input 2
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4.9 Programmable Logic CFC

CFC Designing

The CFC program in DIGSI® 4 can be used to create additional logic in SIPROTEC®
4 devices. For example, special interlocking conditions for controlled equipment can

be designed. Limit checks for measured values can be created, and corresponding
control can be designed.

SIPROTEC® 4 devices may have some CFC functions set at the factory, according to
the type and version of the device.

User-defined CFC functions are done in graphical form. Generic logic modules (AND,
OR, NAND, etc.) and analog modules that are specially created for the requirements
of process control engineering (e.g., MAX, MIN, etc.) are available.

The CFC-modules are combined to form complete CFC-logic functions in order to
a perform system-specific checks (e.g. interlocking),
O generate messages if measured values approach a critical value, or

Q build group messages for transfer to a substation control systems.

4 DIGSI - SIPROTEC 7si63 / Folder / 75633 ¥4.0/75J633 V04.00.18

[_[5]x]
Fie Edit lnset Deviee View Options Window Help
B&| H=Re ZEE] = mifim 2|
B SIPROTEC 75i63 / Folder / 75J633 V4.0/75J633 V04.00.18 M= E3

e sducer 20mé Input
24 Dscilographic Records

Figure 4-19 DIGSI® 4, CFC basic options — example

Figure 4-20 shows the graphical nature of the CFC logic tool, and some of the com-
ponents that can be used to build the logic.

Note:

CFC settings are protected in DIGSI® 4 by Password No. 7 (Password for parameter
set).

4-24

Details about designing with the CFC program can be found in the instruction book,
order number E50417-H1176-C098.
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1

LOWER _SETPOINMT
Lower limit

AT Zet points 37-1 LU° E_Limit
E_Ual I
Tr Wekeving Ta = MU" ]
z
LOWER_SETFOINT [
Lower limit 4 i
AT Zet points 37-1 LU° E_Limit Annunc B0
E_Ual I
Tr Wekeving 16 = MU~ 1

3

LOWER _SETPOINMT
Lower limit

F_ Limit
___r—————— F_ Mal

W: Zet points 37-1 LU Annunc B0

U Metering Ic = HyY

16

UPPERE_SETPOINMT
Upper limit

“O0UT: Set points 37 alarm OI"
i7
EOOL_TO_DH
Bool to Double
o—ED
0330 " OUT: Control Dewice 32 Avvow DI™
EO
" OUT: Zet Points SP. 32 OI"

4: Zet Points 32 forward LVU-

F_ Limit I Annunc B
___r—————— E__Mal

d: Metering P = My

Figure 4-20 CFC Logic — example
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4.10 Power System Data

Power System In the window for Power System Data 1, important settings are entered that relate to
Data 1 the power system and primary equipment connected to the device. The settings in-
clude:

O system data such as frequency, voltage, etc.
O data for the main current transformers and voltage transformers,

Q circuit breaker or primary switch-gear information.

Power System Data 1 E
Transformers | Power System I Breaker I
LCuztomize:
o Settings “alue

0201 |CT Starpaint towwards Line
0203 |Rated Primary “Yolage 4000 kW
0204 |Rated Secondary YWoltage (L-L) 100 %
0205 |CT Rated Primary Current 1000 A
0206 |CT Rated Secondary Current 14
0210 |%4 volttage transformer is not connected
0211 |Matching ratio Phase-%T To Open-Deta-WT 1,73
02200 |14 current transformer is Meutral Current (of the protected line)
0221 |Matching ratio [4ph for CT's 1,000

I Dienlaw sdditional Settings

Export Graph | Abaout |

0K | Ubemehmen | 006G D Abbrechen | Hire |

Figure 4-21 DIGSI® 4 setting the power system data — example

Power System Power System Data 2 are part of the setting groups, which can be switched over dur-
Data 2 ing operation (see chapter 4.11). These include for example:

Q Primary Operating Voltage
Q Primary Operating Current

Q Characteristic Data of the protected object etc.
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4.11 Setting Groups

A SIPROTEC® 4 device has up to four setting groups A through D. The setting options
for each group are the same; however, the applied settings can be, and are typically
intended to be, different in each group. The active setting group can easily be changed
while the device is in-service. A major advantage of multiple setting groups is the ca-
pability of optimizing the protection and control for the existing configuration of the net-
work being protected. In other words, the protection and control can be changed as
the network changes.

The setting groups are saved in the device. The setting groups can be changed during
operation using DIGSI® 4, from the operator control panel on the device, by triggering
binary inputs, or via the system interface.

¢ DIGSI - Substation South / Feeder 1 / 75631 V4.0/7SJ631 V04.00.18 M=l B3
File Edit Insett Dewice Yiew Options Window Help
gla| o ele(e] 2(m(E] x[=E nhu e
[% Substation South / Feeder 1 / 75J631 V4.0f75J631 V04.00.18 0] ]
E- E§ Ornline Select function
- E Device Configuration
g # Maszking [/0 [Configuration b atrix]

A Eontrol. _ WDefaultDispla}l

&2 Annunciation @Eontrol Dizplay

2 Measurement :_EJEFE

=~ Oscillographic Records @Power Spstem Data 1 Setting Group A [x]

Qz, Test

A q

ﬁ Setting Group B
ﬁ Setting Group C
ﬁ Setting Group D
@ Change Group

&% Oscillographic Fault Records

General Device Settings
@ Time Synchronization
? Serial Portz
“ay Passwords
abe. | anguage

Functions:

i
0005
000&
00og
0003
noa
0011
nmez
0013
om7z
001§
0023
n0z4

50/51 Phase/Ground Cwercurrent

67 Directional Phase/Ground Crercurrent
27/59 Under/Over Yaoltage

46 Megative Sequence (Time Owercurrent)
48/66 Motor (Starup kMonitor / Counter)

81 OverfUnder Frequency

49 Thermal Owverload

kMeasurement Supervision

Fault Locator

50BF Breaker Failure

Demand Measurement Setup

Min/kax Measurement Setup

Custamize...

Info |

Ermpty

[75B31 |

Figure 4-22 DIGSI® 4, Entering Settings in Setting Group A;

Close

:

Help |

Other Groups are Similar

Note:

e

Settings that are common to all protective functions, of one setting group are available

in Power System Data 2.

7SA6 Manual
C53000-G1176-C156-2

4-27



SIPROTEC®4 Devices

Settings Double click on a protective function shown in the listbox of Figure 4-22 to obtain a
dialogue box for entering the settings associated with this function (Figure 4-23).

4 DIGSI -test 1/ Folder / 75J631 V4.0 Var/75J631 V04.00.18 M=] B3
File Edit Inset Dewvice “iew Options Window Help

& =g LnlZF] 2=EE nifw x|

B test 1/ Folder { 75J631 V4.0 Var/75J631 V04.00.18
= E§ Online Select function

E Settings @ Device Configuration

) . . - Setti X
# Masking 1/0 [Carfiguratic 50451 Phase/Ground Overcumrent - Settings Group A E
% Annunciation %W Drefault Dizplay General 50 I 51 I 50K I 51N I InrushHestraintI
-2 Mee!suremer?t Tl Contral Display PR
+-=4 Ozcillographic Records :_!EJ CFC = .
. Qz] Test @ M. Settings “alue
Fowen Spster D &t 1 1202 |50-2 Pickup 0004
Rt K o etting Group 2 1203 |50-2 Time Delay 0.00 zec
57 Setting Group B 1204 501 Pickup So0 A
ﬁ Setting Gmup C 1205 |50-1 Tlm.e Delay 0.50 zec
R 1214 |50-2 active Alearys
ﬁ Setting Group D

@ Change Group

&% Dzcillographic Fault Reco
@ General Device Settings
@ Tirne Synchranization

? Serial Ports

it Passwords

abe. | anguage

Export | [Erapt I About I
ak. Sppl B | Ej=] S B Cancel Hel
Press F1 for Help. 75631 | |\ | P | P
Figure 4-23 DIGSI® 4, entering settings for a protective function — example
Changing Setting The setting groups can be changed during operation using DIGSI® 4, from the opera-
Groups tor control panel on the device, by triggering binary inputs, or via the system interface.

The active setting group is indicated.

CHANGE GROUP 02/02

0301 ACTIVE GROUP
Group A
0302 CHANGE to
roup A

Group B

Group C

Group D

Binary Input
IEC60870-5-103

Figure 4-24 SIPROTEC® 4 device, changing setting groups on the operator control panel
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4.12 General Device Settings

The settings of the display to show information of network faults on the LEDs and the
LCD on the front of the SIPROTEC® 4 device are defined in the DIGSI® 4 window
shown in Figure 4-25.

4 DIGSI - Substation South / Feeder 1 / 75J631 V4.0/7SJ631 V04.00.18 IH[=] B3
File Edit Insett Dewice Yiew Options Window Help

Bla| o (ele] 2ln[E] =l=FF uiu x|

[® Substation South { Feeder 1 f 75J631 Y4.0/75J631 V04.00.18 IH[=] E3

=8 E§ Orline

a Settings

;_g;J CFC
- /ﬂ Contral
-E Annunciation
Measurement

‘=4 Dzcilographic Records

Qz, Test

Select function

Device Configuration
# Maszking [/0 [Configuration b atrix]
%m Drefault Dizplay
@ Control Dizplay

ZElcre

ﬂg Power System Data 1

ﬁ Setting Group A

ﬁ Setting Group B

ﬁ Setting Group C

ﬁ Setting Group D

@ Change Group

=3 Ozcilographic Fault Records
tir

@ Time Synchronization

? Serial Portz

“ay Passwords

abe. | anguage

Device, General Settings

General |

LCustomize:

INU

Settings

Walue

= | Bisplay Addiional Setings

7110 Fault Display on LED / LCD

Display Targets on every Pickup =

Exaar

LEi=1al) |

Ermpty

[75.J63

Wbernetmmen

o]

DIGEI-> Devicel

Abbrachen | Hite |

Figure 4-25 DIGSI® 4, general device settings (targets) — example

The setting can also be changed at any time using the operator control panel on the

SIPROTEC® 4 device: Main Menu — Settings - Device.

7SA6 Manual
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4.13 Time Synchronization

Read-out on the
Operator Control
Panel

4-30

Time tracking in a SIPROTEC® 4 device can be implemented using:
O DCF77 Radio Receiver (Time Signal from PTB Braunschweig),

O IRIG-B Radio Receiver (Time Signal from the global positioning satellite (GPS) sys-
tem),

Q signals via the system interface from, for example, a substation control system,
a radio clock using a system-specific synchronizer box,
Q minute impulses on a binary input.

Time signal generators are connected via a 9-pin D-subminiature port on the back
panel of the device.

Setting of the time synchronization is done exclusively with DIGSI® 4;

» Double clickon Time Synchronization in the data window and enter the set-
tings.

Time Synchronization & Time Format

— Source of time synchronization —Monitaring

Fault indication after;
m =

— Tirne format for display

 Internal

© IEC-B0870-5-103 (>1 min)
| PROFBUE FiE
 Time signal IRIG B
 Time signal DCE??

 Time signal Sync. box

© dd.mm.gy
& mmfddfyy

 Pulze via hinary input Titme correction

Mot configured j Dffsetto time signal:
IUU oo {hh:rrire)
QK I DEE]=> Device | Cancel | Help |

Figure 4-26 DIGSI® 4, setting of the time synchronization — example

Using the SIPROTEC® 4 device operator control panel, the time synchronization set-
tings can be retrieved: Main Menu - Settings - Setup/Extras - Clock Set-

up.

SETUP/EXTRAS __ 02/06

Date/Time - 1

Clock Setup —>_ 2 » [[CLOCK SETUP 01/03
erial Ports —> 3| 0 |fzzcorcctt gt
Device-ID —> 4 Offset Qm;n

MLFB/Version —> 5 Error Time min
Contrast > 6 Source Internal

Figure 4-27  Read-out of time synchronization settings from the operator control panel

7SA6 Manual
C53000-G1176-C156-2



SIPROTEC®4 Devices

4.14 Serial Interfaces

Devices in the SIPROTEC® 4 family can be equipped with up to four serial interfaces.

O The system interface on the back panel of the device is for connection to a central
master control system. Depending on the type and the version of the device the fol-
lowing protocols are available:

« |EC 60870-5-103,

* PROFIBUS FMS,

+ PROFIBUS DP,

* DNP3.0 Level 2,

+ MODBUS ASCII/RTU

Q The time control interface on the back panel of the device is used for connection of
a radio-controlled clock (see Section 4.13).

O The operating interface is used for on-site connection to a PC, on which DIGSI® 4
is installed. Via this interface the settings can be loaded and all DIGSI® 4 operations
can be applied, e.g. read-out of oscillographic fault records or event logs.

O The service interface on the back panel is for connection to a PC of remote diag-
nostic facilities, e.g. DIGSI® 4 via modem and/or a star connection. All DIGSI® 4 op-
erations are possible via this interface.

In the DIGSI® 4 interface settings window (under “Serial Ports”) there are, among oth-
er items, settings for:

— transmission protocols and

— transmission speeds.

e

Note:

The system interface can be equipped with different modules for connection to other
devices via optical fibres, RS485 (EIA485) bus or RS232 interface.

7SA6 Manual
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An example of how to proceed during the configuration of an IEC-interface is shown
on the next page. In Chapter 5 there are more examples concerning the configuration
of protocols.
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To set the framing and baud rate:

« Double click on Serial Ports in the data window and enter the specific settings
in the window that follows.

Interface Settings | ]

Serial part an PC | PROFIBUS FMS on PC| VD Addresses | PC porton device [EC B0870-5-103 |
Address:

Frame:

Baud rate:

Max. telegram gap: 0..50 ID [*100 ms]
Measured value transmission: IPrivate vl

DFI-Transmission: with interm. pos. 00 and 11 (v4) j

™ Expanded fault record channals

—Access authorization at interface for

= Changing|setings = Trest and diggnestics

= dlestate affitier aptic canmecticn

! Light oL ! Linht OFF

Figure 4-28 DIGSI® 4, Interface Settings Window

» Read-out on the
Operator Control Panel

The interface settings can be checked using the SIPROTEC® 4 device operator con-
trol panel.

In the main menu, select Settings - Setup/Extras - Serial Ports - follow-
ing menus.

SETUP/EXTRAS ~ 03/06
Date/Time > 1
Clock Setup —> 2
Serial Ports —> 3 > SERIAL PORTS 01/03
Device—ID —> 4l || e e > 1
MLFB/Version  —> 5 SRR =
Contrast —> 6 Service Port —> 3

Figure 4-29 Read-out of serial interface settings from the operator control panel, example

Note:

The serial interface for the connection of a time control device is described in the Sub-
section 4.14, Time Synchronization.
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4.15 Passwords

Passwords are assigned to a SIPROTEC® 4 device to protect against unintended
changes to the device or unauthorized operations from the device, such as switching.

The following access levels are defined:
O Switching/tagging/manual overwrite,
a Non-interlocked switching,

O Test and diagnostics,

0O Hardware test menus,

Q Individual settings,

Q Setting Groups.

Passwords
Pazswords:
Mumbet Funetion Active

; A v

2 Password for unlocked switching [V

4 Password for test and disgnostics [V

5] Pazzword for hardware test menus v

a5 Password for single zettings [V

7 Password for parameter set [V
Change... | Hesetall. I

Dose | | DiGEIs Device | Hep |

Figure 4-30 DIGSI® 4, window indicating the active passwords — example

When using DIGSI® 4 or the operator control panel on the SIPROTEC® 4 device, a
password is requested for the specific functions.

Note:

e

Password protection against unauthorized access is only in place during on-line op-
eration. The passwords for setting changes are first activated when the settings are
loaded into the device. The passwords are irrelevant in the DIGSI® 4 off-line mode.

To deactivate a password, you must know the password.
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Passwords can only be changed using DIGSI® 4.

To change an existing password:

 Inthe Passwords window shown in Figure 4-30, double click on the password to be
changed. In the next window (Figure 4-31), enter the present password, the new
password, and confirm with the new password again and OK.

Change Password

Old password:

New pazsword:

Confirm new pazswaord:

[k I Cancel | Help |

I

Figure 4-31 DIGSI® 4, changing passwords

Passwords are numbers up to 8 digits.

At delivery all passwords are set to 000000.

o Note:

l If the password for setting group switching has been forgotten, a temporary password
can be received from Siemens. The temporary password can be used to define a new
password for this function.

The registration number of the DIGSI® 4 software package will be required to re-
ceive the temporary password.
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Configuration

5

Configuration is the process of customizing the relay for the intended application.

To accomplish this, the following questions must be answered:

Which functions do you need?
Which information and measured quantities need to be retrieved via which inputs?

Which information, measured data, and control actions need to be issued via which
outputs?

Which user-definable functions need to be performed in CFC (Continuous Function
Chart)?

Which information should be displayed on the front panel of the device?
Which interfaces are to be used?

Which time source is to be used to synchronize the internal clock?

This chapter describes in details how to configure the 7SAB6.
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5.2 Configuration of the Binary Inputs and Outputs 5-9
53 Creating User Defined Functions with CFC 5-39
5.4 Establishing a Default Display 5-48
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5.7 Date and Time Stamping 5-58
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5.1 Configuration of Functions

General

The 7SAG6 relay contains a series of protective and additional functions. The scope of
hardware and firmware is matched to these functions. Furthermore, commands (con-
trol actions) can be suited to individual needs of the protected object. In addition, indi-
vidual functions may be enabled or disabled during configuration, or interaction be-
tween functions may be adjusted.

In the following, an example for the configuration of the functions:

A substation has overhead line and transformer feeders. Fault location must only be
carried out on the overhead lines. This function therefore is disabled for devices on
transformer feeders.

The available functions must be configured as enabled or disabled. For individual
functions, the choice between several alternatives may be presented, as described
below.

Functions configured as disabled are not processed by the 7SA6. There are no
messages, and corresponding settings (functions, limit values) are not displayed dur-
ing detailed settings.

1

Note:

Available functions and default settings depend on the ordering code of the relay (see
ordering code in the appendix for details).

Determination of
Functional Scope

5-2

Configuration settings may be entered using a PC and the software program DIGSI® 4
and transferred via the operating interface on the device front, or via the serial service
interface. Operation via DIGSI® 4 is described in Chapter 4 as well as in the DIGSI® 4
manual, order number E50417-H1176-C097.

Entry of password No. 7 (for setting modification) is required to modify configuration
settings (see Chapter 4, last section). Without the password, the settings may be read,
but cannot be modified and transmitted to the device.

The functional scope with the available options is setinthe Device Configuration
dialogue box (see Figure 5-1) to match equipment requirements. To change a func-

tion, click on the corresponding line under Scope, and select the desired option in the
list which appears. The drop-down list closes automatically upon selection of an item.

7SA6 Manual
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Special Cases
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Avallable functions:

Ma.  [Function Scope =
0103 |Setting Group Change Option Enabled

0114 |Distance protection pickup prograrm Z< [quadrilateral)

0120 |FPower Swing detection Enabled

0121 |Teleprotection for Distance prot. PUTT (Z1B acceleration)

0122 |OTT Direct Transfer Trip Enabled

0124 |Instantaneous HighSpeed SOTF Cwercurrent| Enabled

0125 |¥Weak Infeed (Trip and/or Echa) Digabled

0126 |Backup overcurrent Tirme Cwercurrent Curve IEC e
0130 |Sensitive Earth Flt.(compl isal. starp.) Enabled

0131 |Earth fault avercurrent Time Overcurrent Curve [EC

0132 |Telepratection for Earth fault overcurr. Directional Comparison Pickup

0133 |Auto-Reclose Function

0134 lAuto-Reclose control mode with Trin and Action time A

Info |

ok | PEEEREE Cancal Help |

Figure 5-1  Device Configuration dialogue box in DIGSI® 4 — example

Before closing the dialogue box, transfer the modified functional setting to the relay by
clicking on the item DIGSI — Device. The data is stored in the relay in a non-volatile
memory buffer.

The configured functional scope can be viewed at the front of the relay itself, but can-
not be modified there. The settings associated with the functional scope can be found
in the MAIN MENU under - Settings - Device Config.

Most settings are self-explanatory. Special cases are described below.

Each device (depending on the version ordered) can feature one or two protection
data interfaces for communicating the protection signals. In address 145 you
determine if protection data interface P. INTERFACE 1 is to be used. For a protected
object with two ends each device requires at least one protection data interface. For
more ends it must be guaranteed that all associated devices are connected with each
other either directly or via other devices. For more detail on this topic read Section 6.4,
Communication Topology.

If the setting group change-over function is used, the setting in address 103 Grp
Chge OPTION must be setto Enabled. In this case, it is possible to apply up to four
different groups of function parameters (refer also to Subsection 6.1.2). During normal
operation, a convenient and fast switch-over between these setting groups is possible.
The setting Disabled implies that only one function parameter setting group can be
applied and used.

Address 110 Trip mode is only applicable for devices that can trip single-pole or
three-pole. Set 1-/3pole if single-pole tripping is also desired, i.e. if 1pole or
1-/3pole automatic reclosure is used. A prerequisite is that the device is provided with
the internal automatic reclosure function or that an external automatic reclosure is
used. Furthermore the circuit breaker is suited for single-pole control.
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Note:

When having changed address 110, first save the changes by clicking onto the OK
button. Then open the dialogue box again, since other setting options depend on ad-
dress 110.

5-4

Different pickup modes can be selected for the Distance Protection. The characteris-
tics of these modes are described in detail in Subsection 6.2.2. If the fault current mag-
nitude is a reliable criterion for the distinction between fault closure and load operation
(including tolerable overloading), set address 114 Dis. PICKUP =I> (over-
curr.) (overcurrent pickup, Subsubsection 6.2.2.1). If the voltage drop is also re-
quired as pickup criterion, select U/ I (voltage-controlled overcurrent pickup, Subsub-
section 6.2.2.2). For HV and EHV lines address setting U/ I/<phi> (voltage & phase-
angle dependent current pickup, see Subsubsection 6.2.2.3) may be needed. For the
impedance starting the larges-set R-Zones and X-Zones of the distance zones form
the pickup criteria. If the 114 Dis. PICKUP = Disabled is set, the Distance Pro-
tection function and all functions related to it are not available.

Please take into consideration that the power swing supplement (refer also to Section
6.3) can only operate in conjunction with the impedance starting. Otherwise the sup-
plement is disabled, even if address 120 Power Swingis setto Enabled.

If the Distance Protection is to be supplemented with a teleprotection system, the de-
sired scheme can be selected in address 121 Teleprot. Dist.. The following
schemes are available: the permissive underreach transfer scheme via pickup PUTT
(Pickup ) and via the permissive overreach transfer scheme POTT, the signal com-
parison scheme signal comparison, the Dir.Comp.Pickup scheme, the
UNBLOCKING scheme, the BLOCKING scheme as well as the schemes via Pilot wire
comparison (Pilot wire comp) and reverse interlocking Rev. Interlock. If
the device features a protection data interface for communicating via digital transmis-
sion ways, choose setting POTT over Protection Interface. These schemes
are described in detail in Subsection 6.6.1. If the teleprotection supplement is not re-
quired for the distance protection, the setting must be Disabled.

The tripping characteristic group of the time delayed overcurrent protection can be set
in address 126 Backup overcurrent (Back-Up 0/C). In addition to the definite
time overcurrent protection (DT), an inverse time overcurrent protection can be con-
figured in two different ways (depending on the order variant): either corresponding to
the IEC characteristics (TOC IEC), or to the ANSI characteristics (TOC ANSI). The
various characteristics are shown in the technical data. The time delayed overcurrent
protection may naturally also be disabled (Disabled).

If you are using the earth fault protection, you can complement it by teleprotection
schemes. Under address 132 Teleprot. E/F youcan selectthe desired mode. You
can choose between Directional Comparison Pickup,the Unblocking and
the Blocking mode. For a detailed description of these modes please read Sub-
section 6.8.1. If the device features a protection data interface for communication via
digital link, you must set PUTT over Protection Interface. If you do not want
to use teleprotection schemes with earth fault protection, set Disabled.

The tripping characteristic of the earth fault protection can also be selected, in this
case in address 131 Earth fault overcurrent (Earth Fault 0/C).In ad-
dition to the definite time overcurrent stage (DT), with up to three sub-stages, it is also
possible (depending on the order variant) to configure an inverse earth fault stage.
This inverse stage may either correspond to the IEC characteristic (TOC IEC) or to
the ANSI characteristic (TOC ANSI), or to an inverse logarithmic characteristic (TOC
Logarithm.). If an inverse tripping stage is not required, the stage that is usually re-

7SA6 Manual
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ferred to as “inverse” may also be used as a fourth definite time stage Definite
Time. Alternatively the earth fault protection function controlled by zero sequence
voltage U0 inverse can be selected. The various characteristics are shown in the
technical data. The earth fault protection may naturally also be disabled (Disabled).

If the device has an automatic reclosure, the addresses 133 and 134 are significant.
If no reclosure is desired at the feeder for which 7SA6 is used or only an external de-
vice is used for reclosure, address 133 AUTO RECLOSE is switched to Disabled. Au-
tomatic reclosure is only permitted for overhead lines. It may not be used in any other
case. If the protected object consists of a combination of overhead lines and other
equipment (e.g. overhead line in a block with a transformer or overheadline/cable), re-
closure is only permissible if it can be ensured that it can only take place in the event
of a fault on the overhead line.

Otherwise set the number of desired reclosure attempts there. You can select

1 AR cycleto 8 AR cycles. You can also set ADT (adaptive dead time): in this
case the behavior of the automatic reclosure depends on the cycles of the remote end.
However, the number of cycles must be set at least at one end of the line and this end
must have a reliable infeed. The other end or ends may operate with adaptive dead
time. See section 6.14.1 for detailed explanations.

The AR Control Mode under address 134 allows a total of four options. You can
determine whether the sequence of automatic reclosure cycles is defined by the fault
situation of the pick-up of the starting protection function(s) (only for three-pole trip-
ping) or by the type of trip command. The automatic reclosure can also operate with
or without action time.

The Tripwith T-action or Trip without T-action command setting is pre-
ferred when single-pole or single/three-pole automatic reclosure cycles are planned
and are possible. In this case different dead times (for every interrupt cycle) are pos-
sible after single-pole tripping and after three-pole tripping. The tripping protection
function determines the type of tripping: single-pole or three-pole. The dead time is
controlled dependent on this.

Using the Pickup with T-action or Pickup without T-action setting, dif-
ferent dead times can be set for the auto-reclosure cycles after single, two and three-
phase faults. The fault detection configuration of the protection functions at the time
the trip command disappears is decisive. This operating mode also enables the dead
times to be made dependent on the type of fault for three-pole interrupt cycles. Trip-
ping is always three-pole.

The Tripwith T-action setting provides an action time for every interrupt cycle.
This is started by the general starting signal (i. e. logic OR combination of all internal
and external start signals of all protection functions which are configured to start the
automatic reclosure function. If there is still no trip command when the action time ex-
pired, the corresponding automatic reclosure cycle cannot be executed. See section
6.14.1 for further explanations. For the time graded protection this setting is recom-
mended. If the protection function to operate with reclosure does not have a general
fault detection signal for starting the action times, select the setting Trip without
T-action.

In address 138 Fault Locator for fault location the user determines not only the
settings Enabled and Disabled, but also the function that the fault distance is di-
rected via binary outputs as BCD-Code (4 bit units, 4 bit tens, 1 Bit hundreds as well
as “Data valid” (with BCD-output). The required number of output relays (FNo
1153 to 1152) must therefore be available and allocated.

For the trip circuit supervision the number of trip circuits that shall be monitored is set
in address 140 Trip Cir. Sup. with the following settings: 1 Trip circuit, 2
Trip circuitsor3 Trip circuits if they are required (Disabled).
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5.1.1

According to the order variant the device is provided with analog outputs (0 to 20 mA).
2 outputs can be located on Port B (Mounting location “B”), another 2 on Port D

(mounting location “D”). In address 150 to 153 the user can select which analog val-
ues shall be output. Some measured values and the location of the fault are also avail-

able.

Settings

Addr.

Setting Title

Setting Options

Default Setting

Comments

103

Grp Chge OPTION

Disabled
Enabled

Disabled

Setting Group Change Option

110

Trip mode

3pole only
1-/3pole

3pole only

Trip mode

114

Dis. PICKUP

Z< (quadrilateral)

I> (overcurrent)

U/l (voltage controlled over-
current)

U/I/phi (voltage & angle con-
trolled o/c)

Disabled

Z< (quadrilateral)

Distance protection pickup pro-
gram

120

Power Swing

Disabled
Enabled

Disabled

Power Swing detection

121

Teleprot. Dist.

PUTT (Z1B acceleration)
PUTT (acceleration with Pik-
kup)

POTT

Directional Comparison Pik-
kup

Unblocking

Blocking

Reverse Interlocking

Pilot wire comparison
POTT over Protection Inter-
face

Disabled

Disabled

Teleprotection for Distance prot.

122

DTT Direct Trip

Disabled
Enabled

Disabled

DTT Direct Transfer Trip

124

SOTF Overcurr.

Disabled
Enabled

Disabled

Instantaneous HighSpeed SOTF
Overcurrent

125

Weak Infeed

Disabled
Enabled

Disabled

Weak Infeed (Trip and/or Echo)

126

Back-Up O/C

Disabled

Time Overcurrent Curve IEC
Time Overcurrent Curve
ANSI

Time Overcurrent
Curve IEC

Backup overcurrent

130

Sens. Earth Flt

Disabled
Enabled

Disabled

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

5-6
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Addr.

Setting Title

Setting Options

Default Setting

Comments

131

Earth Fault O/C

Disabled

Time Overcurrent Curve IEC
Time Overcurrent Curve
ANSI

Time Overcurrent Curve
Logarithmic

Definite Time

U0 inverse

Disabled

Earth fault overcurrent

132

Teleprot. E/F

Directional Comparison Pik-
kup

PUTT over Protection Inter-
face

Unblocking

Blocking

Disabled

Disabled

Teleprotection for Earth fault
overcurr.

133

Auto Reclose

1 AR-cycle

2 AR-cycles

3 AR-cycles

4 AR-cycles

5 AR-cycles

6 AR-cycles

7 AR-cycles

8 AR-cycles

Adaptive Dead Time (ADT)
Disabled

Disabled

Auto-Reclose Function

134

AR control mode

with Pickup and Action time
with Pickup but without
Action time

with Trip and Action time
with Trip but without Action
time

with Trip and
Action time

Auto-Reclose control mode

135

Synchro-Check

Disabled
Enabled

Disabled

Synchronism and Voltage Check

137

U/O VOLTAGE

Disabled
Enabled

Disabled

Under / Overvoltage Protection

138

Fault Locator

Enabled
Disabled
with BCD-output

Enabled

Fault Locator

139

BREAKER
FAILURE

Disabled
Enabled

Disabled

Breaker Failure Protection

140

Trip Cir. Sup.

Disabled

1 trip circuit
2 trip circuits
3 trip circuits

Disabled

Trip Circuit Supervision

142

Ther. OVERLOAD

Disabled
Enabled

Disabled

Thermal overload protection

145

P. INTERFACE 1

Enabled
Disabled

Enabled

Protection Interface 1 (Port D)

147

NUMBER OF
RELAY

2 relays
3relays

2 relays

Number of relays

7SA6 Manual
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Addr. Setting Title Setting Options Default Setting Comments

150 AnalogOutput B1 Disabled Disabled Analog Output B1 (Port B)
IL2 [%]

UL23 [%]

IP| [%]

QI [%]

Fault location d [%0]

Fault location d [km]

Fault location d [miles]
Trip current Imax [primary]

151 AnalogOutput B2 Disabled Disabled Analog Output B2 (Port B)
IL2 [%]

UL23 [%]

|P| [%]

QI [%]

Fault location d [%]

Fault location d [km]

Fault location d [miles]
Trip current Imax [primary]

152 AnalogOutput D1 Disabled Disabled Analog Output D1 (Port D)
IL2 [%)]

UL23 [%]

|P| [%]

QI [%]

Fault location d [%]

Fault location d [km]

Fault location d [miles]
Trip current Imax [primary]

153 AnalogOutput D2 Disabled Disabled Analog Output D2 (Port D)
IL2 [%]

UL23 [%]

IP| [%]

QI [%]

Fault location d [%)]

Fault location d [km]

Fault location d [miles]
Trip current Imax [primary]

5-8 7SA6 Manual
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5.2  Configuration of the Binary Inputs and Outputs

General Upon delivery, the display on the front panel of the relay, some of the function keys,
the binary inputs and outputs (output contacts) are assigned to certain information.
These assignments may be modified, for most information, allowing adaptation to the
local requirements.

During configuration, certain information within the relay is assigned to certain physi-
cal interfaces (e.qg., binary inputs and output contacts) or logical interfaces (e.g. user-
defined logic, CFC).

It must be determined which information should be linked with which device interface.
It may also be determined which properties the information should have.

Messages and statistical values from earlier events can be lost during configuration;
therefore, operational and fault data and statistic counters which are memorized in the
relay should be read and saved if desired, prior to changing the configuration.

5.2.1 Preparation

Before configuration is started, the overall interfacing requirements must be assessed.
The required inputs and outputs must be coordinated with the number of physical in-
puts and outputs present on the relay. The types of indications and commands, and
their requirements, must be taken into account.

Indications Indications may be device information regarding events and conditions that can be
transmitted via output contacts (e.g. start-up of the processor system or a trip signal
initiated by a protective function). These are defined as output indications.

(binary output |
signal) ' (system)

Trip D |
(7SA6) L+ —\ ; Output indication/tripcommand via relay contact

Figure 5-2  Output indication (OUT)

Indications also include information from the substation to the relay regarding events
and conditions in the system (e.g. position or condition of a circuit breaker). These are
defined as input indications. Inputindications with one binary input are single
point indications (SP). Two binary inputs whose normal conditions are oppo-
site, and which are monitored by the relay, are required for a double point indi-
cation (DP).

7SA6 Manual 5-9
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@ e.g. Isolation |
switch

|
N meb ' (75A6) S | (7SA6)
L+— ! / Binary input L+ ‘

L— . (e.g. BI1) ! / Binary input

](wstem) (e.g.BI 2)

(system) | ‘ .

Binary input

L— | / (e.g. BI 3)

Single point indication (SP) Double point indication (DP)

Figure 5-3 Input indications

Additionally to the predefined input and output indications new customer specific indi-
cations and even control commands for switching devices may be created.

Commands Commands are output indications that are especially designed for the output of control
signals to switchgears in the system.

Q Set for each device whether it should trip 1pole, 11/2pole or 2pole, with single or
double point indication, with or without feedback (see Table 5-1 and Figure 5-4 to
5-9). Thus the necessary quantity of the information to be processed is calculated
and the type of command is determined.

Q Allocate the available binary inputs and outputs according to the requirements.
Please observe the following:

— The annunciations and commands of a switchgear must be allocated to binary
inputs and outputs numbered consecutively;

— The trip command must always be located before the close command;

— There may be restrictions due to grouping of binary inputs and outputs of a
SIPROTEC®-device

As soon as the type of command is defined DIGSI® 4 allocates the necessary number
of binary outputs of a device. The corresponding outputs relays are numbered consec-
utively. This has to be observed for the assignment of the output relay to the control
functions.

Table 5-1 lists the most important command types as they are offered in the configu-
ration matrix (also refer to the paragraph “Binary Outputs for Switching Devices” in
Subsection 5.2.4). All double commands (with or without feedback) are also available
as transformer tap commands. The following figures (from 5-4 to 5-12) show timing
diagrams, control settings, and the order of relay allocations for frequently used com-
mand types.

Table 5-1 Most important command types

Single Command with With 1 relay without feedback C_S
Single Output with feedback CF_S
Double Command with With 2 relays without feedback C_D2
Single Output with feedback CF_D2
Double Command with Single With 3 relays without feedback C_D3
Outputs plus Common Output with feedback CF_D3
5-10 7SA6 Manual
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Table 5-1 Most important command types
Double Command with Single | With at least 3 without feedback C_D2
Output (common to a bus) relays with feedback CF_D2
Double Command with Double | With 4 relays without feedback Cc_D4
Output with feedback CF_D4
Double Command with Double | With 3 relays without feedback C_D12
(Close) and Single (Trip) Output with feedback CF_D12
Double Command Motor Control | With 2 relays, without feedback C_D2
(Anti-Clockwise Rotation / 2 contacts each | with feedback CF_D2
Clockwise Rotation)
Double Command with With 2 common | for disconnector CF_D2
Single Output for relays, function
Three-Position Disconnector (with feedback)
Double Command with 2 contacts each | for earth switch CF_D2N
Single Output, Negated function

For double commands, the first output relay is selected using DIGSI® 4. The other out-
put relays will be automatically selected by DIGSI® 4. Inthe sequence of output relays,
each TRIP command is placed before the associated CLOSE command. For

commands with feedback indications, DIGSI® 4 reserves another line in the configu-
ration matrix for the switching device feedback indications. Here, the OPEN position
feedback is placed before the CLOSED position feedback as well.

For Figures 5-4 through 5-9, the following abbreviations apply:

C+'/

W Switching
Device

- C+ Relay contact for closing
- C- Relay contact for tripping
- CC Relay contact is common
- CCC Relay contact is common to a bus
- L+;L—  Control voltage
CLOSE
Command
C+
t
1
Matrix Configuration: X
+
]

Figure 5-4

7SA6 Manual
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Single command with single contact
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TRIP
Command

CLOSE
Command
C+ |
C-

I

Matrix Configuration:

Figure 5-5

CLOSE
Command

|

C+

\/

X

+
O

Double command with single contacts

TRIP
Command

CcC

B S

Matrix Configuration:

1

2

X

X|X

|
(©]

+
®)

CC

—~V

cﬂ/

T o

/

|
S
l

L—

L+

]

Switching

My
|

|
|

CcC i
L—

In contrast to other output relays the relay common to a bus is allocated to different
switching devices (see Figure 5-7). For security reasons the switching devices cannot

The relay common to a bus automatically adopts the properties of the controlling relay,
i. e. it is not configured individually. The output is single-pole.

|

C+|/ C- /
;vev\lltlt(::l’;lnf Switchzirig.nDevice
l l |

Figure 5-6 Double command with single contacts plus common contact
be switched at the same time.
CLOSE TRIP
Command Command
C+ |
C-
ccc |

t

Matrix Configuration:

Figure 5-7

5-12

1 2 n
XX X
AR 8
0|0 S

Double command with single output common to a bus

ccc K
L_
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CLOSE TRIP
Command Command | 7 L+
C+1 J—‘ C+1 / Cc-1
C+2 Switching
| Device
c-1 | |
C+2 c-2
Cc-2 -
- . o | —
t
12 3 4
Matrix Configuration: XIXIXIX
33|
Figure 5-8 = Double command with double contacts (with 4 relays)
CLOSE TRIP | T . |+
Command Command C+1 / C— /
C+1l |
W-’li Switchingﬂw
C+2 | — Device
!
o ] C+2 (
> o | —
t
12 3
Matrix Configuration: XIX[X
o3|
(G]}&]

Figure 5-9
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Double command with double and single contacts (with 3 relays)

For the motor control illustrated in Figure 5-10 the following can be realized:

- via CLOSE command
- via TRIP command
— and in quiescient state

anti-clockwise rotation
clockwise rotation
TRIP

The power relays with 2 NO contacts (each) to be used for this purpose are interlocked
against eachother so that only one relay can be connected.

When using the power relay for a motor controlled three-position disconnector
please observe the following:

For the disconnector and earth switch function the same output relays are controlled
by two different commands. Since both end positions are achieved by different rotation
of the motor, one of the two commands must be negated. Therefore the command
types e. g. CF_D2 and CF_D2N are to be applied in this case.
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Due to the hardware platform a double command with single output via 2 relays
with one pair of contacts each can only be applied with restrictions. For this purpose
use the 2 power relays provided for motor control (only available in device versions
with power relays) (see Figure 5-11 and 5-12). Observe the internal grouping (see also
“General Diagrams” in Subsection A.2, Appendix A, Figures A-4, A-9, A-15, A-19,
A-23 and A-27).

CLOSE TRIP L+
Command Command ﬁ
c+ | CHl f— — — — J/C+2
C- I
t
6 7
Matrix Configuration™ X c-1 / R — E/C—Z
S5
L_

Figure 5-10 Double command motor control (anti-clockwise rotation / clockwise rotation) via two power relays with two
contacts each

L+

132 ‘
(BOSG) 133
| % CLOSE
BO7 14

- -
(BOY) E:l K17
|

Figure 5-11 Extract of a general diagram of the variants with power relays BO 6 to BO 9 (as
an example) showing the external connections according to Figure 5-12

C 13

TRIP
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CLOSE TRIP
Command Command
C+ _|
C_ |-
6 7 8 9 t

Matrix Configuration™ [=x[X[=

L+

C+l f —

/Cc+2  C-1\

CLO

Switching Device

TRIP

The relays characterized with a minus-symbol must not be connected in different way !

Figure 5-12  Single command with 2 outputs via 2 power relays with 2 contacts each (setting: “Double Command with
Single Output”) - example
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5.2.2 Structure and Operation of the Configuration Matrix

General

This section deals with the structure and operation of the configuration matrix. The
configuration matrix can be viewed without making any configuration changes. Infor-
mation characteristics and configuration steps are described in Sub-section 5.2.3, and
configuration is demonstrated in Sub-section 5.2.4.

Configuration of information is performed, using a PC and the DIGSI® 4 software pro-
gram, via the operator or service interface. The configuration is represented in
DIGSI® 4 as a matrix (Figure 5-13). Each row is assigned to an information of the de-
vice. It is identified by a function number No, LCD text (display text D), an explanation
(long text L, minimized in Figure 5-13), and an information type T. The columns give
the interfaces which should be the sources and/or destinations of the information. In
addition to physical device inputs and outputs, there may be internal interfaces for
user definable logic (CFC) (see also Section 5.3), message buffers, or the device dis-

play.

Filter Information Catalog Standard View

Short view

& DIGSI - [Settings - Masking 170 [Configuration Matrix] - SIPROTEC 7si63 / Folder / 75J633 V4.0/75.633 V04.00.18]

#Eile Edit Inzert Device View Options Window Help

Hl@l & || ﬂl ﬁ‘l Ll%}l i | Ilndicaliuns and commands uj IEunﬁg\uled to Bl, BO or LED j@lﬁﬂ ﬂ]lil]l[ﬂ El

Infarmation Source Destination
M. (0] L T g Fl|C B LED
102343678 910111213|14/13] 1 456|768 9101112131
0005 |=Reset LED
Device, General =Light on
Brk OPEMED b Ll
F System Data 1 L [Latched)
Osc. Fault Rec. U [Unlatched)
0007 |=Set Group Bitd _ [mot configure
change Group e T et Graup B
0301 |Relay PICKUP U
0511 |Relay TRIP 8] L
P .System Data 2 4501 =52
4602 |=32-h
1721 |=BLOCK 50-2
1762 |90/51 PhoAPU
1763|5051 Ph B PU
SHIET OVBIEUr. 1 7es a0/t phc PU L
1724 [=BLOCK 50R-2
17ES | S0MS1 MPickedup L
2692 (67 A picked up
. 2693 |67 B picked up
sfbireet. O oead |67 C picked up L
2635 |67M picked up L
ColdloadPickup
271599 O Yok,
46 Megstive Seq
81 O/ Freg.
45 Th.Overload
M52 |Failure Sum | U U
0163 |Fail | balance u u
Measurem. Supery 0167 |Fail % balance ] ]
0176 |[Fail Ph. Seq. % u u
0175 |Fail Ph. Seq. | u u
F4TC TripCirc.
7am Auto Recl. 28351 |79 Cloze [TRIT]
Fault Locator
Figure 5-13  Extract from the configuration matrix in the DIGSI® 4 user interface — example
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Information in the rows is assigned to appropriate interfaces in the columns via an en-
try in the intersecting cell. This establishes which information controls which destina-
tion, or from which source information is received.

In the configuration matrix, not only the configuration is shown, but also the type of
configuration. For example, information regarding an event which is configured for dis-
play on a LED may be latched or unlatched.

The possible combinations of information and interfaces is dependent on the informa-
tion type. Impossible combinations are filtered out by DIGSI® 4 plausibility checks.

The matrix columns are divided into three types: Information, Source, and Destination.
To the left of the matrix, information is divided into information groups.

The matrix may become very extensive because of the amount of information con-
tained within. Therefore, it is useful to limit the display via filtering to certain informa-
tion, thus reducing the number of rows.

The tool-bar below the menu bar contains two pull-down menus by which information
may be filtered. Using the first menu, the rows can be limited to indications, com-
mands, indications and commands, or measured and metered values. The second
menu allows to display only configured information, information configured to physical
inputs and outputs, or non-configured information.

A further reduction in the number of rows is possible, by compressing an information
group to one row. This is done by double-clicking on the group label area (located to
the far left). If this is done, the number of rows is reduced, allowing the user to focus
on the information groups of interest. A second double-click restores all rows in the
information group.

To limit the width of the matrix, two possibilities exist: The tool bar allows to switch be-
tween standard view and short view, or individual columns can be hidden.

In the latter case you double-click on the field with the column heading thus hiding the
contents of the associated column. In the example of Figure 5-13, the long text (L) un-
der Information is not shown. By double-clicking on long text field (L), the long text
becomes visible again, and vice versa.

With two options on the tool bar you may switch between standard view and short
view, thus modifying the all columns under the Source and Destination title
blocks. The columns associated with the Information block remain unchanged.

In standard view, all binary inputs, binary outputs, and LEDs are accessible, as shown
in Figure 5-13 for the binary outputs and LEDs.

In short view (not illustrated in the figure), a common column is displayed for each of
the sources and destinations. Within the individual cells of a common column, infor-
mation regarding the configuration type is available in an abbreviated form. For exam-
ple, the abbreviation H1 in a cell of the common binary input (Bl) column means that
the corresponding information is configured with active voltage (High) to binary input
1. If an information is assigned to several sources or destinations, the abbreviations
of all destinations are shown, separated by commas. If there is not enough space in
the cell for the simultaneous display of all abbreviations, a double-click on the cell and
movement of the text cursor within the cell allows to scroll through the entire contents
of the cell.

To switch between standard view and short view, the menu item View can also be
used.
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All information is organized into information groups. In addition to general relay infor-
mation, information regarding individual device functions is also included.

By clicking on an information group title area with the right mouse button, a context
menu can be viewed, which contains information regarding the properties of that infor-
mation group. This is particularly useful if the information group is associated with a
function that contains parameter settings.

If the information group belongs to a protective function for the relay, a dialogue win-
dow can be accessed in which the settings of the protective function may be read out
and modified. The procedure for entering settings of a protective function is described
in general in Chapter 4. Details regarding the settings for various functions are found
in Chapter 6.

The settings group to be processed may be selected via the menu item View - Set-
ting Group.

The column header Information contains the function number, the LCD text (dis-
play text), an explanation (long text), and the information type. The following abbrevi-
ations are used for the information types:

¢ Annunciations:

- SP Single Point Indication (binary input, e.g. LED reset, refer also to
subsection 5.2.1)

- DP Double Point Indication (binary input, refer also to subsection 5.2.1)

- OuUT Output Indication (protection output signals e.g. pickup, trip ...)

- IntSP Internal Single Point Indication,

- IntDP Internal Double Point Indication.

— TxTap  Transformer Tap Indication

« Control Commands for switching devices (refer to subsection 5.2.3):

- C_S Single Command with Single Output without Feedback,

- CF_S Single Command with Single Output with Feedback,

- C_SN Single Command with Single Output Negated without Feedback,

- C_D2 Double Command (2 relays) with Single Outputs without Feedback,
- CF_D2 Double Command (2 relays) with Single Outputs with Feedback,

- C_D12 Double Command with Single Trip Outputs and Double Close Outputs
without Feedback,

- CF_D12 Double Command with Single Trip Outputs and Double Close Outputs
with Feedback,

- C D3 Double Command (3 relays) with Single Outputs and Common Output
without Feedback,

— CF_D3 Double Command (3 relays) with Single Outputs and Common Output
with Feedback,

- C D4 Double Command (4 relays) with Double Outputs without Feedback,
— CF_D4 Double Command (4 relays) with Double Outputs with Feedback,

— C_D2N Double Command (2 relays) with Single Outputs Negated
without Feedback,

— CF_D2N Double Command (2 relays) with Single Outputs Negated with
Feedback.

* Measured Values:
- MV Measured Value,
- MVU Measured Value, User Defined,

7SA6 Manual
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Source

Destination

- MVT Measured Value with Time,
- LV Limit Value,
- LVU Limit Value, User Defined.

* Metered Values:
- MVMV  Metered Value of Measured Value,
- PMV Pulse Measured Value.

The information contains various properties depending on the information type, which
are partially fixed and may be partially influenced.

The source denotes the origin of the information which the matrix receives for further
processing. Possible sources are:

- BI Binary Input,

- F Function key, which may serve to introduce a switching action,
-C CFC, i.e., message comes from user-definable logic,
- S Sytem Interface.

The destination indicates to which interface the information is forwarded. Possible
destinations are:

- BO Binary Output,
- LED LED display on the Device Front Panel,

-0 Operation Event Buffer in the Device,
-T Trip Log Buffer in the Device,
- S System Interface,

-C CFC, Information is processed by CFC Program of the User-definable Logic.

- CM  Control of switchgears if a switch plant is indicated in the Control Menu of
the device.

5.2.3 Establishing Information Properties

General

7SA6 Manual
C53000-G1176-C156-2

Different types of information contain different types of properties. To view the proper-
ties associated with a specific information unit (indication, command, etc.), position the
mouse on the specific row under Information, and then use the right mouse button
to access a context menu where Properties can be selected.

For example, if the cursor is positioned on a specific output indication, the right mouse
button is pressed, and the menu item Properties is selected, then a choice of
whether the indication should appear in the oscillographic fault records (Figures 5-14,
5-15, and 5-16) is presented. For internal single point indications, the default status of
the indication (on, off, or undefined) after device reset can be selected as well (Figure
5-15).

Note that the possible properties of information for the system interface depend on the
facilities of transmission protocol. See also Section “Protocol Dependent Functions” in
the Appendix.
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Output Indication
(ouT)

DIGSIO3 |

tark message

’7|_ Select message in fault record

DObject properties - OM/0FF - OUT

1
Object properties - ON/OFF - OUT [ ]

Select in fault recard

Tranzfer via |EC BOBF0-5-103

Function tpe:

Information number:

QK. I [iEemehmen

DU type: I

Figure 5-14

Internal Single

[ ok

£ppll | |

Information properties — example for the information type “Output Indication”
(ouT)

X | ) Object properties - Int SP OC - Int5P E
Point Indication |
Default selection DIGSN03
(IntSP) :
Mark message Object properties - Int SP OC - IntSP [ x|
’7|_ Select message in fault record Default selection I Select in fault record
Transfer via IEC G0870-5-103
Function type: I ¥ l
Information number: I 'l
DU type: j
’TI iBerehen | Object properties - Int SP OC - Int5P [ %]
slect in fault record | DIGSIT03 |
F |

Default selection during first startup: v

Setting value during first startup: IUndefined j

Default zelection during restart: r

Setting value during restart: IUndefined j

Lol Il_:emehmen | | Cancel | | Hilfe |
Figure 5-15 Information properties — example for the information type “Internal Single Point
Indication” (IntSP)
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Singe Point

Indication (SP
(SP) hatter blocking and fitter | DIGSI103 |

Mark meszage ‘ |

[T Select message in fault record

Object properties - SP 00 - 5P E
Select in fault record DIGSN03 |
Chatter blocking Filter
™ Activate Software filter time [ms]: I ]
-DK E I™ | Retrigger filter
— Object properties - 5P 00 - 5P X

Select in fault record | Chatter blocking and filker

Transfer via |EC 60870-5-103

[bermt Function lwpe: I vl
Information number: I 'l

DU type:

| )3 I | Apply | | Cancel | | o Help ™™™

Figure 5-16 Information properties — example for information type “Single Point Indication”

(SP)
Double Point In addition to the properties entered for single point indications, a “Suppress interme-
Indication (DP) diate position” check box is available, which may be checked to suppress the interme-

diate indication during operations. If this field is marked, then the filter time, which can
also be set (see margin heading “Filtering/Contact Chatter Suppression” below), is
only effective for the intermediate (= undefined position) indication. Hence, briefly un-
defined conditions or contact chattering will not lead to an alarm; however, defined
changes in the condition (final positions) are immediately reported.

Dbject properties - DPI - DP_I
DIGSM0E |
Chatter blocking Filter
[T Activate Saftware filker time [ms]: I 0
= | Betriaaen filer
= Suppress intermediate position
Dbject properties - DPI - DP_I [ %]

Chatter blocking and filter

0k I [ferrehmier I Transfer via IEC G0870-5-103
Function type: I ¥ l

Information number: I 'l
DU type: I j

Figure 5-17 Information properties — example for information type “Double Point Indication”
(DP)

| (] 3 I | Apply | | Cancel | |
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For input indications (single point indications SP, double point indications DP), trans-
former tap indication TxTap (if available), filter times may be entered (pick-up and
drop-out delays) to suppress momentary changes in potential at the binary input (e.g.
contact chatter), refer also to Figure 5-16 and 5-17. Filtering occurs during an input
change of state, with the same setting values whether coming or going. Information is
only distributed when the new state continues to exist after a preset time interval (in
milliseconds). The setting range is from 0 to 86,400,000 ms or 24 hours. Whether or
not the filter interval is restarted for each change of state during the filtering (filter re-
triggering) is selectable.

Itis also possible to set chatter suppression for each indication (Figure 5-16 and 5-17).
The contact chatter settings, themselves, are setthe same for all input indications (see
Sub-section 5.2.6).

The transformer tap changer position is communicated, via binary inputs, in a speci-
fied encoding format (maximum of 62 positions). Only binary inputs that are in direct
order with regard to numbering can be used.

For the encoding formats available (binary code, BCD code, “1-of-n” code), four set-
tings (number of taps, number of bits, display offset, and tap interval) may be pro-
grammed. Their bit pattern corresponds to an individual transformer tap changer po-
sition which is represented in the device display and in the indication buffers (Figure
5-18).

If “Moving contact” is activated, the tap position is valid and accepted only when the
moving contact of the tap changer has signalled its final position.

Object properties - Tx Tap Chg - TaTap

Transformer taps  Chatter blocking and filker |

Chatter blocking

m

Filker
: | (Softwale filter time [msz]: I 0 ‘ |
Object properties - Tx Tap Chg - TxTap E

Transtarmer taps | Chatter blocking and fiIterI

Encoding: =2
Mumber of taps: Iﬂ
Mumber of bitz; Iﬂ
Dizplay offzet; Iﬂ
Tap intereal Iﬂ
] [ Moving contact [always use the
highest binary input)

| 0K I | Apply | | Carncel I | Helpl

Figure 5-18 Information Properties Example for Information Type “Transformer Tap
Changer” (TxTap)

If none of the available encoding formats is selected, each individual tap changer po-
sition may be setin a table. The table is accessed after the pull-down menu Table for
encoding is opened, by selecting the button at the side.
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The encoded transformer tap changer position bit pattern is transformed into digital
values between 1 and 62. An unrecognized pattern is interpreted as position 63.

The number of bits coincides with the number of the binary inputs to be configured,
and limits the number of positions to be represented.

Using the display offset, the beginning of the evaluated bits may have an offset of a
programmed number. The stepping of the transfomer taps may be modified, using the
tap interval feature (see example).

Example:
Four transformer position settings are to be represented by three binary inputs, using

the designators 3 through 6. The encoding is binary.

Orientation Desired representation

Bll BI2 BI3

- - - 63.00
X - - 3.00
- X - 4.00
X X - 5.00
- - X 6.00
X - X 63.00

Using three binary inputs (= 3 bits), a maximum of 23=8 position settings may be rep-
resented in binary code. In order to begin the representation of transformer tap chang-
er positions with the value 3, the display offset is chosen accordingly. The following
must be set on the information property window:

Encoding Binary
Number of taps 4
Number of bits 3
Display offset 2
Tap interval 1

The three binary inputs used for this must have sequential numbers, such as Bl 1,
Bl 2, and BI 3.

For the information type “Measured Values User Defined” (MVU), the units, the conver-
sion factor, and the number of significant digits following the decimal point may be
specified. For the information type “Limit Values User Defined” (LVU), a limit value may
be programmed (Figure 5-19).
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Metered Values
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Object properties - Set point= - LVU

Measured value description  Default selection |

Default zelection during first startup: v
Setting walue during first startup: 100
Default zelection during restart: -
Setting walue during restart: I 0

Object properties - Set point= - LVYU

’TI [T — Measured value description | Default selectionl

Dizplay
Dimenzion: |§ i I
LConversion factor: 100

[comesponds to 100%)

Mo. of decimal places: I 1 3:

| oK I | Lpply | | Cancel | | Help |

Figure 5-19 Information properties example for information type “Limit Value User Defined”
(LVU)

If, for example, a low current reporter should be established using the CFC logic, and
the percentage of the measured current should be matched to a certain amp value,
the following values are entered in window according to Figure 5-19:

The Dimension is A (amps). The Conversion Factor is 150: 150 A corresponds
to 100 % input current. The limit value upon start-up is set for 120 A.

For metered values, the polarity (+/-) is an indicator for the direction of the power flow
(Figure 5-20 and 5-21). For the metered values of measured values (MVMV) the user
may also define the units for pulsed measured values (PMV) (Figure 5-20), the conver-
sion factor, and the number of decimal places (Figure 5-21). If wiping pulse/SO0is
selected, each individual impulse increases the counter by one. If the double current
pulse option is selected, then each individual transition (positive or negative) increas-
es the counter by one. If, for example, MVARNh is entered as the units and 1000 is en-
tered as the conversion factor, then 1000 impulses are equal to 1 MVARNh.
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oK Function type: 133 -

Object properties - Wp(puls) - PMY | ]

Festare trigger and energy flow direction | Fulse type and error input | DIGSN03 |
Measured value description

Display
Dimension: GiWh -

Conwversion factor: I 1

(corresponds to 100%)

Mo. of decimal places: I 23:

Measured value description
II | Restoretigger and energy fiowdirection " Pulsetypeanderorinput | DIGSIT03
—Restore trigger —Energy flow direction
' Maone & Eeverse |«
&+ Cyrlic & Earward =
) External
Set..
Measured value description | Hilfe |
Festare tigger and energy flow direction Pulse type and error input i DIGS03 |
Fulse type External device
& Wining pulse / 50 S ™ Use faultinput
¢ Double currant pulse -t

Measured value description |

Festare trigger and energy flow direction | Fulse type and error input

Transferwvia IEC 60870-5-103

Infarmation number: 515 >

(0] I Uketnehmen Abbrachen Hilfe

Figure 5-20 Information Properties, Example for Information Type “Pulse Metered Value”
(PMV)
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Object properties - Wp+= - MYMY | ]

Festare trigger and energy flow direction | DIGSN03 |

—Restore trigger —Energy flow direction
' Maone ) Eeverse |«
&) Eanywand =
) External
Set..
Object properties - Wp+= - MYMY | ]

oK Festare trigger and energy flow directio

Transferwvia IEC 60870-5-103

Function type: 133 -

Infarmation number: 5 >

(0] I Uketnehmen | Abbrachen Hilfe

Figure 5-21 Information Properties Example for Information Type “Metered Value of
Measured Value” (MVMV)

Entering Your Own The available information in the configuration matrix is determined by the device type

Information and the configured functional scope. If necessary, you may extend the configuration
matrix to information groups or individual information defined and entered by yourself.
Such user defined groups and information may be deleted at any time, in contrast to
predefined groups and information.

In order to insert a new information group, click on a cell within a group that is next to
the location where the new group should be located. After pressing the right mouse
button, a context menu appears (Figure 5-22).

irectoic I
_oadPickL Inzert Before Group..

3 Ol Yot Ingert After Group...
sative Se Delete Group

i Freg.
1.0verload

[

Figure 5-22 Dialogue box to insert a new information group — example

Properties.

If one of the first two alternatives is selected, a second dialogue box opens, in which
the name of the new information group is entered, in short text (display text) and in
long text (Figure 5-23). After clicking OK, the new group is positioned.
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Insert Group [ %]

Display text:

Long text [User-defined group
Cancel Help

Figure 5-23  Entry of the name of a user defined information group — example

Information may be entered into the new information group using the information cat-
alog (Figure 5-24). The information catalog is found in the menu bar under the View
option, or via anicon in the toolbar. User information may be entered into both the user
defined groups and any other available information group.

Infarmation catalog

Indic:ations, Commands, Measured Metered Walues
[Select and drag to left column]:

= Annunciations -
- Single Paint [SP)

{0 Dauble Paint [DF)

-0 Output SLOW

- Output FAST

-0 Tagging

-] Transformer T ap Changer

=23 Control without FeedBack

-0 Single Cortral [5C)

G Drouble Control [DC) 1Trip 1Close
{:l Double Control (DC] 1Trip 1Cloze 1Cor
D Double Contral [DC] 2Trip 2Cloze
G Double Contral (DC] 1Trip 2Close

{:l Double Control [DC] negated -
4| |

Metered values
2 [

Figure 5-24  Information catalog window — example

The information catalog is basically structured the same way as the DIGSI® 4 Manag-
er with folders and sub-folders. To proceed to information of sub-folders in the catalog,
click on a plus symbol or double-click on an folder icon. The designation of the initial
levels of the catalog correspond to the information groups Annunciations, Com-
mands, Measured Values and Counter Values.

To insert a specific information unit into an information group, first select it in the cat-
alog, and using the left mouse button, it should then be dragged from the information
catalog window to a group area on the left of the matrix. After the mouse button is re-
leased, the new information unit is inserted into the proper group.

In order to change the user defined information, double-click on the field containing
the new information and edit the text.

e

Note:

When inserting information of the type Control with FeedBack, two new rows will
be created within the group: one line for the actual command, and one for the associ-
ated feedback message.

Deleting Groups
and Information
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Only user defined groups and information can be deleted. To delete an entire group,
click on the field containing the group designator, then press the right mouse button to
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open the context menu, and select Delete Group. A confirmation window will ap-
pear (Figure 5-25).

DIGSI4

Do you really want to delete group
‘User-defined group'

and its aszociated information’?

Figure 5-25 Confirmation window before deleting a user defined group

Click Yes if you actually want to delete the group.

Note:

When deleting a group, all information definitions within this group will be deleted.

To delete individual entries, click under Information in the line with the entry to be
deleted. Then press the right mouse button to open the context menu, and select De -
lete Information. The remaining steps are the same as those for deleting a

group.

5.2.4 Performing Configuration

Configuring Binary
Inputs as Sources

The actual assignment between the information (rows) and the sources and destina-
tions (columns) of the information is made in the cell of intersection. You click into the
cell and press the right mouse button. A pull down menu appears where you may de-
termine the properties of the assignment. In certain cases, the pull down menu will of-
fer X (allocated) or _ (not allocated) as the configuration choices. In other cases, three
options will be offered (e.g. L = latched, U = unlatched, and _ = not allocated). Entries
resulting in an implausible configuration are blocked and inaccessible to the user.

Single point indications, double point indications, transformer tap indications and
pulse metered values can all be configured as binary inputs. In addition, whether or
not binary inputs are activated by the presence of control voltage can be established.
That is,

« “H" (High with voltage active): Control voltage at the binary input terminals activates
the indication;

« “L” (Low with voltage active): Control voltage at the binary input terminals deacti-
vates the indication.

Note:

A single logical indication should not be configured to two binary inputs, since an OR-
combination of both signals is not ensured. The operating program allows only one
combination, and deletes the first combination when a second is established.
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Configuring a
Function Key as a
Source

In addition, a single point indication cannot be configured to a binary input and to CFC
as a source at the same time. In this case, an error message would be displayed. Click
on 0K, and select another configuration.

Configuring Information [ %]

Q The indication is already configured to ‘BI'
and cannot therefare be configured ta 'From CFC'

Helm

Figure 5-26  Error message resulting from double configuration

If a double point indication (DP) is configured to one binary input (e.g. feedback indi-
cations from switching devices), the next binary input is also set in the matrix. If this
configuration is undone, the second binary input is automatically de-configured. The
order of the binary input channels is already defined. The trip command is always fol-
lowed by the close command.

If a transformer tap indication is allocated to a binary input (n), further binary inputs
(n+1...) may also be allocated. The total of it is identical with the number of the bits
configured for the transformer tap indications. If one of the configurations is reset, all
other configurations to binary inputs depending on the one deleted, will automatically
be setto not allocated.

The four function keys on the front of the relay may also be configured as sources in
order to establish a link using CFC. In this situation, each function key may be linked
with one single internal indication. A function key may be occupied because it has al-
ready been set as an operating function for the relay. As delivered from the factory,
the device’s function keys F1, F2, and F3 are pre-configured:

F1 operating messages
F2 primary measured values
F3 overview of the last eight fault messages

e

Note:

When an indication is configured to a function key, its factory-assigned function is de-
leted. Re-establishment of the factory default function of the F-keys is only possible
by initializing the relay with a new factory parameter set created within DIGSI® 4. All
device settings have to be re-entered.
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In order to configure a new indication, select one of the options (OPEN/CLOSE, ON/
OFF, etc.) from the indication group in the information catalog and drag it to the left
side of the matrix. Upon release, a new row appears in the matrix. If the mouse is po-
sitioned at the intersection of this row with column F, and the right mouse button is
pressed, a context menu opens (Figure 5-27) in which the function key may be set as
a source by clicking the proper choice.
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a Source

Configuring Binary
Outputs as a
Destination

Fast Binary
Outputs

High-speed
outputs

Binary Outputs for
Switching Devices

5-30

] imaaat"

1 [function key 1]
2 [function key 2]
3 [function key 3]

4 [function key 4]

_ [not configured)

L4
(= [ [
Figure 5-27 Selecting a function key as an information source — example

If certain information should be created as a result of the implementation of a user de-
fined logic function (CFC), this information must appear in the matrix as a source from
CFC. Otherwise, this information will not be available to the user when editing the CFC
logic.

You must not configure information to CFC as a source if it is already configured to a
binary input.

Up to thirty (30) information units (commands and indications) may be configured to
one output relay. One indication may be configured to up to ten (10) binary outputs
which include LEDs and output relays (cf. also margin header “Configuring a LED Dis-
play as a Destination” on page 5-33).

During configuration of binary outputs, you may select, for each output relay (besides
of the logic function itself), whether it should be latched (L) or unlatched (U). If you se-
lect latched, the output relay remains energized, even after the indication is no longer
present. It must be manually reset by pressing the “LED” Reset button on the front
panel of the device, or via a binary input with the indication function “>LED Reset”,
or via the serial system interface. If unlatched is selected, the output relay disengages
as soon as the indication disappears.

Some binary outputs of device 7SA6 - depending on the order variant, refer to “Gen-
eral Diagrams” in Section A.2 of Appendix A - have a response time which is approx.
3 ms shorter. Therefore they are very suited for sending trip commands as well as for
issuing initiate signals to signal transmission equipment for teleprotection.

Depending on the device version (7SA6*1*—*M/N/P***— 7SA6*2*—*M/N/P/Q/R/S***-)
the five binary outputs BA9, BA13, BA14, BA15 and BA16 are equipped with static
circuits with a response time of less than 1 ms. In these versions the outputs are used
preferably for issuing tripping commands. In the General Diagrams in Appendix A.2
they are designated with ,high-speed”.

Take care when configuring binary outputs for switching devices. For switching de-

vices, the type of command (e.qg., single or double commands, with or without feed-
back) is defined and configured to the output relay. If the preset command types are
not desired, then appropriate command types can be selected from the Information

catalog (see also “Entering Your Own Information” in the previous sub-section) and

inserted into the configuration matrix.
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Infarmation catalog

Indications. Commands, Measured Metered Walues
[Select and drag ta left calurmn]:

=4 Control without FeedBack AI
=1 J Sirgle Control [SC]
o Bl ONOFF [C_5) | Example:
H {1 .
Al Open/Close [C_S] Double Command with
=4 Double Control [DC] 1 Trip =]
. B| OMJOFF (C 2 relays (acc. Table 5-1)

i 8] [OpensCloze [C_D2)

=<4 Drouble Contral (DC) 1Trip 1Close 1Cor

8] OMYOFF [C_D3)

i 8] OpensClose [C_D3)

=4 Double Cantral [DC] 2T rip 2Clhose

i 8] OM/OFF [C_D4)

“ Bl DpensClose [C_D4)

-] Crouble Contral [C] 1 Trip 2Close -
| ]

4]
Command: Entry into Buffer: OPEMA/CLOSE

Figure 5-28 Window information catalog (example for different command types)

If a command with multiple outputs is configured, all binary outputs required in the ma-
trix for the configuration are automatically defined. If one of these outputs is de-con-
figured, all other binary outputs associated with the command will be automatically de-
configured.

Please pay attention to the comments and switching examples in Section 5.2.1, par-
ticularly the fixed defined sequence of relay assignments (TRIP before CLOSE).

When configuring commands (C_), the context menu is dependent on the type of com-
mand. In some cases, the selection latched/unlatched is not available. Instead, the al-
ternatives are X (configured), _ (not configured), and F (busy flag). The latter means,
independent of the switching direction, an indication is issued during each operation

of the switching device.

For double commands with a common output, a fourth alternative C (Common contact)
appears. Using this, the binary output may be defined as the common output (common
contact). When this is the case, several double commands with common contacts may
be assigned to the same common output (common contact), thus saving binary out-
puts. This assumes the signals at the common outputs have the same potential.

Using the Object Properties dialogue window, additional properties for com-
mands issued to the switching device may be defined. Thus, the operating mode
(pulse or latched output of a switching command), the seal-in time for pulse com-
mands, the output delay of the command, and feedback monitoring may be set (see
Figure 5-29). The output delay is relevant for equipment which removes an indication
before the switching is completed.
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Object properties - Disc.Swit. - CF_D2

Lock | Times: | DiGSI103

[~ System locking and zone contral
I Check system \ockmg:

¥ Check zane contral

Release OMN command ICEmIrD\ Device DiscClose j

Release OFF command! ICEmIrD\ Device Disc.Open j

& Eelease wheteystem Beking AN Zone cantral completed

) Belease when system Beking OF zone cantral carmpleted

i Further locking:
I Blocking for protection activation Check switching authority at

¥ Local commands (device display)
v Double operation

¥ Bemote commands
¥ Device status {svstem interface. DIGSH

Object properties - Disc.Swit. - CF_D2
. Times:
ok | sercheen Lock | Dicsios
Times far
Output [1/10 5] 2008
Sealkin time [1/10 5] UH:
Feedback —
monitoring [1/10 5] 2602
Operating mode: IPu\se output j
Object properties - Disc.Swit. - CF_D2
Lock | Times: {DIGSITH3 ]
Transter via [EC 60870-5-103
Function type: 240 -
Infarmation number 161 - Abbrechen Hilfe
QK I Ugemehmen | Abbrechen | Hilfe |

Figure 5-29 Dialogue box: object properties for a command with feedback

The conditional checks that should be conducted before execution of a switching com-
mand can also be defined:

5-32

Substation interlocking: interlocking of substations is carried out (configuration via
a substation)

Zone controlled (Bay Specific Interlocking): Logic functions in the device created
with CFC are processed for interlocked switching.

Switching direction check (scheduled/actual): The switching command is negated
and a corresponding indication is issued if the circuit-breaker is already in the
scheduled position. As soon as this check is activated, the switching direction check
will not only be enabled for interlocked, but also for non-interlocked switching.

Blocked by protection: CLOSE commands to the switchgear are blocked as soon
as one of the protective functions in the device picks up a fault. TRIP commands,
in contrast, can always be executed.
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Please be aware of the fact that also pickups from the overload protection or the
sensitive earth current supervision can cause and maintain a fault and therefore
block a close command. When resetting the interlocking also take into considera-
tion that the automatic reclosure lockout for motors in this case does not automati-
cally negate a close command sent to the motor. The automatic reclosure must then
be interlocked differently, e.g. via bay specific interlocking with CFC.

« Double operation: Parallel switching operations are blocked with respect to each
other: while one switching operation is being conducted, a second one cannot be
performed.

» Switching Authority — Local Commands: A local control switching command is only
allowed if local control is enabled on the relay (via lockswitch or setting).

« Switching Authority — Remote Commands: A remote control switching command is
only allowed if remote control is enabled on the relay (via lockswitch or setting).

Up to 30 single point indications (SP), output indications (OUT), and internal single
point indications (IntSP) may be assigned to LEDs. One indication may be assigned
to a maximum of 10 outputs which includes LEDs and output relays (cf. also margin
header “Configuring Binary Outputs as a Destination” on page 5-30).

When doing this, you may select whether the indications are to be latched (L) or un-
latched (V). If you select latched, the assigned LED remains energized, even after the
indication is no longer present. It must be manually reset by pressing the “LED” Reset
button on the front panel of the device, or via a binary input with the indication function
“>LED Reset”, orvia the serial system interface.

A maximum of three indication buffers may be available for messages: Operation
(Event Log) Buffer (0), Fault (Trip Log) Buffer (T) and Earth Fault Message Buffer (E).
The indications from protective functions are firmly assigned to these indication buff-
ers. For the others, Table 5-2 provides an overview of which indication type may be
configured to which buffer.

Table 5-2 Overview of Indication Buffers

Information Type | \Message Buffer -

Single Point Indications (SP)

Double Point Indications (DP)
Output Indications (OUT)

Internal Single Point Indications (IntSP)

Internal Double Point Indications (DP)

X | X| X| X| X|X|O

Transformer Tap Indication (TxTap)

Select one of the following options for the named indication types:
* 0 (on or coming) — the indication is stored in the buffer with the time of its arrival

» 00 (on/off or coming/going) — the indication is stored in the buffer with the time of
its arrival and departure

* _ (not configured) — the indication is not stored in a buffer.
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The information listed in Table 5.6 can be allocated according to the type of the system
interface. Setting an ,X"“ in the matrix cell the information is transferred via the system
interface to its connected components.

Tabelle 5-3  Overview of indications via the system interface

Profibus | Profibus DNP3.0

FMS DP

System Interface - IEC
Information Type |

Single Point Indications (SP)

X

Double Point Indications (DP)

X | X
X | X | X[ X

Internal Single Point Indications (IntSP)

X
X
Output Indications (OUT) X
X
X

Internal Double Point Indications (DP)

Transformer Tap Indication (TxTap)

Command with/without Feedback (C_**) X

Measured Value (MV)

Measured Value with Time (MVT)

Measured Value, User Defined (MVU)

Pulse Metered Value (PMV)

X| X | X[ X| X[ X]| X]|X|X]| X

Metered Value of Measured Value
(MVMV)

Limit Value User Defined (LVU)

User-defined information (switch gears, indication, metered values etc.) can be
entered in the configuration matrix. However, it cannot be connected to a control
system via IEC 60870-5-103 and PROFIBUS FMS. For the other protocols please
use pre-defined CFC-indications (see also Table “Protocol Dependent Functions” in
the Appendix).

Single point, double point, and output indications, as well as limit and measured val-
ues, may be configured to CFC as the destination. This is a precondition for this infor-
mation being processed by CFC.

Except for thresholds all informations can be allocated into both the default and the
control display. By setting an “X” in the matrix cell the information can be used in the
default and control display.

Single point and double point indications as well as all types of commands can be al-
located to the control as a destination. Thus they are available for the operational con-
trol in the display of the device and the DIGSI® 4 Menu Control.

In addition to the measured values available in the relay, user defined measured and
limit values may be configured into the measured value window. These values also
become available in the device display in the corresponding measured value window
and in the DIGSI® 4 Menu Measurement.
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User defined pulse values and metered values derived from the measured values may
be configured into the metered value window so that they may be displayed at the front
relay panel. They are then available in the corresponding measured value window in
the display of the device.

Retrieving the configurations is also possible from the device front. You may access
configuration information under Main Menu: - Settings - Masking (I/0).

The menu title MASKING (I/0) appears in the title bar. Configuration information re-
garding each (physical) input and output is indicated in the display.

Any new user defined information is also shown in the display once loaded into the
relay from DIGSI® 4.

When selecting the MASKING (I/0) menu, either binary inputs, LEDs, or binary out-
puts may be selected. Selection of binary inputs is illustrated in Figure 5-30.

MASKING (I/O) 01/03
"""""""""" > BINARY INPUTS 02/11

LED —_> 2 v "T ----------------
Binary Outputs —> 3 jBinary Input 1—> -

Figure 5-30 Reading the configuration in the front display of the device — example

Information regarding a binary input may be displayed by using the navigation keys to
select the binary input. See Figure 5-31.

BINARY INPUT 2

Figure 5-31  Selection of binary input 2 — example

In the example of Figure 5-31, information is displayed regarding binary input 2. The
display for binary input 2 indicates that it is configured as reset of the latched LEDs

using a single point indication with voltage active (High). The present conditions of bi-
nary input 2 is also given as 0 (not active). If a binary input is active, a 1 is displayed.

Assignment of LEDs may be indicated at the relay, itself, using a replaceable labelling
strip with plain text on the front panel located, directly next to the LEDs.

The LED indication presettings which are present in the device when it leaves the
factory, those of the binary inputs and the output relay pre-configuration are
summarised in Appendix A.4.
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5.2.5 Transferring Metered Values

The transferring of metered values from the buffer of a SIPROTEC®-device or substa-
tion controller may be performed both cyclically and/or by external polling.

In the configuration matrix, click on Options and then on Restore Metered Val-

ues. Adialog box, which contains a register for editing the individual values for cyclical
transferring will open.

Cyclical Here, the user may specify the source of the cyclical trigger for the transfer. Also, the
Restoration user may set the time interval and determine whether the metered value buffer should
be deleted after transfer to the SIPROTEC®-device has taken place.

Restore Metered Yalues

Cyclic Festaring |

Trigger via

Restore type
™ Delete

Time intersal:

|3D minutes j

T N B Cancel | Hep |

Figure 5-32 Dialog Box to Restore Metered Values and Program Cyclical Restoration

In the current version of DIGSI® 4, triggering occurs based on the programmed
Absolute time.
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5.2.6 Settings for Contact Chatter Blocking
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toring Criteria
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The contact chatter filter checks whether the number of condition changes at a binary
input exceeds a preset value during a predetermined time interval. If this occurs, the
binary input will be blocked for a certain time, so the event list does not contain a large
number of unnecessary entries. The setting values necessary for this feature may be
entered in a dialogue box, as shown in Figure 5-33. This dialogue box can be found
from the open configuration matrix by clicking Options in the menu bar and then se-
lecting Chatter Blocking.

Chatter Blocking...
Mumber of permissible state changes: Iﬂ [0: chatter blocking disabled)
Inital test time [s] = ]
MNumber of chatter tests: |—5 [o0 = unlimited]
Chatter jdle time [min] [ 1E e
Subszequent test time [s]: IW [»=2]
ok | DiEs bevice | Cancel | Hep |

Figure 5-33 DIGSI® 4: Setting the chatter blocking feature

The operating mode of the chatter blocking feature is determined by five settings:

Number of permissible state changes

This setting establishes how often the state of a binary input within the Initial
Test Time may change. If this number is exceeded, the binary input is or remains
blocked. If the setting is 0 the chatter blocking is disabled.

Initial test time

Within this time interval (in seconds), the number of state changes of a binary input
is checked. The time interval begins with the first activation of a signal to the binary
input.

Number of chatter tests

This number represents how many check cycles should be conducted before the
binary input is finally blocked. Please consider that even a high set value can be
reached over the normal life span of the device and could lead to blocking of the
binary input. Therefore this value can also be set to infinity. For this, enter the char-
acter sequence of 0o0.

Chatter Idle Time

Ifthe Number of permissible state changes at a binary inputis exceeded
duringthe Initial test time orthe Subsequent test time, the Chatter
idle time interval is initiated. The affected binary input is blocked for this time
interval. The Chatter idle time settingis entered in minutes. This settings can
only be programmed if the Number of chatter tests is not setto zero.

Subsequent test time — Within this time interval, the number of state changes
at a binary input is checked again. This interval begins after the Chatter idle
time interval has expired. If the number of state changes is within allowable limits,
the binary input is released. Otherwise, the idle interval is restarted, until the maxi-
mum Number chatter testsisreached again. The Subsequent test time
setting is entered in seconds. This settings can only be programmed if the Number
of chatter testsis not set to zero.
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The settings for the monitoring criteria of the chatter blocking feature are set only once
for all binary inputs; however, the status of the chatter suppression can be set individ-
ually for each binary input. See “Filtering/ Contact Chatter Suppression” in Subsection
5.2.3.

Note:

Chatter blocking cannot be activated for any of the standard protective indications.

5-38

The following should be noted:

If there is contact chatter at a binary input and the input is blocked, the correspond-
ing indication will be displayed with “CCF” (example: “>Door open CCF ON"). Al-
so, the indication “Contact chatter filter” reports this condition. Both mes-
sages are shown in the operating buffer (event log).

Chattering of a single point indication is set as ON (coming) if the binary input is ac-
tivated by energization (configured High-active).

Chattering of a single point indication is set as OFF (going) if the binary input is de-
activated by energization (configured Low-active).

If this behaviour causes undesired results in individual situations, an interlocking
may be configured in CFC.

Chattering of a double point indication will be considered as an “intermediate” con-
dition.
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5.3 Creating User Defined Functions with CFC
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7SA6 Manual

C53000-G1176-C156-2

The 7SAG6 relay is capable of implementing user defined logic functions which may be
processed by the relay. This CFC feature (Continuous Function Chart) is needed to
process user defined supervision functions and logic conditions (e.g. interlocking con-
ditions for switching devices) or to process measured values. Interlocking conditions
and command sequences, for example, may be programmed, using pre-defined func-
tion modules, by persons without any specialized software programming abilities. A to-
tal of 21 types of functional modules (FM), with which the desired functions may be
composed, are saved in a library. Detailed explanations are in the CFC manual, order
number E50417—-H1176—C098, or in the DIGSI® 4 manual, order number E50417—
H1176-C097.

The creation of a logical PLC function is performed by means of a personal computer
using application DIGSI® 4 and transferred via the operator or service interface. In or-
der to create user defined logic functions, the indications and measured values re-
quired by these functions must first be configured in the matrix with CFC as the source
or destination (see Section 5.2).

CFC can be started by double-clicking on CFC. The names of all available CFC charts
will appear. The desired CFC chart for processing can be selected via a double-click
of the mouse. The CFC program will start, and the chart will be displayed. If no chart
is available yet, you can create a new chart via the menu Create - CFC—Chart.

The functions to be implemented in CFC may be divided into four task levels:

» Measured values: This task is processed cyclically every 600 milliseconds
(MV_BEARB = measurement value processing) and might become slower if the de-
vice is in pick-up state.

» System logic: Operation is triggered by events (i.e. these functions are processed
for each change of state at one of its inputs). System logic has lower priority than a
protection function and will be suppressed as soon as the relay picks up
(PLC1_BEARB = slow PLC processing).

 Protective functions: These functions have the highest priority, and, like the system
logic functions, are event-controlled and processed immediately after a change of
state (PLC_BEARB = fast PLC processing).

» Switchgear Interlocking: This task is triggered by commands. In addition it is proc-
essed cyclically approximately every second. It might becomes slower if device is
in pick-up state (SFS_BEARB = interlocking).

The function to be implemented must be associated to one of these four task levels.
To implement a function from the Settings - CFC menu, activate the menu by se-
lecting Edit, and then Run Sequence, and then the desired task level (See Figure
5-34).
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Group SFC Edit Help
|EF‘U |F'LE‘I_BEAHB\
Mw/_BEARE [Meter processing] Name | Tupe | Cormrment | F

IIE LC1_BEARE [Slow PLC] ﬂ Device, Systemlogic.1 HEG Megator 1
PLC_BEARE [Fast PLLC] ﬂ' Device, Systemlogic. 2 DI_TO_BOOL Double Point to Boolean [c... 2

SFS_BEARE [Interlacking] {T Device, Systemlagic. 3 DI_TO_BOOL Double Paint to Boolean [c...
ﬂ' Device, Systemlogic. 4 AMD AND - Gate £

Figure 5-34 Establishing the task level

Within the Run Sequence menu, select Edit, and then Predecessor for In-
stallation, to ensure that the function modules selected from the library will be im-
plemented into the desired task level (Figure 5-35).

fRunseauence

| Group  SFC | Edit Help

| |

i ’CPLIi Hemave [1_BEARES

1 " -

i .1]'E b P o for [nstallation me | Tupe | Comment | 4

| - Search... l' Dievice, Systemlogic.l MEG Megatar 1
-{JE| PLC_BEARB [Fast PLC] { Device, Systemiogic. 2 DI_TO_BOOL Double Point to Boolean (...
- SFS_BEARE [Interlocking] ﬂ' Device, Systemlogic. 3 DI_TO_BOOL Double Point to Boolean [c...

ﬂ' Device, Syztemlogic.4 AND AND - Gate £

Figure 5-35  Assignment of function modules to the selected task level

The proper assignment is important for several reasons. For example, if interlocking
logic were to be set up in the measured values task level, indications would constantly
be created by the cyclical processing, filling the buffer unnecessarily. On the other
hand, the interlocking condition at the moment of a switching operation may not be
processed at the right time, since measured value processing is done cyclically every
600 ms.

Table 5-4 Selection guide for function modules and task levels

Run-Time Level
Function Modules Description MW_BEARB PLC1 BEARB | PLC_BEARB | SFS_BEARB
Meter processing Slow PLC Fast PLC Interlocking
ABSVALUE Magnitude calculation X - - -
AND AND-gate - X X X
BOOL_TO_CO Boolean to control, conver- - X X -
sion
BOOL_TO_DI Boolean to double point, - X X X
conversion
BOOL_TO_IC Boolean to internal single X X X
point, conversion
BUILD_DI Create double point - X X X
annunciation
5-40 7SA6 Manual

C53000-G1176-C156-2




Configuration

Table 5-4

Selection guide for function modules and task levels

Run-Time Level

Function Modules Description MW_BEARB PLC1_BEARB | PLC_BEARB | SFS_BEARB
Meter processing Slow PLC Fast PLC Interlocking
CMD_INF Test - - - X
CONNECT Connection - X X X
D_FF D-flipflop - X X X
DI_TO_BOOL Double point to boolean, - X X X
conversion
LIVE_ZERO Live-zero, non linear curve - — —
LOWER_SETPOINT | Lower limit - - -
NAND NAND-gate - X X X
NEG Negator - X X X
NOR NOR-gate - X X X
OR OR-gate - X X X
RS_FF RS-flipflop - X X X
SR_FF SR-flipflop - X X X
TIMER Timer - X X -
LONG_TIMER Long timer (max. 1193 h) - X X -
UPPER_SETPOINT | Upper limit X - - -
X_OR XOR-gate - X X X
ZERO_POINT Zero suppression X - - -

Configuration
Sheet

7SA6 Manual
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The configuration is performed within the configuration sheets (see Figure 5-36).

FM1

Configuration sheet 1

2

FM2

FM3

0s4

Function modules

IS1
Input
signals
g 1S2
1S3
Figure 5-36

Output
signals

Principal representation of function modules in a CFC working page

The left border column of the configuration sheet shows the inputs; the right border
column shows the outputs of a function. In the above diagram the inputs are connect-
ed with input signals IS1 to IS3. These may be indications from the breaker (via binary
inputs), from device function keys, or from a protective function. The output signal
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(0S4 in the diagram) may control an output relay, for example, and can create entries
in the message buffers, depending on the preset configuration.

The default run-time sequence is determined by the sequence of the insertion of the
logic modules. You may redefine the run-time sequence by pressing <CTRL> —<F11>
on the PC keyboard. Please refer to the CFC manual. The necessary function mod-
ules (FM) are contained in a library located to the right of the configuration chart. The
module also indicates to which of the four run-time levels (MW_BEARB,

PLC1 BEARB, PLC_BEARB, SFS_BEARB) it is assigned. The modules possess at
least one input and one output. In addition to these inputs and outputs, which are dis-
played on the configuration sheet, a module may have additional inputs. The addition-
al inputs can be made visible by selecting the module title block, pressing the right
mouse button, selecting the menu option Number Of I/0s... (see Figure

5-37), and then increasing the number.

Cut
Copy
Delete

Jumnp Back

Predecessar faor Installation

Hurnber of [/0s...

Object Properties

Figure 5-37 Example of an OR gate: module menu

Under the Object Properties menu, you may edit the name of the module, insert
a comment, or edit run-time properties and connection parameters.

Connecting modules with each other, and linking them with system input and output
signals, is performed by selection of the desired modules input or output and subse-
quently pressing the right mouse button, and selecting the menu option Insert Con-
nection to Operand (see Figure 5-38).

Inzert Connection to Operand

[Sarirestion e EEuEs.

| reert
Hemaye Eottestian

Jumnp Back

Obiject Properties

1
Figure 5-38 Example of module input menu

A window with a list of input signals will appear. By selecting one of these signals and
activating with OK, the selected signal is entered into the left border panel and, from
there, a connection is created to the module input. Selection of an output is done in
the same manner. A connection between two modules is established by a simple se-
guential clicking on the two connections.
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If the link line display becomes unwieldy or impossible because of space limitations,
the CFC editor creates a pair of connectors (target icons) instead. The link is recog-
nizable via correlated numbering (see Figure 5-39).

4
UPPEE._SETPOINT

Connector Upper—iimit
R Limit innunc_BU &

B Wal |

Figure 5-39  Connector

Events (SP_Ev, DP_Ev) are not suitable for processing in CFC, and should therefore
not be used as input signals.

In addition to the sample configuration chart 1, other configuration sheets may exist.

The contents of any particular configuration sheet is compiled by DIGSI® 4into a pro-
gram and processed by the protective device. For CFC charts developed by the user,

syntactic correctness can be verified by clicking the menu command Chart, and then
Check Consistency. The consistency check will determine if the modules violate

conventions of various task levels, or any of the space limitations described below.

Check of functional correctness must be performed manually.

The completed CFC chart can be saved via menu item Chart, and Close. Likewise,
the CFC chart may be reopened and edited by clicking on Chart, selecting the appro-
priate chart, and clicking on Open.

Please note that certain limits and restrictions exist due to the available memory and
processing time required. For each of the four PLC task levels there is only a finite
processing time available within the processor system. Each module, each input to a
module (whether connected or not), each link generated from the border columns de-
mands a specific amount of processing time. The sum total of the individual process-
ing times in a task level may not exceed the defined maximum processing time for this
level.

The processing time is measured in so called TICKS. In the 7SA6 the following max-
imum TICKS are permitted in the various task levels:

Table 5-5 Maximum number of TICKS in the task levels of 7SA6

Run-Time Level Limits in TICKS
MW_BEARB (Measured value processing) 10000
PLC1_BEARB (Slow PLC processing) 1900
PLC_BEARB (Fast PLC processing) 200
SFS_BEARB (Interlocking) 10000

In the following table, the amount of TICKS required by the individual elements of a
CFC chart is shown. A generic module refers to a module for which the number of in-
puts can be changed. Typical examples are the logic modules AND, NAND, OR, NOR.
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Table 5-6 Processing times in TICKS required by the individual elements

Individual Element Amount of TICKS
Module, basic requirement 5
each input more than 3 inputs for generic modules 1
Connection to an input 6
Connection to an output signal 7
Additional for each configuration sheet 1

The utilized processor capacity which is available for the CFC can be checked under
Option - Reports inthe register Check consistency. By scrolling, an area is
reached, where information regarding the cumulated memory consumption of the

memory reserved for CFC can be read in percent. Figure 5-40 is an example showing
an over-utilization by 56 % in the task level PLC_BEARB (marked in the Figure), while

the other task levels are within the permissible range.

EV Protocol [=]

:CD""F'”E | Check cunswslencyl Initialize CFC charts I

Plan "Set points" ..
raodule "1"
module "
module "
rmodule "
module " .
module "14" .
raodule "15"
module "
module "
rmodule "
module "5"
moduls "B"
rodule 7"
module "8" ...
raodule "9"

H: Cycle load of task "Mv_BEARE" is 11 gercent

H: Cycle load of task "PLC_BEARE"is 0 percent.

H: Cycle load of task "SFS_BEARE" is 9 percent

Caonsistency errars found

= |

Carmpilerindications:... |

Figure 5-40 Read-out of the CFC configuration degree of utilization

If the limits are exceeded during configuration of the CFC, DIGSI® 4 issues a warning
(refer to Figure 5-41). After acknowledgement of this alarm, the system utilisation can

be viewed as described above.

Check consistency

& Errar in internal management of link ohjects.

Figure 5-41 Warning message on reaching the limits
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Example 1 (MW):
Low Current
Monitor

Example 2:
Isolation Switch
Interlocking

7SA6 Manual
C53000-G1176-C156-2

A few examples are given below.

A configuration for low-current monitoring alarm (see Figure 5-42) which can be pro-
duced using CFC, should be a first example. This element may be used to detect op-
eration without load, or to recognize open circuited conditions. By connecting meas-

ured current values with a limit function via an OR function, an indication may be gen-
erated which can be used to cause switching operations.

« The configuration sheet is assigned to task level MW_BEARB.

« Four function modules (3 lower-value limit modules and an OR gate), are taken
from the function module library and copied into the configuration sheet.

* In the left panel, the measurement values to be monitored (I ¢, I, 2, I, 3 in % of the
nominal current) are each selected and connected with the measured value inputs
of each limit module function.

« A lower limit setpoint value (IL<) is linked with the limit inputs of each of three limit
sensor functions.

< The limit value function outputs are passed on to the OR gate.

« The output of the OR gate is connected to the right border column at annunciation
“I< alarm”.

The limit value message is triggered when the preset limit value is below the setpoint
(low current) in at least one of the three phases. The hysteresis of the limit values is
fixed and need not be entered (5 % of set point plus 0.5 % of nominal value).

Measurement g FM:
ILL A
Lower H
|| Setpoint g
Set points £ <
IL< =
Measurement - :
L g M FM:
Lower g >
|| Setpoint || 1 I<
El — alarm OUT
Set points E <
IL<
FM:
Measurement s o
L3 Lower H
|| Setpoint |%
Set points E
IL<

Figure 5-42  Under-current monitoring as an example of user defined measurement value
processing

Interlocking logic (see Figure 5-43) is to be implemented for the operation of an isolat-
ing switch using function key 4. The user must take the switch position indications of
the corresponding isolation switch and the grounding switch into account. The CLOSE
and TRIP indications from the auxiliary contacts of each switch are used.

* Function modules NOR (2 required), XOR, and AND are taken from the library and
copied into the working page.
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Example 3 (PLC1):
Additional Logic
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« The number of inputs of the AND gate is increased to 7.

« The CLOSE indications from the circuit breaker (CB) and from the grounding switch
(GS) are supplied to the inputs of the NOR functions.

« The OPEN indications from the circuit breaker (CB) and from the grounding switch
(GS) are supplied to the inputs of the AND function.

The switch position indications from the disconnect switch (IS) are linked to the in-
puts of the XOR function.

« The outputs of the NOR and XOR gates are connected to the inputs of the AND
function.

Function key 4 is linked with an input of the AND function.

« The output of the AND gate is linked to the right border column at the switching com-
mand “Disconnector Close”.

Function
Key 4

CBis >1 O
CLOSED -

CBis
OPEN

Gsis >1 D
CLOSED

GSis Disconnector
OPEN Close

ISis
CLOSED

ISis
OPEN

Door
is CLOSED

Figure 5-43 Interlocking an disconnect switch as an example of a user defined interlock pro-
tective function

By using slow PLC processing, an additional, event-driven logic condition may be con-
structed which delivers indications regarding switch-gear operating status. These in-
dications may be passed externally via LEDs or relay contacts, or used as input sig-
nals for further logical links. In the example (see Figure 5-44), the output information
indication from the circuit breaker interlocking logic (CB TRIP) and a joint indication
from all protective element trip signals (Protection TRIP) are linkedtoanew“Circuit
Breaker Operation” message. Furthermore, the single pointindication (SP) Test
Oper, which may be coupled via a binary input, is linked with an internal reusable
“Test oper.” message.
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CB TRIP
Protection TRIP 1 Circuit Breaker
Operation
>Test Oper. Test Oper.

Figure 5-44 Additional logic as an example for a PLC_1 event-driven logic condition
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5.4  Establishing a Default Display

4-line LC Display

Default Display of a
Graphic Display

Procedure

5-48

The default display is the display appearing automatically after the initialization of the
processor system. There are two types of displays, the 4-line LC display and the
graphic display.

Under normal conditions, the so-called default display is the default image in the relay
display. It shows operating information and/or measured values of the protected
equipment. Depending on the relay type, a number of predefined basic displays are
available. Using the A and '¥ keys, one of the displayed images may be selected
(see example in the following figure), causing it to appear as the default display under
normal conditions.

% I ULE ULL

L1 100.1 102.0 102.2
L2 102.5 102.5 100.0
L3 98.7 98.7 99.8

Figure 5-45 Default display

In the idle state the so-called default display appears on the display of the device as a
continuous display. It can be configured by the user. Normally, a schematic plan of the
feeder is chosen as a basis so that a graphical overview of the switching state of the
station is always available. It is not possible to operate the switching objects via this
default display. However, the default display can be supplemented by further informa-
tion, e.g. the most important measured operational values (current and voltage in the
feeder) can continuously be displayed.

When the device is delivered, it might provide one or more pre-assembled default dis-
plays (for example, see Figure 5-46). These can be modified or replaced to adapt to

the actual substation conditions. However, it is also possible to display other informa-
tion than the station image on a default display. The display, for example, can be used
to view a variety of operational measured values.

Under normal conditions, a preset image is shown as the default display. The layout
of this default display may be configured by the user. In general, a single-line diagram
of the protected system is designed as the default display in order to show a continu-
ous graphical image of the switching condition of the protected equipment. Operation
of switching devices from this display is not possible. The display, however, may be
enhanced with additional information. So, for example, the most significant operating
values (system currents and voltages) may be displayed continuously.

As delivered, the relay shows a basic default image (see Figure 5-46) which may be
modified or replaced to show the actual equipment conditions. It is also possible, how-
ever, to show information in addition to the single-line diagram. The display may also
be used, for example, to show a number of measured values.

The Display Editor in DIGSI® 4 is used to create or modify the default or control dis-
play. The basic procedure is described in Section 4.9. For detailed information, consult
the Display Editor Manual (order number E50417-H1176—-C095).

A precondition for modification or creation of dynamic objects within this display is, the
information which is to appear must be configured in the configuration matrix (see
Section 5.2), i.e. the information of the respective lines in the Destination
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column B and sub-column D must have been linked. A cross in the small box will en-
able the link.

A library is provided which contains symbols for circuit breakers, isolation switches,
and grounding switches, and other devices. The standard setup may be modified, at
any time, using the DIGSI® 4 diagram editor. User defined symbols may also be cre-
ated and saved in the library.

The user may assign various symbols to any operating equipment condition in the di-
alog window presented (e.g. CLOSE / OPEN / INTERMEDIATE) for the circuit break-
er.

The layout of the image may be displayed enlarged or reduced to show details or an
overview of the entire image.

A title bar is provided at the top of the display. It can contain the user defined name of
the substation or feeder. The status bar at the bottom may not be configured.

Proceed as follows:

« In DIGSI® 4, select the default display under the Setting option. The Display Ed-
itor is started and the default display is opened (see Figure 5-46). Right-click in the
title bar and select Open in the context menu which appears. The desired text may
be entered.

« Draw the desired topology (e.g., common busbars, lines, and grounding path). Se-
lect nodes, horizontal lines, and vertical lines from the library, mark them, and con-
firm the selection with OK.

» Locate the operating equipment and symbols (e.g., switching devices, instrument
transformers, measured values) by selecting from the library, and click in the draw-
ing area on the desired location. Link the equipment with the respective information.

« Use dynamic symbols for breaker and switches (See Figure 5-50).

5-49



Configuration

IE Display Editor - Default Display

Display Edt Libray Yiew Tools Options Help

Dla 3] slR| = £[zle]x] F ala|[@ o ¥
x| 2]Ale

Sl =1 x\ ¥

2 [

g K Sl = ™ ,\\
SIFR.
=
=N =]
DIH
T 1 1 %
3IFF "
=N I I T
g
=1 .x + i k
0 N N
useR |

k

LI

Figure 5-46 Standard default display after opening the Display Editor

» The information corresponding to the equipment and configured previously in the
configuration matrix can now be selected in a Link dialog window (see Figure 5-
47), from which the user may click on the desired option and confirm with OK. In this
manner, the user may link the graphical diagram with configuration settings.

» Position text as necessary by clicking on Tools, and then Insert Text, andthen
on the text insertion location in the diagram.

Link %]
Awailable infarmation:
I Group | Dizplay Text | Type |
Contral Device 52Breaker CF D12
Control Device 5 Breaker !
Contral Device Diisc. Swit. CF_D2
Control Device Disc.Swit. DP
Control Device GndSwit, CF_D2
Control Device GrdSwit. DF
Coeel | |

Figure 5-47 DIGSI® 4, Selection Window for Switching Equipment (example)
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» Check the finished default display. The grid may be hidden by clicking View -
Grid, equipment may be selected (brought to the front) by clicking View - Make
active, and a view of the overall relay with default display may be selected by
clicking View - Normal size (see Figure 5-48).

« Save the default display, and end the Display Editor session by clicking Display
- Close. Answer the confirmation with Yes.

[ Display Editor - Default Display

Display Edit Library “iew Tools Options Help

olal 3 e = sl=lelx] & @/s] sl el

k= Z|Alz |
o] AN Y BN —L
g ><"n N i
SIPR,
(=)
Sl = A e
TIH
ikl 1 1
=N t ™y
=
x|
Z b N I
=
.k &
] f ¥ N
S =
= % o3
Y =
N =] ™
f *
AN T
il-] -
K &
SN

Figuré 5-48 Defal‘JI;[’DispIay in Normal Size View

In order to use the default display for further applications (e.g. as a template in other
bays or for a control diagram), click on Display - Template - Save as.... Se-
lect the desired save path and enter the new filename. Click on Save.
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5.5 Draft of a Feeder Control Display

General The feeder control display is used to visualize the switch positions and to control the

Information switching objects. That is why only the objects relevant for the switching process are
usually displayed while measured values and such have been omitted. The feeder
control display must be selected.

Upon delivery, the control display of the device is preset (see Figure 5-49). It can be
altered or replaced in accordance with the actual system conditions.

[E Display Editor - Feeder 1 / Generator A / 75A631 ¥4.0/75A631
Display Edit Paste Library “iew Tools Options Help

DiFFEE| & slRl = o= -] /lallE o ®|
M7alel ]

i L - =3
¢

i oy
()]

l=fii)y|E [

W
+
8
=
|

5
£

o3
g
Cr )| -

i

83| 1

IN |

S
G
@

Figure 5-49 A preset control display

Procedure The creation or alteration of the control display is carried out via the Display Editor of
the DIGSI® 4 operating program. The standard procedure is the same as when creat-
ing a default display (see section 5.4).

The prerequisite for the alteration or creation of a control display is the allocation of
the switching objects located in the control display as described in Section 5.2 and of
the controlling signals. This is the only way to enable a dynamic adaptation of the pic-
ture to the respective switching state.

For the modification of the factory settings and for design purposes the same tools as
with the default display are used.
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Proceed as follows:

« If you saved the default display as a template and want to use it as basis for the
control display, open the template via Display - Template - Open... intoan
empty control display.

« As the switching devices in the bay are to be controlled via the feeder control dis-
play, you need to make the respective device controllable for the operator. Double
click on the device in the active control display (see Figure 5-50). Then select Op -
tions devices in the active dialog window and highlight Object operator-
controllable.

 In addition to this, determine the device which should be controlled first after calling
the control display in the SIPROTEC® device. For this, select the option Default
object. Confirm your setting with OK.

[&@Display Editor - Feeder 1 { Generator A / 7SA631 V4.0/7SA631
Display Edit Paste Library iew Tools Options Help

DlF(EE 5 SRl | 2lme]x] | alal@ o 2|

Ix sl 7] ]
2

-
T

|pa i

|uz

-
T

Object Properties - Symbol [x]

Owenview of assigned dynamic states

[i4]

I\ @

S

Out of date Fault position

v Dhject operatar-controllable

[ Default ghject

8]’ | Cancel

Figure 5-50 Procedure to make devices operator-controllable and get them
offered first for switching
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5.6 Serial Interfaces

Serial port on PC

5-54

Note:

The protection data interfaces for protection transmission are described in Section 6.4
in the protection functions.

The device contains one or more serial interfaces: an operator interface integrated into
the front panel, and — depending on the model ordered — a service interface and a
system interface for connection of a central control system. Certain standards are nec-
essary for communication via these interfaces, which contain device identification,
transfer protocol, and transfer speed.

Configuration of these interfaces is performed using the DIGSI® 4 software program.
Click on Setting in the navigation window and double-click in the data window on
Interfaces. Next, select the specific data in the resulting dialogue box (Figure 5-
51). The dialogue box contains a varying number of tabs (depending on the capabili-
ties of the PC and the relay) with setting options for the interfaces.

Interface Settings E
Operator Interface Service interface I |IEC EOE70-5-103 I
Sierial port on PC: ] PROFIBLIS FMS on the PC | WD Addresses
Address [operator interface device]: |1 Thiz shows the zettings
with which DIGS]
Freme BE[ver] 1 ¥ operates in the case of a
zerial connection to the
device. Address, Frame
Baud rate: |394UU 'I and baud rate are
applied from the device
LCOM interface: ICDM 1 vI parameter set.
RO 1 [ms]:
R 2 [ms]: |1EIDD
Frame, Baud Rate and Addre:
) [FoEpendentot device
& Apply from "Operator Interface" tah
i Apply from "Service Interface' tab
ok | DiEE e | Concel || Hep |

Figure 5-51 DIGSI® 4, Settings of the PC interface — example

In the first tab, you enter the communication interface of the PC which is connected to
the 7SAG6 relay (COM1, COM2, etc.). Manual entry of settings for data format and
baud-rate need not be made if these values were taken from the “Operator Inter-
face” tab or the “Service interface” tab (if present). In fact, many settings are
read from DIGSI® 4 directly via the interface, and the corresponding setting fields are

then inaccessible (see Figure 5-51). Alternatively, the option Independent of de-
vice may be selected.

Data exchange is monitored by the PC for the reaction times of the device. You may,

within preset limits, configure maximum relay reaction times. The displayed values

RQ 1 and RQ 2 correspond to the preset reaction times in milliseconds. In general,

these values should not be modified. Modification is only necessary if a time-out often
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Service and Opera-
tor Interface

occurs during communication with the device. In order to modify these values, enter
an integer value for RQ 1, between 200 and 9999, and for RQ 2, from 0 to 9999.

Settings for the interfaces at the device can performed in these tabs. The link address-
es and maximum message gap appear inthe Service Interface and Operator
Interface tab besides the settings for data format and transfer speed (example Fig-
ure 5-52).

Serial port on PC: | PROFIBUS FMS on the PC | WD Addresses |
Operator Interface Service interface | |EC E0S70-5-103
Address: I
Frame: IB Efven]1 'l
Baud rate: Im

Max. message gap: 0..50 IlJ [ 100 mz]

—Access authorization at interface for

W Custarize W Test and diagnostics

= |dle state afifiber aptic canmestion
) Light 0K ) Light OFF

ok | DiEE e | Cancel || Hep ]

Figure 5-52 DIGSI® 4, Settings for the service interface — example

For the IEC communication, each SIPROTEC® device must have a unique IEC ad-
dress assigned to it. Only the addresses which are within the current address range
and have not yet been occupied are displayed.

The setting for the maximum message gap is only applicable when the device is to
communicate using a modem via one of the interfaces. A gap is the maximum allow-
able time duration of interrupted transmission within one telegram transmission.
Transfer gaps are created when using modems as a result of data compression, error
correction, and baud-rate differences. For good data transmission between modems,
a setting of 7.0 sec is recommended. For poor connections, this value should be in-
creased.

Large values slow down communications in case of errors. When using a direct PC
connection, Max. message gaps may be setto 0.0 sec.

e

Note:

Do not use operator interface for modem communication!.
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Other Interfaces

Profibus FMS on
the PC

Signal Idle State

Reading and Modi-
fying Interface Set-
tings at the Device

5-56

Enter specific settings and addresses to identify devices in the other tabs, if neces-
sary, or check the preset values.

Device addresses are used by the system to identify each device and must be unique
throughout the substation. Detailed instructions for setting the interfaces are available
in the “DIGSI® 4 Communications” manual.

If you desire to expand or modify interfaces later, refer to the modification instructions
for the interfaces, and if necessary for the hardware, see also instructions in Sub-sec-
tion 8.1.3 of this manual.

For a Profibus connection — if available — between a SIPROTEC® device and the
SICAM® SAS or DIGSI® 4, a minimum transfer rate of 500 kBaud is recommended for
disturbance-free communication.

For optical connections, the signal idle state is preset for “light off.” Modification of the
signal idle state is accomplished in the tab for the interface settings (see Figure 5-53).

Interface Settings
Serial port on PC; | PROFIBUS FMS on the PC | VD dddreses |
Operator Interface I Service interface IEC B0870-5-103
Address: |2
Frame:
Baud rate: Im
M ax. message gap: 0...50 ID [* 100 ms]
Measured value transmission: Im
DPI-Transmissian: Iwith interm. pos. 00 %3] j

™ Expanded fault record charnels

—Access authorization at interface for

= Eustomize = Tiest and disgrostics

—ldle state of fiber optic connection
" Light ON @ Light OFF

oR| e e | Concel || Hep

Figure 5-53  Settings for an optical interface — example

Reading and partial modification of the most important interface settings is possible,
using the key-pad and display on the device panel. You may access the setting page
for the interface via MAIN MENU through Settings - Setup/Extras - Serial
Ports.

Under the sub-menu title SERIAL PORTS, you will find Front, System, and Service
Port, and selections may be made using the ¥ navigation button. By pressing the
P button, the sub-menu for a particular interface can be accessed. The display and
the ability to change settings directly at the device are the same at both the front and
service interfaces. Figure 5-54 shows the data of the front (operator) interface, as an
example.

7SA6 Manual
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FRONT PORT 01/04

>Phys.Addr. >>>>>1
Baudrate 38400 Baud
Parity 8E1 (DIGSI)

Figure 5-54 Reading and setting the front interface at the device panel — example

The type and number of system interface(s) is dependent on the device type and ver-
sion and might be completely missing. The system interface data may be read at the
device, but cannot be modified there, whereas the data for the operator and service
interface can be modified. In addition to the settings already mentioned for the opera-
tor and service interfaces, the signal idle state for an optical link may also be read at
the device. For an electrical interface, the response “OFF—Sig. Inactive” appears
as shown in Figure 5-55.

SYSTEM PORT

IEC60870-5-103 —> 1| TEC60870-5-103

>Phys.Address > 1
Baudrate 38400 Baud
Parity 8E1 (DIGSI)
Gaps 0.0sec

Figure 5-55 Read-out of system interface setting values in the device display — example
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5.7 Date and Time Stamping

Integrated date and time stamping allows an exact evaluation of the sequence of
events (e.g. eventlogs and trip logs or limit violations). The following clock settings are
available:

 Internal RTC clock (Real Time Clock),
» External synchronization sources (DCF, IRIG B, SyncBox, IEC 60870-5-103),
« External minute impulses via binary input.

For the Distance Protection System with two or three 7SA6-devices connected via
protection data interface (order variant) the time usually is synchronized in only one
device, the so-called “Real-Time-Master” device; generally it is the device with index
1. It synchronizes the other device (or other devices for more than 2 ends) via the
protection communication. Thus it can be assured that all devices of the protection
system operate on the same time basis. Only in case of communication failure each
device is influenced by one of the mentioned time sychronization sources.

Note:

The device is delivered from the factory with the internal RTC clock selected as the
time source, independent of whether the device is equipped with a SCADA interface
or not. If time synchronization is to be carried out from an external apparatus, the latter
has to be indicated.

Time
Synchronization

5-58

Settings for time synchronization may be found in DIGSI® 4 under Settings -
Time synchronization (Figure 5-56).

£ DIGSI - SIPROTEC 7563 / Folder / 75J633 V4.0/75J633 V04.00.18

File Edit Inset Device Yiew Options Window Help
Bla| i =ee] clnlF ==zE alv e

[% SIPROTEC 7563 / Folder / 750633 V4.0/75J633 v04.00.18 M=l B3

Eg Online Select function
EI ,E ’Settings Eﬂ Device Configuration
. L‘-’J CrC #Masking 1/0 [Configuration b atrix)

W Default Dizplay

3"’1 Control Display

iEcre

E@ Power System Data 1

E Setting Group &

ﬁ Setting Group B

@ Setting Group C

ﬁ Setting Group D

QE Change Group

&% O zcillographic Fault Records
@ General Device Setiings

ma Synchranization
erial Ports

g Passwionds

abe. | snguage

Figure 5-56  Setting Window in DIGSI® 4 — example
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To open the Time Synchronization & Format window, the user should double-

click on Time Synchronization. See Figure 5-57.

Time Synchromzation & Time Format E=

— Source of time synchronization — Monitaring

& Hntema

| Fault indication after:
B

€ |EC-B0870-5-103 |2 _,;' [>1 min]
) ERFIBIEEE

™ Time signal IRIG B
= Time signal DCET? & dd.mm.uy
" Time sighal Sync. box £ mmddddyy

— Time format for dizplay

= Pulze via binary input — Time corection

Mt configured j DOffzet to time signal:

IDDZDD [hb:mm)

T | [l Cancel | Help |

Figure 5-57 Dialogue box for time synchronization and format in DIGSI® 4

Here you may select the time standard for internal time stamping. For the master
device you may select from the following modes:

Table 5-7 Operating modes for time synchronization
Item Operating Mode Explanations
1 |Internal Clock Internal synchronization using RTC
2 |IEC 60870-5-103 External synchronization using the system interface and the IEC 60870—
5-103 protocol
3 |IRIG B Time signal External synchronization using IRIG B
4 |DCF77 Time signal External synchronization using DCF 77
5 | SIMEAS time signal Sync. Box External synchronization using SIMEAS Sync. Box
6 |Pulse via binary input External synchronization with pulse via binary input
7 |Fieldbus External synchronization via fieldbus
8 |Internal or Timing Master Only for devices with digital communication way:
— as above No. 1 to 7; normally, however, the time is synchronized by the
9 |IEC 60870 or Timing Master absolute timing master. Only when the protection data communication
10 |IRIG B or Timing Master with the absolute time master fails, is the synchronization accomplished
— via the indicated source.
11 |DCE77 or Timing Master
12 |Sync. Box or Timing Master
13 |Binary input or Timing Master
14 | Fieldbus or Timing Master
The RTC continues running, even when the auxiliary voltage is temporary absent, by
means of an internal battery. During the device powering up, or if the auxiliary voltage
7SA6 Manual 5-59
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Synchronization
Offset

Error Message
Based on Toler-
ance Time

Changing the Syn-
chronization Mode

5-60

has failed, this RTC is the first synchronization source for the internal clock, independ-
ent of operating mode selected.

In Internal mode, the system time is controlled using only the RTC as the synchro-
nization source. It may be set manually. The procedure for manual date/time setting
is given in Section 7.2.1.

If an external source is selected, only the selected synchronization source is used. If
the source fails, the internal clock continues unsynchronized.

If time synchronization is to take place via a master control system, the option IEC—
60870-5—103 or PROFIBUS FMS* must be selected (Figure 5-57).

*: not available in firmware Version 4.0 and 4.1

When using radio clock signals, you must take into account that it can take up to three
minutes after device start-up or restored reception for the received time signal to be
decoded. The internal clock is not re-synchronized until then.

With IRIG B, the year must be set manually, because this standard does not include
a year value.

For synchronization using pulses via a binary input, the present device time will ad-
vance to 00 seconds of the next minute for values greater than 30 seconds when the
positive slope of the pulse arrives. For second values less than 30, the device time will
be set to 00 seconds of the current minute. Because this signal is not monitored, each
pulse has a direct effect on the internal clock.

For devices whose clock is synchronized by the “absolute time master”, you must
select one of the options with the supplement ,.... or Timing Master “(No.8to 14
in Table 5-7). The device only uses the indicated source if it is not supplied with a time
from the “absolute time master”.

The “Synchronization Offset” (Time correction) setting allows correlation of the
time signal received from the radio clock to local time (time zone). The maximum set-
table offset is + 23 h 59 min = +1439 min.

The tolerance time (Monitoring/Fault indication after) for time synchroni-
zation fault indicates how long cyclical synchronization may be absent until an alarm
is given.

External or internal synchronization normally occurs every minute. The setting for the
tolerance time must, therefore, always be at least two minutes. Under poor radio clock
reception conditions, you may delay the trigger of the “error” status condition even
longer.

When changing synchronization mode, the hardware will change over to the new
source within one second. This causes breakdown of cyclical synchronization, and the
internal clock will be disrupted — as at start-up — until the new synchronization
source takes over.

After modification to the synchronization offset in the time signal/operating mode, or
when changing year in IRIG B, the cyclical synchronization is not lost, but there is a
jump. To call attention to this, the time value causing a jump is reported with “Time
interruption ON” — without the synchronization offset, and subsequently with
“Time interruption OFF” — with the synchronization offset.
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After the “Time interruption ON” message, the you must take into account that
the clock will jump. This message is issued under the following circumstances:

— if a synchronization interruption lasts longer than the tolerance time interval men-
tioned above, or as mentioned above, if the synchronization mode is changed;

— if a time jump is anticipated. The message itself is stamped with the old time.
The message “Time interruption OFF”is triggered:

— when the synchronization is re-established (e.g., after a break in reception by the
radio clock);

— immediately after a time jump. This message is stamped with the new time after the
jump, thus allowing determination of the jump interval.

The time display may be set using either the European format (DD.MM.YYYY) or the
US format (MM/DD/YYYY).
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6

This chapter describes the numerous functions available in the SIPROTEC® 7SA6 re-
lay. The setting options for each function are defined, including instructions for report-
ing setting values and formulae where required.

6.1 General 6-2
6.2 Distance Protection 6-29
6.3 Measures to Be Taken in Case of Power Swings (optional) 6-72
6.4 Protection Data Interfaces and Protection Data Topology (optional)  6-78
6.5 Transmission of Binary Information (optional) 6-86
6.6 Teleprotection Schemes with Distance Protection 6-89
6.7 Earth Fault Protection in Earthed Systems (optional) 6-121
6.8 Earth Fault Protection Teleprotection Schemes (optional) 6-139
6.9 Weak-Infeed Tripping 6-156
6.10 External Direct and Remote Tripping 6-160
6.11 Overcurrent Protection 6-162
6.12 High-Current Switch-On-To-Fault Protection 6-178
6.13 Earth Fault Detection in Non-Earthed Systems 6-180
6.14 Automatic Reclosure Function (optional) 6-188
6.15 Synchronism and Voltage Check (optional) 6-217
6.16 Voltage Protection (optional) 6-227
6.17 Fault Location 6-242
6.18 Circuit Breaker Failure Protection (optional) 6-248
6.19 Thermal Overload Protection 6-265
6.20 Analog Outputs (optional) 6-269
6.21 Monitoring Functions 6-274
6.22 Function Control 6-292
6.23 Supplementary Functions 6-306
6.24 Processing of Commands 6-318
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6.1 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) or a sin-
gle-phase switching diagram of the feeder status (graphic display) is displayed in the
7SA6.

The setting parameters can be entered via the keypad and display on the front of the
device, or by means of a personal computer connected to the front or service interface
of the device utilising the DIGSI® 4 software package. The level 5 password (individ-
ual parameters) is required.

From the Select the MAIN MENU by pressing the MEN key. Using the | key, select Settings,

B —]
DeviceFront E SSDD and then press the (B key to navigate to the SETTINGS display (see Figure 6-1).
In the SETTINGS display, use the ¥ key to select the desired function, and then use
the B key to navigate to that function (e.g., use the |¥ key to select the P. System
Data1 function, and then use the B key to navigate to the P.SYSTEM DATA1 dis-
play, as shown in Figure 6-2.
In general, an item number appears in the menu list to the right of each selection. Nav-
igation can be accomplished using the item number in place of the ‘A and '¥ keys.
This feature is particularly helpful in large menus (e.g., setting lists). Based on the ex-
ample above, from the MAIN MENU, the SETTINGS display can be reached by press-
ing | 4 on the keypad, and then the P.SYSTEM DATA1 display can be reached by
pressing 0 |3 on the keypad.
MAIN MENU_ _____. 04/05
¥ ||[Annunciation —> 1
Measurement —> 2
Control —> 3
>
Test/Diagnose —> 5
Figure 6-1 Example of navigation from the front control panel
Each setting contains a four-digit address number followed by the setting title as
shown in Figure 6-2. The value of the current setting is displayed in the line just below
the setting address number and title. The value may be text (Figure 6-2,
Address 0201) or numerical (Figure 6-2, Address 0202).
P.SYSTEM DATA1__01/16
0201 CT Starpoint
towards Line
0202 Vnom PRIMARY
12.00kV
Figure 6-2 Example of power system data display
6-2 7SA6 Manual
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Settings are selected using the [A and ¥ keys. When the ENTER key is pressed, the
user is prompted for a password. The user should enter Password No. 5 and then
press the ENTER key. The current value of the setting appears in a text box, with a blink-
ing text insertion cursor.

A text setting may be modified using the |[A and '¥ keys to select one of two or more
options.

A numerical setting may be modified by overwriting the current value using the numer-
ical keypad. See Figure 6-3. A value of “infinity” may be entered by pressing the dec-
imal key twice | . | . . The “0”-symbol will appear in the display.

If the number entered is not within allowable limits, the maximum or minimum allowa-
ble value will appear in the lower portion of the display. To enter a new, allowable val-
ue, the ENTER key should be pressed again.

Note that measured values and limit values must be entered in secondary quantities
when using the front control panel of the device.

Any modification to a setting value must be confirmed by pressing the ENTER key. A
blinking asterisk is an indication that setting modification mode is still open. Other
modifications can be made to settings, even in sub-menus (if present), as long as set-
ting modification mode is still open. The actual modification of settings occurs once
setting modification mode is closed (see below, “Exiting the Setting Mode”).

P.SYSTEM DATA1 02/16 Example for numerical setting:
¥ {0203 vnom PRIMARY ENTER
E12.00kV
PW Settings? Enter password No. 5 and confirm with
= e - - - ENTER
Sﬁg% PRIMARY " 1_5 __00—' Enter the new value and confirm with ENTER
[
P.SYSTEM DATA :x02/16 The modified setting value appears in the
""""""""""" list; a blinking asterisk in the title bar indi-
02035\4%0%0F:(F\*/IMARY cates setting modification mode is still
: open.

Figure 6-3  Example of setting modification using the front control panel

If a setting modification is not confirmed with the ENTER key, the original value reappears
after one minute, and a message window appears after three minutes notifying the
user that the setting modification period has expired. When the ENTER key is pressed, a
further message window appears, notifying the user that the setting modifications
were discarded. Further modification of settings is possible by pressing the ENTER key
and re-entering the password.
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Exiting the If an attempt is made to exit setting modification mode using the |« key or the MEN key,

Setting Mode the message Are you sure? will be displayed followed by the responses Yes, No,
and Escape (see Figure 6-4). If the response Yes is selected, modification of settings
can be confirmed by pressing the ENTER key. To cancel pending modifications to settings
and exit setting modification mode, the response No must be selected. Press the »
key until the response No is highlighted. Press the ENTER key to confirm and exit. Incor-
rect entries may be retracted in this manner. To remain in the setting modification
mode, press the B key until the response Escape is highlighted. Press the ENTER key
to confirm, and the user can remain in setting modification mode without down-loading
modifications.

Are you sure?

EYes No Escape Sl

Settings are ok
EContinue -

Figure 6-4  Ending the setting mode using the front control panel

From PC ] To select a function, double-click on Settings, and then double-click on the desired
with == setting function (e.g., Power System Data 1 is selected by double-clicking Set-
DIGSI® 4 — tings, and thendouble-clicking Power System Data 1 asillustrated in Figure 6-5).
4 DIGSI - SIPROTEC 7563 / Folder / 75J633 V4.0/75J633 V04.00.18
File  Edit Inzet Device Miew Option: Window Help
= = 5 e Y =4 T IS
[& SIPROTEC 7563 / Folder / 75J633 ¥4.0/75J632 V04.00.18  [HI[=] E3
=~ Eﬁ Online Select function
& 2 Gettings ([ Device Configuration
,ﬂ Cantral o #Masking |70 [Canfiguration M atris)
g’% Annunciation WDefauIt Dizplay
24 Measurement FE Contral Display
-2 Oseilographic Recards ETJEFC
% Test 5 ¥ Power System Data 1
E Setting Group &
ﬁ Setting Group B
ﬁ Setting Group C
ﬂ Setting Group D
@ Change Group
E% Ozcilographic Fault Recaords
@ General Device Settings
@ Tirne Synchronization
? Serial Ports
S Pazzwords
abe.. | snguage
Figure 6-5 Navigating using DIGSI® 4 — example
A dialogue box associated with the selected function is displayed (e.g., if Power Sys-
tem Data 1 function is selected, the dialogue box shown in Figure 6-6 will appear).
If a function contains many settings, the dialogue box may include multiple windows.
In this situation, the user can select individual windows via tabs located at the top of
6-4 7SA6 Manual
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the dialogue box (e.qg., in Figure 6-6, tabs exist for Power System, CT’s,VT’s, and

Breaker).
Power System Data 1 |
Paweer System I CT': ¥WT's | Breaker I
Cuztomize:
M. Settings Yalue

0202 |Rated Primary Waltage 12.00 kY

0203 |Rated Secondary Woltage (L-L) 120

0208 |Matching ratio Phaze-YT To Open-Delta-w'T 1.73

0213 [%T Connection Yan, %hn, Wen

W Dizplay Additional Settings

it | [Eramk | Ahout |

ak. I Al

Figure 6-6

2IGS1 > Devie Cancel | Help |

Power system data dialogue box in DIGSI® 4 — example

The left column of the dialogue box (identified as the No. column) contains the four-
digit address number of the setting. The middle column of the dialogue box (identified
as the Settings column) contains the title of the setting, and the right column of the
dialogue box (identified as the Value column) contains the current value of the setting
in text or numerical format. When the mouse cursor is positioned over a numerical field
in the Value column, the allowable range is shown.

To modify a setting, click on the setting value which is displayed in the Value column.

Text Values When a text setting value is selected, a pull-down menu of possible setting options is
displayed. To modify the setting, simply click on the desired option. The pull-down

menu closes, and the new setting value appears in the Value column.

Numerical Values
(including )

When a numerical setting value is selected, the setting is modified using the number
keys, if applicable, with a decimal comma (not a decimal point). A value of “infinity”
may be entered by pressing the small o key twice. Confirm the setting modification by
clicking on Apply, or select another setting to modify.

If the value entered is outside the allowable range, a message block appears on the
screen describing the error and displaying the acceptable range of values.
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To acknowledge the message, click OK, and the original value reappears. A new entry
can be made or another setting value can be modified.

Setting values can be entered and displayed in primary terms or secondary terms, as
desired. DIGSI® 4 automatically performs the conversions based on the settings en-
tered for the transformer data and conversion ratios.

To switch between primary values and secondary values:

Q Click on Options in the menu bar, as shown in Figure 6-7.

Q Click on the desired alternative.

Another method is available by using the buttons on the toolbar.

4 DIGSI - Test 2 { Folder / 7SJ631 V4.0 Var/7SJ631 V04.00.18 IH[=] B3
Options

File Edit [Insert Device Yiew Window Help

Ctt{+AlHE |

= &) Orline
. Settings

- /ﬂ Contral

-E Annunciation
Measurement

‘=4 Dzcilographic Records
L {z Test

# Maszking [/0 [Configuration b atrix]
%m Drefault Dizplay

@ Control Dizplay

ZElcre

ﬂg Power System Data 1

ﬁ Setting Group A

ﬁ Setting Group B

ﬁ Setting Group C

ﬁ Setting Group D

@ Change Group

&% Oscillographic Fault Records
@ General Device Settings

@ Time Synchronization

? Serial Portz

“ay Passwords

abe. | anguage

Fepresents setting values as primary values.

[75631 [vo4nois (24 [comt 38400

Figure 6-7  Selection of primary or secondary value entry — example

Those settings that are modified only in special cases are typically hidden. They may
be made visible by checking on Display Additional Settings.

Each entry may be confirmed by clicking Apply. Valid values are accepted automat-
ically when another field is selected.

The final acceptance of a modified setting takes place once the setting mode is exited
(see below “Exiting the Setting Mode”).

The dialogue box may be closed by clicking OK. Once closed, another function may
be selected for setting modification, or you can exit the setting mode.

In order to transfer the modified setting values to the relay, the user should click on
DIGSI -, Device. The user will be prompted for Password No. 5. After entering the
password and confirming with OK, data is transferred to the relay where modifications
become effective.
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Some system and plant data are required by the device, so that it may adapt its func-
tions to these data, according to its mode of operation. Amongst others, the plant and
instrument transformer ratings, polarity and termination of the measured values, pa-
rameters of the circuit breaker, etc. These data are summarized in Power System
Data 1 (P.System Data 1).

If the key MENU js operated, the main menu is displayed. With the key ‘¥ the option Set -
tings is selected and by pushing the key B the selection of Settings is con-
firmed. To enter the plant data Power System Data 1 (P.System Data 1) must
be selected in the menu Settings.

With DIGSI® 4 the corresponding selection is reached by double click on Settings.

In address 201 CT Starpoint the polarity of the current transformers must be en-
tered, in other words, the location of the CT star-point (Figure 6-8). This setting deter-
mines the measuring direction of the device (forward = line direction). A change of this
parameter also results in the polarity reversal of the earth current input.

Bus
1 -
:Ll Iy
| RS IR =
4 - L}
I | IL1
— A—1 N Iz
I3
Line Line
Address 0201 = Address 0201 =
towards Line towards Busbar

Figure 6-8  Current transformer polarity

In the address 203 Unom PRIMARY and 204 Unom SECONDARY the device is in-
formed of the primary and secondary rated voltage (line voltage) of the voltage trans-
formers. In the address 205 CT PRIMARY and 206 CT SECONDARY the primary and
secondary rated current (phase current) of the current transformers are entered.

Please observe that the rated current transformer secondary current must corre-
sponds to the rated current of the device, as the device would otherwise compute in-
correct primary data.

Correct entry of the primary data is a prerequisite for the correct computation of oper-
ational measured values with primary magnitude. If DIGSI® 4 is used to enter param-
eters as primary quantities, the correct entry of the primary data is an important pre-
requisite for the correct operation of the device.

The device contains four voltage measuring inputs, three of which are connected to
the set of voltage transformers. For the fourth voltage transformer U, input several op-
tions are available:

+ Connection of the U, input to the open delta connection e—n of a set of voltage
transformers, refer also to Appendix A, Figures A-41 to A-45:
Address 210 is then set to: U4 transformer =Udelta transf..
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When connected to the e-n winding of a set of voltage transformers, the voltage
transformation ratio of the voltage transformers is usually:

UNprim/ UNsec/UNsec
3

3 NE

In this case the factor Uph / Udelta (address 0211, matching ratio for the sec-
ondary nominal voltages of phase voltage transformers and open-delta voltage)
must be set to 3/v3 = V3 = 1.73. For other transformation ratios, e.g. when the dis-
placement voltage is generated by means of interposing transformers, this factor
must be adjusted accordingly. This factor is of importance for the monitoring of the
measured values and the scaling of the measurement and disturbance recording
signals.

In case the busbar voltage is connected to the U4 input for synchronism check, refer
also to Appendix A, e.g. Figures A-46 or A-47. In this case address 210 is set to:
U4 transformer =Usync transf.

If the transformation ratio differs from that of the line voltage transformers this can
be adapted with the setting in address 215 U-1ine / Usync. In address 212
Usync connect., the type of voltage used for synchronism check is configured.
According to this setting, the device automatically selects the appropriate phase to
phase or phase to ground voltage. If the two voltages used for synchronism check
— i.e. line voltage and busbar voltage — are not separated by a unit that causes a
relative phase shift of the measured voltages (e.g. star-delta power transformer)
then the parameter in address 214 ¢ Usync-Uline is not required. If however a
transformer with a vector group unequal to zero separates the two voltage sources,
this setting must be used to compensate the phase shift according to the vector
group of the transformer. This setting can only be modified with DIGSI® 4 under
“Additional Settings”.. The phase angle setting is defined as follows: place Usync
at zero degrees as reference voltage, draw in Uline with the correct phase relation-
ship relative to Usync; the setting corresponds to the angle of Usync measured in
counter-clockwise direction.

Example (refer also to Figure 6-9):

Busbar 400kV primary
110 V secondary
Feeder 220 kV primary
100 V secondary
Transformer 400 kV / 220 kV
Vector group Dy(n) 5

The vector group of the transformer defines the phase shift of the voltage from the
high voltage to the low voltage side (Vector group 5 corresponds to a phase shift of
5 x 30° in the clockwise direction of the low voltage side relative to the high voltage
side). In this example, the feeder voltage is connected to the low voltage side of the
transformer. If Usync (busbar or high voltage side) is placed at zero degrees, then
Uline is at 5 x 30° in the clockwise direction, i.e. at —150°. According to the definition
for the setting, the angle from Usync to U-1ine inthe counter-clockwise direction
must be taken, i.e. +210°.

Address 214A: ¢ Usync-Uline = 360° - 150° = 210°
Since the busbar voltage transformer provides 110 V secondary with nominal pri-

mary voltage and the line voltage transformer 100 V under the same conditions, this
difference must also be considered:
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Address 215; U-line / Usync =100V/110V =0.91
| * "1 Busbar
" L2
T 400 kv
L3
i % % 400 kv
I
14\(88 KV/220 kv e -
u
220 kv/100 V =
L,
A ._ Yz U4 transformer = Usync transf.
— Usync connect=L71-L3
L] 77 ¢ Upp-Uline = 210°
T Ue U-line / Usync=0,91
Feeder
220 kv

Figure 6-9  Busbar voltage, measured across a power transformer

» Connection of the U, input to any other voltage signal Uy, which may be processed
by the overvoltage protection function, refer to Appendix A, Figure A-46 or A-47:
Address 210 is then set: U4 transformer = Ux transformer.

It is assumed, that the Ux transformer ratio is equal to the phase voltage transform-
er ratio.

» If the U, input is not required, the following setting is applied:
Address 210 U4 transformer = Not connected.
Also in this case the factor Uph / Udelta (Address 211, refer to the above) is of
importance, as it is utilised for the scaling of the measurement and disturbance re-
cording signals.

The device contains four current measurement inputs, three of which are connected
to the set of current transformers. The fourth current measuring input |, may be utilised
in various ways:

» Connection of the I, input to the earth current in the starpoint of the set of current
transformers on the protected feeder (normal connection, refer to Appendix A, Fig-
ure A-31):

Address 220 is then set to: I4 transformer =In prot. line and
Address 221 to I4/Iph CT =1

+ Connection of the 1, input to a separate earth current transformer on the protected
feeder (e.g. a summation CT or window-type current transformer, refer to Appendix
A, e.g. Figures A-32 to A-35).

Address 220 is then set to: I4 transformer =In prot. line and
Address 221 is setto I4/Iph CT:
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| /] _ _Ratio of earth current transformer
477'ph CT ™ Ratio of phase current transformers

This is independent on whether the device has a normal measured current input for
I, or a sensitive measured current input for 1, (for sensitive earth fault detection in
non-earthed systems)

Example:

Phase current transformers 500 A/5 A
Cable core balance current transformer 60 A/1 A

_ 60/1 _
L/ Toh et = ghg;5 = 0-600

Connection of the 14 input to the earth current of the parallel line (for parallel line
compensation of the distance protection and/or fault location function, refer to Ap-
pendix A, Figure A-36 or A-37):

Address 220 is then set to: I4 transformer = In paral. line and

usually address 221 is setto I4/Iph CT =1

If the set of current transformers on the parallel line however has a different ratio to
those on the protected line, this must be taken into account in address 221:
Address 220 is then set so that: I4 transformer =In paral. line and
Address 221 so that I4/Iph CT = Iy paral. line/IN prot. line-

Example:

Current transformers on protected feeder 1200 A
Current transformers on parallel feeder 1500 A

1500
14/ 1on = 1200 = 1.250
Connection of the 1, input to the neutral current of a power transformer; this con-
nection can be used for the polarisation of the directional earth fault protection (refer
to Appendix A, Figure A-38 or A-39):
Address 220 is then set to: I4 transformer =IY starpoint, and
address 221 I4/Iph CT according to the ratio of the transformation ratios of the
current transformer in the transformer neutral and the set of current transformers on
the protected feeder.

If the 1, input is not required, the following settings are applied:

Address 220 I4 transformer =Not connected,

Address 221 I4/Iph CT is then irrelevant.

In this case the zero sequence current for the protection functions is computed by
means of the sum of the phase currents.

Address 230 Rated Frequency corresponds to the frequency at which the power
system operates. The preset value is dependent on the model number of the relay pur-
chased, and must be in accordance with the nominal frequency of the power system.

The system starpoint must be observed for the correct processing of earth faults and
double earth faults. Therefore address 207 SystemStarpoint Solid Earthed or
Peterson-Coil or Isolated must be set correspondingly. For low-resistant
earthed systems set Solid Earthed.

7SA6 Manual
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6.1.1.1 Settings

Address 235 PHASE SEQ. is used to establish the phase rotation. The preset phase
sequence is “L1 L3 L2". For systems that use a phase sequence of “L1 L3 L2", ad-
dress 235 must be set accordingly.

Address 236 Distance Unit corresponds to the units of length (miles or km) ap-
plicable to fault locating. Changing the length unit will not result in an automatic con-
version. The new setting values must be entered at the appropriate addresses.

Matching of the earth to line impedance ratio is an essential prerequisite for the accu-
rate measurement of the fault distance (distance protection, fault location) during earth
faults. In address 237 Format Z0/Z1 the format for entering the residual compen-
sation is determined. It is possible to either use the ratio RE /RL and XE / XL or to enter
the complex earth (residual) impedance factor KO. The actual setting of the earth (re-
sidual) impedance factors is done in conjunction with the general protection data (refer
to Section 6.1.3).

The closing time of the circuit breaker T-CB close (address 239) is necessary if the
synchro-check function of the relay is used also for asynchronous switching. In this

case, the relay calculates the ideal closing instant such that the two voltages (bus bar
and feeder) are in synchronism at the instant when the breaker primary contacts close.

Under address 240A the minimum trip command duration TMin TRIP CMD is set.
This applies to all protection and control functions which may issue a trip command.
This also determines the length of the trip command pulse when a circuit breaker trip
test is initiated via the device. This setting can only be modified with DIGSI® 4 under
“Additional Settings”.

Under address 24 1A the maximum close command duration TMax CLOSE CMD is set.
This applies to all close commands issued by the device. It also determines the length
of the close command pulse when a circuit breaker test cycle is issued via the device.
It must be set long enough to ensure that the circuit breaker has securely closed.
There is no risk in setting this time too long, as the close command will in any event
be terminated following a new trip command from a protection function. This setting
can only be modified with DIGSI® 4 under “Additional Settings”.

With the 7SA6 it is possible to initiate from the front of the device or with DIGSI® 4 an
on load circuit breaker test consisting of a trip and close command. The duration of the
commands is determined by the command duration settings above. With address 242
T-CBtest-dead the duration from the end of the trip command up to the start of the
close command for this test is determined. This setting should not be shorter than
0.1s.

Note: The indicated secondary current values for setting ranges and default settings
referto Iy =1 A. For the nominal current 5 A these values are to be multiplied by 5.

Addresses with an attached ,A“ can only be changed with DIGSI® 4 in “Additional
Settings".

Addr. Setting Title Setting Options Default Setting Comments

201 CT Starpoint

towards Line towards Line CT Starpoint
towards Busbar

7SA6 Manual
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Addr. Setting Title Setting Options Default Setting Comments
203 Unom PRIMARY 1.0..1200.0 kV 400.0 kV Rated Primary Voltage
204 Unom SECON- 80..125V 100V Rated Secondary Voltage (L-L)
DARY
205 CT PRIMARY 10..5000 A 1000 A CT Rated Primary Current
206 CT SECONDARY 1A 1A CT Rated Secondary Current
5A
210 U4 transformer not connected not connected U4 voltage transformer is
Udelta transformer
Usync transformer
Ux reference transformer
211 Uph / Udelta 0.10..9.99 1.73 Matching ratio Phase-VT To
Open-Delta-VT
212 Usync connect. L1-E L1-L2 VT connection for sync. voltage
L2-E
L3-E
L1-L2
L2-L3
L3-L1
214A ¢ Usync-Uline 0..360 ° 0° Angle adjustment Usync-Uline
215 U-line / Usync 0.80..1.20 1.00 Matching ratio U-line / Usync
220 14 transformer not connected Neutral Current (of |14 current transformer is
Neutral Current (of the pro- | the protected line)
tected line)
Neutral Current of the paral-
lel line
Starpoint Curr. of earthed
power transf.
221 14/lph CT 0.010..5.000 1.000 Matching ratio 14/Iph for CT's
207 SystemStarpoint Solid Earthed Solid Earthed System Starpoint is
Peterson-Coil earthed
Isolated
230 Rated Frequency 50 Hz 50 Hz Rated Frequency
60 Hz
235 PHASE SEQ. L1L2L3 L1L2L3 Phase Sequence
L1L3L2
236 Distance Unit km km Distance measurement unit
Miles
237 Format Z0/Z1 Zero seq. comp. factors RE/ | Zero seq. comp. Setting format for zero
RL and XE/XL factors RE/RL and |seqg.comp. format
Zero seq. comp. factor KO XE/XL
and angle(K0)
239 T-CB close 0.01..0.60 sec 0.06 sec Closing (operating) time of CB
240A TMin TRIP CMD 0.02..30.00 sec 0.10 sec Minimum TRIP Command Dura-
tion
241A TMax CLOSE CMD |0.01..30.00 sec 0.10 sec Maximum Close Command
Duration
6-12 7SA6 Manual
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Addr. Setting Title Setting Options Default Setting Comments
242 T-CBtest-dead 0.00..30.00 sec 0.10 sec Dead Time for CB test-autore-
closure
7SA6 Manual 6-13
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6.1.2 Setting Groups
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A setting group is a collection of setting values to be used for a particular application.
In the 7SA6 relay, four independent setting groups (A to D) are possible. The user can
switch between setting groups locally, via binary inputs (if so configured), via the op-
erator or service interface using a personal computer, or via the system interface.

A setting group includes the setting values for all functions that have been selected as
Enabled during configuration (see Chapter 5). Whilst setting values may vary among
the four setting groups, the selected functions of each setting group remain the same.

Multiple setting groups allows a specific relay to be used for more than one application.
While all setting groups are stored in the relay, only one setting group may be active
at a given time.

If multiple setting groups are not required, Group A is the default selection, and the
rest of this sub-section is of no importance.

If multiple setting groups are desired, address 103 Grp Chge OPTION must have
been setto Enabled in the relay configuration. Refer to Chapter 5. Each of these sets
(A to D) is adjusted one after the other.

In most cases, only a few settings will vary from setting group to setting group. For this
reason, an option exists to copy stored setting values from one setting group to anoth-
er setting group using DIGSI® 4:

To copy the setting values from setting group to another setting group, you should
highlight the setting group in the list whose setting values are to be copied. Next, go
to the menu bar, click on Edit and select Copy (see Figure 6-10).

4’ DIGSI - SIPROTEC 7563 / Folder / 75J633 ¥4 .0/75)633 v04.00.18
Eile | Edit Inzert Device “iew Option: Window Help

[0 [Eirl =
o j— : M w2
[ Eae (Bl 3v4.0/75J633v04.00.18 =] E3
Bl [Ielete Del Select function
— [l Device Configuration
et b= b azking 1/0 [Configuration b atris)
Reset A Default Dizplay
Export... Cantrol Dizplay
E|CFC
[Eect Braperties.. SlE et Power System Data 1
OpenDbject . Ctbaied RN
L‘IJ[) Dormard 3 Setting Group B
----- 59 W/ MindMax ) Setting Group C
----- 24 P. 1, Power Factor, o) Setting Group D
. 24 Mindtdax Demand ﬁ% Change Group
E|J_1 Others = Ozcillographic Fault Records:
..... 33, Themal Meter @ eneral Device Sethings
..... 3 ;6 User Defined @ Tire Synchronization
-2 Energy }? Serial Ports
5% Set Points (Measu » | | 252 Passwords
| | _bl_l abe..| anguage
Figure 6-10 Copying a setting group in DIGSI® 4 — example
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The next step is to highlight the name of setting group in the list into which the setting
values should be copied. Go to the menu bar, click on Edit and select Paste. A con-
firmation box will appear (see Figure 6-11). Select Yes to copy the setting values.

e

Note:

All existing setting values in the setting group that has been copied to will be overwrit-
ten. An inadvertent copy operation can be reversed by closing and reopening the
DIGSI® 4 session without saving changes.

Restoring Factory
Settings

DIGS14

@ Do wou want to ingert data from another zettings group?

Figure 6-11 DIGSI® 4: Confirmation before copying a setting group

Setting groups may be copied more easily using the “Drag & Drop” feature. To use the
“Drag & Drop” feature, the name of the setting group in the list whose setting values
are to be copied should be highlighted. Holding down the left mouse button, the cursor
can then be dragged to the name of the setting group into which the setting values are
to be copied.

After copying setting groups, it is only necessary to modify those setting values that
are to be set differently.

The factory settings may be restored for a modified setting group. To restore factory

settings to a setting group, the name of the setting group whose settings are to be re-
stored is highlighted. Next, select the menu option Edit and then click on Reset. A
confirmation box appears, click on Yes to confirm restoration of factory settings.

e

Note:

All setting values in the setting group being restored to factory settings will be over-
written. An inadvertent reset operation can be reversed by closing and reopening the
DIGSI® 4 session without saving changes.

Switching between
Setting Groups

7SA6 Manual
C53000-G1176-C156-2

The procedure to switch from one setting group to another during operations is de-
scribed in Sub-section 7.2.2. The option of switching between several setting groups
externally via binary inputs is described in Subsection 8.1.2.
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6.1.2.1 Settings
Addr. Setting Title Function Setting Options Default Setting
302 CHANGE Change Group Group A Group A
Group B
Group C
Group D
Binary Input
Protocol
6.1.2.2 Information Overview
FNr. Setting Title Default Setting
7 >Set Group Bit0 >Setting Group Select Bit 0
8 >Set Group Bitl >Setting Group Select Bit 1
Group A Group A
Group B Group B
Group C Group C
Group D Group D
6-16
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6.1.3 General Protection Data

Rating of the
Protected System

General Line Data

7SA6 Manual
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General protection data (P.System Data 2) includes settings associated with all
functions rather than a specific protective or monitoring function. In contrast to the
Power System Data 1 (P.System Data 1) as discussed in Sub-section 6.1.1, these
settings can be changed over with the setting groups. To modify these settings, select
the SETTINGS menu option Group A (setting group A), and then Power System
Data 2 (P.System Data 2).

The other setting groups are Group B, Group C, and Group D, as described in
Subsection 6.1.2.

The rated primary voltage (line voltage) and rated primary current (phase) of the pro-
tected system are entered in the address 1103 FullScaleVolt. and 1104
FullScaleCurr.. These parameters influence the display of the operational meas-
ured values in percent. If these ratings correspond to those of the voltage and current
transformers, the settings are the same as those in address 203 and 205 (Section
6.1.1).

The settings of the line data in this case refers to the common data which is independ-
ent on the actual distance protection grading.

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

tan ¢ = 2 0 t (XL)
an = — or = arctan| —
RL RL

where R being the resistance and X, the reactance of the protected line. The line pa-
rameters may either apply to the entire line length, or be per unit of line length as the
quotient is independent of length. Furthermore it makes no difference if the quotients
were calculated with primary or secondary values.

The line angle plays an important role e.g. for the form of the polygons in the Distance
Protection or in the earth impedance matching with magnitude and angle.

Calculation example:

110 kV overhead line 150 mm? with the following data

R'; = 0.19 Q/km
X'y = 0.42 Q/km

The line angle is computed as follows

XL _ X1 _ 0.42 Q/km .
@ne =g =R, " o10akm - > ¢ =657

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

The per unit length reactance X' is entered as relative quantity x ', in address 1110 in
Q/km, when for example the unit of length is given in km (Address 236, refer to Section
6.1.1 under “Units of Length” or under address 1112 in Q/mile, when the unit of
length is given in Miles. The corresponding line length is entered in address 1111

Line Length inkilometres or under address 1113 Line Length in miles. If the unit
of length in address 236 is changed after the per unit length impedances in address

6-17
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Earth Impedance
(Residual)
Compensation

Earth Impedance
(Residual)
Compensation
with Scalar Factors
RE/RL and XE/XL
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1110 or 1112 or the line length in address 1111 or 1113 have been entered, the line
data must be entered again for the revised unit of length.

When entering the parameters with a personal computer and DIGSI® 4 the values
may optionally also be entered as primary values. The following conversion to second-
ary quantities is then not required.

For the conversion from primary to secondary values the following applies in general:

_ Ratio of current transformers

2o = . -
Sec  Ratio of voltage transformers — Prim

Correspondingly the following applies to the per unit length reactance of a line:

N
. _ CT
><sek - NVT D(prim

with

Nct —Ratio of the current transformers
Nyt —Ratio of the voltage transformers

Calculation example:

110 kV overhead line 150 mm? similar to above

R'; = 0.19 Q/km
X'y =0.42 Q/km

Current transformers600 A/1 A
Voltage transformers110 kV/0.1 kV

The secondary per unit length reactance is therefore:

: _ Ner _ _B600A/1A _
X'see = Nor X'y rim = 110 KV/0.1 KV [0.42 Q/km = 0.229 Q/km
In address 1110 the following is set x' = 0.229 Q/km.

Matching of the earth to line impedance is an essential prerequisite for the accurate
measurement of the fault distance (distance protection, fault locator) during earth
faults. This compensation is either achieved by entering the resistance ratio Rg/R.
and the reactance ratio Xg/X, or by entry of the complex earth (residual) matching fac-
tor Ko. Which of these two entry options applies was determined by the setting in ad-
dress 237 Format Z0/Z1 (refer to Section 6.1.1). Corresponding to the option de-
termined there, only the relevant addresses appear here.

When entering the resistance ratio Rg/R|_ and the reactance ratio Xg/X| the addresses
1116 to 1119 apply. These ratios are simply formally calculated and are not identical
with the real and imaginary part of Zg/Z, . A computation with complex numbers is
therefore not necessary! The values may derived from the line data using the following
equations:

7SA6 Manual
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Magnitude and
Angle (Kqo—Factor)
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Resistance ratio: Reactance ratio:
R_EzzE(&a_l) X_EzzE(&_l)
R, 3 'R, X, 3\

Whereby the following applies

Ro — Zero sequence resistance of the line
Xg — Zero sequence reactance of the line

R; — Positive sequence resistance of the line
X, — Positive sequence reactance of the line

These values may either apply to the entire line length or be based on a per unit of line
length, as the quotient is independent of length. Furthermore it makes no difference if
the quotients are calculated with primary or secondary values.

Calculation example:

110 kV overhead line 150 mm? with the following data

Ry/s =0.19 Q/km " . d
X4/s = 0.42 Q/km Positive sequence impedance

Ro/s = 0.53 Q/km ) q
Xofs = 1.19 Q/km Zero sequence impedance

(where s = line length)

The following results are obtained for the earth impedance ratio:

R R
Re _ 1T ) = 1083 Q/km_l): 0.60
3 R,

R, 3 \0.19 Q/km

X X

_Ezlc(—"_l):l 1.19§z/km_1):0_61
X, 3 \X; 3 \0.42 Q/km

The earth impedance (residual) matching factor setting for the first zone Z1 may be
different from that of the remaining zones of the distance protection. This allows the
setting of the exact values for the protected line, while at the same time the setting for
the back-up zones may be a close approximation even when the following lines have
substantially different earth impedance ratios (e.g. cable after an overhead line). Ac-
cordingly, the settings for the address 1116 RE/RL(Z1) and 1117 XE/XL(Z1) are
determined with the data of the protected line while the addresses 1118 RE/
RL(Z1B...Z5) and 1119 XE/XL(Z1B. . .Z5) apply to the remaining zones Z1B
and Z2 up to Z5 (as seen from the relay location).

When the complex earth impedance (residual) matching factor K is set, the address-
es 1120 to 1123 apply. In this case it is most relevant that the line angle is set cor-
rectly (cf Address 1105, see paragraph “General Line Data”, page 17) as the device
needs the line angle to calculate the matching components from the Kg—factor. These
factors are defined with their magnitude and angle which may be calculated with the
line data using the following equation:

Ky=—==:-0=2-1
Do
zZ 31z
Whereby the following applies

Zo — (complex) zero sequence impedance of the line
Z, — (complex) positive sequence impedance of the line
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These values may either apply to the entire line length or be based on a per unit of line
length, as the quotients are independent of length. Furthermore it makes no difference
if the quotients are calculated with primary or secondary values.

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

Calculation example:

110 kV single conductor oil-filled cable 3x185 mm? Cu with the following data

Z4/s = 0.408-e7%° Q/km

e« positive sequence impedance
Zo/s = 0.632-e1184° Q/km

zero sequence impedance
(where s = line length)
The calculation of the earth impedance (residual) matching factor K results in:

Z H o__ 770 —j °
0 - 0632 4,jA8.4°73) _ 4 g5 I%46" = 4 55 10,579 -j0.815)

Z, 0.408

= 0.898 —j1.263
K, = 12 1) - 1 H0.898-j1.263-1) = 2 (-0.102-1.263)
—0 7312, 3 3

The magnitude of KO is therefore

1 2 2
Ky = 5[1/(—0.102 )+ (~1.263°) = 0.42

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

Table 6-1 Quadrants and range of the angle of K

Real part | Imaginary | tan ¢(KO) | Quadrant/Range Rules for calculation
part
+ + + | 0° ... +90° arctan(|Im|/|Re])
+ - - v~ -90°...0° —arctan(]im|/|Re])
- - + I —90°...-180° | arctan(|Im|/|Re|) — 180°

In this example the following result is obtained:

_ 1.263 o _ o
¢(Ky) = arctan (0.10 —180° = -94.6

The magnitude and angle of the earth impedance (residual) matching factors setting

for the first zone Z1 and the remaining zones of the distance protection may be differ-
ent. This allows to set the exact values for the protected line, while at the same time

the setting for the back-up zones may be a close approximate even when the following
lines have substantially different earth impedance ratios (e.g. cable after an overhead
line). Accordingly, the settings for the address 1120 KO (Z1) and 1121 Angle

KO (Z1) are determined with the data of the protected line while the addresses 1122

7SA6 Manual
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KO (> Z1) and 1123 AnglelI KO(> Z1) apply to the remaining zones Z1B and Z2
up to Z5 (as seen from the relay location).

Note:

e

If a combination of values is set which is not recognized by the device, it operates with
preset values Kq = 1-€%°. The event logs show the following information:
.DisSErrorK0(>zZ1)" (FNo 3655) or “Dis.ErrorK0(Z1)” (FNo 3654)

Parallel Line Mutual  If the device is applied to a double circuit line (parallel lines) and parallel line compen-

Impedance sation for the distance and/or fault location function is used, the mutual coupling of the

(optional) two lines must be considered. A prerequisite for this is that the earth (residual) current
of the parallel line has been connected to the measuring input I, of the device and that
this was configured with the power system data (Section 6.1.1) by setting the appro-
priate parameters.

The coupling factors may be determined using the following equations:

Resistance ratio: Reactance ratio:
Ry _ 1 Rou Xy _ 1 Xou
R_ 3 Ry XL 3 X
with

Rom — mutual zero sequence resistance (coupling resistance) of the line
Xom — mutual zero sequence reactance (coupling reactance) of the line
R, — positive sequence resistance of the line
Xy — positive sequence reactance of the line

These values may either apply to the entire double circuit line length or be based on
a per unit of line length, as the quotientis independent on length. Furthermore it makes
no difference if the quotients are calculated with primary or secondary values.

These setting values only apply to the protected line and are entered in the addresses
1126 RM/RL ParallLine and 1127 XM/XL ParalLine.

For earth faults on the protected feeder there is in theory no additional distance pro-
tection or fault locator measuring error when the parallel line compensation is used.
The setting in address 1128 RATIO Par. Comp is therefore only relevant for earth
faults outside the protected feeder. It provides the current ratio I /Igp for the earth cur-
rent balance of the distance protection (in Figure 6-12 for the device at location I1),
above which compensation should take place. In general, a presetting of 85% is suf-
ficient. A more sensitive (larger) setting has no advantage. Only in the case of a severe
system un-symmetry, or a very small coupling factor (Xy,/X_ below approximately 0.4),
a smaller setting may be useful. A more detailed explanation of parallel line compen-
sation can be found in section 6.2.3.1, under distance protection.

Figure 6-12 reach with Parallel Line Compensation at Il
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The current ratio may also be calculated from the desired reach of the parallel line
compensation and vice versa. The following applies (refer to Figure 6-12):

le _ x/I x__ 2

0~ 2—x/1 or I
EP 1/ lep

The 7SA6 contains a saturation detector which largely eliminates the measuring errors
resulting from the saturation of the current transformers. The threshold above which it
picks up can be set in address 1140A I-CTsat. Thres.. Thisis the current level

above which saturation may be present. The setting « disables the saturation detec-
tor. This setting can only be modified with DIGSI® 4 under “Additional Settings”. If

current transformer saturation is expected, the following equation may be used as a
thumb rule for this setting:

Setting value I-CTsat. Thres. = 1+ ot Onom

where

Py+P;
P'+P;
Pn = rated burden of the current transformer [VA]

P; = internal burden of the current transformer [VA]

P' = actual connected burden (protection device + connection cable)
w = 27f = system frequency

Ty = System time constant

=nNn-

= actual overcurrent factor (accuracy limit factor)

In order to function optimally, several protection and supplementary functions require
information regarding the state of the circuit breaker. The device contains a circuit
breaker state recognition function which processes the status of the circuit breaker
auxiliary contacts as well as recognising switching operations, close and open, by
processing of measured values (refer also to Section 6.22).

In address 1130A the remaining current PoleOpenCurrent, which will definitely not
be exceeded when the circuit breaker pole is open, is set. If parasitic currents (e.g.
through induction) can be excluded when the circuit breaker is open, this setting may
be very sensitive. Otherwise this setting must be increased correspondingly. In most
cases the preset value is sufficient. This setting can only be modified with DIGSI® 4
under “Additional Settings”.

The remaining voltage PoleOpenVoltage which will definitely not be exceeded
when the circuit breaker pole is open, is set in address 1131A. Voltage transformers
are presumed to be on the line side. The setting should not be too sensitive because
of possible parasitic voltages (e.g. due to capacitive coupling). It must in any event be
set below the smallest phase-earth voltage which may be expected during normal op-
eration. The preset value is usually sufficient. This setting can only be modified with
DIGSI® 4 under “Additional Settings”.

The switch-on-to-fault action (seal-in) time SI Time all Cl. (address 1132A) de-
termines the action time of the protection functions enabled during energization of the
line (e.g. fast tripping high-current stage). This time is started by the internal circuit
breaker switching detection when it recognizes energization of the line or by the circuit
breaker auxiliary contacts and a binary input of the device to provide information that
the circuit breaker has closed. The time must therefore be greater than the tripping
time of the protection functions plus an additional backup reserve. This setting can
only be modified with DIGSI® 4 under “Additional Settings”.
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In address 1134 Line Closure the criteria for the internal recognition of line ener-
gization are determined. In the case of only with ManC1 only the manual close sig-
nal derived via binary input is used to recognize the circuit breaker closing condition.
With the setting I OR U or ManCl1 the measured currents or voltages are used as
an additional criterion to recognise energization of the line. CB OR I or M/C on the
other hand implies that either the currents or the circuit breaker auxiliary contact state
is used to determine closing of the circuit breaker. If the voltage transformers are not
situated on the line side, the setting CB OR I or M/C must be used. In the case of
I or Man.Close only the currents or the manual close signals are used to recognize
closing of the circuit breaker.

While the seal-in time after all closures (SI Time all Cl. address 1132A, refer
above) is activated following each recognition of line energization, the seal-in time af-
ter manual closures (SI Time Man.C1l address 1150A) is the time following manual
closure during which special influence of the protection functions is activated (e.g. in-
creased reach of the distance protection). This setting can only be modified with
DIGSI® 4 under “Additional Settings”.

e

Note:

For CB Test and automatic reclosure the CB auxiliary contact status derived with the
binary inputs > CB1 ... (FNo. 366 - 371, 410 and 411) are relevant for indicating the
CB switching status. The other binary inputs > CB ... (FNo. 351 - 353, 379 and 380)
apply to the recognition of line status (address 1134) and reset of trip command
(address 1135) which is used by the other protection functions, e.g. echo function,
switch-onto-fault overcurrent etc. For applications with only one CB, both binary input
functions e.g. 366 and 351 can be allocated to the same physical input.

Three-pole
Coupling

7SA6 Manual
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In address 1151 SYN.MAN. CL the selection is made whether the synchronism check
between the busbar voltage and the voltage of the switched feeder must be done for
a manual close. To do this, either the device must have integrated synchronism check
function or an external device for synchronism check must be connected.

In the former case the synchronism check function must be configured (Section 5.1)

as available, a busbar voltage must be connected to the device and this must be cor-
rectly parameterized in the system data (Section 6.1.1, address 210 U4 transform-
er = Usync transf. as well as the corresponding factors).

If no synchronism check is to be performed with manual closing, set SYN.MAN.CL =
without Synchronism-check. If on the other hand synchronism check is re-
quired, setwith Synchronism-check. If the manual close function of the device is
not to be used at all, set SYN.MAN.CL to No.

Address 1135 Reset Trip CMD determines which criteria allow for the reset of an
issued trip command. The setting CurrentOpenPole ensures that the trip command
resets after the current disappears. The measured current must drop below the value
set in address 1130A PoleOpenCurrent before the trip command resets (see
above). With the setting Current AND CB the circuit breaker auxiliary contact must
additionally indicate that the circuit breaker has opened. This setting demands that the
status of the auxiliary contacts is marshalled to a binary input.

Address 1155 3pole coupling determines whether each trip command resulting
from pickup in more than one phase is three-pole, or if three-pole coupling of the trip
command only results when more than one phase is tripped. This setting is only rele-
vant with one- and three-pole tripping and therefore only available in this version. Ad-
ditional information can be found in Section 6.22.3 fault detection logic of the device.
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With the setting with PICKUP every pickup in more than one phase leads to three-
pole coupling of the trip outputs, even if only a single-phase earth fault is situated with-
in the tripping area, and further faults only affect the higher zones, or are located in the
reverse direction. Even if a single-phase trip command has already been issued, each
further fault detection will lead to three-pole coupling of the trip outputs.

If, on the other hand, this address is settowith TRIP, three-pole coupling of the trip
output (three-pole tripping) only occurs when more than one pole is tripped. Therefore
if a single-phase fault is located within the zone of tripping, and a further arbitrary fault
is outside the tripping zone, single-phase tripping is possible. Even a further fault dur-
ing the single-pole tripping will only cause three-pole coupling if it is located within the
tripping zone.

This parameter is only available in the single- and three-pole tripping version. It ap-
plies to all protection functions of the 7SA6, which can trip single-pole.

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

If, as shown in the example (Figure 6-13), two single phase to ground faults occur on
different lines — in this example parallel lines — the protection relays on the two faulted
lines, at all four line ends, pick up. In this example, all four relays detect a L1-L2-E
fault, in other words a two phase to ground fault. However, each individual line is only
subjected to a single phase to ground fault. If single pole tripping and reclosure is em-
ployed, it is therefore desirable that each line only trips and recloses single pole. This
is achieved by setting 1155 3pole coupling to with TRIP. In this manner each of
the four relays at the four line ends recognises that single pole tripping for the fault on
the respective line is required.

Ll—E%
[ ]
L

&5 -

-
- [1
L2-E

Figure 6-13 Multiple fault on a double-circuit line

11

11

In some cases, however, a three-pole trip would be preferable for this fault scenario,
e.g. if the double-circuit line is located next to a large generator unit (Figure 6-14). This
is because the generator considers the two single-phase to ground faults as one dou-
ble-phase ground fault, with correspondingly high dynamic load on the turbine shaft.
With 1155 3pole coupling settoWith fault detection, the two lines are
switched off three-pole, since each device picks up as with L1-L2—E, i.e. as with a
multi-phase fault.
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6.1.3.1 Settings

& L1-E
= =
- -
= =
- [; -

L2-E

Figure 6-14 Multiple fault on a double-circuit line next to a generator

Address 1156A Trip2phF1t determines that the short-circuit protection functions
perform only a single-pole trip in case of isolated two-phase faults (clear of ground),
provided that single-pole tripping is possible and permitted. This allows a single-pole
rapid automatic reclosure cycle for this kind of fault. The trip type can be setto 7pole
leading phase or 1pole lagging phase. The parameter is only available in ver-
sions with single-pole tripping. This setting can only be modified with DIGSI® 4 under
“Additional Settings”. If this option is used, it must be born in mind that the phase
preference should be the same throughout the entire network and that it must be the
same at all ends of one line. More information on the function is also contained in Sec-
tion 6.22.3 Overall Fault Detection Logic of the Device. The default setting is triple -
pole.

Note: The indicated secondary current values and values of impedance for setting
ranges and default settings refer to Iy =1 A. For the nominal current 5 A the current
values are to be multiplied by 5. The values of impedance are divided by 5.

Addresses which have an ,A" attached to its end can only be changed with DIGSI® 4
in “Additional Settings*.

Addr. Setting Title Setting Options Default Setting Comments

1103 FullScaleVolt. 1.0..1200.0 kV; 0 400.0 kV Measurement: Full Scale
Voltage (100%)

1104 FullScaleCurr. 10..5000 A 1000 A Measurement: Full Scale Cur-
rent (100%)

1105 Line Angle 30..89° 85° Line Angle

1110 X' 0.0050..6.5000 Ohm / km 0.1500 Ohm /km | X' - Line Reactance per length
unit

1111 Line Length 1.0..1000.0 km 100.0 km Line Length

1112 X' 0.0050..10.0000 Ohm / mile |0.2420 Ohm / mile |x' - Line Reactance per length
unit

1113 Line Length 0.6..650.0 Miles 62.1 Miles Line Length

1116 RE/RL(Z1) -0.33..7.00 1.00 Zero seq. comp. factor RE/RL
for Z1

1117 XE/XL(Z1) -0.33..7.00 1.00 Zero seq. comp. factor XE/XL for
Z1
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Addr. Setting Title Setting Options Default Setting Comments
1118 RE/RL(Z1B...Z5) -0.33..7.00 1.00 Zero seq. comp.factor RE/RL for
Z1B...Z5
1119 XE/XL(Z1B...Z5) -0.33..7.00 1.00 Zero seq. comp.factor XE/XL for
Z1B...Z5
1120 KO (Z1) 0.000..4.000 1.000 Zero seq. comp. factor KO for
zone Z1
1121 Angle KO(Z1) -135.00..135.00 ° 0.00° Zero seq. comp. angle for zone
Z1
1122 KO (> Z21) 0.000..4.000 1.000 Zero seq.comp.factor KO,higher
zones >Z1
1123 Anglel KO(> 21) -135.00..135.00 ° 0.00° Zero seq. comp. angle, higher
zones >Z1
1126 RM/RL ParalLine 0.00..8.00 0.00 Mutual Parallel Line comp. ratio
RM/RL
1127 XM/XL ParalLine 0.00..8.00 0.00 Mutual Parallel Line comp. ratio
XM/XL
1128 RATIO Par. Comp |50..95 % 85 % Neutral current RATIO Parallel
Line Comp
1130A PoleOpenCurrent 0.05..1.00 A 0.10A Pole Open Current Threshold
1131A PoleOpenVoltage 2.70V 30V Pole Open Voltage Threshold
1132A S| Time all Cl. 0.01..30.00 sec 0.05 sec Seal-in Time after ALL closures
1134 Line Closure Manual Close Bl only Manual Close BI Recognition of Line Closures
Current OR Voltage or only with
Manual close Bl
CBaux OR Current or
Manual close BI
Current flow or Manual close
BI
1135 Reset Trip CMD with Pole Open Current with Pole Open RESET of Trip Command
Threshold only Current Threshold
with CBaux AND Pole Open |only
Current
1140A |-CTsat. Thres. 0.2.50.0 A; » 20.0 A CT Saturation Threshold
1150A S| Time Man.Cl 0.01..30.00 sec 0.30 sec Seal-in Time after MANUAL clo-
sures
1151 MAN. CLOSE with Synchronism-check without Synchro- | Manual CLOSE COMMAND
without Synchronism-check | nism-check generation
NO
1155 3pole coupling with Pickup with Trip 3 pole coupling
with Trip
1156A Trip2phFIt 3pole 3pole Trip type with 2phase faults
1pole, leading phase
1pole, lagging phase
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6.1.3.2 Information Overview

F.No. Alarm Comments
351 |>CBAux.L1 >Circuit breaker aux. contact: Pole L1
352 |>CB Aux. L2 >Circuit breaker aux. contact: Pole L2
353 |>CB Aux. L3 >Circuit breaker aux. contact: Pole L3
379 >CB 3p Closed >CB aux. contact 3pole Closed

380 >CB 3p Open >CB aux. contact 3pole Open

356 >Manual Close >Manual close signal

357 |>Close Cmd. Blk >Block all Close commands from external
361 >FAIL:Feeder VT >Failure: Feeder VT (MCB tripped)

362 >FAIL:Bus VT >Failure: Bushar VT (MCB tripped)

366 |[>CB1 Pole L1 >CB1 Pole L1 (for AR,CB-Test)

367 |>CB1 Pole L2 >CB1 Pole L2 (for AR,CB-Test)

368 |>CB1 Pole L3 >CB1 Pole L3 (for AR,CB-Test)

410 |>CB1 3p Closed >CB1 aux. 3p Closed (for AR, CB-Test)
411 |>CB1 3p Open >CB1 aux. 3p Open (for AR, CB-Test)
371 |>CB1 Ready >CB1 READY (for AR,CB-Test)

378 >CB faulty >CB faulty

381 >1p Trip Perm >Single-phase trip permitted from ext.AR
382 >Only 1ph AR >External AR programmed for 1phase only
383 >Enable ARzones >Enable all AR Zones / Stages

385 |>Lockout SET >Lockout SET

386 |>Lockout RESET >Lockout RESET

530 |LOCKOUT LOCKOUT is active

501 Relay PICKUP Relay PICKUP

503 Relay PICKUP L1 Relay PICKUP Phase L1

504 Relay PICKUP L2 Relay PICKUP Phase L2

505 Relay PICKUP L3 Relay PICKUP Phase L3

506 Relay PICKUP E Relay PICKUP Earth

507 Relay TRIP L1 Relay TRIP command Phase L1

508 Relay TRIP L2 Relay TRIP command Phase L2

509 Relay TRIP L3 Relay TRIP command Phase L3

510 Relay CLOSE Relay GENERAL CLOSE command
511 Relay TRIP Relay GENERAL TRIP command

512 Relay TRIP 1pL1 Relay TRIP command - Only Phase L1
513 Relay TRIP 1pL2 Relay TRIP command - Only Phase L2
514 Relay TRIP 1pL3 Relay TRIP command - Only Phase L3
7SA6 Manual
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F.No. Alarm Comments
515 Relay TRIP 3ph. Relay TRIP command Phases L123

536 Definitive TRIP Relay Definitive TRIP

563 CB Alarm Supp CB alarm suppressed

533 IL1 = Primary fault current IL1

534 IL2 = Primary fault current IL2

535 IL3 = Primary fault current IL3

545 PU Time Time from Pickup to drop out

546 | TRIP Time Time from Pickup to TRIP

560 | Trip Coupled 3p Single-phase trip was coupled 3phase
561 Man.Clos.Detect Manual close signal detected

562 Man.Close Cmd CB CLOSE command for manual closing
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6.2 Distance Protection

Distance protection is the main function of the device. It is characterized by high meas-
uring accuracy and the ability to adapt to the given system conditions. It is supplement-
ed by a number of additional functions.

6.2.1 Earth Fault Recognition

6.2.1.1 Method of Operation

Earth Current 31y

7SA6 Manual
C53000-G1176-C156-2

Recognition of an earth fault is an important element in identifying the type of fault, as
the determination of the valid loops for measurement of the fault distance and the
shape of the distance zone characteristics substantially depend on whether the fault
at hand is an earth fault or not. The 7SAG6 has a stabilised earth current measurement,
a zero sequence current/negative sequence current comparison as well as a displace-
ment voltage measurement. Furthermore, special measures are taken to avoid a pick-
up for low-current earth faults in an isolated or resonant-earthed system.

For earth current measurement, the fundamental sum of the numerically filtered phase
currents 3-1g is monitored to detect if it exceeds the set value (parameter 310>
Threshold, address 1203). It is stabilized against over-operation resulting from un-
symmetrical operating currents and error currents in the secondary circuits of the cur-
rent transformers due to different degrees of current transformer saturation during
short-circuits without earth: the actual pick-up threshold automatically increases as the
phase current increases (Figure 6-15). The reset value is approximately 95 % relative
to the pick-up value.

310
In

7

IPh max
H rorar

In

10 x 310

Figure 6-15 Earth current stage: pick-up characteristic — example
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On long, heavily loaded lines, the earth current measurement could be overstabilized
by large currents (ref. Figure 6-15). To ensure secure detection of earth faults in this
case, a negative sequence comparison stage is additionally provided. In the event of
a single-phase fault, the negative sequence current |, has approximately the same
magnitude as the zero sequence current lg. When the ratio zero sequence current/
negative sequence current exceeds a preset ratio, this stage picks up. It is also stabi-
lized in the event of large negative sequence currents by a parabolic characteristic.
Figure 6-16 illustrates this relationship. A release by means of the negative sequence
current comparison requires a current of at least 0,21y for 315 and 31,.

% | | | | | | | | | | | | | | | |
In I T e A O O B B R B4
T“
I e e e e e e N N A

254 — — = — — — — — — — — - — — — —
T T T hease L LA

ol L LA
I T R O O B o

P O T O N I O R O BN B
I O e N B o

o] |l b A e e ]
I N N R 1 | | block |

05y — —|——+ +FH | —|——+ + + — —|— I
310 [ e T Y e N R

0.0 — : + : + : + : + : : + : + :

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 3|

5 °2

Figure 6-16 Characteristic of the Iy/l,—stage

For the neutral displacement voltage recognition the displacement voltage (3U0>) is
numerically filtered and the fundamental frequency is monitored to recognize whether
it exceeds the set threshold ((3:Ug). The reset threshold is approximately 95 % of the
pick-up threshold. For earthed systems, the UO—criterion may be disabled by applying
the o setting.

The current and voltage criteria supplement each other, as the displacement voltage
increases when the zero sequence to positive sequence impedance ratio is large,
whereas the earth current increases when the zero sequence to positive sequence im-
pedance ratio is smaller.

For earthed systems the current and voltage criteria are logically combined with an
OR-function (Figure 6-17). The earth fault recognition on its own does not cause a
general fault detection of the distance protection, but merely controls the further fault
detection modules. It is only alarmed in case of a general fault detection.
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Figure 6-17 Logic of the earth fault recognition

The earth fault recognition is modified during the single-pole open condition with
single-pole automatic reclosure in an earthed system (Figure 6-18). In this case, the
magnitudes of the currents and voltages are monitored in addition to the angles be-
tween the currents.

@ max(lpy, Iy) <

2:min(liy, ILy)

Angle criteria &

for load condition
P & -1
— B earth fault
max(Upy, Uyy) <
|9Ly—E 1.5:min(Uy, Uy)
[1203]310> |
g &
T
3l
=0 3l 9

Figure 6-18 Earth fault recognition during single-pole open condition

In non-earthed systems (isolated system star point or resonant-earthed by means of
a Peterson coil) the measured displacement voltage is not used for fault detection.
Furthermore, in these systems a simple earth fault is assumed initially in case of a sin-
gle-phase fault and the fault detection is suppressed in order to avoid an erroneous
pickup as a result of the earth fault initiation transients. After a time delay T3I0
1PHAS, which can be set, the fault detection is released again; this is necessary for
the distance protection to still be able to detect a double earth fault with one base point
on a dead-end feeder.

If, however, an earth fault is already present in the system, it is detected by the dis-
placement voltage detection (3U0> COMP/ISOL.). In this case, there is no delay
time: an earth fault now occurring in a different phase can only be due to a double
earth fault. If, apart from the displacement measurement (3U0> COMP /ISOL.), there
is a fault detection in more than one phase, this is also rated as a double earth fault.
In this way, double earth faults can be detected even if no or only little earth current
flows via the measuring point.
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6.2.1.2 Setting of the Parameters for this Function

In systems with earthed star-point, the setting 310> Threshold (Address 1203) is
set somewhat below the minimum expected earth short-circuit current. 3l is defined
as the sum of the phase currents |l ; + 1, > + |, 3], which equals the star-point current
of the set of current transformers. In non-earthed systems the setting value is some-
what below the earth current value for double earth faults.

With regard to the setting 3U0> Threshold (Address 1204), in systems with earthed
starpoint, care must be taken that operational unsymmetries do not cause a pick-up.
3Ug is defined as the sum of the phase-earth voltages |U; 1_g + U o_g + U 3_g|. If the
Ug—criterion should be ignored, the address 1204 is set to «. In non-earthed systems
this setting is not relevant and therefore not accessible.

The preset value 310>/Iphmax = 0. 1 (Address 1207A) usually is sufficient for the
slope of 3I0—characteristic 310>/ Iphmax (Address 1207A). This setting can only
be modified with DIGSI® 4 under “Additional Settings”.

These settings are listed in a table in Subsection 6.2.2.4.

6.2.2 Fault detection

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

« Start the delay times for the directional and non-directional final stages
« Determination of the faulted loops

» Release of impedance calculation and direction determination

» Release of tripping command

« Initiation of supplementary functions

« Indication/output of the faulty phase(s)

Depending on the ordered version, the 7SA6 distance protection has a range of fault
detection modes, from which the appropriate type for the particular system conditions
can be selected. If, according to the ordering code, the device only has impedance
fault detection, or if you set DIS. PICKUP =Z< (quadrilat.) (address 114) as
detection mode, this Section 6.2.2 is of no importance. This type of fault detection
works implicitly, i.e the above-mentioned operations are executed automatically as
soon as a fault is detected in one of the distance zones.

6.2.2.1 Overcurrent Fault Detection

6-32

Overcurrent pick-up is a per phase fault detection mode. After numerical filtering, the
currents are monitored to check if they exceed the set values in every phase. An out-
put signal is given for the phase(s) where the set threshold is exceeded.

For the processing of the measured values (see Section 6.2.3) the per phase pick-up
signals are converted into loop information. This is done subject to earth-fault detec-
tion according to Section 6.2.1 and — in the earthed network — subject to the param-
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eter 1ph FAULTS (address 1630A) according to Table 6-2. In the non-earthed net-
work, the phase—-to—phase loop is always selected for single—phase pick-up without
earth-fault detection.

The phases that have picked-up are signalled. If an earth fault has been detected, it
is also indicated. Pick-up will drop off if the signal falls below 95 % of the pick-up value.

Table 6-2 Loop and phase indication for single—phase overcurrent pick-up

Pick-up Earth-fault de- Parameter Valid Signalled
module tection 1Ph FAULTS. loop phase(s)
L1 no L3-L1 L1, L3
L2 no phase—phase L1-L2 L1, L2
L3 no L2-L3 L2, L3
L1 no L1-E L1
L2 no phase—earth 1) L2-E L2
L3 no L3-E L3
L1 yes L1-E L1, E
L2 yes any L2-E L2, E
L3 yes L3-E L3, E
l) Only possible in earthed networks

6.2.2.2 Voltage-Dependent Current Fault Detection U/I

Mode of Operation The U/l pick-up is a per phase and per loop pick-up mode. Here the phase currents
and Characteristic must exceed a threshold , while the threshold value depends on the magnitude of the
loop voltage.

Pick-up due to earth faults in systems with a non-earthed system star point is effec-
tively suppressed by means of the measures described in Section 6.2.1.

The basic characteristics of the U/l pick-up can be seen from the current—voltage char-
acteristic shown in Figure 6-19. The first requirement for every phase pick-up is that
of the minimum current Iph> is exceeded. For the evaluation of phase—phase loops
both relevant phase currents have to exceed this value. Above this current the current
pick-up is voltage-dependent with the slope being determined by the settings U(I>)
and U(I>>). For short-circuits with large currents the overcurrent pick-up Iph>> (Sec-
tion 6.2.2.1) is superimposed. The bold dots in Figure 6-19 designate the settings
which determine the geometry of the current/voltage characteristic.

Loop pick-up will drop off if the signal falls below 95 % of the relevant current value or
exceeds 105 % of the relevant voltage value.
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Pick-up Mode
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Figure 6-19 U/l characteristic

The setting 1601 (PROG U/I) determines if the phase—earth loops or the phase—
phase loops are always valid or if this depends on the earth-fault detection according
to Section 6.2.1. This allows a very flexible adaptation to the network conditions. The
optimum selection mainly depends on whether the network neutral is not earthed (iso-
lated or compensated), is earthed low—resistance (“semi—solidly”) or solid-earthed
(see Section 6.2.3). Setting notes are given in Section 6.2.2.4.

The evaluation of phase—earth loops is characterized by a high sensitivity in the event
of earth faults and is highly advantageous in networks with earthed star points. It au-
tomatically adapts to the prevailing infeed conditions; i.e. in the weak-infeed operation
mode it becomes more current-sensitive, with high load currents the pick-up threshold
will be higher. This applies in particular if the network star-point is earthed low-resist-
ance. If only the phase—earth loops are evaluated, it must be ensured that the over-

current stage Iph>> responds in the event of phase—phase faults. If only one mea-

suring system picks up, it can be decided whether this shall result in a pick-up of the
phase—earth loops or the phase—phase loops in the earthed network (see Table 6-3).

Tabelle 6-3 Loop and phase indication for single-phase U/l pickup;
Phase—earth voltage program

Pick-up | Measured | Measured | Earth—fault Parameter Valid Signalled
module| current voltage detection 1Ph FAULTS. loop Phase(s)
L1 L1 L1-E no L3-L1 L1, L3
L2 L2 L2—-E no Phase—phase L1-L2 L1, L2
L3 L3 L3-E no L2-L3 L2,L3
L1 L1 L1-E no L1-E L1
L2 L2 L2-E no Phase—earth 1) | L2-E L2
L3 L3 L3-E no L3-E L3
L1 L1 L1-E yes L1-E L1, E
L2 L2 L2-E yes any L2-E L2, E
L3 L3 L3-E yes L3-E L3, E

1) Only effective in earthed networks
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When evaluating phase—phase loops, the sensitivity towards phase—phase faults is
particularly high. In extensive compensated networks this selection is advantageous
because it excludes pick-up as a result of single earth faults on principle. With two-
and three-phase faults it automatically adapts to the prevailing infeed conditions, i.e.
in the weak-infeed operation mode it becomes more current-sensitive, with strong in-
feed and high load currents the pick-up threshold will be higher. If only phase—phase
faults are evaluated, the measuring loop is independent of the earth-fault detection,
therefore this procedure is not suitable for earthed networks (see Table 6-4).

Table 6-4 Loop and phase indication for single—phase U/l pick-up;
Phase—phase voltage program (address 1601)

Pick-up | Measured | Measured | Earth fault Parameter Valid Signalled

module| current voltage detection 1Ph FAULTS. loop Phase(s)
L1 L1 L1-L2 L1-L2 L1, L2
L2 L2 L2-L3 any any L2-L3 L2, L3
L3 L3 L3-L1 L3-L1 L1, L3

If the option has been chosen whereby voltage loop selection is dependent on earth-
fault detection, then high sensitivity applies to phase-earth faults and to phase—phase
faults. On principle, this option is independent of the treatment of the network neutral
point, however, it requires that the earth—fault criteria according to Section 6.2.1 are

met for all earth faults or double earth faults (see Table 6-5).

Table 6-5 Loop and phase indication for single—phase U/l pick-up;
Phase—phase voltage program in the event of earth faults, phase—phase
voltages without earth faults (address 1601)

Pick-up | Measured | Measured | Earth—fault Parameter Valid Signalled

module| current voltage detection 1Ph ANR. loop Phase(s)
L1 L1 L1-L2 no L1-L2 L1, L2
L2 L2 L2-1L3 no any L2-L3 L2, L3
L3 L3 L3-L1 no L3-L1 L1, L3
L1 L1 L1-E yes L1-E L1, E
L2 L2 L2-E yes any L2-E L2, E
L3 L3 L3-E yes L3-E L3, E

Finally, it is also possible to only evaluate phase-earth voltage loops if an earth fault
has been detected. For phase—phase faults only the overcurrent Iph>> will then pick
up. This is advantageous in networks with neutral points that have been earthed low—
resistance, i.e. using earth-fault current limiting means (so-called “semi—solid” earth-
ing). In these cases only earth faults shall be detected by the U/l pick-up. In this net-
work it is often undesirable that phase—phase short-circuits shall result in a U/l pick-up.

The measuring loop is independent of the setting 1ph FAULTS (address 1630A). Table
6-6 shows the assignment of phase currents, loop voltages and measuring results.
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Table 6-6 Loop and phase indication for single—phase U/l pick-up;
Phase—earth voltage program in the event of earth faults,
I>> without earth faults (address 1601)

Pick-up | Measured | Measured | Earth—fault Parameter Valid Signalled
module| current voltage detection 1Ph FAULTS loop Phase(s)
L1 L1 L1-E yes L1-E L1, E
L2 L2 L2-E yes any L2-E L2, E
L3 L3 L3-E yes L3-E L3, E
L1 L1 L1-E no no pick-up,

L2 L2 L2-E no any no indications
L3 L3 L3-E no by Upp_g</I>

The pick-up signals of the loop are transformed into phase signals so that faulty
phase(s) can be indicated. If an earth fault has been detected according to 6.2.1, it will
also be indicated.

6.2.2.3 Voltage and Phase-Angle Dependent Current Fault Detection U/l/¢

Function and
Characteristic

6-36

Phase-angle controlled U/l fault detection can be applied when the U/l characteristic
criteria according to Section 6.2.2.2 can no longer distinguish reliably between load
and short-circuit conditions. This is the case with small source impedances together
with long lines or sequence of lines and intermediate infeed. In the event of a short-
circuit at the end of the line or within the back-up zones of the distance protection the
local measuring voltage will only drop to a small extent so that the phase angle be-
tween current and voltage is required as an additional criterion for fault detection.

U/I/$ pick-up is a per phase and per loop pick-up mode. It is crucial for the phase cur-
rents to exceed the pick-up threshold, whereby the pick-up value is dependent on the
size of the loop voltages and the phase angle between current and voltage.

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

A precondition for measuring the phase—earth angle is that the associated phase cur-
rent has exceeded a settable minimum value Iph> and that an earth fault according
to Section 6.2.1 has been detected or only phase—to—earth measurements have been
stipulated by setting parameters. The angle is determined by the phase—to—earth volt-
age and its corresponding phase current without considering the earth current.

Pick-up on earth faults is effectively suppressed in networks with non-earthed neutral
points by means of the measures described in Section 6.2.1.

The basic characteristic of the U/I/¢ pick-up can be seen in the current—voltage char-
acteristic curve Figure 6-20. Initially it is shaped like the U/l pick-up characteristic (Fig-
ure 6-19).

For angles with large phase angle difference (V and 1), i.e. in the short-circuit angle
area above the threshold angle ¢>, the characteristic between U(I>) and U(1¢>) which
is cut off by the overcurrent stage 1¢> also comes into effect. The bold dots mark the
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Pickup Modes

settings which determine the geometry of the current/voltage characteristic. The an-

gle-dependent area which is shaded dark grey within the short-circuit angle area can
either have an effect in forward direction (in direction of line) or in both directions (set-
table).

15}
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Figure 6-20 U/I/$ characteristic

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

As the U/I/¢ fault detection represents an extension of the U/I fault detection according
to Section 6.2.2.2 the same program options apply. Tables 6-3 to 6-6 also apply for
single—phase pick-up.

6.2.2.4 Applying the Function Parameter Settings

Pickup Mode

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

If the device does not have an explicit pick-up function or, if you set DIS ANR = Im-
pedance (address 114) for pick-up type when configuring the protection functions
(Section 5.1), all settings dealt with in this section are irrelevant and cannot be select-
ed.

Available pick-up modes are described in Section 6.2.2.1 and 6.2.2.2 in detalil. If the
device has several alternative pick-up modes, one option has been selected when
configuring in address 114 (see Section 5.1). Below, parameters are given and dis-
cussed for all pick-up modes. With the following settings, only those parameters will
appear that apply for the selected pick-up mode.

With the U/I(/¢) pick-up mode you have the option to determine the voltage measuring
and, if applicable, the phase-angle measuring for phase—to—earth measuring units,
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and for phase—to—phase measuring loops separately. Address 1601 PROGAM U/I
states which loop voltages shall apply to phase-to—earth (Ph-E:) and which ones to
phase—to—phase (Ph-Ph:).

In networks with earthed star point, a selection using Up,,_g with earth faults and
Uph_ph With non-earthed faults is often preferred (address 1601 PROGAM U/I =
Ph-E: Uphe/ Ph-Ph: Uphph). This mode has a maximum sensitivity for all fault
types, however it requires the unambiguous detection of earth faults via the earth-fault
detection function (also see Section 6.2.1). Otherwise, a mode using Upy,_g for all fault
types may be useful (address 1601 PROGAM U/I =Ph-E: Uphe/Ph-Ph: Uphe),
accepting lesser sensitivity for earth-free faults, as the overcurrent stage Iph>> usually
picks up here.

In networks with low—resistance earthed neutral point, the U/l/$ pick-up should only
come into effect on earth faults as phase—to—phase faults are detected by the overcur-
rent pick-up. Therefore, the address 1601 PROGAM U/I =

Ph-E: Uphe/Ph-Ph: I>> is usefulin this case.

As far as there is a danger of the earth fault detection picking up when a applicable
earth fault occurs in isolated or resonant-earthed networks owing to the starting tran-
sient, this can be delayed using a parameter T3I0 1PHAS. If the earth fault pick-up
can also be exceeded during steady-state conditions, T3I0 1PHAS (address 1206)
should be set to «. As a result of this, pickup by one phase alone will not be possible
even with a large earth current. Double earth faults are however correctly detected
and measured according to the preference program (also see Section 6.2.3.1, “Double
Earth-Faults in Non-earthed Systems”).

In isolated or resonant-earthed networks it is possible to control the U/I/¢ pick-up using
phase—to—phase voltages only (address 1601 PROGAM U/I =

Ph-E: Uphph/Ph-Ph: Uphph). Naturally, this excludes pick-up by single earth
faults, however, it also does not allow a correct double earth fault detection, therefore
it is suitable only for small isolated cable networks.

The maximum operational load current that can occur is crucial for the setting of over-
current pick-up. Pick-up due to overload must be ruled out! Therefore the pick-up val-
ue must be set above the maximum (over-)load current that is expected (approx. 1.2
times). Then, it must be ensured that the minimum short-circuit current is above this

value. If this is not the case, U/l pick-up is required.

Arithmetic example:

Maximum operational current (incl. overload) is 680 A, for current transformers 600 A/
5 A, minimum short circuit is 1200 A. the following has to be set:

Iph>> =1 . (1.2=680 A2 =816 A

This value is sufficiently below the minimum short-circuit current of 1200 A. When con-
figuring via PC and DIGSI® 4 this value can be entered directly. Conversion to secon-
dary quantities is

5A
00A—6.8A

Iph>> = 816 A
The condition for minimum short-circuit current also applies to earth faults (in the
earthed network) or for double earth faults as long as overcurrent pick-up is solely
used.

If U/ pick-up is required because the minimum short-circuit current is below the max-
imum load current (incl. a safety factor of 1.2), the condition for maximum load current
in respect to Iph>> still has to be observed. Then, the_minimum current limit Iph>
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(address 1611) is set to below the minimum short-circuit current (approx. 10 %). This
also applies to the phase currents during earth faults or double earth faults.

In address 1630 1ph FAULTS you can choose whether a phase—to—earth loop shall
be selected in an earthed network during single—phase pickup without earth current
(Ig—release). The setting 1ph FAULTS = phase -earth is useful if no or only little
earth current can flow via the measuring point in the event of earth faults. With 1ph
FAULTS = phase to phase only the leading phase—phase loop is measured in
the event of a single—phase pick-up in the earthed network.

Two further general settings refer to the final times, i.e. the tripping times in a worst
case scenario for faults outside all distance zones. They should be set above the delay
times for distance zones providing a final back-up option (also see “Independent
Zones Z1 up to Z5” in Section 6.2.4.2).

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

The non-directional final time DELAY NON-DIR. (address 1603) works for all short-
circuits if there is no impedance within a distance zone after pick-up.

The meaning of the settings can be seen from Figure 6-21. Iph> (section a, address
1611) is the minimum current as described in the previous section, Iph>> (section c)
is the overcurrent pick-up.

Pick-up only

S}
\%
$ Load Range
60

U(I¢>)

S 7¢ <o N
40— |
u(I>
== | |
30— | |
Pick-up Independent
20— | from Angle |
a | |
10—
| |
Iph> 10> Iph>>
| | | | | | |
1 2 3 —_— —
In

Figure 6-21  Parameters of U/l/¢ pick-up

In most cases the angular dependence is not required. Then the voltage-dependent
section b is valid which results in the characteristic a-b-c. When controlling with Uphe
in the addresses 1612 Uph-e (I>>) and 1613 Uph-e (I>) the voltages for
phase—to—earth are inserted to determine the voltage-dependent branch b; corre-
spondingly when using Uphph the voltages for phase—to—phase are set in the ad-
dresses 1614 Uph-ph (I>>) and 1615 Uph-ph (I>). The relevant settings are
determined according to the “Pickup Mode” (see above).

The characteristic has to be set such that it is just below the minimum expected volt-
age at the maximum expected load current. If in doubt, check the pick-up conditions
in accordance with the U/l characteristic.
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If a distinction between short circuit and load conditions is not always possible using
the U/l characteristic which is independent of the phase angle, the angular dependent
section d-e can additionally be used. This is required for long lines and section of lines
with intermediate infeed in combination with small source source impedances. Then
the local measured voltage will only drop to a small extent in the event of a short circuit
at the line end or in the back-up range of the distance protection so that the phase an-
gle between current and voltage is required as an additional criterion for fault detec-
tion.

The parameters I¢> (address 1616) and Uphe (I1¢>) (address 1617) or Uph-
ph(I¢>) (address 1618) determine the characteristic in the range of large angles ¢,
i.e. inthe short-circuit angle range. The threshold angles themselves, which define the
short-circuit angle range ¢, are set in the addresses 1620 ¢> and 1621 ¢<. The
short-circuit angle range ¢ is between these two angles. Here too, the required volt-
age settings according to the “Pickup Mode” (see above) are relevant.

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

The lower threshold angle should be between the load angle and the short-circuit an-
gle. Therefore, it must be set smaller than the line angle ¢, = arctan (X /R,) (approx.
10° to 20°). Further, you should check that the angle is not exceeded during load con-
ditions. If this is the case, for instance because the reactive power has to be trans-
ferred via this line, it must be ensured that the parameters of the voltage-dependent
segment d, that is Iphi>and Uph-e (Iphi>) orUph-ph (Iphi>) rule out a pick-
up as the result of reactive power (see above).

The upper threshold angle ¢< (address 1621) is not critical. 100° to 120° should be
sufficient.

Angular dependence, i.e. increasing the sensitivity for a large short-circuit angle with
section d and e in the characteristic, can be limited to the forward direction (line direc-
tion) using address 1619 EFFECT ¢. In this case EFFECT ¢ is setto Forward. Oth-
erwise it remains EFFECT ¢ = forward & reverse. This setting can only be made
with DIGSI® 4 “Additional Settings*.

Note: The indicated secondary current values and values of impedance for setting
ranges and default settings refer to Iy = 1 A. For the nominal current 5 A the current
values are to be multiplied by 5. The values of impedance are divided by 5.
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Addresses which have an ,A" attached to its end can only be changed with DIGSI® 4
in “Additional Settings*.

Addr. Setting Title Setting Options Default Setting Comments
1601 PROGAM Ul/I Ph-E: Uphe/ Ph-Ph: Uphph | Ph-E: Uphe/ Ph-Ph: Pickup program U/I
Ph-E: Uphph/Ph-Ph: Uphph | Uphph
Ph-E: Uphe/Ph-Ph: Uphe
Ph-E: Uphe/Ph-Ph: I>>
1602 DELAY FORW. PU |0.00..30.00 sec; o 1.20 sec Trip delay for Forward-PICKUP
1603 DEL. NON-DIR PU |0.00..30.00 sec; o 1.20 sec Trip delay for non-directional
PICKUP
1630A |1ph FAULTS phase-earth phase-earth 1ph-pickup loop selection (PU
phase to phase only w/o earth)
1610 Iph>> 0.25..10.00 A 1.80 A Iph>> Pickup (overcurrent)
1611 Iph> 0.10..4.00 A 0.20 A Iph> Pickup (minimum current)
1612 Uph-e (I>>) 20..70 V 48V Undervoltage (ph-e) at Iph>>
1613 Uph-e (I>) 20..70 V 48V Undervoltage (ph-e) at Iph>
1614 Uph-ph (I>>) 40..130V 80V Undervoltage (ph-ph) at Iph>>
1615 Uph-ph (I>) 40..130V 80V Undervoltage (ph-ph) at Iph>
1616 Iphi> 0.10..8.00 A 0.50 A Iphi> Pickup (minimum current
at phi>)
1617 Uph-e (Iphi>) 20..70 V 48V Undervoltage (ph-e) at Iphi>
1618 Uph-ph (Iphi>) 40..130V 80V Undervoltage (ph-ph) at Iphi>
1619A |EFFECT ¢ forward and reverse forward and reverse Effective direction of phi-pickup
Forward
1620 ¢ > 30..60° 50 ° PHI> pickup (lower setpoint)
1621 o< 90..120° 110° PHI< pickup (upper setpoint)
6.2.2.6 Information Overview
F.No. Alarm Comments
3781 |Dis.TimeOut Tfw DistanceTime Out Forward PICKUP
3782 | Dis.TimeOut Tnd DistanceTime Out Reverse/Non-dir. PICKUP
3695 |Dis Pickup ¢ L1 Dist.: Phi phase L1 Pickup
3696 |Dis Pickup ¢ L2 Dist.: Phi phase L2 Pickup
3697 | Dis Pickup ¢ L3 Dist.: Phi phase L3 Pickup
7SA6 Manual 6-41
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6.2.3 Calculation of the Impedances

6.2.3.1 Method of Operation

Phase-Phase
Loops

6-42

A separate measuring system is provided for each of the six possible impedance loops
L1-E, L2-E, L3-E, L1-L2, L2-L3, L3-L1. The phase-earth loops are evaluated when
an earth fault detection according to section 6.2.1 is recognized and the phase current
exceeds a settable minimum value Minimum Iph> (address 1202). The phase-
phase loops are evaluated when the phase currents in both of the affected phases ex-
ceed the minimum value Minimum Iph>.

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

To calculate the phase-phase loop, for instance during a two-phase fault L1-L2 (Fig-
ure 6-22), the loop equation is:

L T =L o =Y g=Yy o g

where
U, are the (complex) measured values and
Z = R+ jX is the (complex) line impedance.

The line impedance is computed to be
U -U

7, = SLLET-L2E
I-L 1~ l— L2
1 ZL
{1 L L1
2 Z /1
{1 L L2
Uik
{1 L L3
Uk
1 L E

Figure 6-22  Short circuit of a phase-phase loop

The calculation of the phase-phase loop does not take place as long as one of the con-
cerned phases is switched off (during single-pole dead time), to avoid an incorrect
measurement with the undefined measured values existing during this state. A state
recognition (refer to Section 6.22) provides the corresponding block signal. A logic
block diagram of the phase-phase measuring system is shown in Figure 6-23.
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Figure 6-23 Logic of the phase-phase measuring system

For the calculation of the phase-earth loop, for example during a L3—E short-circuit
(Figure 6-24) it must be noted that the impedance of the earth return path does not
correspond to the impedance of the phase. In the loop equation

L gtE —lg g =5 ¢

Zg is replaced by (Zg/Z,)-Z, and the result is:

Z
£E _
L g =g TE DZ_L =U 5 ¢

From this the line impedance can be extracted

7 = Use
bl 3-Zg/Z O

{1 L L1
{1 L L2
I3 ZL
> {1 L L3
Uz e
e Ze
- {1 L E

Figure 6-24  Short circuit of a phase-earth loop

The factor Zg/Z, only depends on the line parameters and no longer on the fault dis-
tance.

The evaluation of the phase-earth loop does not take place as long as the affected
phase is switched off (during single-pole dead time), to avoid an incorrect measure-
ment with the undefined measured values existing in this state. A state recognition (re-
fer to Section 6.22) provides the corresponding block signal. A logic block diagram of
the phase-earth measuring system is shown in Figure 6-25.
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Figure 6-25 Logic of the phase-earth measuring system

The above considerations apply to the relevant short-circuited loop. A pick-up with the
current-based fault detection modes (I, U/I, U/l/¢) guarantees that only the faulty
loop(s) are released for the distance calculation. In the impedance pick-up, however,
all six loops are calculated, the impedances of the healthy loops are also influenced
by the fault currents and voltages in the short-circuited phases. During a L1-E fault for
example, the fault current in phase L1 also appears in the measuring loops L1-L2 and
L3-L1. The earth current is also measured in the loops L2—E and L3—E. Combined with
load currents which may flow, the unfaulted loops produce the so-called “apparent im-
pedances”, which have nothing to do with the actual fault distance.

These “apparent impedances” in the unfaulted loops are usually larger than the short-
circuit impedance of the faulted loop because the unfaulted loop only carries a part of
the fault current and always has a higher voltage than the faulted loop. For the selec-
tivity of the zones, the “apparent impedances” are therefore of no consequence.

Apart from the zone selectivity, the phase selectivity is also important to achieve cor-
rect identification of the faulted phases, required to alarm the faulted phase and espe-
cially to enable single-pole automatic reclosure. Depending on the infeed conditions,

close-in short circuits may cause unfaulted loops to “see” the fault further away than

the faulted loop, but still within the tripping zone. This would cause three-pole tripping
and therefore void the possibility of single-pole automatic reclosure. As a result power
transfer via the line would be lost.

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

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

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

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

The loops that were designated as being valid are converted to phase information so
that the fault detection correctly alarms the faulted phases.
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In systems with earthed starpoint (effective or low-resistant), each contact of a phase
with earth results in a short-circuit condition which must be isolated immediately by the
closest protection systems. Fault detection occurs in the faulted loop associated with
the faulted phase.

With double earth faults, fault detection is generally in two phase-earth loops. If both
earth loops are in the same direction, a phase-phase loop may also pick-up. It is pos-
sible to restrict the fault detection to particular loops in this case. It is often desirable
to block the phase-earth loop of the leading phase, as this loop tends to overreach
when there is infeed from both ends to a fault with a common earth fault resistance
(address 1221 2Ph-E faults =Block leading 0). Alternatively, it is also possi-
ble to block the lagging phase-earth loop (address 2Ph-E faults =Block lag-
ging 0). Allthe affected loops can also be evaluated (address 2Ph-E faults =All
loops), or only the phase-phase loop (address 1221 2Ph-E faults =0-0 loops
only) or only the phase-earth loops (address 2Ph-E faults=@-E loops only).

A prerequisite for these restrictions is that the relevant loops indicate fault locations
which are close together and within the reach of the first zone Z1. The loops are con-
sidered to be close together when they have the same direction and do not differ by
more than a factor 1,5 (largest to smallest impedance). This is to avoid in case of mul-
tiple faults with separate fault location the closer fault is eliminated from the evaluation
by configured restrictions. Furthermore, the measurement phase-phase can only be
carried out if two earth faults are close to each other in the determined direction.

In Table 6-7 the measured values used for the distance measurement in earthed sys-
tems during double earth faults are shown.

Table 6-7 Evaluation of the measured loops for double loop faults in an earthed system in

case both earth faults are close to each other

Fault detection Evaluated Setting
Loop Loop Parameter 1221

L2-E, L1-1L2 2Ph-E faults =

L3-E, L2-L3 Block leading 9
L1-E, L3-L1

1-L2 L1-E, L1-L2
2-13 L2-E, L2-L3
3-L1 L3-E, L3-L1

2Ph-E faults =
Block lagging 0

L1-E, L2-E, L1-L2
L2-E, L3-E, L2-L3
L1-E, L3-E, L3-L1

2Ph-E faults =
All loops

2Ph-E faults =
2-13 L2-L3 0-0 loops only

3-L1 L3-L1

1-L2 L1-E, L2-E
2-13 L2-E, L3-E
L3-E

2Ph-E faults =

L
L
L
L
L
L
, L1-L2 L1-L2
L
L
L
L @-E loops only
L

3-L1 L1-E,

During three phase faults the fault detection of all three phase-phase loops usually oc-
curs. In this case the three phase-phase loops are evaluated. If earth fault detection
also occurs, the phase-earth loops are also evaluated.
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In isolated or resonant-earthed networks a single earth fault does not result in a short
circuit current flow. There is only a displacement of the voltage triangle (Figure 6-26).
For the system operation this state is no immediate danger. The Distance Protection
must not pick up in this case even though the voltage of the phase with the earth fault
is equal to zero in the whole galvanically connected system. Any load currents will re-
sult in an impedance value that is equal to zero. Therefore a single-phase pick-up
phase-earth without earth current pickup is avoided in the 7SA6.

U

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

Figure 6-26  Earth fault in non-earthed systems

With the occurrence of earth faults — especially in large resonant-earthed systems —
large fault inception transient currents can appear that may evoke the earth current
pick-up. In case of an overcurrent pick-up there may also be a phase current pick-up.
There are special measures against such undesirable pick-ups (see Subsection
6.2.1).

With the occurrence of a double earth fault in isolated or resonant-earthed systems it
is sufficient to switch off one of the faults. The second fault may remain in the system
as a simple earth fault. Which of the faults is switched off depends on the double earth
fault preference which is set the same in the whole galvanically-connected system.
With 7SA6 the following double earth fault preferences PHASE PREF .2phe can be
selected:

« acyclic L3 before L1 before L2, short form: L3 (L1) acyclic;
« acyclic L1 before L3 before L2, short form: L1 (L3) acyclic;
« acyclic L2 before L1 before L3, short form: L2 (L1) acyclic;
« acyclic L1 before L2 before L3, short form: L1 (L2) acyclic;
« acyclic L3 before L2 before L1, short form: L3 (L2) acyclic;
« acyclic L2 before L3 before L1,
 cyclic L3 before L1 before L2 before L3, short form: L3 (L1) cyclic;

« cyclic L1 before L3 before L2 before L1, short form: L1 (L3) cyclic;

short form: L2 (L3) acyclic;

« all loops are measured (no preference) All loops.

In all eight preference options one earth fault is switched off according to the prefer-
ence scheme. The second fault can remain in the system as a simple earth fault. It can
be detected with the ordering option “Earth Fault Detection in Non-Earthed Systems”
(see Section 6.13).

The 7SA6 also enables the user to switch off both fault locations of a double earth
fault. Set the double earth fault preference to A11 loops.
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Table 6-8 lists all measured values used for the distance measuring in isolated or res-
onant-earthed systems.

Table 6-8 Evaluation of measured loops for a multiple pick-up in non-earthed systems
Fault detection Evaluated Setting
Loops Loop(s) Parameter 1221

,(L3-L1) |L3-E

,(L1-L2) | L1-E
,(L2-L3) | L2-E
,(L3-L1) |L3-E

,(L1-L2) | L2-E
,(L2-L3) | L3-E
,(L3-L1) |L1-E

,(L1-L2) | L1-E, L2-E
,(L2-L3) | L2-E, L3-E
,(L3-L1) |L3-E,L1-E

PHASE PREF.2phe =
L3 (L1) cyclic

L2

PHASE PREF.2phe =
L1 (L3) cyclic

’

PHASE PREF.2phe =
All loops

’

’

L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe =
L2-E, L3-E, (L2-L3) L3-E L3 (L1) acyclic
L1-E, L3-E, (L3-L1) L3-E
L1-E, L2-E, (L1-L2) L1-E PHASE PREF.2phe =
L2-E, L3-E, (L2-L3) |L3-E L1 (L3) acyclic
L1-E, L3-E, (L3-L1) |L1-E
L1-E, L2-E, (L1-L2) L2-E PHASE PREF.2phe =
L2-E, L3-E, (L2-L3) L2-E L2 (L1) acyclic
L1-E, L3-E, (L3-L1) L1-E
Ll E, L2-E, (L1-L2) L1-E PHASE PREF.2phe =

2-E, L3-E, (L2-L3) L2-E L1 (L2) acyclic

1-E, L3-E, (L3-L1) |L1-E

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

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

1-E, L3-E

1-E, L2-E

E, L3-E

1-E, L3-E

E, L2-E

E, L3-E

E, L3-E

E, L2-E

E, L3-E

E, L3-E

3
3-
2-|
3-
3
L1-E, L2
L2-E, L3-
L1-E, L3-
L1-E, L2
L2-E, L3
L1-E, L3-

During earth faults on parallel lines, the impedance values calculated by means of the
loop equations are influenced by the coupling of the earth impedance of the two con-
ductor systems (Figure 6-27). Unless special measures are employed, this results in
measuring errors in the result of the impedance computation. A parallel line compen-
sation may therefore be activated. In this manner the earth current of the parallel line
is taken into consideration by the line equation and thereby allows for compensation

of the coupling influence. The earth current of the parallel line must be connected to

the device for this purpose. The loop equation is then modified as shown below, refer
also to Figure 6-24

L g tZ —lgEe-lgp LBy =U 4 ¢
Zg Zy
L g g —lg[E Z, 'EPEZLD::uLs—E

where Igp is the earth current of the parallel line and the ratio Zy,/Z, is a constant line
parameter, resulting from the geometry of the double circuit line and the nature of the
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ground below the line. These line parameters are input to the device — along with all
the other line data — during the parameterisation of the device. The line impedance
is calculated with the equation below similar to the calculation shown earlier.
7 = Uae
_L -
L g=2g/ 4 Hg—2Zy/Z Ugp

A B
|—|-| EL |_L3
J__ _— _— _— _— - | = = — — —
lHLG}-E ! % [ |
Ze 13 !
b - = = - Yedise !
Zy lep |
L o _
LJd
]

Figure 6-27 Earth fault on a double circuit line

Without parallel line compensation, the earth current on the parallel line will in most
cases cause the reach threshold of the distance protection to be shortened (under-
reach of the distance measurement). In some cases — for example when the two
feeders are terminated to different busbars, and the location of the earth fault is on one
of the remote busbars (at B in Figure 6-27) — it is possible that an overreach may oc-
cur.

The parallel line compensation only applies to faults on the protected line. For faults
on the parallel line, the compensation may not be carried out, as this would cause se-
vere overreach. The relay located in position Il in Figure 6-27 may therefore not be
compensated.

An earth current balance is therefore additionally provided in the device, which carries
out a cross comparison of the earth currents in the two lines. The compensation is only
applied to the line end where the earth current of the parallel line is not substantially

larger than the earth current in the line itself. In example Figure 6-27, the current Ig is
larger than Igp: compensation is applied at | in that Zy; - Igp is included in the evalua-
tion; at |1 compensation is not applied.

When the circuit breaker is switched onto a fault with a manual close command, fast
tripping by the distance protection is possible. By setting parameters it may be deter-
mined which zone(s) is/are released following a manual close (refer to Figure 6-28).
The line energization information (input “SOTF”) are derived from the state recogni-
tion, refer also to Sub-section 6.22.1.
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Figure 6-28 Circuit breaker closure onto a fault

6.2.3.2 Applying the Function Parameter Settings

General Function
Parameters

Correction of
Measured Values
on Parallel Lines
(optional)

Double Earth Faults
in Earthed Systems

Double Earth Faults
in Non-earthed Sys-
tems
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The distance protection can be switched on or off with the parameter in address 1201
FCT Distance ON/OFF

The minimum current for fault detection Minimum Iph> (address 1202) is set some-
what (approx. 10 %) below the minimum short-circuit current that may occur.

The setting parameters for the treatment of earth faults 1203 310> Threshold and
1204 3U0> Threshold were already discussed in Sub-section 6.2.1.2.

The mutual coupling between the two lines of a double-circuit configuration is only rel-
evant to the 7SA6 when it is applied on a double-circuit line and when it is intended to
implement parallel line compensation. A prerequisite is that the earth current of the
parallel line is connected to the I, measuring input of the 7SA6 and this is entered in
the configuration settings.

In this case, the setting Paral.Line Comp = YES must be set in address 1215; oth-
erwise the presetting NO remains.

The coupling factors were already set as part of the general protection data (Sub-sec-
tion 6.1.3), as was the reach of the parallel line compensation.

The loop selection for double earth faults is set in address 1221A 2Ph-E faults
(Phase—Phase—Earth—fault detection). This setting can only be modified with DIGSI®
4 under “Additional Settings”. In general the Block leading @ (blocking of the
leading phase, presetting) is favourable, because the leading phase-earth loop tends
to overreach, especially in conjunction with large earth fault resistance. In certain cas-
es (fault resistance phase-phase larger than phase-earth) the setting Block lag-
ging @ (blocking of the lagging phase) may be more favourable. The selection of all
affected loops with the setting A11 loops allows a maximum degree of redundancy.
Alternatively, @-8 loops only may be evaluated. This ensures the most accuracy
for two phase to earth faults. Ultimately it is possible to declare the

@-E loops only as valid.

In isolated or resonant-earthed systems it must be guaranteed that the preference for
double earth faults in whole galvanically-connected systems is consistent. The double
earth fault preference is set in address 1220 PHASE PREF.2phe.
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The 7SA6 enables the user to detect all foot points of a multiple earth fault. PHASE
PREF.2phe =All loops means that each earth fault point on a protected line is
switched off independent of the preference. It can also be combined with a different
preference. For a transformer feeder, for example, any foot point can be switched off
following occurrence of a double earth fault, whereas L1 (L3) acyclic is consist-
ently valid for the remainder of the system.

If the earth fault detection threatens to pick up due to fault inception transients follow-
ing the occurrence of a single earth fault, the detection can be delayed with setting ad-
dress 1206 T3I0 1PHAS. Usually the presetting (0.04 s) is sufficient. For large res-
onant-earthed systems the time delay should be increased. Set parameter T310
1PHAS to « if the earth current threshold can also be exceeded during steady-state
conditions. Then, even with high earth current, no single-phase pick up is possible an-
ymore. Double earth faults are, however, detected correctly and evaluated according
to the preference mode (Section 6.2.3.1, paragraph “Double Earth Faults in Non-
earthed Systems”).

If a double earth fault occurs right after a single earth fault, it is detected and evaluated
according to the preference scheme. The already existing earth fault is detected by
the zero-sequence voltage (address 1205 3U0> COMP/ISOL.). Please note that
three times the zero-sequence voltage 3Uy is relevant. With a full displacement its val-
ue will be V3-times the phase-to-phase voltage. After detection of 3U, the time delay
T3I0 1PHAS is not active anymore: an earth fault ocurring then in a different phase
can only be a double earth fault.

To determine the reaction of the distance protection during closure of the circuit break-
er onto a dead fault, the parameter in address 1232 SOTF zone is used. The setting
Inactive specifies that there is no special reaction, i.e. all distance stages operate
according to their set zone parameters. The setting Zone Z1B causes all faults inside
the overreaching zone Z1B to be cleared without delay following closure of the circuit
breaker. The setting Pickup implies that the non-delayed tripping following line ener-
gization is activated for all recognized faults in any zone (i.e. with general fault detec-
tion of the distance protection).

On long heavily loaded lines, the risk of encroachment of the load impedance into the
tripping characteristic of the distance protection may exist. To exclude the risk of un-
wanted fault detection by the distance protection during heavy load flow, a load trap-
ezoid characteristic may be set for tripping characteristics with a large R-reach, which
excludes such unwanted fault detection by overload. This load area is considered in
the description of the tripping characteristics (refer to Figure 6-29, Subsubsection
6.2.4.1).

The R—values R load (@-E) (address 1241) and R load (©-0) (address 1243)
must be set somewhat (approx. 10 %) smaller than the minimum load impedance
which may occur. The minimum load impedance results when the maximum load cur-
rent and minimum operating voltage exist.

Calculation example:

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

maximum transferrable load
Pmax = 100 MVA corresponding to
lmax = 525 A

minimum operating voltage
Umin = 0.9 UN
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6.2.3.3 Settings

current transformers600 A/5 A
voltage transformers110 kV/0.1 kV

The resulting minimum load impedance is therefore:
Umin _ _ 0.9110kV

SO, ., 30625 A

When applying the settings with a personal computer and DIGSI® 4 these values may
be entered as primary values. The conversion to secondary values is

. _ Ner R _ _600A/5A
Load sec ™ |, .~ Loadprim ™ 170 kv/0.1 kV

R\ oad prim = = 108.87 Q

[(108.87 Q = 11.88 Q

when applying a security margin of 10 % the following is set:

primary: R load (@-E) =97.98Qor
secondary: R load (@-E) =170.69 Q.

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

Calculation example:

minimum power factor
€oS dpin = 0.63
Omax = 51°

Setting ¢ load (@-E) = ¢z + 5° = 56°.

Note: The indicated secondary current values and values of impedance for setting
ranges and default settings refer to Iy =1 A. For the nominal current 5 A the current
values are to be multiplied by 5. The values of impedance are divided by 5.

Addresses which have an ,A" attached to its end can only be changed with DIGSI® 4
in “Additional Settings*.

Addr. Setting Title Setting Options Default Setting Comments
1201 | FCT Distance ON ON Distance protection is
OFF
1202 | Minimum Iph> 0.10..4.00 A 0.10A Phase Current threshold for
dist. meas.
1215 |Paral.Line Comp |NO YES Mutual coupling parall.line
YES compensation
1232 | SOTF zone with Pickup (non-directional) Inactive Instantaneous trip after Swit-
with Zone Z1B chOnToFault
Inactive
1241 |Rload (D-E) 0.100..250.000 Ohm; o o Ohm R load, minimum Load Impe-
dance (ph-e)
7SA6 Manual 6-51
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Addr. Setting Title

Setting Options

Default Setting

Comments

1242 | ¢ load (Z-E)

20..60 °

45 °

PHI load, maximum Load
Angle (ph-e)

1243 |R load (J-9) 0.100..250.000 Ohm; oo Ohm R load, minimum Load Impe-
dance (ph-ph)

1244 | ¢ load (3-9) 20..60 ° 45° PHI load, maximum Load
Angle (ph-ph)

1203 | 310> Threshold 0.05..4.00 A 0.10A 310 threshold for neutral cur-
rent pickup

1204 3U0> Threshold |1..100 V; 5V 3U0 threshold zero seq.
voltage pickup

1205 |3U0> COMP/ 10..200 V 40V 3U0> pickup (comp/ isol. star-

ISOL. point)

1206 |T3I0 1PHAS 0.00..0.50 sec; « 0.04 sec Delay 1ph-faults (comp/isol.
star-point)

1207A | 310>/ Iphmax 0.05..0.30 0.10 310>-pickup-stabilisation (310>

/iphmax)

1220 PHASE
PREF.2phe

L3 (L1) acyclic
L1 (L3) acyclic
L2 (L1) acyclic
L1 (L2) acyclic
L3 (L2) acyclic
L2 (L3) acyclic
L3 (L1) cyclic
L1 (L3) cyclic
all loops

L3 (L1) acyclic

Phase preference for 2ph-e
faults

1221A | 2Ph-E faults

block leading ph-e loop
block lagging ph-e loop
all loops

only phase-phase loops
only phase-earth loops

block leading ph-e
loop

Loop selection with 2Ph-E
faults

6.2.3.4 Information Overview
F.No. Alarm Comments
3603 |>BLOCK Distance >BLOCK Distance protection
3611 |>ENABLE Z1B >ENABLE Z1B (with setted Time Delay)
3613 |>ENABLE Z1Binst >ENABLE Z1B instantanous (w/o T-Delay)
3617 |>BLOCK Z4-Trip >BLOCK Z4-Trip
3618 |>BLOCK Z5-Trip >BLOCK Z5-Trip
3651 |Dist. OFF Distance is switched off
3652 | Dist. BLOCK Distance is BLOCKED
3653 | Dist. ACTIVE Distance is ACTIVE
3654 | Dis.ErrorK0(Z1) Setting error KO(Z1) or Angle KO(Z1)
6-52 7SA6 Manual
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F.No. Alarm Comments
3655 | DisErrork0(>21) Setting error KO(>Z1) or Angle KO(>Z1)
3671 |Dis. PICKUP Distance PICKED UP

3672 | Dis.Pickup L1 Distance PICKUP L1

3673 | Dis.Pickup L2 Distance PICKUP L2

3674 | Dis.Pickup L3 Distance PICKUP L3

3675 | Dis.Pickup E Distance PICKUP Earth

3681 | Dis.Pickup 1pL1 Distance Pickup Phase L1 (only)

3682 | Dis.Pickup L1E Distance Pickup L1E

3683 | Dis.Pickup 1pL2 Distance Pickup Phase L2 (only)

3684 | Dis.Pickup L2E Distance Pickup L2E

3685 | Dis.Pickup L12 Distance Pickup L12

3686 | Dis.Pickup L12E Distance Pickup L12E

3687 | Dis.Pickup 1pL3 Distance Pickup Phase L3 (only)

3688 | Dis.Pickup L3E Distance Pickup L3E

3689 | Dis.Pickup L31 Distance Pickup L31

3690 | Dis.Pickup L31E Distance Pickup L31E

3691 | Dis.Pickup L23 Distance Pickup L23

3692 | Dis.Pickup L23E Distance Pickup L23E

3693 | Dis.Pickup L123 Distance Pickup L123

3694 | Dis.Pickup123E Distance Pickup123E

3701 |Dis.Loop L1-E f Distance Loop L1E selected forward
3702 |Dis.Loop L2-E f Distance Loop L2E selected forward
3703 |Dis.Loop L3-E f Distance Loop L3E selected forward
3704 |Dis.Loop L1-2f Distance Loop L12 selected forward
3705 |Dis.Loop L2-3f Distance Loop L23 selected forward
3706 |Dis.Loop L3-1f Distance Loop L31 selected forward
3707 |Dis.Loop L1-Er Distance Loop L1E selected reverse
3708 |Dis.Loop L2-Er Distance Loop L2E selected reverse
3709 |Dis.Loop L3-Er Distance Loop L3E selected reverse
3710 |Dis.LoopL1-2r Distance Loop L12 selected reverse
3711 |Dis.Loop L2-3r Distance Loop L23 selected reverse
3712 |Dis.Loop L3-1r Distance Loop L31 selected reverse
3713 |Dis.Loop L1E<-> Distance Loop L1E selected non-direct.
3714 |Dis.Loop L2E<-> Distance Loop L2E selected non-direct.
3715 |Dis.Loop L3E<-> Distance Loop L3E selected non-direct.
3716 |Dis.Loop L12<-> Distance Loop L12 selected non-direct.
7SA6 Manual
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F.No. Alarm Comments
3717 |Dis.Loop L23<-> Distance Loop L23 selected non-direct.
3718 |Dis.Loop L31<-> Distance Loop L31 selected non-direct.
3719 |Dis. forward Distance Pickup FORWARD
3720 |Dis. reverse Distance Pickup REVERSE
3741 |Dis. Z1L1E Distance Pickup Z1, Loop L1E
3742 |Dis. Z1 L2E Distance Pickup Z1, Loop L2E
3743 |Dis. Z1L3E Distance Pickup Z1, Loop L3E
3744 |Dis. Z1L12 Distance Pickup Z1, Loop L12
3745 |Dis. z1L23 Distance Pickup Z1, Loop L23
3746 |Dis.Z1L31 Distance Pickup Z1, Loop L31
3747 |Dis. Z1B L1E Distance Pickup Z1B, Loop L1E
3748 |Dis. Z1B L2E Distance Pickup Z1B, Loop L2E
3749 |Dis. Z1B L3E Distance Pickup Z1B, Loop L3E
3750 |Dis. Z1B L12 Distance Pickup Z1B, Loop L12
3751 |Dis. Z1B L23 Distance Pickup Z1B, Loop L23
3752 |Dis. Z1B L31 Distance Pickup Z1B, Loop L31
3755 | Dis. Pickup 22 Distance Pickup z22
3758 | Dis. Pickup 23 Distance Pickup 23
3759 | Dis. Pickup 24 Distance Pickup z4
3760 |Dis. Pickup 25 Distance Pickup Z25
3771 |Dis.Time Out T1 DistanceTime Out T1
3774 |Dis.Time Out T2 DistanceTime Out T2
3777 |Dis.Time Out T3 DistanceTime Out T3
3778 |Dis.Time Out T4 DistanceTime Out T4
3779 |Dis.Time Out TS5 DistanceTime Out T5
3780 |Dis.TimeOut T1B DistanceTime Out T1B
3781 | Dis.TimeOut Tfw DistanceTime Out Forward PICKUP
3782 | Dis.TimeOut Trv DistanceTime Out Reverse/Non-dir. PICKUP
3801 |Dis.Gen. Trip Distance protection: General trip
3802 |Dis.Trip 1pL1 Distance TRIP command - Only Phase L1
3803 | Dis.Trip 1pL2 Distance TRIP command - Only Phase L2
3804 |Dis.Trip 1pL3 Distance TRIP command - Only Phase L3
3805 | Dis.Trip 3p Distance TRIP command Phases L123
3811 |Dis.TripZ1/1p Distance TRIP single-phase Z1
3823 | DisTRIP3p. Z1sf DisTRIP 3phase in Z1 with single-ph FIt.
3824 | DisTRIP3p. Z1mf DisTRIP 3phase in Z1 with multi-ph Flt.
6-54 7SA6 Manual

C53000-G1176-C156-2



Functions

F.No.

Alarm

Comments

3813 | Dis.TripZ1B1p

Distance TRIP single-phase Z1B

3825 |DisTRIP3p.Z1Bsf

DisTRIP 3phase in Z1B with single-ph Flt

3826 |DisTRIP3p Z1Bmf

DisTRIP 3phase in Z1B with multi-ph Flt.

3816 |Dis.TripZ2/1p

Distance TRIP single-phase 72

3817 |Dis.TripZ2/3p

Distance TRIP 3phase in Z2

3818 |Dis.TripZ3/T3

Distance TRIP 3phase in Z3

3821 |Dis.TRIP 3p. Z4

Distance TRIP 3phase in Z4

3822 |Dis.TRIP 3p. Z5

Distance TRIP 3phase in Z5

3850 |DisTRIP Z1B Tel

DisTRIP Z1B with Teleprotection scheme

3819 |Dis.Trip FD->

Dist.: Trip by fault detection, forward

3820 |Dis.Trip <->

Dist.: Trip by fault detec, rev/non-dir.

6.2.4 Distance Protection with Polygonal Tripping Characteristic (optional)

6.2.4.1 Method of Operation

Operating
Polygons

7SA6 Manual
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A tripping characteristic in the shape of a polygon is defined for each of the distance
zones. In total, there are five independent zones and one additional controlled zone
for each fault impedance loop. In Figure 6-29 the shape of a polygon is illustrated. The
first zone is shaded and forward directional, the third zone is reverse directional.

In general, the polygon is defined by means of a parallelogram which intersects the
axes with the values R and X as well as the tilt ¢ j,o. A load trapezoid with the setting
Ry oag UNd ¢ o5q May be used to cut the area of the load impedance out of the polygon.
The axial coordinates can be set individually for each zone; ¢ ine, R oad UNd ¢ oaq are
common for all zones. The parallelogram is symmetrical with respect to the origin of
the R—X—coordinate system; the directional characteristic however limits the tripping
range to the desired quadrants (refer to “Direction Determination” below).

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

For the first zone an additional tilt a exists, which may be used to prevent overreach
resulting from angle variance and/or two ended infeed to short-circuits with fault resist-
ance. For Z1B and the higher zones this tilt does not exist.
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Figure 6-29 Polygonal characteristic

Direction For each loop an impedance vector is also used to determine the direction of the short-

Determination circuit. Usually similar to the distance calculation, Z, is used. However, depending on
the “quality” of the measured values, different computation techniques are used. Im-
mediately after fault inception, the short circuit voltage is disturbed by transients. The
voltage memorized prior to fault inception is therefore used in this situation. If the
steady-state short-circuit voltage (during a close-in fault) is even too small for direction
determination, an unfaulted voltage is used. This voltage is in theory quadrilateral to
the actual short-circuit voltage for both phase—earth loops as well as for phase—phase
loops (refer to Figure 6-30). This is taken into account when computing the direction
vector by means of a 90°—rotation. In Table 6-9 the allocation of the measured values
to the six fault loops for the determination of the fault direction is shown.
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a) Phase—earth loop (L1-E) b) Phase—phase loop (L2-L3)

Figure 6-30 Direction determination with quadrature voltages

Table 6-9 Allocation of the measured values for the direction determination

Loop MeaSL_Jred _current Short-circuit loop Quadrature
(direction) voltage voltage
L1-E K] Ui g Uo-Us
L2-E 2 Uz e Us-Una
L3-E li3 Us e Ui-Up
L1-E) l1—Ke - Ig) Ui e Uo-Uss
L2-E) lo—ke - 1g) Uk Us-Upg
L3-E) lis—ke - Ig) Use Ui-Up
L1-1L2 IRl 1) Ua-Upp Uoi3—Uiz 11
L2-1L3 lio—lis Uo-Uss Uz 1-Yi2
L3-L1 L=l Us-Una Uii2-Yios

*) ke = Zg/Z,; if only one phase-earth loop is picked up, the earth current Ig is considered

If there is neither a current measured voltage hor a memorized voltage available which
is sufficient for measuring the direction, the relay selects the “forward” direction. In
practice this can only occur when the circuit breaker closes onto a de-energized line,
and there is a fault on this line (e.g. closing onto an earthed line).

Figure 6-31 shows the theoretical steady-state characteristic. In practice, the position
of the directional characteristic when using memorized voltages is dependent on both
the source impedance as well as the load transferred across the line prior to fault in-
ception. Accordingly the directional characteristic includes a safety margin with re-
spect to the borders of the first quadrant in the R—X diagram (Figure 6-31).

As each zone may be set Forward, Reverse or Non-Directional there is a sep-
arate (mirrored) directional characteristic for the “forward” and “reverse” direction.

6-57



Functions

Characteristics of
the Directional
Measurement

6-58

A non-directional zone has no directional characteristic. The entire tripping area ap-
plies here.

X4

“non-directional”)

.z |
\\\\\\

“reverse” \\
\\ “non-directional”)
\

Figure 6-31 Directional characteristic in the R—X—diagram

“forward”

*) also applies to “Non-Directional”

The theoretical steady-state directional characteristic shown in Figure 6-31 applies to
faulted loop voltages. In the case of quadrature voltages or memorized voltage, the
position of the directional characteristic is dependant on both the source impedance
as well as the load transferred across the line prior to fault inception.

Figure 6-32 shows the directional characteristic using quadrature or memorized volt-
age as well as taking the source impedance into account (no load transfer). As these
voltages are equal to the corresponding generator e.m.f. E and they do not change
after fault inception, the directional characteristic is shifted in the impedance diagram
by the source impedance Zg; = E4/I1;. In the case of a fault located at F, (Figure 6-
32a), the short-circuit is located in the forward direction, and the source impedance in
the reverse direction. For all fault locations, right up to the device location (current
transformers), a definite “forward” decision is made (Figure 6-32b). If the current direc-
tion is reversed, the position of the directional characteristic changes abruptly (Figure
6-32c). The current flowing via the measuring point (current transformer) is now re-
versed |, and is determined by the source impedance Zg, + Z,. When load is trans-
ferred across the line, the directional characteristic may additionally be rotated by the
load angle.
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Figure 6-32 Directional characteristic with quadrature or memorized voltages

Using the fault detection modes I, U/l or U/l/¢ according to Subsection 6.2.2 the im-
pedances, that were calculated from the valid loops, are assigned, after the pick-up,
to the zone characteristics set for the distance protection. To avoid unstable signals at
the boundaries of a polygon, the characteristics have a hysteresis of approximately
5 % i.e. as soon as it has been determined that the fault impedance lies within a pol-
ygon, the boundaries are increased by 5 % in all directions. The loop information is
also converted to faulted phase indication

Using the impedance pick-up the loop impedances calculated according to Subsection
6.2.3 are also assigned to the zone characteristics set for the distance protection, but
without a query of an explicite fault detection scheme. The pick-up range of the Dis-

tance Protection is determined from the thresholds of the largest-set polygon taking

into consideration the respective direction. Here the loop information is also converted
into faulted phase indication.

“Pick-up” signals are also generated for each zone and converted into phase informa-
tion, e.g. Dis.Pickup L1 Z1 for zone Z1 and phase L1. This means that each phase
and each zone is provided with separate pick-up information. The information is then
processed in the zone logic (see Subsection 6.2.5) and by additional functions (e.g.
signal transmission logic, Subsection 6.6.1).

The loop information is also converted to phase indications. Further conditions for the
“pick-up” of a zone are that the direction must be in accordance with the configured
direction for the zone and that the zone is not blocked by the power swing blocking
(see Subsection 6.3.1). Furthermore the Distance Protection system must not be
switched off totally or blocked. Figure 6-33 shows the conditions mentioned.
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Figure 6-33 Release logic for a zone (example for Z1)

In total the following zones are available:
Independent zones:

» 1st zone (fast tripping zone) Z1 with R(Z1), X(Z1); may be delayed by T1 -
iphase and T1-multi-phase

* 2nd zone (back up zone) Z2 with R(Z2), X(Z2); may be delayed by T2-1phase
and T2-multi-phase

» 3rd zone (back up zone) Z3 with R(Z3), X(Z3); may be delayed by T3 DELAY
» 4th zone (back up zone) Z4 with R(Z4), X(Z4); may be delayed by T4 DELAY

» 5th zone (back up zone) Z5 with R(Z5), X(Z5) + (forward) and X (Z5)-
(reverse); may be delayed by T5 DELAY

Dependent (controlled) zone:

* Overreaching zone Z1B with R(Z1B), X(Z1B); may be delayed by T1B-1phase
and T1B-multi-phase

6.2.4.2 Applying the Function Parameter Settings

Grading
Coordination Chart

6-60

It is recommended to initially create a grading coordination chart for the entire galvan-
ically interconnected system. This diagram should reflect the line lengths with their pri-
mary reactance X in Q/phase. For the reach of the distance zones, the reactances X
are the deciding quantities.

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

The tripping time of the higher zones is sequentially increased by one time grading
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.
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When entering the relay parameters with a personal computer and DIGSI® 4itcan be
selected whether the settings are entered as primary or secondary values.

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

_ Current transformer ratio
secondary — \/p|tage transformer ratio ~_Primary

z

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

N
X = =<1 X

sec NVT prim

where

Nct — is the transformation ratio of the current transformers
Nyt — is the transformation ratio of the voltage transformers

Calculation example:

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

s (length) = 35 km

Ry/s = 0.19 Q/km
X4q/s = 0.42 Q/km
Ro/s = 0.53 Q/km
Xols = 1.19 Q/km

Current transformers 600 A/5 A
Voltage transformers110 kV/0,1 kV
The line data is calculated with these values as follows:

R, = 0.19 Q/km - 35 km = 6.65 Q
X, = 0.42 Q/km - 35 km = 14.70 Q

The first zone should be set to 85 % of the line length; the result is
primary:
X1lpim = 0.85-X =0.85-14.70 Q =12.49 Q

or secondary:
Net 600 A/5 A
Xlsec = N_VT D<1prim = m[ﬂ.ZAg Q =136Q

The resistance setting R allows a margin for fault resistance which appears as an ad-
ditional resistance at the fault location and is added to the impedance of the line con-
ductors. It comprises, for example, the resistance in arcs, the tower footing resistance
and others. The setting must allow for these fault resistance, but should at the same
time not be larger than necessary. On long heavily loaded lines, the setting may ex-
tend into the load impedance range. Fault detection due to overload conditions is then
prevented with the load trapezoid. Refer to the margin heading “Load Area (only for
Impedance Pick-up)” in Subsubsection 6.2.3.2. The resistance margin setting may be
separately set for the phase—phase faults on the one hand and the phase—earth faults
on the other hand. It is therefore possible to allow for a larger fault resistance for earth
faults for example.

Most important for this setting on overhead lines, is the resistance of the fault arc. In
cables on the other hand, an appreciable arc is not possible. On very short cables,
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Independent Zones
Z1lup to Z5
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care should however be taken that an arc fault on the local cable termination is inside
the set resistance of the first zone.

The resistance of the line need not be taken into consideration since it was considered
through the shape of the polygon, provided the line angle in address 1105 Line An-
gle (see Subsection 6.1.3, margin heading ,General Line Data“) had been set cor-
rectly.

Example:

In the following example a maximum arc voltage of 8 kV is assumed for phase—phase
faults (line data as above). If the minimum primary fault current is assumed to be
1000 A this corresponds to 8 Q primary. This results in the following setting for the re-
sistance reach of the first zone:

primary:
1 1
Rlpim = 5 Rae = 5B Q=40
or secondary:
N
R1. = —CST[R1 600AISA _ 1 6 - 0440

sec

Nyr Prim = 110 kv/0.1 kV
Only half the arc resistance was applied in the equation, as it is added to the loop im-

pedance and therefore only half the arc resistance appears in the per phase imped-
ance.

A separate resistance margin can be set for earth faults. An arc resistance of 6 Q and
a tower footing resistance of 12 Q is assumed. This results in the following

primary:

R:LEprim = RyectRiower =6 Q+12Q =18 Q
or secondary:
N
 Ner _ _600ABA oo
REsee = Nyt Rlpim = 70 kvi0.1 kv (18 Q = 1.96 Q

In this case the least favourable condition was assumed, whereby the earth current

does not return via the measuring point. If all the earth current, or a portion of the earth
current flows via the measuring point, the measured resistance decreases. If the in-

feed comes from the remote end, the measured resistance may be increased.

By means of the setting parameter MODE each zone can be set Forward or Reverse
or Non-Directional (Address 1301 Op. mode Z1, 1311 Op. mode Z2, 1321
Op. mode Z3,13310p. mode Z4 and 1341 Op. mode Z5). This allows any com-
bination of forward, reverse or non-directional graded zones, for example on trans-
formers, generators or bus couplers. In the fifth zone different reach in the X direction
can be set for forward or reverse. Zones that are not required, are set Inactive.

The values derived from the grading coordination chart are set for each of the required
zones. The setting parameters are grouped for each zone. For the first zone, Z1, these
are the parameters R(Z1) (address 1302) for the R intersection of the polygon appli-
cable to phase-phase faults, X(Z1) (address 1303) for the X intersection of the poly-
gon (reach), RE(Z1) (address 1304) for the R intersection of the polygon applicable
to phase-earth faults as well as the relevant delay time settings.
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For the first zone, Z1, an additional tilt a (Figure 6-29) can be set by means of the pa-
rameter in address 1307 Zone Reduction. This setting is required if short circuits
with a large fault resistance (e.g. overhead lines without earth/shield wire) are expect-
ed on lines with an infeed at both ends and load transfer in the direction of the line (ex-
port).

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

The corresponding parameters for the higher zones are:

R(Z2) (address 1312), X(Z2) (address 1313), RE(Z2) (address 1314);
R(Z3) (address 1322), X(Z3) (address 1323), RE(Z3) (address 1324);
R(Z4) (address 1332), X(Z4) (address 1333), RE(Z4) (address 1334);
R(Z5) (address 1342), X(Z5) + (address 1343) for forward direction, X (Z5) -
(address 1346) for reverse direction, RE (Z5) (address 1344);

For the second zone it is also possible to set separate delay times for single- and multi-
phase faults. In general the delay times are set the same. If stability problems are ex-
pected during multiple-phase faults, a shorter time delay T2-multi-phase (address
1316) may be considered under the given circumstances while a higher setting for
T2-1phase (address 1315) for single-phase faults may be tolerated.

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

If the device is provided with the capability to trip single-pole, single-pole tripping is
then possible in the zones Z1 and Z2. While single-pole tripping then usually applies
to single-phase faults in Z1(if the other conditions for single-pole tripping are satisfied),
this may also be selected for the second zone with address 1317A Trip 1pole Z2.
Single pole tripping in zone 2 is only possible if this address is set to YES. The pre-
setting is NO.

e

Note:

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

If fast tripping (undelayed) is required in the reverse direction, the zone Z3 should be
used for this purpose, as only this zone is guaranteed to trip with the shortest device
operating time for faults in the reverse direction. Zone Z3 is also recommended as re-
verse looking zone in teleprotection Blocking schemes.

Controlled Zone
Z1B
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The overreaching zone Z1B is a controlled zone. The normal zones Z1 to Z5 are not
influenced by Z1B. There is therefore no zone switching, but rather the overreaching
zone is activated or deactivated by the corresponding criteria. Z1B can also be select-
ed in address 1351 to be Op. mode Z1B = Forward, Reverse or Non-Direc -
tional. If this stage is not required, it is set to Inactive in address 1351. The set-
ting options are similar to those of zone Z1: address 1352 R(Z1B) ©-0, address
1353 X(Z1B), address 1354 RE(Z1B) @-E. The delay times for single-phase and
multiple-phase faults can again be set separately: TIB-1phase (address 1355) and
T1B-multi-phase (address 13586).
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6.2.4.3 Settings

Zone Z1B is usually used in combination with automatic reclosure and/or teleprotec-
tion systems. It can be activated internally by the teleprotection functions (see also
section 6.6) or the integrated automatic reclosure (if available, see also section 6.1) or
externally by a binary input. It is generally set to at least 120% of the line length. On
three-terminal line applications (teed feeders), it must be set to securely reach beyond
the longest line section, even when there is additional infeed via the tee-off point. The
delay times are set in accordance with the type of application, usually to zero or a very
small delay. When used in conjunction with teleprotection comparison systems, the
dependence on the fault detection must be considered (refer to margin heading “Dis-
tance Protection Prerequisites” in Sub-section 6.6.2.

If the distance protection is used in conjunction with an automatic recloser, it may be
determined in address 1357 1st AR -> Z1B which distance zones are released prior
to a rapid automatic reclosure. Usually the overreaching zone Z1B is used for the first
cycle (1st AR -> Z1B = Yes). This may be suppressed by changing the setting to
1st AR -> Z1B equals No. In this case the overreaching zone Z1B is not released
before and during the 15! automatic reclose cycle. Zone Z1 is always released. The
setting only has an effect when the service condition of the automatic reclose function
is input to the device via binary input “>Enable ARzones” (FNo. 383, power system
data 2).

Note: The indicated secondary values of impedance for setting ranges and default set-
tings refer to Iy = 1 A. For the nominal current 5 A the values of impedance are to be
divided by 5.

Addresses which have an ,A“ attached to its end can only be changed with DIGSI® 4
in “Additional Settings*.

Addr. Setting Title Setting Options Default Setting Comments
1301 Op. mode Z1 Forward Forward Operating mode Z1
Reverse
Non-Directional
Inactive
1302 R(Z1) @-@ 0.050..250.000 Ohm 1.250 Ohm R(Z1), Resistance for ph-ph-
faults
1303 X(Z1) 0.050..250.000 Ohm 2.500 Ohm X(Z1), Reactance
1304 RE(Z1) @-E 0.050..250.000 Ohm 2.500 Ohm RE(Z1), Resistance for ph-e
faults
1305 T1-1phase 0.00..30.00 sec; « 0.00 sec T1-1phase, delay for single
phase faults
1306 T1-multi-phase 0.00..30.00 sec; « 0.00 sec T1multi-ph, delay for multi phase
faults
1307 Zone Reduction 0.45° 0° Zone Reduction Angle (load
compensation)
1351 Op. mode Z1B Forward Forward Operating mode Z1B (overrre-
Reverse ach zone)
Non-Directional
Inactive
1352 R(Z1B) @-@ 0.050..250.000 Ohm 1.500 Ohm R(Z1B), Resistance for ph-ph-
faults
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Addr. Setting Title Setting Options Default Setting Comments
1353 X(Z1B) 0.050..250.000 Ohm 3.000 Ohm X(Z1B), Reactance
1354 RE(Z1B) @-E 0.050..250.000 Ohm 3.000 Ohm RE(Z1B), Resistance for ph-e
faults
1355 T1B-1phase 0.00..30.00 sec; « 0.00 sec T1B-1phase, delay for single ph.
faults
1356 T1B-multi-phase 0.00..30.00 sec; « 0.00 sec T1B-multi-ph, delay for multi ph.
faults
1357 1st AR -> Z1B NO YES Z1B enabled before 1st AR (int.
YES or ext.)
1311 Op. mode Z2 Forward Forward Operating mode Z2
Reverse
Non-Directional
Inactive
1312 R(Z22) 0-@ 0.050..250.000 Ohm 2.500 Ohm R(Z2), Resistance for ph-ph-
faults
1313 X(Z2) 0.050..250.000 Ohm 5.000 Ohm X(Z2), Reactance
1314 RE(Z2) @-E 0.050..250.000 Ohm 5.000 Ohm RE(Z2), Resistance for ph-e
faults
1315 T2-1phase 0.00..30.00 sec; « 0.30 sec T2-1phase, delay for single
phase faults
1316 T2-multi-phase 0.00..30.00 sec; « 0.30 sec T2multi-ph, delay for multi phase
faults
1317A Trip 1pole Z22 NO NO Single pole trip for faults in 22
YES
1321 Op. mode Z3 Forward Reverse Operating mode Z3
Reverse
Non-Directiona
Inactive
1322 R(Z3) 0-@ 0.050..250.000 Ohm 5.000 Ohm R(Z3), Resistance for ph-ph-
faults
1323 X(Z3) 0.050..250.000 Ohm 10.000 Ohm X(Z3), Reactance
1324 RE(Z3) G-E 0.050..250.000 Ohm 10.000 Ohm RE(Z3), Resistance for ph-e
faults
1325 T3 DELAY 0.00..30.00 sec; « 0.60 sec T3 delay
1331 Op. mode Z4 Forward Non-Directional Operating mode 74
Reverse
Non-Directiona
Inactive
1332 R(z4) 9-@ 0.050..250.000 Ohm 12.000 Ohm R(Z4), Resistance for ph-ph-
faults
1333 X(Z4) 0.050..250.000 Ohm 12.000 Ohm X(Z4), Reactance
1334 RE(Z4) @-E 0.050..250.000 Ohm 12.000 Ohm RE(Z4), Resistance for ph-e
faults
1335 T4 DELAY 0.00..30.00 sec; « 0.90 sec T4 delay
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Addr. Setting Title Setting Options Default Setting Comments
1341 Op. mode Z5 Forward Inactive Operating mode Z5
Reverse
Non-Directional
Inactive
1342 R(zZ5) 0-@ 0.050..250.000 Ohm 12.000 Ohm R(Z5), Resistance for ph-ph-
faults
1343 X(Z5)+ 0.050..250.000 Ohm 12.000 Ohm X(Z5)+, Reactance for Forward
direction
1344 RE(Z5) @-E 0.050..250.000 Ohm 12.000 Ohm RE(Z5), Resistance for ph-e
faults
1345 T5 DELAY 0.00..30.00 sec; « 0.90 sec T5 delay
1346 X(Z5)- 0.050..250.000 Ohm 4.000 Ohm X(Z5)-, Reactance for Reverse
direction
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6.2.5 Tripping Logic of the Distance Protection

6.2.5.1 Method of Operation

General Fault
Detection

Zone Logic of the
Independent Zones
Z1lup to Z5

As soon as any one of the distance zones has determined with certainty that the fault
is inside its tripping range, the signal “Dis. PICKUP” (general fault detection of the
distance protection) is generated. This signal is alarmed and made available for the
initialization of internal and external supplementary functions. (e.g. teleprotection sig-
nal transmission, automatic reclosure).

As was mentioned in the description of the measuring technique, each distance zone
generates an output signal which is associated with the zone and the affected phase.
The zone logic combines these zone fault detections with possible further internal and
external signals, starts the associated delay times and arrives at the reaches the pos-
sible trip decision. The simplified zone logic is shown in Figure 6-34 using for zone 1,
Figure 6-35 for zone 2 and Figure 6-36 for the third zone. Zones Z4 and Z5 function
according to Figure 6-37.

In the case of zones Z1, Z2 and Z1B single-pole tripping is possible for single-phase
faults, if the device version includes the single-pole tripping option. Therefore the
event output in these cases is provided for each pole. Different trip delay times can be
set for single-phase and multiple-phase faults in these zones. For multiple-phase
faults and faults in the other zones, the tripping is always three pole.

e

Note:

The input>1p Trip Perm. (F.No 381) must be activated to achieve single-pole
tripping. The binary input is usually controlled by an external automatic reclosure de-
vice.
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The trip delay times of the zones (except for Z1 which is usually always set without
delay) can be bypassed. The undelayed release results from the line energization log-
ic, which may be externally initiated via the circuit breaker close signal derived from
the circuit breaker control switch or from an internal line energization detection (refer
to Sub-section 6.22.1). Zones Z4 and Z5 may be blocked by external criteria.
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Figure 6-35 Tripping logic for the 2nd Zone
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Figure 6-36  Tripping logic for the 3rd Zone
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Zone Logic
of the Controlled
Zone Z1B
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Figure 6-37  Tripping logic for the 4th and 5th Zone, shown is zone Z4

The controlled zone Z1B is usually applied as an overreaching zone. The logic is
shown in Figure 6-38. It may be activated via various internal and external functions.
The binary inputs for external activation are “>ENABLE Z1B” and “>Enable AR-
zones”. The former can for example be from an external teleprotection device, and
only affects Z1B of the distance protection. The latter affects all protection functions
that include a rapid auto-reclosure stage; it may for example be derived from an exter-
nal automatic reclose device. In addition, it is possible to use the zone Z1B as a rapid
auto-reclosure stage that only operates for single-pole faults, if for example only sin-
gle-pole automatic reclose cycles are executed.

Itis possible for the 7SAG to trip single-pole during two-phase faults without earth-con-
nection in the overreaching zone when single-pole automatic reclosure is used.

As the device has an integrated teleprotection function (refer to Section 6.6), release
signals from this function may activate the zone Z1B, provided that the internal tele-
protection signal transmission function has been configured to one of the available
techniques with parameter 121 Teleprot. Dist., i.0.w. the function has not
been setto Disabled.
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Figure 6-38 Tripping logic for the controlled zone Z1B

Tripping Logic

6-70

The output signals generated by the individual zones are combined in the actual trip-
ping logic to form the trip output signals. The signal Dis.Gen. Trip is the general
trip command. The single-pole information Dis.Trip 1pL1, Dis.Trip 1pL2,
Dis.Trip 1pL3implies that tripping will take place single-pole only. The Dis Trip
L123 signal indicates the three-pole trip command. Furthermore, the zone that initiat-
ed the tripping is identified; if single-pole tripping is possible, this is also alarmed, as
shown in the zone logic diagrams (Figures 6-34 up to 6-38). The actual generation of

the commands for the trip relay takes place in the tripping logic of the device. (refer to
Sub-section 6.22.4).
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6.2.5.2 Applying the Function Parameter Settings
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The trip delay times of the distance stages and intervention options which are also
processed in the tripping logic of the distance protection were already considered with
the zone settings (Sub-sections 6.2.4.2).

The parameter in address 1232 SOTF zone which determines the response during
switching onto a short-circuit was already set as part of the general data of the dis-
tance protection (Sub-section 6.2.3.2).

Further setting options which affect the tripping are described as part of the tripping
logic of the device (refer to Sub-section 6.22.4).
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6.3 Measures to Be Taken in Case of Power Swings (optional)

Following dynamic events such as load jumps, short-circuits, reclose dead times or
switching actions it is possible that the generators must realign themselves, in an os-
cillatory manner, with the new load balance of the system. The distance protection
registers large transient currents during the power swing and, especially at the electri-
cal centre, small voltages (Figure 6-39). Small voltages with simultaneous large cur-
rents apparently imply small impedances, which again could lead to tripping by the dis-
tance protection. In expansive networks with large transferred power, even the stabil-
ity of the energy transfer could be endangered by such power swings.
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Figure 6-39 Power swing

To avoid uncontrolled tripping, the distance protection devices are supplemented with
power swing blocking functions. At particular locations in the system, out-of-step trip-
ping devices are also applied to split the system into islanded networks at selected lo-
cations, when system stability (synchronism) is lost due to severe (unstable) power
swings.

The 7SAG6 has an integrated power swing supplement which allows both the blocking
of trips by the distance protection during power swings (power swing blocking) and the
calculated tripping during unstable power swings (out-of-step tripping).

o Note:
l The power swing supplement operates only in conjunction with the impedance pick-
up mode.

6.3.1 Method of Operation

System power swings are three phase symmetrical processes. Therefore in general a
certain degree of measured value symmetry may be assumed. System power swings
may however also occur during unsymmetrical processes, e.g. during two-phase

short-circuits or during single-pole dead times. The power swing detection in the 7SA6
is therefore based on three measuring systems. For each phase, a dedicated meas-
uring system is available. Even if a power swing has been detected, any subsequent
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short-circuits will result in the fast cancellation of the power swing block in the affected
phases, thereby allowing the tripping of the Distance Protection.

To detect a power swing, the rate of change of the impedance vector is measured. The
measurement is started when the impedance vector enters the power swing measur-
ing range PPOL (refer to Figure 6-40). The fault detection range APOL is made up of
the largest set values for R and X of all the activated zones. The power swing zone
has a minimum distance Zy; 0f 5 Q (at Iy =1 A) or 1 Q (at Iy = 5 A) in all directions
from the fault detection zone. In the event of a short-circuit (1), the impedance vector
abruptly changes from the load condition into this fault detection range. However, in
the event of a power swing, the apparent impedance vector initially enters the power
swing range PPOL and only later enters the fault detection range APOL (2). It is also
possible that a power swing vector will enter the area of the power swing range and
leave it again without coming into contact with the fault detection range (3). If the vec-
tor enters the power swing polygon and passes through it leaving on the opposite side,
then the sections of the network seen from the relay location have lost synchronism
(4): The power transfer is unstable.

jX A Line-
characteristic

Xp = Xa + Zpif

power swing range / PPOL
Xa

fault detection range

APOL
4)
()
= — — -
-~ X — — 4 -7
- - o -
T
¢r\ R Rp = Ra + Zp;
ine I P A lef»
R
L
— -~ —
— - i ~

Line-
characteristic

Figure 6-40 Pick up characteristic of the power swing detection for a polygon.

The rate of change of the three impedance vectors is monitored in 1/4—period—cycles.
If an impedance vectors, moving on a continuous curve, enters the power swing
measuring range PPOL, a power swing condition is assumed. If on the other hand an
impedance vector changes abruptly, this can only result from a load jump or short cir-
cuit.
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A power swing is detected, if during the last eight measuring cycles (corresponding to
two periods), the continuity of the changing impedance vector is confirmed. In this
way, slip frequencies of up to at least 7 Hz are detected.

X A Fault
impedance
Power swing
&0 dRgen)
"~ _ Fault entry
N dX (k-n)
dR k\ o7
g0
T Load
S e impedar&
co-
R
Figure 6-41 Impedance vector during power swing
Trajectory The rate of change of the impedance vector is very important for the differentiation
Continuity and between faults and power swing conditions. In Figure 6-41 this is shown. During the
Monotony power swing the measured impedance from one sample to the next has a defined

change in R and X, referred to as dR(k) and dX(k). Important is also the fact that from
one sample to the next the difference is small: i.e. [dR(k) - dR(k+1)|< threshold.

During a fault entry there is a rapid change that will not cause the power swing function
to pick up.

Trajectory Stability ~ When the impedance vector enters the impedance characteristic during a
power swing this is on a point of the elliptical curve that corresponds to steady
state instability. For release of the power swing detection a further criterion is
therefor used. In Figure 6-42 the range for steady state instability is shown.
This range is detected in the distance relay by calculating the center of the
ellipse and checking if the actual measured X value is less than this value.

l Steady state
instability range

-
R

Figure 6-42 Steady state instability range
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Trajectory
Symmetry

Power Swing
Detection
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In addition to these measures, a comparison of the three phases is done to
ensure that they are symmetrical. During a power swing condition in the single
pole open condition only 2 of the three phases will have an impedance
trajectory. In this case only these 2 remaining phase trajectories are checked
to ensure that they are symmetrical.

To ensure stable and secure operation of the power swing detection without
risking unwanted power swing blocking during power system faults, a logical
combination of a number of measuring criteria are used.

No trip output

present & | |Power swin
detected
Impedance in PPO

Trajectory continuity
1 No jump of R-values
and X-values

]

Calculation of i O
the Rund X R:Xg |Trajectory monotony

3 No change in R-direction L
values 9 SQ

O

Trajectory symmetry
o Check symmetry of
trajectories that may

be swinging

Trajectory stability
8 Calculate centre of
trajectory

Change
of sign

Trajectory check OST
1 Check sign of R when fault
enters and exits zone

Out of step
protection trip

Figure 6-43 Logic diagram of power swing

In Figure 6-43 a simplified logic diagram for the power swing function is given. This
measurement is done on a per phase basis although Figure 6-43 only shows the logic
for one phase. Before a power swing detected signal is generated, the measured
impedance must be inside the power swing polygon (PPOL). A further 4 measuring
criteria must be fulfilled.

Q Trajectory continuity
The measured R and X values must describe a steady path without a jump from one
measured value to the next. Refer to Figure 6-41.

Q Trajectory monotony
The impedance trajectory must initially not change R-direction. Refer to
Figure 6-41.

Q Trajectory symmetry
The trajectory of each phase is evaluated. If no fault is present these 3 trajectories
must be symmetrical. During single pole open conditions the remaining 2
trajectories must be symmetrical.
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Power Swing
Blocking

Power Swing
Tripping
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Q Trajectory stability
When the impedance trajectory enters the PPOL during a swing condition the
system must be in the area of steady state instability. In Figure 6-42 this
corresponds to the lower half of the circle.

All these conditions must be true for the generation of a power swing block condition.
Once the power swing block condition is set it will remain picked up until the
impedance vector leaves the power swing polygon (PPOL) unless a fault occurs
during this time. The detection of a jump in the trajectory or non-symmetry of the
trajectories will reset the power swing blocking condition.

For the out of step tripping (OST) signal, a power swing detection is required in the
normal manner. Subsequently the sign of the R component in the impedance is
evaluated at the instant that the trajectory entered and exited the PPOL. If this sign is
not the same, an out of step condition is detected and the power swing trip signal is
issued if this was configured.

The power swing blocking affects the distance protection. If the criteria for power
swing detection have been fulfilled in at least one phase, the following reactions are
possible in relation to the power swing blocking function (set in address 2002 P/S
Op. mode:

« Blocking of all zones (A1l zones block):.
All zones of the distance protection are blocked during a power swing.

 Blocking of the first zone only (Z1/Z1B block):
The first zone (Z1) and the overreaching zone (Z1B) are blocked during a power
swing. Faults in other zones are tripped with the associated grading time.

« Blocking of only the higher zones (Z2 to Z5 block):
The higher zones (Z2 to Z5) are blocked during a power swing. Only the first and
the overreaching zone (Z1 and Z1B) remain active.

 Blocking of the first two zones (Z1,Z1B,Z2 block):
The first and second zone (Z1 and Z2) and the overreaching zone (Z1B) are
blocked during a power swing. The higher zones Z3 to Z5 remain active.

The associated measures taken apply to all phases when power swing has been de-
tected. They are active for as long as the measured impedance vector is inside the
power swing range PPOL, or if due to an abrupt change of the associated impedance
vector the power swing criteria are no longer satisfied.

If tripping in the event of an unstable power swing (out-of-step condition) is desired,
the parameter PowerSwing trip = Yes is set. If the criteria for power swing detec-
tion are satisfied, the distance protection is initially blocked according to the configured
program for power swing blocking, to avoid tripping by the distance protection.

When the impedance vectors identified by the power swing detection exit the power
swing characteristic PPOL, the sign of the R components in the vectors are checked
to see if they are the same on exiting and entering the characteristic. If this is the case,
the power swing process is inclined to stabilize. Otherwise, the vector passed through
the power swing characteristic (loss of synchronism, case (4) in Figure 6-40). The de-
vice issues a three-pole trip command, thereby isolating the two system segments
from each other. Power swing tripping is alarmed.

As the operating range of the power swing supplement depends on the distance pro-
tection settings, the power swing tripping can also only be active, when the distance
protection has been activated.
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6.3.2 Applying the Function Parameter Settings

The power swing supplement is only active if it has been set to Power Swing =En-
abled (address 120) during the configuration.

The four possible programs may be set in address 2002 P/S Op. mode, as de-

scribed in Sub-section 6.3.1: A11 zones blockorZ1/Z1B block orZ2 to Z5

block or Z1,21B,Z2 block.

Additionally the tripping function for unstable oscillations (out-of-step condition, loss of
system synchronism) can be set with parameter PowerSwing trip (address 2006),
which should be set to Yes if required (presetting is No). In the event of power swing
tripping it is sensibletosetP/S Op. mode =All zones block for the power swing
blocking, to avoid premature tripping by the distance protection.

6.3.3 Settings
Addr. Setting Title Setting Options Default Setting Comments
2002 P/S Op. mode all zones blocked all zones blocked | Power Swing Operating mode
Z1/Z1B blocked
Z2 to Z5 blocked
71,71B,Z2 blocked
2006 PowerSwing trip NO NO Power swing trip
YES
6.3.4 Information Overview
F.No. Alarm Comments
4164 |Power Swing Power Swing detected
4166 |Pow. Swing TRIP Power Swing TRIP command
4167 |Pow. Swing L1 Power Swing detected in L1
4168 |Pow. Swing L2 Power Swing detected in L2
4169 |Pow. Swing L3 Power Swing detected in L3
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6.4  Protection Data Interfaces and Protection Data Topology (optional)

Where a teleprotection scheme is to be used to achieve 100% instantaneous protec-
tion, digital communication channels can be used for data transmission between the
devices. In addition to the protection data, other data can be transmitted and thus be
made available at the line ends. This data includes synchronization and topology data,
as well as remote trip signals, remote annunciation signals and measured values. The
topology of the protection data communication system is constituted by the allocation
of devices to the ends of the protected object and by the allocation of communication
paths to the protection data interfaces of the devices.

6.4.1 Function description

Communication
Topology

6-78

For a standard layout of lines with two ends, you require one protection data interface
for each device. The protection data interface is named PI 1 (see also Figure 6-44).
The corresponding protection data interface must have been set to enabled during
configuration of the scope of functions.

1 2
| o | o~ 1
e T | —

In Index 2

7SAG6 7SA6

—P

PI1 or PI2 P11 or P12

Q

ex 1

Figure 6-44 Distance protection for two ends with two 7SA6 devices, each of them
having one protection data interface (transmitter/ receiver)

Using three ends, at least one 7SA6 device with two protection data interfaces is re-
quired. Thus a communication chain can be formed. The number of devices (address
147 NUMBER OF RELAY) must correspond to the number of ends of the protected
object. Please observe that only current transformer sets that limit the protected object
are counted. The line in Figure 6-45, for instance, has three ends and three devices.
It is limited by three current transformer sets. For this arrangement at least one
7SA522 with two protection data interfaces is required (communication chain).

Figure 6-45 shows a communication chain with three devices.

The communication chain begins at protection data interface P11 of device with index
1, continues in the device with index 2 at P12, runs from device with index 2 from P11
to the device with index 3 at PI1. The example shows that the indexing of the devices
must not necessarily have to correspond to the arrangement of the communication
chain. Which protection data interface is connected to which protection data interface
does not play a role.
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1 3
1. ® ~
7SA6 7SA6
Index 1 Index 3
PI1
[Pi1
7SA522
Index 2
PI2
Figure 6-45 Distance Protection for three ends with three 7SA6, chain topology
Communication The communication is enabled via direct optical fibre connections or communication
Media networks. Which kind of media is used, depends on the distance and on the

communication media available. For shorter distances a direct connection via optical
fibres having a transmission ratio of 512 kBit/s is possible. Otherwise we recommend
communication converters. A transmission via modem and communication networks
can also be realized. Please take into consideration that the tripping times of Distance
Protection devices depend on the quality of transmission and that they are prolonged
in case of a reduced transmission quality and /or an increased operating time.

Figure 6-46 shows some examples for communication connections. In case of a direct
connection the distance depends on the type of the optical fibre. Table 6-10 lists the
options available. Different types of modules can be installed in the device. For
ordering information see Appendix A, Subsection A.1.1, Accessories.

Table 6-10 Communication via direct connection

Type of Type of Fibre type Optical Permissible Distance,
module connector wavelength | path attanua- typical
tion
FO5 ST Multimode 820 nm 8 dB 1,5km
62,5/125 pm
FO6 ST Multimode 820 nm 16 dB 3,5 km
62,5/125 pm
FO7 ST Monomode 1300 nm 7 dB 10 km
9/125 pm
FO8 FC Monomode 1300 nm 18 dB 35 km
9/125 pm
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If a communication converter is used, the device and the communication converter are
linked with a FO5 module via optical fibres. The converter itself is equipped with
different interfaces for the connection to the communication network. For ordering
information see Appendix A, Subsection A.1.1, Accessories.

VY VY

P
T typical 1.5 km with T T typical 3.5 km with T
62.5/125 pm Multimode fibre

62.5/125 um Multimode fibrer
7SAB 7SAB 7SAB6 7SA6
Foswith "~ Foswith
ST-connector ST-connector
at both ends at both ends
P P P

| typical 10 km with | | typical 35 km with

—@®

o 9/125 pm Monomaode fibre _ 62.5/125 pm Monomode fibre
7sm6 [ 7 7sm6 7sm6 [ | 7sm6
Forwih Forwih
ST-connector FC-connector
at both ends at both ends
0 VY
C icati —
T typical 1,5 km with Cg:\vn;gglrca on <7 \“z Comng:u;?\:lzt';%r: typical 1.5 km with T
62.5/125 pm Multimode fibre "‘\\‘Q’Q ) 62.5/125 pm Multimode fibre
7SA6 il (“S‘l’:oo o .| 7sA6
FOS5 with FOS5 with
ST‘C;‘Q”EC[OV - X21 or “"’A’m““’, X21 or ST-cxnector -
at both ends G703.1 OO 2O G703.1 at both ends
Figure 6-46 Examples for communication connections
o Note:

The redundancy of different communication connections (for ring topology) requires a
consequent separation of the devices connected to the communication network. Dif-
ferent lines should not be conducted via the same multiplex-card, as there are no oth-
er lines which could be used instead when the card failed.

Disturbance and
Transmission Fault

6-80

The communication is continuously monitored by the devices.

Single faulty data telegrams are not a direct risk if they occur only occasionally. They
are recognized and counted in the device which detects the disturbance and can be
read out as statistical information.

If several faulty or no data telegrams are received, this is regarded as a data
disturbance in the communication as soon as a time delay for data disturbance alarm
(default setting 100 ms, configurable) is exceeded. An alarm is output. When the
system offers no alternative way of communication (as for the ring topology), the
teleprotection scheme is disabled. As soon as the data transmission operates properly
again, the devices will automatically switch back to the teleprotection scheme.

Operating time jumps that, for example, can occur in case of switchings in the
communication network can be recognized and corrected by the device. After at least
2 seconds the operating times are measured again.
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If the communication is interrupted for a permanent period (which is longer than a set-
table time period), this can be regarded as a transmission failure. A corresponding
alarm is output. Otherwise the same reactions apply as for the data disturbance.

6.4.2 Setting Function Parameters

General
Information on
Protection Data
Interfaces

Protection Data
Interface 1

Communication
Topology

7SA6 Manual
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The protection data interfaces connect the devices with the communication media.
The communication is permanently monitored by the devices. Address 4509 T-DATA
DISTURB defines after which delay time the user is informed about a faulty or missing
telegram. Address 4510 T-DATAFAIL is used to set the time after which a
transmission failure alarm is output.

The protection data interface 1 can be switched on or of f with address 4501 STATE
PROT I 1.Ifitis switched off, this can be regarded as a transmission failure. In case
of aring topology the transmission of data can continue their operation, but not in case
of a chain topology.

Address 4502 CONNEC. 1 OVER to set the transmission media that you want to
connect to protection data interface PROT | 1. The following media are possible

F. optic direct,i.e. communication directly by fibre-optic cable, communication
with 512 kBit/s,

Com conv 64 kB, i.e.via communication converters with 64 kBit/s (G703, 1 or X21)
Com conv 128 KB, i.e. via communication converters 128 kBit/s (X21)

Com conv 512 KB, i.e.via communication converters 512 kBit/s (X21).

The options for the different device versions may vary. The data must be identical at
both ends of a communication route.

The setting depends on the features of the communication media. As a general rule,
it can be said that the higher the transmission rate, the shorter the response time of
the teleprotection scheme.

The devices measure and monitor the transmission times. Deviations are corrected,
as long as they are within the permissible range. These permissible ranges are set
under addresses 4505A and 4506A and can normally be left at their default setting.

The maximum permissible delay time (address 4505A PROT 1 T-DELAY)issettoa
value that does not exceed the usual value of communication media. This parameter
can only be changed with DIGSI® 4 under “Additional Settings*. Ifitis exceeded (e.g.
when a different way of transmission is used), the message “PI1 TT alarm”is
issued.

First of all, define your communication topology: number the devices consecutively.
This numbering is a serial device index that serves for your own overview. It starts for
each Distance Protection system (i.e. for each protected object) with 1. For the
Distance Protection system the device with index 1 is always the absolute-chronology
master, i.e. the absolute time management of all devices which belong together
depends on the absolute time management of this device. As a result the time
information of all devices is comparable at all times. The device index is to exactly
determine the devices of the Distance Protection (i.e. for a protective relay).

An ID number is also to be given to each single device (device-ID). The device-ID is
used by the communication system to identify each individual device. It must be
between 1 and 65534 and must be unique within the communication system. The ID
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number identifies the devices in the communication system since the exchange of
information between several Distance Protection systems (thus also for several
protective relay) can be executed via the same communication system.

Please make sure that the possible communications links and the existing interfaces
are in accordance with each other. If all devices are not equipped with two protection
data interfaces, those with only one protection data interface must be located at the
ends of the communication chain. In Figure 6-46 these are the devices with index 1
and 3. In this situation, a ring topology is possible, if all devices of a Distance
Protection system provide two protection data interfaces.

If you work with different physical interfaces and communications links, please make
sure that every protection data interface corresponds to the projected communication

link.
Distance Topology - Settings Group A
Custarmize:
Mo, Settings Walle
1701 |Idertification number of relay 1 1
1702 |ldentification number of relay 2 2
1710 |Local relay iz relay 2 o7

relay 1

2| Disnlamsdditiana Setigs

Epport [arapt | About |

0K | Obemehmen | DGl Deoe | Abbrechen | Hife |

Figure 6-47 Distance Protection topology for 2 ends with 2 devices - example

For a protected object with two ends (e.g. a line) the addresses

4701 ID OF RELAY 1 and 4702 ID OF RELAY 2 are set, e.g. for device 1 the
device-ID 16 and for device 2 the device-ID 17 (Figure 6-47, compare also with Figure
6-44 and 6-45). The indices of the devices and the device-IDs do not have to match,
as mentioned above.

For a protected object with more than two ends (and corresponding devices), further
ends are allocated to their device IDs with the parameter addresses 4703 ID OF
RELAY 3. A maximum of 3 line ends is possible with 3 devices. Figure 6-48 gives an
example with 3 relays (compare also Figure 6-45 and 6-46) . During the configuration
of the protection functions (Section 5.1) the number of devices required for the
relevant case of application was set in address 147 NUMBER OF RELAY. Device IDs
can be entered for as many devices as were configured under that address after that
no further IDs are offered during configuration.
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Diztance Topology - Settings Group A
Customize:
Mar. Seftings “alue
1701 | Identification number of relay 1 16
1702 |Identificstion number of relay 2 17
1703 |Idertification number of relay 3 15
1710 |Local relay is relay 1 i
relay 1
relay 2

= Difsplay Aaition sl Settings:

Eppart [Erapt | About |

ok | ibemehmen | DIz Do | Abbrechen | Hife |

Figure 6-48 Distance Protection topology for 3 ends with 3 devices - example

In address 4710 LOCAL RELAY you finally indicate the actual local device. Enter the
index for each device (according to the consecutive numbering used). Each index
from 1 to the entire number of devices must be used once, but may not be used twice.

Make sure that the parameters of the Distance Protection topology for the Distance
Protection system are conclusive:

» Each device index can only be used once;
» Each device index must be allocated unambiguously to a device ID;
» Each device-index must be the index of a local device once.

» The device with index 1 is the source for the absolute time management (absolute
time master).

During startup of the protection system, the above listed conditions are checked. If one
out of these conditions is not fulfilled, none of the protection data communication
functions will be available. However, the other functions of the 7SAB6, especially the
Distance Protection function, continue being enabled. The device signals "DT
inconsistent" ("Device table inconsistent").
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6.4.3 Settings

Protection Data

Addresses which have an ,A“ attached to its end can only be changed with DIGSI® 4

Interfaces in “Additional Settings*.
Addr. Setting Title Setting Options Default Setting Comments
4509 T-DATA DISTURB | 0.05..2.00 sec 0.10 sec Time delay for data disturbance
alarm
4510 T-DATAFAIL 0.0..60.0 sec 6.0 sec Time del for transmission failure
alarm
4511 Td ResetRemote 0.00..300.00 sec; » 0.00 sec Remote signal RESET DELAY
for comm.fall
4501 STATE PROT I 1 ON ON State of protection interface 1
OFF
4502 CONNEC. 1 OVER | Direct connection with fibre | Direct connection | Connection 1 over
optic cabel with fibre optic
Communication converter cabel
with 64 kBit/s
Communication converter
with 128 kBit/s
Communication converter
with 512 kBit/s
4505A PROT 1 T-DELAY |0.1..30.0 ms 30.0 ms Prot 1: Maximal permissible
delay time

Topological Data

Addr. Setting Title Setting Options Default Setting Comments

4701 ID OF RELAY 1 1..65534 1 Identification number of relay 1
4702 ID OF RELAY 2 1..65534 2 Identification number of relay 2
4703 ID OF RELAY 3 1..65534 3 Identification number of relay 3
4710 LOCAL RELAY relay 1 relay 1 Local relay is

relay 2

relay 3
6.4.4 Information Overview

Protection Data

Interfaces
F.No. Alarm Comments
3227 |>PI1 light off >Prot Int 1: Transmitter is switched off
3196 |local Teststate Local relay in Teststate
3215 |Wrong Firmware Incompatible Firmware Versions
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F.No.

Comments

3217 |PI1 Data reflec

Prot Int 1: Own Datas received

3229 |PI1 Data fault

Prot Int 1: Reception of faulty datas

