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Preface

Aim of this Manual

Target Audience

Applicability of this
Manual

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

 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,

< Summery of the most significant data for the experienced user in the Appendix.

Protection engineers, commissioners, persons who are involved in setting, testing and
maintenance of protection, automation, and control devices, as well as operation per-
sonnel in electrical plants and power stations.

This manual is valid for SIPROTEC® 7SAG6; Distance Protection; firmware version 4.0

C¢€

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).

Conformity is proved by tests conducted by Siemens AG in accordance with Article 10
of the Council Directive in agreement with the generic standards EN 50081 and EN
50082 (for EMC directive) and the standards EN 60255-6 (for low-voltage directive).

The device is designed in accordance with the international standards of IEC 255 and
the German standards DIN 57 435 part 303 (corresponding to VDE 0435 part 303).

Additional support

Courses

Instructions and
Warnings
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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.

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:
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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
computer (with operation software DIGSI® 4), are marked in bold letters of a mono-

space type style.
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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 faully ~ 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 FUNGTION with the address 1234
; on and the possible settings On and Off
—/ﬂ

Parameter options

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

r=—n"
- [ Analog input value

L — 4
el — L
_d OR-Logic of input value
e b — AND-Logic of input value
—q

/I‘nversion of Signal
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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.

Subject to technical alteration.

Copyright
Copyright © SIEMENS AG 2000. 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, characteristics, and scope of functions.

1.1 Overall Operation 1-2
1.2 Applications 1-5
1.3 Features 1-7
1.4 Scope of Functions 1-8
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1.1  Overall Operation

Analog Inputs

1-2

Uaux

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 Ml transform the currents and voltages derived from the
instrument transformers and match them to the internal signal levels for processing in
the device. The device has 4 current and 4 voltage inputs. Three current inputs are
provided for measurement of the phase currents, a further measuring input (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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T e
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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 the 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 the circuit breakers and signals for remote
annunciation of important event 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.

1-3
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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.

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, Sub-section 10.1.2).
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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.

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.

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.
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Messages and
Measured Values;
Storage of Data for
Fault Recordings

Communication
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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.

A series of operating messages provides information about conditions in the power
system and the 7SAG 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 gperating 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.

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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1.3 Features
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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

Power Swing
Suppplement
(optional
for Impedance
Starting)

Teleprotection
Supplement
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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.

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)

7SA6 Manual
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Earth Fault
Protection
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Tripping/Echo at
Line Ends with
no Infeed or Weak
Infeed

External Direct and
Remote Tripping

Time Delayed
Overcurrent
Protection
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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

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 (g, Ug), with zero
sequence current and transformer star-point current (I, 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.

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);

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;
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Automatic
Reclosure
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Synchronism and
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(Dead-line /
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(optional)
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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
117, 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;

Measuring voltages optionally phase-phase or phase-earth

7SA6 Manual
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Circuit Breaker
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Analog Outputs
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User Defined Logic
Functions
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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 symmetrical positive sequence system of the
voltages, with a time delay each

Two overvoltage stages for the symmetrical negative sequence system of the
voltages, with a time delay each

Two overvoltage stages for the zero sequence system of the voltages 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 symmetrical positive sequence system of the
voltages, 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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Processing

Monitoring
Functions

Further Functions
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Time delays and measured value set point interrogation.

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® g)

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.

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. B
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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.

21 Version of 7SA6 for Panel Flush Mounting (Cubicle Mounting) 2-2
2.2 Version of 7SA6 for Panel Surface Mounting 2-21
2.3 Version of 7SA6 with Detached Operator Panel 2-34
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2.1

2.11

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,
1/, and /; (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 1/, 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 10.20.
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View of Front Panel
with Four-Line
Display

(Housing Size 1/3)
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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.

2-3



Hardware and Connections

2-4

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.

7SA6 Manual
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View of Front Panel
with Four-Line
Display

(Housing Size 1/,)
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The significance of the operating and display elements is the same as explained after

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

g:g;):;;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.
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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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O
Rear view of a 7SA6, housing size /; (terminal arrangement example only)

Figure 2-8

View of Rear Panel
(Housing Size 1/1)
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Hardware and Connections

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:
Voltage
Connections

Q

OEOEOEOEOEOEOEOEON
Q0000000000000 0O

Q

EOEQOEQEOEOEOHOHOHO

OEQEQEOEOEOE

000000000000
BOEOIOEOHEOHO

o
O

18 terminal 12 terminal

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

The following figure shows an example of the allocation of an individual screw terminal
to its terminal number.

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.
Current
Connections

7SA6 Manual 2-11
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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 correlation between terminals and connection numbers is the same for both the
current connections and the voltage connections. Compare Figures 2-10 and 2-11.

In the terminal block for current connections, the terminals are grouped in pairs. Two
neighboring terminals such as terminals 5 and 6 form one pair. The terminal block con-
tains four pairs, one for each of the input currents.

The current transformers present low burden to the main current transformers.

When the I/O board is extracted, the current circuits are automatically short-circuited

prior to the separation of the current transformers from the current circuits. This pre-

vents hazards to service personnel due to the high voltages that can occur if the sec-
ondary circuits of the current transformers are open.

When the I/O board is properly inserted into the case, the short-circuits of the current
paths are removed after the transformers of the device are connected to the terminal-
pairs.

The short-circuit feature of the relay is an important and reliable safety feature; how-
ever, the feature does not relieve the user from exercising proper care when working
with current transformer secondary circuits.

Ring or spade lugs may be used. To maintain proper isolation of the circuits, the lugs
must be insulated or insulating sleeves must be fitted to cover the exposed crimp
zones.

The following must be observed:

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

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

Cable lugs of series PIDG from Messrs AMP Co. are recommended, e.g.
Ring cable lug: PIDG PN 320 565-0
Spade lug: PIDG PN 321 233-0.

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).
Use copper wires only!

7SA6 Manual
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Connections to
Current Terminals

Short-Circuit Links
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Plug the connection end of the line into the plug-in terminal in such a way that it can
be tightened correctly by the terminal screw.

Strip 9 to 10 mm of the insulation on solid conductors

Maximum tightening torque: 1.8 Nm (1.3 ft-lb or 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 AMP Co. are recommended, e.g.,
Ring cable lug: PIDG PN 130 171-0
Spade lug: PIDG PN 326 865-0

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). Plug the connec-
tion end of the line into the plug-in terminal in such a way that it can be tightened cor-
rectly by the terminal screw.

Use copper wires only!

Strip 10 to 11 mm of the insulation on solid conductors

Maximum tightening torque: 2.7 Nm (2.0 ft-lb or 24 in-Ib).

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 short-
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 1.1 in the Appendix A.

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

Figure 2-12  Short-circuit links for voltage connections and current connections
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Covering Caps 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
mm.

There are two types of covering caps, as shown in Figure 2-13. Ordering information
is provided in Section 1.1 in the Appendix A.

\
[AMP] >PCGF<ED
|

\
[AMP] >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 2-13  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
[«]
o1

[T opn.

g .= Go5 ==
288 n een
GoE L= GoE =

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 —

I

—
[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
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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.

12 terminal Signal connection 18 terminal
Common connection

[ — Shielding connection ( —
c|l b| a 1|. D/"’i/ Nelb) a 1|‘ 0|
(¢ ¢ ]2 alb]c ¢ el2 alblc
o[ a 3e ¢ 9] _ I bla 3e ¢ ¢]
|.,< .|4 a |b |c.I— Common connections, group 1 ¢ .|4 a lo lc
o[ a s|e d ] looped together c a s® ¢ ¢
® & 0|6 a b |c ® ¢ O(6 a|b |c
|Eba 710 ¢ ¢] |cba|7|0 Y
¢ ¢ o]8 alb]c ¢ b els alblc
o a oe ¢ ¢] o a oe & ¢]
¢ ¢ @|10 ab]c (¢ 9 @10 a b [c
bl a 11(e ¢ ¢] ol a_ 11[e ¢ &]
|" 0|12 a|b|c Common connections, group 2 ® 0|12 a|b |c
~— looped together c| 5] a 13® ¢ 9]
~— [¢ ¢ @14 alb]c
ERERtCEX)
o ) [ ¢ o]is _alb]c
Shielding connections ol a_ 17[® ¢ o]
looped together [6 ¢ @18 ab|c
—

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 (Figure 2-13):

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

7SA6 Manual
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01 | |

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

Ordering information for the pin connectors is provided in Section 1.1 of Appendix A.

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 due to the construction of
the pin connectors.

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 crimp connector required depends on the diameter of the conductor being used.
Section 0.5 mm? to 1.0 mm?:
e.g. Bandware 4000 pieces type: 0-827039-1 from AMP Corp.
Individual piece type:0- 827396-1 from AMP Corp.
Section 1.0 mm? to 2.5 mm?:
e.g. Bandware 4000 pieces type: 0-827040-1 from AMP Corp.
Individual piece type: 0-827397-1 from AMP Corp.

Connection of a conductor to a contact is performed using,
e.g., ahand crimping tool type 0-734372-1 from AMP Corp.
matrix type 1-734387-1 from AMP Corp.

Individual pieces are recommended.

The gold-plated connector (recommended) depends on the diameter of the conductor
that is used.
Section 0.75 mm? to 1.5 mm?:

e.g. Bandware 4000 pieces type: 163083-7 from AMP Corp.
Individual piece type: 163084-7 from AMP Corp.

Connection of a conductor to a contact is performed using a hand crimping tool,
e.g. ahand crimping tool type: 0-539635-1 from AMP Corp.
matrix type: 0-539668-2 from AMP Corp.

Individual pieces are recommended.

2-17
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After the wires are crimped, the contacts are pressed into the terminals of the connec-
tor until they snap into place..

e

Note:

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 AMP Corp.

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

2.1.4 Connections to Optical Communication Interfaces

Optical
Communication
Interfaces with
ST-connector

Connections to
Optical
Communication
Interfaces with
ST-connector

2-18

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

o

. ]

g o

= T = _
=N =4 =
] I ] I S e
B B !
@] [@p}

ol @ | @

@) 21

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 pum
Wavelength: A = 820 nm (approximately)

Allowable bending radius: For indoor cable  rpj, = 5¢cm (2 in)
For outdoor cable rpi, = 20 cm (8 in)

Laser class 1 (acc. EN 60825-1) is achieved with fibre type G50/125 pm and
G62.5/125 pm.
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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 2-19. The pin as-
Interfaces signments are described in Sub-section 8.2.1.
5[5 5 o | 1 o 1
9T == 6 6
OO — OO‘ OO'
59 & |96 %0
6 —e9 22 ||SoH+—9 39
1—] O Em © 5 o) )
Sy
Operating Interface K= Time Synchronization
on the Front Side Interface on the
Serial Interface Rear Side

on the Rear Side

Figure 2-19 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]?g:ggg;cation 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.

7SA6 Manual 2-19
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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 2-20. The pin assignments are de-

scribed in Subsection 8.2.1.

Connections

% o :
om
N og
(@]
§ Eiglig
©
<<

Figure 2-20 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 L . . .
Communication cable: Two-wire / four-wire, shielded

Interfaces

Max. load impedance: 350 Q

2-20 7SA6 Manual
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2.2  Version of 7SAG6 for Panel Surface Mounting

2.2.1 Housing

7SA6 Manual
C53000-G1176-C133-1

The numerical Distance Protection SIPROTEC® 7SAG6 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.

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/;. 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 Y/, 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 10.20.
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View of Front Panel
with Four-Line
Display

(Housing Size 1/3)

2-22
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Figure 2-21  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 2-21:

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

7SA6 Manual
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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
with Four-Line
Display

(Housing Size 1/,)

2-24

The significance of the operating and display elements is the same as explained after

Figure 2-21. However, 14 LEDs are freely configurable.
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Figure 2-22  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 2-21.
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Figure 2-23  Front view of a 7SA6, housing size 1/1, for panel surface mounting without optical communication interfaces
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View of Front Panel
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Figure 2-24  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 2-24:

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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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 2-24.
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Figure 2-25 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

7SA6 Manual
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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 2-26). 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

i

~— A

Housing for optical communication interfaces, channel B and C

Figure 2-26  Side view of 7SA6, 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 2-27 the channels B and C are fitted.

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

— e > e

R B

Figure 2-27 Inclined housing with optical communication interfaces
(example: channel B and C fitted)
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Connections to
Optical
Communication
Interfaces with
ST-connector

Connections to
Electrical Commu-
nication Interfaces

Electrical
Communication
Interfaces
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The device version with a Profibus interface RS 485 (electrical) has a DSUB socket
instead of the optical communication interface B in the inclined housing located on the
bottom side of the device (see Figure 2-28).

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

ol @ @ Cemwn

Figure 2-28 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 pm,
G100/140 pm
Wavelength: A =820 nm (approximately)

Allowable bending radius: For indoor cable 1y, = 5cm (2 in)
For outdoor cable 1y, = 20 cm (8 in)

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

9-pin D-subminiature female socket connectors are provided for all electrical commu-
nication interfaces of the 7SA6. The connector is illustrated in Figure 2-29. The pin as-
signments are described in Subsection 8.2.1.
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[Channel d | [Channel H |
[Channel H | [Channel OX<]
—

QO O ey lo

O
[Channel dX] [Channel BX]
[Channel H | [Channel 0 |
—> —»
ol lumw'y 0o
Figure 2-29 Inclined housing with 9-pin DSUB socket

Connections to

Electrical can be used.

Communication
Interfaces

Plastic Plugs

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

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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2.2.4 Connections to Analog Outputs

Connections

Connections to
Serial
Communication
Interfaces
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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 2-30. The pin assignments are de-
scribed in Subsection 8.2.1.

[Channel d | [Channel |
[Channel H | [Channel O]
—

\/

Plastic Plugs

ol QO O ;i

Figure 2-30 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 2-31 and 2-32).

Different termination techniques are available depending on the ordered version.

2.3.1 Housing and Detached Operator Panel

Operator Panel

2-34

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 2-31  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 2-32  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:
Voltage
Connections
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18 terminal 12 terminal

Figure 2-33  Connection plug module with screw terminals for voltage connections —
rear view

The following figure shows an example of the allocation of an individual screw terminal
to its terminal number.

connection terminal 1

connection terminal 2 —

Figure 2-34  Allocation of screw terminal to terminal number — example

Terminal Block for There is one version of a terminal block for current connections to a 7SAG.
Current
Connections

O OF OF -
© © @)

Y

N
E

OF
o

8 terminal

Figure 2-35 Terminal block of screw terminals for current connections — rear view
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Connections to
Voltage Terminals

Connections to
Current Terminals

2-38

The correlation between terminals and connection numbers is the same for both the
current connections and the voltage connections. Compare Figures 2-10 and 2-11.

In the terminal block for current connections, the terminals are grouped in pairs. Two
neighboring terminals such as terminals 5 and 6 form one pair. The terminal block con-
tains four pairs, one for each of the input currents.

The current transformers present low burden to the main current transformers.

When the I/O board is extracted, the current circuits are automatically short-circuited

prior to the separation of the current transformers from the current circuits. This pre-

vents hazards to service personnel due to the high voltages that can occur if the sec-
ondary circuits of the current transformers are open.

When the I/O board is properly inserted into the case, the short-circuits of the current
paths are removed after the transformers of the device are connected to the terminal-
pairs.

The short-circuit feature of the relay is an important and reliable safety feature; how-
ever, the feature does not relieve the user from exercising proper care when working
with current transformer secondary circuits.

Ring or spade lugs may be used. To maintain proper isolation of the circuits, the lugs
must be insulated or insulating sleeves must be fitted to cover the exposed crimp
zones.

The following must be observed:

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

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

Cable lugs of series PIDG from Messrs AMP Co. are recommended, e.g.
Ring cable lug: PIDG PN 320 565-0
Spade lug: PIDG PN 321 233-0.

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).
Use copper wires only!

Plug the connection end of the line into the plug-in terminal in such a way that it can
be tightened correctly by the terminal screw.

Strip 9 to 10 mm of the insulation on solid conductors

Maximum tightening torque: 1.8 Nm (1.3 ft-Ib or 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 AMP Co. are recommended, e.g.,
Ring cable lug: PIDG PN 130 171-0
Spade lug: PIDG PN 326 865-0
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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). Plug the connec-
tion end of the line into the plug-in terminal in such a way that it can be tightened cor-
rectly by the terminal screw.

Use copper wires only!

Strip 10 to 11 mm of the insulation on solid conductors

Maximum tightening torque: 2.7 Nm (2.0 ft-lb or 24 in-Ib).

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 short-
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 1.1 in the Appendix A.

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

Figure 2-36  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
mm.

There are two types of covering caps, as shown in Figure 2-13. Ordering information
is provided in Section 1.1 in the Appendix A.
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Figure 2-37 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 7SA®.

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

Voltage
Connections

oay SHE o

o|e|e|fg o o |eo|fip
a b ¢ a b c

18 terminal 12 terminal

Figure 2-38 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.
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Plug-in terminal 1

Plug-in terminal 2 —

1
[a b c|

Figure 2-39 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

2-42

12 terminal Signal connection 18 terminal
Common connection

[ — Shielding connection ( —
c|l b| a 1|. D/"’i/ Nelb) a 1|‘ 0|
(¢ ¢ ]2 alb]c ¢ el2 alblc
c| b] a 3|. "| ) c| b] a 3|‘ 0|
|.. 4 .|4 a |b |c.I— Common connections, group 1 Py .|4 a lo lc
o[ a s|e d ] looped together c a s® ¢ ¢
® & 0|6 a b |c ® ¢ O(6 a|b |c
|Eba 710 ¢ ¢] |cba|7|0 Y
¢ ¢ o]8 alblc | & o]s albfc
o[ a ode ¢ 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 4 0|12 a|b |c
— looped together | Bl a_13(® ¢ 9]
D —— [¢ ¢ @14 alb]c

€]l bl a 15(® ¢
o ) [¢ ¢ o]is _alb]c
Shielding connections ol a_ 17[® ¢ o]
looped together [6 ¢ @18 abc

Figure 2-40 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 (Figure 2-13):

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

— il
] [ |
o0 L=
b & cb?@d

Figure 2-41  2-pin connector and 3-pin connector

Ordering information for the pin connectors is provided in Section 1.1 of Appendix A.

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 due to the construction of
the pin connectors.

The pin connectors snap in to the plug-in terminals. The connectors can be removed
without tools.
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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 crimp connector required depends on the diameter of the conductor being used.
Section 0.5 mm? to 1.0 mm?:
e.g. Bandware 4000 pieces type: 0-827039-1 from AMP Corp.
Individual piece type:0- 827396-1 from AMP Corp.
Section 1.0 mm? to 2.5 mm?;
e.g. Bandware 4000 pieces type: 0-827040-1 from AMP Corp.
Individual piece type: 0-827397-1 from AMP Corp.

Connection of a conductor to a contact is performed using,
e.g., a hand crimping tool type 0-734372-1 from AMP Corp.
matrix type 1-734387-1 from AMP Corp.

Individual pieces are recommended.

The gold-plated connector (recommended) depends on the diameter of the conductor
that is used.
Section 0.75 mm? to 1.5 mm?:

e.g. Bandware 4000 pieces type: 163083-7 from AMP Corp.
Individual piece type: 163084-7 from AMP Corp.

Connection of a conductor to a contact is performed using a hand crimping tool,
e.g. a hand crimping tool type: 0-539635-1 from AMP Corp.
matrix type: 0-539668-2 from AMP Corp.

Individual pieces are recommended.

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

Note:

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 AMP Corp.

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

2.3.4 Connections to Optical Communication Interfaces

Optical
Communication
Interfaces with
ST-connector
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The three available versions of optical communication interfaces with ST-connector
are shown in Figure 2-18. The ports are supplied with caps to protect the optical com-
ponents against dust or other contaminants. The caps can be removed by turning
them 90° to the left.
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Communication
Interfaces with
ST-connector
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Figure 2-42  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 pm,
G100/140 pm
Wavelength: A = 820 nm (approximately)

Allowable bending radius: For indoor cable 1y, = 5cm (2 in)
For outdoor cable 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.
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2.3.5 Connections to Electrical Communication Interfaces

Electrical
Communication
Interfaces

Connections to
Serial
Communication
Interfaces
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9-pin D-subminiature female socket connectors are provided for all electrical commu-
nication interfaces of the 7SA6. The connector is illustrated in Figure 2-19. The pin as-
signments are described in Sub-section 8.2.1.

5 g o) 1 o) 1
9 % == 6 6

90 il 109 09

°9 B8 |19 8
613 22 |35 9 29
1— | O Em © —5 o) 5

Sl
Operator Interface K= Time Synchronization
on the Front Side Interface on the
Serial Interface Rear Side

on the Rear Side

Figure 2-43 9 pin D-subminiature connectors

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

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/EI1A485: 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

9-pin D-subminiature female socket connectors are provided for all analog outputs of
the 7SA6. The connector is illustrated in Figure 2-44. The pin assignments are de-

scribed in Subsection 8.2.1.

Connections

% o :
om
N og
(@]
§ Eiglig
©
<<

Figure 2-44 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 L . . .
Communication cable:Two-wire / four-wire, shielded

Interfaces

Max. load impedance: 350 Q
[ |
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Initial Inspections 3

This Chapter describes the first steps that should be taken upon receiving the
SIPROTEC® 4 7SAS.

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
using the operator control panel on the front of the device, and the operator control
windows in DIGSI® 4. For personnel inexperienced with the 7SAB6, these checks also
provide 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 applied.

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 3-5
34 Storage 3-13
7SA6 Manual 3-1
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Initial Inspections

3.1

Unpacking and Repacking

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

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

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

The transport packaging can be reused in the same manner for further transport.
Storage packaging alone, for the individual devices, is not sufficient for transport. If
alternative 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
equilibrium, and dampness and condensation to be avoided.

7SA6 Manual
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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 top 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
especially 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
condensation 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

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
designed for surface mounting is on the terminal with the grounding symbol.

With the protective switches (e.g. test switches, fuses, or miniature circuit breakers)
for the power supply open, 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 appropriate connection diagram in the Appendix, Section
A2.

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.



Initial Inspections

3-4

O 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.

7SA6 Manual
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3.3 User Interface

3.3.1 Operation Using the Operator Control Panel

Operator Control The device has a hierarchically structured operating tree, within which movements
Panel and actions are made using the |A, [¥, <, > Kkeys 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.

Reading Ordering To view the complete ordering number of the device, the version of firmware
Number/Version implemented, and the serial number:

0 When the device is ready for operation, first press the MW key. The MAIN MENU
appears.

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
BSettings .2 & @ SETTINGS 10/11
est/Diagnose — w || 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

Q 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:

7SA6 Manual 3-5
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Viewing Measured
Values

Viewing
Operational
Messages

SETUP/EXTRAS ____05/06
Y|| Date/Time -
Clock Setup - 2
Serial Ports —-> 3
Device-ID_ —> 4
EVMLFB/Version —> 5|| [p MLFB/VERSION 01/03
Contrast —> 6 MLFB: 7XY9925—-5EP00
3HA1
BF—Nr.: 9811049704
v
MLFB/VERSION 02/03
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 M\ key. The MAIN MENU appears.

Q Using the '¥ key, select the menu item Measurement, and move to the
measurement values using the [ 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 MENU 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 M\ key. The MAIN MENU appears.

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

O Using the ¥ key, select the menu item Event Log, and move to the EVENT LOG
sub-menu using the » key.

The last number in the upper right corner of the display indicates the number of
operational messages stored in memory. The number before the slash indicates the
message 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 message.

Q Use the A key to read other operational messages.

Q Press the LED key; all LEDs should illuminate. Press the ‘¥ key. The newest
message 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 MENU key once, or repeatedly press the ESC key
or the « key.

7SA6 Manual
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Setting the Display
Contrast

7SA6 Manual
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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
readability 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 integrated 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 M\ key. The MAIN MENU
appears.

0 Using the [ ¥ key, selectthe menu item Settings, and switch to the settings using
the B key. The SETTINGS sub-menu appears.

Q 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.
Enter now the password. (000000 = default). 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 MENU key.

SETUP/EXTRAS 6/06

Date/Time > 1

v Clock_Setup —> 2

Serial Ports —> 3

Device—ID —> 4

MLFB/Version —> 5
EContrast —> 6 ENTER SETUP/EX:’ 1_8_: 06/06

MLFB/VeL _ .n —> 5
Contrast > 6

Figure 3-3  Operating sub-menu for adjusting the display contrast
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3.3.2 Operation Using DIGSI® 4

DIGSI® 4 User
Interface

3-8

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
measurement values, reading messages, and setting the time clock. The handling of
the operator control windows of DIGSI® 4 can be learned quickly by following the
simple examples 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 equipment. To accomplish this:

Q Establish a physical connection between a serial interface of the PC and the
operating serial interface of the device on the front panel.

0 Open the DIGSI® 4 application in the PC.

O Generate a new project by clicking on File — New in the DIGSI® 4-Manager menu
bar.

New | ]

& MNew Project e Libirary
MNarme:
Itesﬂ
Kl JR—
Twpe: IPrDjBC‘t j
Storage Location (Path): Browse... |
IC:\Siemens\Digsi4\D4PROJ

oK I Cancel | Help |

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

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

Q 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.

7SA6 Manual
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EKJDIGSI 4 Manager - test 1 IH[=] E3
File Edit Insert |iBl Window Help

D] &|EE
——————————  [nifialize device.
Entest1 — CASIEmeno L igs 1y ar nmuopest i

429 test 1

Uploads current device settings to the selected folder. i

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.

O 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.

Plug & Play Ed

Warning:

Plug % Play iz only possible if the front device senal
interface iz inked to the PC directly wia DIGS] protocol
[DIGS] 1:1].

DIGS| [point-ta-point)
PC interface: -
FErame: 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.

7SA6 Manual 3-9
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Viewing Measured
Values

3-10

[ Substation South f Feeder 1 75J631 v4.0/75J6__. M=l E3

Select function

,ﬂ Contral

£ Annunciation

A4 Meazurement

= Dzcilographic Records
?.'u Test

Orline

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

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

0 Double click on Measurement in the navigation window (left).
0 Double click on the subdirectory Secondary Values in the navigation window.
O Click on Operational values, secondary.

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

O Double click on this entry in the data window.

M= E3

B Substation South / Feeder 1 f 75J631 V4.0/75J631 ¥04.00.18

(= Online Date and time
-2 Seftings 030599 162200713
----- Al Contral

B-EE Annunciation

E|\_-| b easurement

\_-I Prirmary Y alues

E|‘\_-| Secondary Walues

P &,l Operational values, secondany
Y Percent Yalues

24 MindMardDernand

[#-%4 Others

=4 Dzcillographic Records

----- Test

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

7SA6 Manual
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Viewing
Operational
Messages

BE Operational values, secondary - 03.05.99 - Substation South { Feeder 1/ 75.J6.. M= E3
Number beasured value Walue
0601 la 0,00 A,
0602 Ib 0,00 A,
0603 [= 0,00 A,
0604 In 0,00 A,
1K) Hlo(zero sequence) 0,00 A,
0605 1 {positive sequence) 0,00 A,
0606 12 (negative sequence] 0,00 A, ||
10000 ms
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.
Q Double click on Annunciation in the navigation window.

Q Click on Event Log in the function selection.

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

Q Double click on this entry in the data window.

A table of the accumulated event messages is displayed. See Figure 3-10as an
example. The number designation for an event is provided with a description of the
message. 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.

BE Event Log - 03.05.99 - Substation South / Feeder 1 { 75631 ¥4.0/75J631 V04.00.18
Mumkber Indication Cause Yalue Date and time -
Nza4 SetPoint 37-1 Undercurrent alarm Spontane.. O 03.05.1999 16:15:09.349
1758 SOM/ATM s ACTIVE Spontane.. 0N 03.05.1999 16:15:08.895
1753 5051 OfC is ACTIVE Spontane.. ON 03.05.1999 16:15:08 895
nos2 AtLeast 1 Protection Funct. is Active Spontane.. ON 03.05.1999 16:15:08.895
>Cabinet door open Spontane... ON 03.05.1999 16:15:08.453
>CB waiting for Spring charged Spontane.. O 03.05.1955 16:15:08.458
2hhe B7MNABTN-TOC switched OFF Spontane.. ON 03.05.1999 16:15:08 456
2651 B7/67-TOC switched OFF Spontane.. 0N 03.05.1999 16:15:08 456
5147 Phase rotation ABC Spontane... ON 03.05.1999 16:15:00.456
0ose Initial Start of Dewvice Spontane.. ON 03.06.1359 161608396 —
« | B

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

7SA6 Manual
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O Press the LED key on the device; all LEDs should light while the key is pressed.

O 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
device’'s memory as described in Sub-section 7.1.1.

3-11



Initial Inspections

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.

4 DIGSI - Substation South / Feeder 1 / 7SJ631 ¥4.0/75J631 v04.00.18 M=l E3
File Edit Inser “iew  Options  Window Help

d|&| #|E(e  DEs>beviee Cil e

¥ Substation SoJEELEEES 4.00.18 I[=] E3
- ] Online Block Data Transmission

Beset
Fesurme

Fesource Meter... Cirl+D
Dperational Status... Citrl+|

Cotnpare setinegs OnOfiine..

Sets the ime and date of the curentmodule.  [78J631 [v04.0008 2L [comt (38400 ¢

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

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

Fd anually tanually

Date: I1Da"1 541999 Date: |11.1D.1999
Drag IFrida_l,J Day: IMonda_l,l

Jime: |8:1 1:09 &M Time: |1 12475

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 Storage
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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
electrolyte 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,
approximately 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
operating area for a minimum of two hours. This time period allows the device to attain
temperature 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 set