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Conformity

This product is in conformity with the directive of the Council of the European Communities on the approxima-
tion of the laws of the Member States relating to electromagnetic compatibility (EMC Council Directive
89/336/EEC) and concerning electrical equipment for application within specified voltage limits (Low—voltage
directive 73/23 EEC).

Conformity is proved by tests that had been performed according to article 10 of the Council Directive in accor-
dance with the generic standards EN 50081—2 and EN 50082—2 (for EMC directive) and the standards EN
60255—6 (for low—voltage directive) by Siemens AG.

The device is designed and manufactured for application in industrial environment as defined in EN 50081.

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).
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This instruction manual does not purport to cover all
details in equipment, nor to provide for every possi-
ble contingency to be met in connection with instal-
lation, operation or maintenance.

Should further information be desired or should par-
ticular problems arise which are not covered suffi-
ciently for the purchaser’s purpose, the matter
should be referred to the local Siemens sales office.

The contents of this instruction manual shall not be-
come part nor modify any prior or existing agree-
ment, commitment or relationship. The sales con-
tract contains the entire obligations of Siemens. The
warranty contained in the contract between the par-
ties is the sole warranty of Siemens. Any statements
contained herein do not create new warranties nor
modify the existing warranty.
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Introduction

1 Introduction

1.1 Application

The relay SIPROTEC 7SJ531 is used as a protection,
control and supervision device for bus—bar systems
on the distribution voltage level, in particular for in-
dustrial application. The relay contains all necessary
functions, which are normally required for protec-
tion, monitoring of the breaker and disconnector po-
sitions, and circuit breaker control for a feeder of a
single or double bus—bar on the distribution voltage
level.

The basic function is an overcurrent time protection.
This inverse or definite time overcurrent protection
with 4 stages (each two current/time stages for
phase and earth currents) is complemented by
supplementary functions like distance—to—fault lo-
cation, circuit breaker failure protection, undervol-
tage and overvoltage protection, unbalanced load
protection and thermal overload protection with
start—up time monitor and restart lockout for use on
motors.

Dependent on the ordered version, additional func-
tions are available like a directional overcurrent time
protection, a highly sensitive earth fault protection
and a single and multi—shot auto—reclosing feature
(for overhead lines).

Throughout a fault in the network the instantaneous
values are stored for a period of max. 5 seconds and
are available for subsequent fault analysis. Fault in-
ception is tagged with the real time provided the in-
ternal real time clock is available.

Continuous monitoring of the measured values per-
mits annunciation of faults in the current transformer
circuits which lead to asymmetry of the currents.
Continuous plausibility monitoring of the internal
measured value processing circuits and monitoring
of the auxiliary voltages to ensure that they remain
within tolerance are obviously inherent features.

Serial interfaces allow comprehensive communica-
tion with other digital control and storage devices.
For data transmission a standardized protocol in ac-
cordance with IEC 60870—-5—103 and VDEW/ZVEI
is used. The device can therefore be incorporated in
Localized Substation Automation networks (LSA).

1.2 Features

— Processor system with powerful 16—bit—micro-
processor;

— complete digital measured value processing and
control from data acquisition and digitizing of the
measured values up to the trip and close deci-
sions for the circuit breaker;

— complete galvanic and reliable separation of the
internal processing circuits from the measure-
ment, control and supply circuits of the system,
with screened analog input transducers, binary
input and output modules and d.c./d.c. conver-
ter;

— complete scope of functions required for protec-
tion and control of a high voltage feeder of a bus —
bar;

— insensitive against d.c. components, inrush or
charging and high frequency transients in the
measured currents;

— circuit breaker operation test facility by test trip—
close cycle (models with auto—reclosure) or test
trip of the breaker;

— comprehensive supplementary functions;

— continuous calculation of operational measured
values and indication on the front display;

— simple setting and operation using the integrated
operation panel or a connected personal comput-
er with menu—guided software;

— switch—over facility for use of two different sets of
function parameters;

— storage of fault data, storage of instantaneous val-
ues during a fault for fault recording;

— communication with central control and storage
devices via serial interfaces is possible via option-
al optical fibre connection;

— continuous monitoring of measured values as
well as hardware and software of the unit.

C53000-G1176—-C114



7SJ531v3

Introduction

1.3 Implemented functions

SIPROTEC 7SJ531 contains the following functions:

Overcurrent time protection

— high—set phase current stage I>> with phase
segregated fault detection and phase segregated
delay timers,

— high—set earth current stage Ig>> with individual
delay timer,

— inverse time phase overcurrent stage I, with
phase segregated fault detection and phase seg-
regated delay timers,

— alternatively definite time phase overcurrent
stage |> with phase segregated fault detection
and phase segregated delay timers,

— inverse time earth overcurrent stage Igp with indi-
vidual delay timer,

— alternatively definite time earth overcurrent stage
Ie> with individual delay timer,

— different current time characteristics can be set
for phase currents and earth current,

— for phase currents, selection can be made of
three standardized characteristics according to
IEC or of eight standardized characteristics ac-
cording ANSI/IEEE of inverse time overcurrent
protection,

— for earth current, selection can be made of four
standardized characteristics according to IEC or
of eight standardized characteristics according
ANSI/IEEE of inverse time overcurrent protection,

— alternatively, a user specified current time charac-
teristic can be defined.

Directional overcurrent time protection ')

— directional high—set phase current stage 1>>

with phase segregated fault detection and phase
segregated delay timers,

1) only for model 7SJ531x —Akkk2—krkk

— directional high—set earth current stage lg>>
with individual delay timer,

— directional inverse time phase overcurrent stage
I with phase segregated fault detection and
phase segregated delay timers,

— alternatively directional definite time phase over-
current stage 1> with phase segregated fault de-
tection and phase segregated delay timers,

— directional inverse time earth overcurrent stage
lgp with individual delay timer,

— alternatively directional definite time earth over-
current stage |g> with individual delay timer,

— different current time characteristics can be set
for phase currents and earth current,

— for phase currents, selection can be made of
three standardized characteristics according to
IEC or of eight standardized characteristics ac-
cording ANSI/IEEE of inverse time overcurrent
protection,

— for earth current, selection can be made of four
standardized characteristics according to IEC or
of eight standardized characteristics according
ANSI/IEEE of inverse time overcurrent protection,

— alternatively, a user specified current time charac-
teristic can be defined,

— operation direction individually selectable for
each of these stages, forwards or reserve,

— the normal overcurrent time stages remain effec-
tive as back—up stages.
Earth fault detection

— displacement voltage detection for earth fault an-
nunciation and optional trip,

— detection of the earth—faulted phase when used
in isolated or compensated systems.

10
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The following features of earth fault detection only in
model 7SJ53 1k —skkak2 —krkx:

— two—stage earth current detection; high—value
stage lgg>> and low—value stage Igg>,

— can be set independent of the overcurrent time
protection stages for highly sensitive earth fault
detection (smallest pick—up value 0.003 A),

— low—value stage with inverse time lag or (select-
able) definite time lag,

— a user defined inverse time characteristic can be
defined,

— each stage can be set directional forwards or re-
verse or non—directional,

— adjustable directional characteristic,
— can be set to trip or to alarm only,

— compensation of current transformer angle error
when used in compensated systems.

Dead—fault protection

— provides high speed operation when switching
manually onto a bolted fault.

Automatic reclose function 1)

— single or multi—shot (e.g. RAR and DAR),

— with separately allocated action times for RAR
(rapid AR for first shot) and DAR (delayed AR for
further shots),

— with separately allocated dead times for RAR
(rapid AR for first shot) and DAR (delayed AR for
further shots), individually after single—phase
fault and after multi—phase faults,

— selection can be made which of the overcurrent
and earth fault stages do operate with AR, and
which do not.

Distance—to—fault location 1)

— can be started by fault detection of overcurrent
time protection, trip command or by external
command,

— calculation of the fault distance and output of the
fault distance in Ohms (secondary) an kilometers
or miles.

1) only for model 7SJ531x —Akkk2—krkk

Circuit breaker failure protection

— current monitoring and/or processing of the
breaker auxiliary contacts,

— initiation by each of the integrated protection
functions which lead to trip,

— initiation possible from external protection device
via binary input,

— initiation possible from integrated breaker con-
trol.

Unbalanced load protection 1)

— processing of the negative sequence component
of the currents,

— two—stage trip characteristic.
Thermal overload protection

— provides thermal replica of the current heat losses
(with total memory),

— true rm.s. measurement of all three conductor
currents,

— adjustable thermal warning stage,
—adjustable current warning stage,

— adjustable cooling—down factor possible for use
on motors.

Start—up time monitor for use on motors 1)

— current dependent trip time by processing of the
start—up current of the motor,

— current independent delay time when the rotor is
locked.

Restart lockout for motors (optional)
— approximation of the rotor temperature rise,

— release of restart of the motor only below a select-
able restart limit,

— consideration of the shut—down procedure and
reduced cooling effect during stand—still,

— lockout can be avoided for emergency run—up of
the motor.

C53000-G1176—-C114
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Undercurrent supervision 1)

— alarm when the operational current falls below a
selectable value (e.g. for motors).

Voltage protection

— two—stage undervoltage protection with addi-
tional start—up threshold,

— optional current criterion provides additional re-
lease condition,

— independent overvoltage detection.

Control of switching devices

— Manual closing and opening of switching devices
via separate operating keys, via binary inputs, via
the system interface (e.g. from LSA) or via the op-
eration interface (by means of a personal comput-
er and the communication program DIGSI®),

— feedback of the switching states via the switches’
auxiliary contacts,

— indication of the momentary switching state of all
switching devices in a feeder mimic diagram.

User definable annunciations

— four annunciations can be coupled into the relay
via binary inputs from external protection or su-
pervision devices, and can be included into the
annunciation processing,

— each user defined annunciation can be optionally
allocated to trip relays.

Trip circuit supervision 1)

— detection of interruptions or short—circuits in the

trip circuit, detection of fault in the mechanical
system of the breaker and control voltage failure.

1) only for model 7SJ531x —Akkk2 —Akkk

The standard functions also include:

— continuous self—monitoring right from the d.c.
circuits, through the current and voltage trans-
former inputs to the tripping relays, thus achiev-
ing maximum availability and a more corrective
than preventive maintenance strategy,

— measurement and test routines under normal
load conditions:
measurement of load currents and operating volt-
ages,
measurement of power, calculation of power fac-
tor and frequency,
metering of active and reactive energy,
calculation of thermal overload,
phase sequence checks,

— annunciation storage and transmission of the last
eight network faults, with real time clock,

— storage of data of the last three earth faults in iso-
lated or arc compensated systems,

— spontaneous fault indications in the front display
after a system fault,

— data storage and transmission for fault records
giving
rapid fault analysis,
detailed fault records,

— counting of tripping and closing commands,

— elapsed—hour meter 1): metering the operating
time of the protected object under load,

— active status indications of the device or the plant
can be read off in the display (status indications),

— commissioning aids such as connection verifica-
tion and circuit breaker live test.

12
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1.4  Survey of application facilities

The following survey is to ease the application of the Relay functions which are not used can be de—con-
various functions of the relay with its maximum com- figured (see Section 5.4.2). The associated setting
plement (Table 1.1). Dependent on the ordered relay parameters and annunciations are then invisible.
model, one or the other function may be missing. The related sections of this manual can be by-
passed.
Protection function Protected object Setting addresses Section
Overhead | Cable | Motor from... to of this
line Transf. manual
Phase overcurrent time protection yes yes yes 1200 --- 1230 6.3.4
Earth overcurrent time protection yes yes yes 1300 - -- 1330 6.3.5
Directional phase overcurrent time prot.1)4) yes yes no 1400 --- 1430 6.3.6
Directional earth overcurrent time prot?)4) yes yes no 1500 --- 1530 6.3.7
Undervoltage protection yes yes yes 1600 --- 1621 6.3.8
Overvoltage protection yes yes yes 1700 --- 1711 6.3.9
Unbalanced load protection 1) yes yes yes 1800 ... 1805 6.3.10
Startup time supervision 1) no no yes 2100 --- 2104 6.3.11
Thermal overload protection no yes yes| 2700 ... 2710 6.3.12
Restart lockout 1) no no yes 2800 --. 2808 6.3.13
Highly sensitive earth fault detection 2) yes yes yes | 3000... 3030 6.3.15
Automatic reclosure 3) yes no no 3400 - - - 3447 6.3.16
Trip circuit supervision 1) yes yes yes | 3700 ... 3702 6.3.17
Fault location 1) yes yes no 3800 ... 3802 6.3.18
Breaker failure protection yes yes yes | 3900 ... 3907 6.3.19

—_

only for model 7SJ53 1k —xAkk2 —kkrk
only for model 7SJ53 1k —kAkkkx —OkAx and —1xxx
only for model 7SJ531x —xkkx —Oxak and — 24k
only for model 7SJ53 1% —Akokkk — Ak

N

I

w
~— = = —

Table 1.1 Assignment of protection functions and protected objects

C53000-G1176—-C114 13



7SJ531 V3

Design

2

Design

2.1 Arrangements

All protection and control functions including dc/dc
converter are accommodated on three plug—in
modules of Double Europa Format. The modules
are installed in a housing 7XP20, interconnected by
means of a ribbon cable and provided with a com-
mon front plate. The following types of housing can
be delivered:

b

7SJ531x—xBxxx— in housing 7XP2030—1 for
panel surface mounting ')

The housing has full sheet—metal covers, as well
as a removable front cover made of plastic pro-
files.

Inside the casing there are rail mats for mounting
and fixing of the printed circuit boards. The inner
part of the casing is free from enamel and thus
functions as a large contact plane with solid elec-
trical conductivity for the earthing blades of the
modules. Earthing screws have been provided on
the left hand side of the housing. Additionally, ter-
minal 16 is connected to the case.

All external signals are connected to 60 screwed
terminals which are arranged over cut—outs on
the top and bottom covers. The terminals are
numbered consecutively from left to right at the
bottom and top.

The heavy duty current plug connectors provide
automatic shorting of the c.t. circuits whenever
the module is withdrawn. This does not release
from the care to be taken when c.t. secondary cir-
cuits are concerned.

The optional interface to a central control and
storage unit (7SJ531x—xkxiax—%xCxx) is led to a
module with 2 F-SMA connectors for optical fibre
connection with 820 nm wave length.

The degree of protection for the housing is IP51,

for the terminals IP21. For dimensions please
refer to Figure 2.2.

only for model 7SJ53 1k —xkkk2 —kkik

— 7SJ531x—xExxx— in housing 7XP2030—2 for

panel flush mounting or cubicle installation

The housing is built of a tube of German silver with
a device—specific rear plate, a front—plate and a
removable (fixed by screws) front cover made of
plastic profiles.

Inside the casing there are rail mats for mounting
and fixing of the printed circuit boards. The inner
part of the casing is free from enamel and thus
functions as a large contact plane with solid elec-
trical conductivity for the earthing blades of the
modules. Earthing screws have been provided on
the rear wall of the housing.

All external signals are connected to connector
modules which are mounted on the rear cover.
For each electrical connection, one screwed ter-
minal and one parallel snap—in terminal are pro-
vided. For field wiring, the use of the screwed ter-
minals is recommended; snap—in connection re-
quires special tools. Care must be taken to ensure
proper strain relief and the permissible bending
radius.

The heavy duty current plug connectors provide
automatic shorting of the c.t. circuits whenever
the module is withdrawn. This does not release
from the care to be taken when c.t. secondary cir-
cuits are concerned.

The optional interface to a central control and
storage unit (7SJ531 % —kkxxk—xCxx) is led to a
module with 2 F—SMA connectors for optical fibre
connection with 820 nm wave length.

The plug modules are labelled according to their
mounting position by means of a grid system (e.g.
1C2). The individual connections within a module
are numbered consecutively from left to right
(when viewed from the rear), (e.g. 1C2); refer Fig-
ure 2.1.

Degree of protection for the housing is IP 51, for
the terminals IP 21. For dimensions please refer to
Figure 2.3.

14
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Figure 2.1  Connection plugs (rear view) — housing for flush mounting — example
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7SJ531 V3 Design

2.2 Dimensions

7SJ531 Housing for panel surface mounting 7XP2030—1

159 260
7.5 27 29.5
1]
gﬁ 31|o|olo|o]o _____4i
el ) _-\Q
o
<
<
3 3 o g
N o
39 ®
© Telolololel| - 15| & ) ][f‘l)treerfggleofor optical
16 30 ! W
144 71

Earthing terminal 16 /\/\/V

Optical fibre connectors:
integrated F—SMA connector,

with ceramic post,

e.g for glass fibre 62.5/125 um

Max. 60 terminals for cross —section max. 7 mm?2

Dimensions in mm

Figure 2.2 Dimensions for housing 7XP2030—1 for panel surface mounting

16 C53000-G1176—-C114
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Design

7SJ531 Housing for panel flush mounting or cubicle installation 7XP2030—2

295 172 Q

266

I/ Mounting plate

_F_

244

245 +

13.2,]
75

146+2

Panel cut—out

255 8 +03

131.5 +0.3

150

Connector mod-
ules

Heavy current connectors:
Screwed terminal for max. 4 mm?2.

Twin spring crimg connector in parallel
for max. 2.5 mm=.

Further connectors:
Screwed terminal for max. 1.5 mm2.

Twin spring crimg connector in parallel
for max. 1.5 mm=.

Optical fibre connectors:

integrated F—SMA connector
e.g for glass fibre 62.5/125 um

Dimensions in mm

Figure 2.3 Dimensions for housing 7XP2030—2 for panel flush mounting or cubicle installation

C53000-G1176—-C114
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7SJ531 V3 Design

2.3 Ordering data

Numerical Line and Motor Protection Relay 7. 8. 9. 10. 11. 12, 13. 14. 15. 16.
with Control Functions 7SJ531 - A - A
A A
Rated current; rated frequency T
1A;50/60HzZ ... 1
BA;50/B60Hz ... 5
Rated auxiliary voltage

2448V AC . .. 2
B0/110/125V dC . . ..ot 4
220/250 V AC ..ttt 5
Construction

in housing 7XP2030—1 for panel surface mounting .............. B

in housing 7XP2030—2 for panel flush mounting
or for cubicle installation (without glass front) .................... E

Operating language

German, English . ... ... . 0
German, FrenCh . ... o 1
German, Polish ... ... 2
Version
Firmware version 3.1 (only with "E” at the 9th digit and

0" at the 11th, 13th, and 16th digit) ... ... 0
Firmware Version 3.2 . . ... .. . 2
Complement
with highly sensitive earth fault protection (Ug, direction), with auto—reclosure ........... 0
with highly sensitive earth fault protection (Ug, direction), without auto—reclosure ........ 1
without highly sensitive earth fault protection, with auto—reclosure ..................... 2
without highly sensitive earth fault protection, without auto—reclosure .................. 3

Serial interface for coupling to a control centre

without serial interface . ... A

with serial interface for optical fibre connection ........ ... ... ... ... ... . i C

Additional functions

without direction determination . .. ... ... i e e 0

with direction determination . ... ... . i e e e e 1

18 C53000-G1176—-C114
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Technical data

3 Technical data

3.1 General data

3.1.1 Inputs/outputs

Measuring circuits

Rated current Iy

Rated voltage Uy

Rated frequency fy

Burden: c.t. circuits per phase and residual path
— at IN =1A

—atly=5A

— for highly sensitive earth fault detection at 1 A')
Burden: v.t. circuits at 100 V

Overload capability c.t. circuits, phases and earth

— thermal (rm.s.)

— dynamic (impulse)

1Aor5A
100 Vto 125V (settable)

50 Hz or 60 Hz (settable)

<0.1VA
< 0.5VA
approx 0.3 VA

< 0.5VA

100 x Iy for 1 second
20 xIyfor 10 seconds
4  Xlycontinuous
250 x|l (half cycle)

Overload capability c.t. circuit for highly sensitive earth fault detection 1)

— thermal (rm.s.)

Overload capability v.t. circuits
— thermal (rm.s.)

300 A for 1 second
100 Afor 10 seconds
15 A continuous

140 V continuous

Auxiliary d.c. supply

Auxiliary d.c. voltage supply via integrated d.c./d.c. converter

Auxiliary voltage Uy
Operating ranges

Superimposed ac voltage,
peak—to—peak

Power consumption quiescent
picked up

Bridging time during failure/short—circuit
of auxiliary dc voltage

| 24/48 V dc |60/110/125Vdc| 220/250 V dc |

|19t056Vdc | 48 to 144 V dc |176t0288Vdc |

<12 % at rated voltage
<6 % atthe limits of the voltage ranges

approx 6 W
approx 13 W

>50msatU>110Vdc

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114

19
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Technical data

Heavy duty (trip) contacts

Trip relays, number

Contacts per relay

Switching capacity = MAKE
BREAK

Switching voltage

Permissible current

7S U531k —kkAxkx0— | 7SU531x —Akkk2—

2 4

2NOor1 NO
1000 W/VA

30 W/VA

250 V

5 A continuous
30 Afor05s

Signal contacts

Signal relays, number 5

Contacts per relay 1 CO
Switching capacity = MAKE/BREAK 20 W/VA
Switching voltage 250 V
Permissible current 1 A

Binary inputs, number 11

Voltage range 2410 250V dc

pick—up threshold reconnectable

pick—up threshold, approx.

for rated control voltage

Pick—up time/drop—off time
Current consumption

by solder bridges in 3 ranges:

16 Vdc 80 Vdc 160 Vdc

24/48/60 Vdc 110/125 Vdc 220/250 Vdc

approx 2 ms
approx 1.7 mA, independent on
operating voltage

Serial interfaces
Operator terminal interface
— Connection

— Transmission speed

Interface for data transfer to a control centre
— Protocol

— Transmission speed

— Transmission security

— Connection optical fibre

Optical wave length
Permissible line attenuation
Transmission distance
Normal signal position

non—isolated

at the front, 9—pole subminiature connector
according ISO 2110 for connection of a
personal computer or similar

as delivered 9600 Baud;

min. 1200 Baud; max. 19200 Baud

isolated (optional)
according to VDEW/ZVEI and IEC 870—-5—103

as delivered 9600 Baud;
min. 1200 Baud; max. 19200 Baud

Hamming distance d = 4

integrated F—SMA connector for direct optical fibre
connection, with ceramic post,

e.g. glass fibre 62.5/125 um

for flush mounted housing: at the rear

820 nm

max. 8 dB

max. 1.5 km

reconnectable; factory setting: “light off”

20
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Technical data

3.1.2 Electrical tests

Insulation tests
Standards:

— High voltage test (routine test)
except d.c. voltage supply input

— High voltage test (routine test)
only d.c. voltage supply input

— Impulse voltage test (type test)
all circuits, class II1

IEC 255—-5

2 kV (r.m.s.), 50 Hz

2.8kVdc

5 kV (peak); 1.2/50 us; 0.5 J; 3 positive
and 3 negative shots at intervals of 5 s

EMC tests; immunity (type tests)

Standards:

— High frequency
IEC 255—-22—1, class III

— Electrostatic discharge
IEC 255—22—2 class 111
and IEC 1000—4-2, class III

— Radio—frequency electromagnetic field,

non—modulated; IEC 255—22—3 (report) class III

— Radio—frequency electromagnetic field,

amplitude modulated; IEC 1000—4—3, class 111

— Radio—frequency electromagnetic field, pulse

modulated; IEC 1000—4—3/ENV 50204, class 111

— Fast transients
IEC 255—22—4 and IEC 1000—4—4, class III

— Conducted disturbances induced by
radio—frequency fields, amplitude modulated
IEC 1000—4—6, class III

— Power frequency magnetic field
IEC 1000—4-8, class IV
IEC 255—-6

IEC 255—-6, IEC 255—22 (product standards)
EN 50082—-2 (generic standard)
VDE 0435 /part 303

2.5 kV (peak); 1 MHz; 1 =15 us; 400 shots/s;
duration 2 s

4 kV/6 kV contact discharge; 8 kV air discharge;
both polarities; 150 pF; R; = 330 Q
10 V/m; 27 MHz to 500 MHz

10 V/m; 80 MHz to 1000 MHz; 80 % AM; 1 kHz

10 V/m; 900 MHz; repetition frequency 200 Hz;
duty cycle 50 %

2 kV; 5/50 ns; 5 kHz; burst length 15 ms;
repetition rate 300 ms; both polarities; Rj = 50 ;
duration 1 min

10V; 150 kHz to 80 MHz; 80 % AM; 1 kHz

30 A/m continuous; 300 A/m for 3 s; 50 Hz
0.5 mT; 50 Hz

EMC tests; emission (type tests)
Standard:

— Conducted interference voltage, aux. voltage
CISPR 22, EN 55022, class B

— Interference field strength
CISPR 11, EN 55011, class A

EN 50081 —x (generic standard)
150 kHz to 30 MHz

30 MHz to 1000 MHz

C53000-G1176—-C114
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Technical data

3.1.3 Mechanical stress tests

Vibration and shock during operation

Standards:

— Vibration
IEC 255—21—1, class 1
IEC 68—2—-6

— Shock

IEC 255—21—-2, class 1

— Seismic vibration
IEC 255—21—3, class 1
IEC 68—3—3

IEC 255—21
and IEC 68—2

sinusoidal

10 Hz to 60 Hz: =+ 0.035 mm amplitude;
60 Hzto 150 Hz: 0.5 g acceleration
sweep rate 1 octave/min

20 cycles in 3 orthogonal axes

half sine
acceleration 5 g, duration 11 ms, 3 shocks in
each direction of 3 orthogonal axes

sinusoidal

1 Hz to 8 Hz: =+ 3.5 mm amplitude (hor. axis)
1 Hz to 8 Hz: =+ 1.5 mm amplitude (vert. axis)
8 Hz to 35 Hz: 1 g acceleration (hor. axis)

8 Hz to 35 Hz: 0.5 g acceleration (vert. axis)

sweep rate 1 octave/min
1 cycle in 3 orthogonal axes

Vibration and shock during transport

Standards:

— Vibration
IEC 255—21—1, class 2
IEC 68—2—6

— Shock
IEC 255—21—-2, class 1
IEC 68—2—-27

— Continuous shock
IEC 255—21—-2, class 1
IEC 68—2—29

IEC 255—21
and IEC 68—2

sinusoidal

5Hzto 8 Hz: 4+ 7.5 mm amplitude;
8 Hzto 150 Hz: 2 g acceleration
sweep rate 1 octave/min

20 cycles in 3 orthogonal axes

half sine
acceleration 15 g, duration 11 ms, 3 shocks in
each direction of 3 orthogonal axes

half sine
acceleration 10 g, duration 16 ms, 1000 shocks
each direction of 3 orthogonal axes

3.1.4 Climatic stress tests

— Permissible ambient temperature

during service
during storage
during transport

-5 °Cto +55°C
—25 °Cto +55 °C
—-25 °Cto +70°C

Storage and transport with standard works packaging!

22
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— Permissible humidity mean value per year << 75 % relative humidity;
on 30 days per year 95 % relative humidity;

Condensation not permissible!

We recommend that all units are installed such that they are not subjected to direct sunlight, nor to large tem-
perature fluctuations which may give rise to condensation.

3.1.5 Service conditions

The relay is designed for use in industrial environ-
ment, for installation in standard relay rooms and
compartments so that with proper installation elec-
tro—magnetic compatibility (EMC) is ensured.
The following should also be heeded:

— All contactors and relays which operate in the
same cubicle or on the same relay panel as the
digital protection equipment should, as a rule, be
fitted with suitable spike quenching elements.

— All external connection leads in sub-—stations
from 100 kV upwards should be screened with a
screen capable of carrying power currents and
earthed at both sides. No special measures are

normally necessary for sub—stations of lower
voltages.

It is not permissible to withdraw or insert individu-
al modules under voltage. In the withdrawn condi-
tion, some components are electrostatically en-
dangered; during handling the standards for
electrostatically endangered components must
be observed. The modules are not endangered
when plugged in.

WARNING! The relay is not designed for use in
residential, commercial or light—industrial envi-
ronment as defined in EN 50081.

3.1.6 Design

Housing 7XP20; refer to Section 2.1
Dimensions refer to Section 2.2
Weight

— in housing for surface mounting approx. 7.5 kg

— in housing for flush mounting approx. 6 kg

Degree of protection acc. to EN 60529

— Housing IP 51

— Terminals IP 21

C53000-G1176—-C114
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3.2 Definite time overcurrent protection

Setting range/steps

Overcurrent pick—up |> (phases) I/In 0.10 to 25.00 (steps 0.01)

or oo (infinite, no pick—up)
Overcurrent pick—up Ig> (earth) I/IN 0.05 to 25.00 (steps 0.01)

or oo (infinite, no pick—up)
Overcurrent pick—up I>> (phases) /Iy 0.10 to 25.00 (steps 0.01)
Overcurrent pick—up lg>> (earth) I/IN 0.05 to 25.00 (steps 0.01)
Delay times T 0.00 s t0 60.00 s (steps 0.01 s)

or oo (infinite)

The set times are pure delay times

Times

Pick—up times for 1>, [>>, [g>, [g>>

— at 2 x setting value, without meas. repetition approx 33 ms

— at 2 x setting value, with meas. repetition approx 43 ms

— at 5 x setting value, without meas. repetition approx 25 ms

— at 5 x setting value, with meas. repetition approx 35 ms

Reset times

1>, [>>, Ig>, [g>> approx 33 ms

Reset ratios approx 0.95 for I/ly = 0.3
Overshot time approx 33 ms

Tolerances

— Pick—up values |>, I>>, |g>, [g>> 3 % of setting value or 1 % of Iy
— Delay times T 1 % of setting value or 10 ms

Influence variables

— Auxiliary voltage in range

0.8 < Uy/Uyny < 1.15 1%
— Temperature in range

0°C <Ygmp <55°C 0.5 %/10K
— Frequency in range

fs £ 5Hz 1%
— Harmonics

up to 10 % of 3rd harmonic 1%

up to 10 % of 5th harmonic 1%

24 C53000-G1176—-C114
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Technical data

3.3 Inverse time overcurrent protection

Setting range/steps

Overcurrent pick—up Ip> (phases) /Iy

Overcurrent pick—up lgp> (earth) I/In

Time multiplier T for I, Igp  (IEC—characteristic)
Time multiplier D for Ip, Igp (ANSI—characteristic)1)

Overcurrent pick—up I>> (phases) I/ly
Overcurrent pick—up lg>> (earth) I/In

Delay time for |>>, I|g>> T

0.10 to 4.00 (steps 0.01)
or oo (infinite, no pick—up)

0.05 to 4.00 (steps 0.01)
or oo (infinite, no pick—up)

0.05 s 10 3.20 s (steps 0.01 s); or co
0.50 to 15.00 (steps 0.01); or co

0.10 to 25.00 (steps 0.01)
0.05 to 25.00 (steps 0.01)
0.00 s to 60.00 s (steps 0.01 s); or co

Trip time characteristics

Normal inverse (IEC 255—3 type A)

Very inverse (IEC 2553 type B)

Extremely inverse (IEC 255—3 type C)

Additionally for earth current (refer Figure 3.2):

Long time inverse (IEC 255—3 type B)

acc. IEC 255—3 and BS 142 (refer to Figure 3.1)

014
(|/|p)0.02 -1 P
o135
iyt =1 P
_ __ 80
ERTTRC T
P
_ 120
Nt =1 P
where:
t tripping time
Tp set time multiplier
I fault current
Ip set pickup value

In model 7SJ531x—xkx%x2—, one additional user specified characteristic can be set.

Pick—up threshold
Drop —off threshold

Tolerances

— Pick—up values I>>, Ig>>, |, |gp
— Delay time for 2 < I/, < 20

approx. 1.1 - 1,
approx. 1.05 - I,

3 % of setting value
5 % of setting value
additionally 2 % current tolerance or 30 ms

Influence variables

— Auxiliary voltage in range
0.8 < Uy/Uyn < 1.15

— Temperature in range
0°C <Uymp <40 °C

— Frequency in range
fy £5Hz

1%
0.5 %/10K

1%

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114
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Figure 3.1 Trip time characteristics of inverse time overcurrent protection, according IEC
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Figure 3.2  Trip time characteristic of inverse time overcurrent protection, according IEC
(for earth faults only)

Note concerning the characteristics Figure 3.2:

The time scale of the long time inverse characteristic differs from that of the characteristics in Figure 3.1 by the
factor 10.
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Trip time characteristics acc. ANSI/IEEE (refer to Figures 3.3 and 3.4)
(in model 7SJ531 % —k*xxx2— only)
8.9341
Inverse t= ( +0.17966) .D
(|/|p)2.0938 -1
0.2663
Short inverse (’short inverse”) = ( +0.03393) .D
|/| 1.2969 _ 4
_ 5.6143
Long inverse ("long inverse”) a ( (Iflp) — 1 +2'18592) D
0.0103
Moderately inverse ("moderately inv”) = ( +0-0228) -D
(N1p) )0-02 — 4
_ 3.922
Very inverse ("very inverse”) - ( (11o) + 0'0982) -D
_ 5.64
Extremely inverse ("extremely inv”) B ( (1/lp) * 0'02434) D
_ 0.4797
definite inverse ("definite inv”) B ( (I1,) 15625 _ 1 +0'21359) D
t= 50.7 -D + 10.14
|—squared—t ("I—squared—T") (1/1p)2
where:
t tripping time
D set time multiplier
| fault current
Ip set pickup value
Validity range 1.1 < I/Ip << 20; trip times do not reduce beyond I/Ip > 20.
Pick—up threshold approx. 1.10 -
Drop—off threshold approx. 1.05 -
Tolerances
— Pick—up values 5%
— Delay time for 2 < I/, < 20 5 % of theoretical value + 2 % current
and 0.5 <l/Iy < 25 tolerance; at least 30 ms
Influence variables
— Auxiliary voltage in range
0.8 << UyUun <12 <1%
— Temperature in range
—5°C < Ugmp <40 °C < 0.5%/10K
— Frequency in range
0.95 <f/fiy<1.05 <1 % referred to theoretical time value
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Figure 3.3  Trip time characteristic of inverse time overcurrent protection, according ANSI/IEEE
(in model 7SJ531% —kkxxx2— only)
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3.4 Directional definite time overcurrent protection (optional )

Setting range/steps

Overcurrent pick—up |> (phases) I/In

Overcurrent pick—up Ig> (earth) I/In

Overcurrent pick—up I>> (phases) I/ly
Overcurrent pick—up lg>> (earth) I/In

Delay times T

The set times are pure delay times

0.10 to 25.00 (steps 0.01)
or oo (infinite, no pick—up)

0.05 to 25.00 (steps 0.01)
or oo (infinite, no pick—up)

0.10 to 25.00 (steps 0.01)
0.05 to 25.00 (steps 0.01)

0.00 s t0 60.00 s (steps 0.01 s)
or oo (infinite)

Times

Pick—up times for I> DIR., I>> DIR., [g> DIR., [e>> DIR.

— at 2 x setting value

— at 5 x setting value

approx 49 ms

approx 39 ms

Reset times
I> DIR., I>> DIR., Ie> DIR., Ig>> DIR.
Reset ratios

Overshot time

approx 33 ms
approx 0.95 for I/ly = 0.3

approx 33 ms

Tolerances
— Pick—up values I>, I>>, [g>, [|g>>

— Delay times T

3 % of setting value or 1 % of Iy

1 % of setting value or 10 ms

Influence variables

— Auxiliary voltage in range
0.8 < Uy/Uyny < 1.15

— Temperature in range
0 oC Sﬁamb S 55 OC

— Frequency in range
fN + 5Hz

— Harmonics
up to 10 % of 3rd harmonic
up to 10 % of 5th harmonic

1%

0.5 %/10K

1%

1%
1%

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114
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Direction determination for phase faults

Measurement method

“Forwards” area

Directional sensitivity

phase current polarized with quadrature voltages;
with memorized voltage (memory depth 2 a.c.
periods) if polarizing voltages too small

—41° to +131°
(if quadrature voltage is rectangular with respect
to the fault voltage)

unlimited for single—phase and two—phase faults
for three —phase faults dynamically unlimited,
steady—state approx. 7 V phase—to—phase

Direction determination for earth faults
Measurement method
"Forwards” area

Directional sensitivity

earth current polarized with displacement voltage
—41° to +131°

approx. 1V displacement voltage

Tolerances and influencing variables

Angle error under reference conditions
— for phase faults
— for earth faults

Frequency dependent influence
— with non—memorized voltage

+ 5° electrical
+ 5° electrical (if Ugy voltage connected)
+ 5° electrical (if Ug,, voltage is calculated)

approx. 1° in the range 0.95 < f/fy < 1.05

32
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3.5

Directional inverse time overcurrent protection (optional )

Setting range/steps

Overcurrent pick—up Ip> (phases) /Iy
Overcurrent pick—up lgp> (earth) I/In

Time multiplier T for I, Igp, ~ (IEC—characteristic)
(ANSI—characteristic)

Overcurrent pick—up I>> (phases) /Iy

Time multiplier D for Ip, Igp

Overcurrent pick—up lg>> (earth) I/In

Delay time for I>>, |[g>> T

0.10to0 4.00 (steps 0.01)
or oo (infinite, no pick—up)
0.05to0 4.00 (steps 0.01)

or oo (infinite, no pick—up)

0.05s1t03.20s (steps 0.01 s); or co

0.50 to 15.00 (steps 0.01); or oo
0.10 to 25.00 (steps 0.01)
0.05 to 25.00 (steps 0.01)

0.00 s t0 60.00 s (steps 0.01 s); or oo

Trip time characteristics

Normal inverse (IEC 2553 type A)

Very inverse (IEC 255—3 type B)

Extremely inverse (IEC 255—3 type C)

Additionally for earth current (refer Figure 3.2):

Long time inverse (IEC 255—3 type B)

acc. IEC 255—3 and BS 142 (refer to Figure 3.1)

0.4
(/)02 —1 P

_ 185
o)t =1 P
= 80
(I/Ip)2 —1
120
Nyt =1 P
where:
t tripping time
Tp set time multiplier
I fault current
Ip set pickup value

In model 7SJ531x—xkxx2— a user specified characteristic can be set.

Pick—up threshold
Drop —off threshold

Tolerances

— Pick—up values |>>, |[g>>
— Delay time for 2 < I/Ip <20

approx. 1.1 - 1,
approx. 1.05 - I,

3 % of setting value
5 % of setting value
additionally 2 % current tolerance or 30 ms

Influence variables

— Auxiliary voltage in range
0.8 < Uy/Uyn < 1.15

— Temperature in range
0°C < U¥ymp <40 °C

— Frequency in range
fN +5Hz

1%
0.5 %/10K

1%

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114



7SJ531 V3

Technical data

Trip time characteristics acc. ANSI/IEEE

Inverse

Short inverse (“short inverse”)

Long inverse ("long inverse”)

Moderately inverse ("moderately inv”)

Very inverse ("very inverse”)

Extremely inverse ("extremely inv”)

definite inverse ("definite inv”)

|—squared—t ("l—squared—T")

(refer to Figures 3.3 and 3.4)

= ( 8.934 +0.17966) - D
|/| 20938 _ 4
= ( 0.2663 +0.03393) - D
|/| 1.2969 _ 4
= ( 5.6143 +2.18592) )
(Np) — 1
= ( 0.0103 +0.0228) - D
(115002 — 1
= ( 8.922 + 0.0982) - D
(/1)
= ( 5.64 + 0.02434) - D
(/1)
= ( 04797 +o.21359) D
|/| 1.5625 _

50.7 -D + 10.14
(1)

t =

where:

t tripping time

D settime multiplier
| fault current

lp set pickup value

Validity range 1.1 < I/lp << 20; trip times do not reduce beyond I/Ip > 20.

Pick—up threshold
Drop —off threshold

approx. 1.10 -
approx. 1.05 - I,

Tolerances

— Pick—up values
— Delay time for 2 < I/, < 20
and 0.5 <l/Iy < 25

5%
5 % of theoretical value + 2 % current
tolerance; at least 30 ms

Influence variables

— Auxiliary voltage in range
0.8 <<UyUyn<1.2

— Temperature in range
—5°C < Uymp <40 °C

— Frequency in range
0.95 < f/fy <1.05

<1%
< 0.5%/10K

<1 % referred to theoretical time value

34
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Direction determination for phase faults

Measurement method

“Forwards” area

Directional sensitivity

phase current polarized with quadrature voltages;
with memorized voltage (memory depth 2 a.c.
periods) if polarizing voltages too small

—41° to +131°
(if quadrature voltage is rectangular with respect
to the fault voltage)

unlimited for single—phase and two—phase faults
for three —phase faults dynamically unlimited,
steady—state approx. 7 V phase—to—phase

Direction determination for earth faults
Measurement method
"Forwards” area

Directional sensitivity

earth current polarized with displacement voltage
—41° to +131°

approx. 1V displacement voltage

Tolerances and influencing variables

Angle error under reference conditions
— for phase faults
— for earth faults

Frequency dependent influence
— with non—memorized voltage

+ 5° electrical
+ 5° electrical (if Ugy voltage connected)
+ 5° electrical (if Ug,, voltage is calculated)

approx. 1° in the range 0.95 < f/fy < 1.05

C53000-G1176—-C114
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3.6 Voltage protection

Setting ranges/steps

Undervoltage

U<

(phase—to—earth or phase—to—phase)

reset ratio for U< stage
reset threshold

current criterion for start—up
active time for start—up

Undervoltage

r (ph—ph and ph—e)

SC |</|N
T-SC

U<<

(phase—to—earth or phase—to—phase)

Overvoltage

U=

(phase—to—earth or phase—to—phase)

current criterion for U>/U<</U> BRK CLOSED I>/ly

time delays

The set times are pure delay times.

TU<, U<<,U>)

30Vto 120V (steps 1V)
1.05 10 3.00 (steps 0.01)
max. 130 V

0.05t0 1.00 (steps 0.01)
0.00 s t0 60.00 s (steps 0.01 s)
30Vto120V (steps 1V)
40Vto 130V (steps 1V)
0.04to 1.00 (steps 0.01)

0.00 s t0 60.00 s (steps 0.01 s)
or oo (ineffective)

Pick—up times

— undervoltage U<, U<< <45 ms

— overvoltage Uu> <45 ms
Drop—off times

— undervoltage U<, U<< < 50 ms

— overvoltage U> < 50 ms
Reset ratios

— undervoltage U<< 1.05

— overvoltage U> 0.95
Tolerances

— voltage thresholds 3 % of set value
— delay times T 1 % or 10 ms

Influence variables

— Auxiliary voltage in range
0.8 < Uy/Upyn < 1.15

— Temperature in range
0 OC Sﬁamb S 35 OC

— Frequency in range
fs £ 5Hz

— Harmonics
up to 10 % of 3rd harmonic
up to 10 % of 5th harmonic

1%

0.5 %/10K

1%

1%
1%
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3.7 Unbalanced load protection 1)

Setting ranges/steps
Tripping stage Io>
Tripping stage 1o>>

Time delays T(Io>), T (I2>>)

5 % to 80 % of Iy (steps 1 %)

5 % to 80 % of Iy (steps 1 %)

0.00st0 60.00 s (steps 0.01 s)

Lower function limit
Upper function limit

Pick—up times
— Tripping stage I>>, tripping stage I>>>

Reset times
— Tripping stage Io>, tripping stage lo>>

Reset threshold
— Tripping stage lo>, tripping stage lo>>

at least one phase current > 0.1 - Iy
all phase currents < 4 . Iy

atfy = 50 Hz atfy = 60 Hz

25 ms to 35 ms 21 msto 32 ms

atfy = 50 Hz at fyy = 60 Hz

approx. 35 ms approx. 35 ms

approx. 0.9 — 0.01 - Iy

Tolerances
— pick—up values l>>, I,>>  current l/ly < 1.5

— stage delay times  T(lo>), T (I2>>)

+ 1 % of Iy = 5 % of set value

+ 1 % but min. 10 ms

Influence variables

— Auxiliary d.c. voltage

in range 0.8 < Uy/Uyy << 1.2
— Temperature

inrange =5 °C <% gmp<+40°C
— Frequency

in range 0.95 < f/fy < 1.05

<1%
< 0.5%/10K

§1%Of|N

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114
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3.8  Start—up time monitoring for motors ')

Setting ranges/steps

Permissible start—up current [-STRT—MAX/IN 1.00 to 16.00 (steps 0.01)
Pick—up threshold |I-STRT—-DET 0.60to 10.00 (steps 0.01)
Permissible start—up time T-STRT-SUP 1.0st0180.0s (steps 0.1 s)
permissible rotor locking time T—-LOCK—ROT 0.5s1t0120.0s (steps 0.1 s)

or oo (stage ineffective)

2
Tripping characteristic t= (@ ) -T—sTtRT—sup Tor lyms > |_STRT—DET
rms
Where:
lstart startup current of the motor
lrms actual current (r.m.s.)
| _STRT-DET pick—up threshold for startup detection
T_stRT—sup trip time at startup current lgiart
actual trip time at actual current
Reset ratio lems/! —STRT—DET approx 0.95
Tolerances
Pick—up value 3 %
Delay time 5 % of setting value or 30 ms

Influence variables

— Auxiliary voltage in range

0.8 < Uy/Uyny < 1.15 1%
— Temperature in range

0°C <¥gmp <35°C 0.5 %/10K
— Frequency in range

fs £ 5Hz 1%
— Harmonics

up to 10 % of 3rd harmonic 1%

up to 10 % of 5th harmonic 1%

1) only for model 7SJ531x —kkk*2 —kAkk
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3.9 Thermal overload protection

Setting ranges/steps

Factor k according to IEC 255—8

Time constant T
Thermal warning stage Owarn/Otrip
Current warning stage lwarn/IN

Prolongation factor at motor stand—still kr—FACTOR 1)

0.10to0 4.00 (steps 0.01)

1.010999.9 min  (steps 0.1 min)

50 to 100 % referred to trip temperature rise
(steps 1 %)
0.10to 4.00 (steps 0.01)

1.0 to 10.0 referred to the time constant
at running machine (steps 0.1)

Trip time characteristic

for I/ k- Iy) <8

Reset ratios

(/K- IN)2= (Ipre /K- IN)Z
n
(I/k-IN)2 =1

trip time

time constant

load current

pre  Ppreload current

factor according to IEC 255—8
refer also to Figures 3.5 and 3.6

x5 — A~

© /Bxip reset below Oyarn
© /Owarn approx. 0.99
/lwarn approx. 0.97
Tolerances
— referring to k- Iy 5% class index according to IEC
255-8
— referring to trip time 5% *2s class index according to IEC
255-8
Influence variables referred to k-l
— Auxiliary dc voltage in range
0.8 <UpUyn< 115 1%
— Temperature in range
—5°C<Ugmp<+40°C 0.5 %/10K
— Frequency in range
fn =5 Hz 1%

1) only for model 7SJ531x —kkkk2 —kAkk

C53000-G1176—-C114

39



7SJ531 V3

Technical data
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3.10 Restart lockout for motors 1)

Setting ranges/steps

Permissible start—up current Istart/lB 3.0t010.0 (steps 0.1)

Ratio rated motor current/rated c.t. current Ig/IN 0.2to1.2 (steps 0.1)

Permissible start—up time TstRTmax 38sto320s (steps 1 s)

Time of thermal equilibrium of the rotor TeqQuaL 0.0 min to 320.0 min (steps 0.1 min)

max. permissible number of hot starts Ny 1to4 (steps 1)

difference between hot starts and cold starts n; — ny, 1102 (steps 1)

Prolongation factor at rotor stand —still kt—FACTOR1 to 10 (steps 1)
neg — 1

Restart threshold Orestart = OR max Cn

Where: ¢

Orestart temperature rise below which restart is possible

OR max max. permissible rotor temperature rise (= 100 % of value ©r/Ogtrip)

Nc number of permissible startups from the cold state

The higher the startup current referred to the base current lgi41/lg @and the smaller the permissible number
of startups from the cold state n., the higher is the accuracy of the thermal replica of the startup lockout func-
tion. The following table indicates, for which pairs of values the accuracy is ensured as specified below.
These pairs of values are marked with an ”x” and shaded in the table:

For (ng — ny) =1 For (ngc— ny) =2
"l 4| 2| 8] 4] s "Wl gl 2] 3| 4] s
|start/ IB |start/ IB
1.00 — — — — — 1.00 — — — — —
2.00 — — — — — 2.00 X — — —
3.00 X — - - - 3.00 X X — - -
4.00 X X — - - 4.00 X X X — —
5.00 X X X — — 5.00 X X X X X
6.00 X X X X X 6.00 X X X X X
7.00 X X X X X 7.00 X X X X X
8.00 X X X X X 8.00 X X X X X
9.00 X X X X X 9.00 X X X X X
10.00 X X X X X 10.00 X X X X X
Tolerances 5% for pairs of values as stated in the table above

1) only for model 7SJ531x —kkkk2 —kAkk
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3.11 Earth fault detection

Displacement voltage detection for all earth faults

displacement voltage, measured Ug> meas.
displacement voltage, calculated Ug> cal.

Measurement time

delay time

additional trip delay time

Reset value

measuring tolerance

time tolerances

The set times are pure delay times

1.8Vto 130.0V
6.0Vto 130.0V

approx. 50 ms

0.04 s t0 320.00 s
or co

0.10 s t0 40000.00 s;

or oo (ineffective)

(steps 0.1 V)
(steps 0.1 V)

(steps 0.01 s)

(steps 0.01 s)

0.95 or (pick—up value — 0.6 V)

5 % of set value or 3 % of measured voltage

phase—earth

1% of set value or 10 ms

Faulted phase determination

measuring principle

U< (faulted phase)
U> (unfaulted phases)

Measuring tolerance

voltage measurement phase to earth

10Vto 100V
10Vto 100V

5 % of setvalueor 1V

(steps 1V)
(steps 1V)

Earth current detection ') for all earth faults
High—level earth current pick—up Igg>>

Delay time TIEE>>

Low—level earth current pick—up Igg> (definite time)

Delay time (definite) TiEe>

Measurement time (definite time)

Low—level earth current pick—up Iggp (inverse time)

Time multiplier (inverse time) TiEep

0.003 Ato 1.500 A

0.00st0 320 s
or oo (ineffective)

0.003 Ato 1.500 A

0.00 s t0 320.00 s
or oo (ineffective)

approx. 60 ms
approx. 75 ms

0.003 Ato 1.400 A

0.00 to 4.00
or oo (ineffective)

(steps 0.001 A)

(steps 0.01 s)

(steps 0.001 A)
(steps 0.01 s)
(non—directional)
(directional)
(steps 0.001 A)

(steps 0.01)

1) only for model 7SJ531x —Axkk2 —Akk
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Characteristics (inverse time)

Measuring tolerance according VDE 0435 part 303

— definite time
— inverse time

Time tolerances

— definite time
— inverse time within linear range

Drop—off ratio

user specified characteristic
(defined by max. 20 pairs of values of
current and delay time)

5 % of set value
pick—up at 1.05 < I/l, < 1.15

1 % of set value or 10 ms
7 % of theoretical value for 2 <I/lggp <20
+ 2 % current tolerance; at least 70 ms

approx. 0.80

Note: Due to the high sensitivity of this protection function, the measured current input has restricted linearity

range of 0.003 to 1.5 A. The function will reset above 1.6 A.

The set times are pure delay times in definite time mode.

Directional determination 1)
Measurement

Measuring principle
Measurement release |gg plrec
Directional characteristic

CT angle error correction of summation c.t.
for compensated systems

Measuring tolerance according VDE 0435 part 303

Angle tolerance (if Ug, voltage connected)

Angle tolerance (if Ugn voltage not connected)

with Ig (= 8- 1lg) and Ug (= Q3 :Up)
measurement of active and reactive power
0.003 Ato 1.200 A  (steps 0.001 A)

Ig - cos @ or Ig - sin o,
additional phase shifting + 45° possible

0.0° t0 5.0° (steps 0.1°) for 2 operating points
of the c.t. characteristic

10 % of set value
forle < 0.45A

2°forlg =0.2Ato 1.2A
7° forlg < 0.2A
10°

Note: Due to the high sensitivity of this protection function, the measured current input has restricted linearity
range of 0.003 to 1.5 A. No correct directional decision is ensured for currents above 1.5 A at this current input.

1) only for model 7SJ531x —kkk*2 —kAkk

C53000-G1176—-C114
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3.12 Auto-reclosure (optional)

Max. number of possible shots 1 RAR (first shot)
up to 9 DAR (further shots)
Auto—reclose modes three—pole
Action times 0.01st0320.00s (steps 0.01 s)
or co

RAR dead time (separate single—phase/multi—phase)  0.01 st0 320.00s (steps 0.01 s
DAR dead times (separate single—phase/multi—phase) 0.01 sto 1800.00s (steps 0.01 s

~— —

Reclaim time 0.50s1t0320.00s (steps 0.01 s)

Lock—out time 0.50s1t0320.00s (steps 0.01 s)
Or co

Duration of RECLOSE command 0.01st032.00s (steps 0.01 s)

breaker supervision time 0.10st0320.00s (steps 0.01 s)

3.13 Fault location ')

Output of fault distance in Q secondary
in km or in miles line length 2

Start—to—measure command by trip signal or by drop—off of fault detection
or by external command via binary input

Setting reactance per unit line length (secondary*) 0.010 Q/mile to 5.000 /mile
(steps 0.001 €2/mile) or
0.005 ©/km to 6.215 Q/km
(steps 0.001 /km)

Measuring tolerances according VDE 0435 part 303 << 2.5 % of line length (without intermediate
sinusoidal quantities infeed)
for 30° < ggc < 90° and Uge/Uy > 0.1

") Secondary values are related on Iy = 1 A; for Iy = 5 A the values are to be divided by 5.
2) Qutput of fault distance in km or miles only for homogeneous lines!

1) only for model 7SJ531x —Axkk2 —rAkk

44 C53000-G1176—-C114



7SJ531 V3 Technical data

3.14 Circuit breaker failure protection

Setting ranges/steps

Pick—up value of current stage (BRK CLOSED) I/In 0.04 to 1.00 (steps 0.01)

Time stage Te/F 0.06 st0 60.00 s (steps 0.01 s)
(@)

Times

pick—up time

— with internal start included in O/C pick—up time

— with start by manual control included in O/C pick—up time

— with external start included in O/C pick—up time

Reset time approx 25 ms

Tolerances

— Pick—up value 3 % of setting value

— Delay time T 1 % of setting value or 20 ms

3.15 Switchgear control

Setting ranges/steps
feeder mimic library 27 stored feeder mimic diagrams

control supervision time TeENTRY 5st030s (steps 1 s)
(max time between keypad entries)

command feed—back time Tee CB 1sto600s (steps 1 s)
supervision or co

command extension time TexT cB 0.0st0o 10.0s (steps 0.1 s)
supervision time Tow O0sto60s (steps 1 s)
(for intermediate state alarm) or co
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3.16 Ancillary functions

Operational measured values

— operational current values IL1; Ies Iss 1E
in A (kA) primary and in % Iy
measurement range 0 % to 240 % Iy
tolerance typical 2 % of Iy for | < I,

2 % of measured value for I> Iy

— operational voltage values ULi—g, Uo—E, Us—g, UE
(phase—to—earth if connected) in kV primary
measurement range 0 % to 120 % of Un/+/3
tolerance typical 3 % of Un/+/3

— operational voltage values Upr1—12, Ulo—13, Uta—11
(phase—to—phase) in kV primary and in V secondary
measurement range OVto140V
tolerance 1VforU<20V

typical 3 % measured value for20V < U <140V

— operational power values P, Q (active and reactive power with sign)
in kKW (MW or GW) and
kVAR (MVAR or GVAR) primary

measurement range 0 % to 120 % Sy
tolerance typical 5 % of Syfor | > 0.5 Iy, U > 0.5 Uy
with Sy = +/3 - Uy - In
— operational power factor COS @
measurement range —1to1
tolerance typical 0.02 for cos ¢ > 0.8
— operational frequency FREQ.
in Hz
measurement range fy £ 5Hz
tolerance 0.1 Hz
— energy metering values Wp, Wy (active and reactive work)

in kWh (MWh or GWh) and
in KVARh (MVARh or GVARh)

measurement range 6 digits for each direction
tolerance typical 5 % for | > 0.5 Iy, U > 0.5 Uy, cos ¢ > 0.8
— last date of counter setting DD.MM.YY (day, month, year)
— calculated values of overload protection ©/Oyip L1
and restart lockout ©/Oyip L2
(calculated temperature rises) ©/Byip L3
®/®trip
OR/OLyip
measurement range 0 % to 400 %
tolerance class 5 % acc. IEC 255—8
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Operational measured values of high—sensitivity
earth current detection

— measurement range

— tolerance

— bar graph of max. phase current
in the basic diagram of the display
measurement range
resolution

Iega; |EEr (active and reactive current)
in mA secondary and in A (kA) primary
0.01 Ato 2000 A

typical 2 %

|max

0 % to 120 % Iy
2%Of|N

Measured values plausibility checks

— sum of currents
— sum of voltages

phases and earth
phase—to—phase (if connected)

Steady—state measured value supervision

— current unbalance

— voltage unbalance

— phase sequence
— phase sequence

(currents)
(voltages)

limit value supervision

Imax/Imin > Symmetry factor
aslong as | > ljmit

Umax/Umin > symmetry factor
as long as U > Ujimit

clockwise phase rotation
clockwise phase rotation

IL1 > limit value I 4
ILo > limit value I »
I3 > limit value I 3
Ig > limit value Ig

IL < low value limit of smallest load current IL
cos ¢ < low value limit of cos ¢

P > upper limit of active power P

Q > upper limit of reactive power Q

Fault event data storage

— storage of annunciations of the eight last fault events
— storage of annunciations of the three last earth faults

Real time clock

resolution for operational annunciations
resolution for fault event annunciations

max. time deviation
buffer battery

1 ms
1 ms

0.01 %

Lithium—Battery 3 V/1 Ah, Type CR 1/2 AA
Self—discharge time > 5 years
Annunciation "Fail. Battery” in case of
discharged battery

C53000-G1176—-C114
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Data storage for fault recording

— storage period

— sampling rate at 50 Hz
— sampling rate at 60 Hz

max. 7 fault events
saved by back—up battery

5 s total, selectable pre—trigger and post—fault
time

1 instantaneous value per 1.25 ms
1 instantaneous value per 1.04 ms

Operation statistics

— number of stored trip events

— number of stored reclose events
— last date of counter setting

— last interrupted current

up to 9 decimal digits
up to 9 decimal digits, separate for RAR and DAR
DD.MM.YY (day, month, year)

up to 4 decimal places, separate for each breaker
pole

Hour meter

— display range
criterion

up to 6 decimal digits,
load current greater than set value BRK CLOSED

Annunciations via binary input

— 4 user definable annunciations

for annunciation processing

Trip circuit supervision

with one or two binary inputs

Commissioning
Phase sequence test

Circuit breaker test
— with live trip

with trip/reclose cycle (models with auto—reclosure)

Storage of a test record

48
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4 Method of operation

4.1 Operation of complete unit

The numerical line and motor protection relay measurement transformers of the switch—gear and
SIPROTEC 7SJ531 is equipped with a powerful and match them to the internal processing level of the
proven 16—bit microprocessor. This provides fully unit (phase voltage inputs may be connected pha-
digital processing of all functions from data acquisi- se—earth or phase—phase). Apart from galvanic
tion of measured values to the trip signals for the cir- and low—capacitance isolation provided by the in-
cuit breakers. put transformers, filters are provided for the sup-
pression of interference. The filters have been opti-
Figure 4.1 shows the basic structure of the unit. mized with regard to bandwidth and processing
speed to suit the measured value processing. The
The transducers of the measured value input sec- matched analog values are then passed to the ana-
tion ME transform the currents and voltages from the log input section AE.
L1L2L3 - ME- - AE - - - - - "
u ][ N ilﬂl =} ' | graphic LCD
. 0
X = ][ ' ' , gots or
o2 14 x 21
UK 1L H|H H characters)

. L= Service '
' W—pH|H || T —
R —{— =)
UL ][ ﬂ— Blocked '
5 signals

S
U + 4 canb
Lve qp . 1 plcnbe

I ﬁ
[ = ][ _— . 6 LED (can
' be marshalled)

1 n,

| |ew G 4|5 |se C N
Operator Ofr[f]]2]:2 | I ) E;l,—
panel . ! 2 or 4 trip
' JIF 0 ° X C : | relays
DA IY | N [+~ , F >(can be
B . | I —L——1 | marshalled)
' — e [ )
Serial g Control
. — interface \ centre
11 binary. . (optional)
inputs "
' || Serial Personal
interface . computer
Power -
supply ! B '

L. ; ; ; - ; ; - _—

Figure 4.1 Hardware—structure of protection, control, and supervision device 7SJ531 — example
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The analog input section AE contains input amplifi-
ers, sample and hold elements for each input, ana-
log—to—digital converters and memory circuits for
the data transfer to the microprocessor.
Apart from control and supervision of the measured
values, the microprocessor processes the actual
protective and measurement functions. These in-
clude in particular:
— filtering and formation of the measured quantities,
— continuous calculation of the values which are
relevant for fault detection, control, and supervi-

sion,

— determination of the fault direction (models with
direction determination),

— calculation of the negative sequence current for
unbalanced load detection,

— calculation of the true r.m.s. values for the thermal
replica of the overload protection,

— calculation of the earth fault data,
— scanning of limit values and time sequences,
— decision about trip and close commands,

— calculation of the active and reactive components
of the power,

— metering of active and reactive energy,
— determination of the system frequency,

— storage of measured quantities during a fault for
analysis.

Binary inputs and outputs to and from the processor
are channelled via the input/output elements. From
these the processor receives information from the
switch—gear (e.g. position of the circuit breaker) or
from other equipment (e.g. blocking signals). Out-
puts include, in particular, trip and close commands
to the circuit breaker, signals for remote signalling of
important events and conditions as well as visual in-
dicators (LEDs), and a graphic display on the front.

An integrated membrane keyboard in connection
with a built—in graphic LCD display enables com-
munication with the unit. All operational data such as
setting values, plant data, etc. are entered into the
protection from this panel (refer to Section 6.3). Us-
ing this panel the parameters can be recalled and
the relevant data for the evaluation of a fault can be
read out after a fault has occurred (refer to Section
6.4). The dialog with the relay can be carried out al-
ternatively via the serial operating interface on the
front plate by means of a personal computer.

Via a second serial interface (optional), fault data
can be transmitted to a central evaluation unit. Dur-
ing healthy operation, measured values can also be
transmitted, e.g. the measured currents and volt-
ages at the point of installation. This second inter-
face is suitable for connection of optical fibre links.

A power supply unit provides the auxiliary supply on
the various voltage levels to the described functional
units. +24 V is used for the relay outputs. The analog
input requires =15 V whereas the processor and its
immediate peripherals are supplied with +5 V. Tran-
sient failures in the supply voltage, up to 50 ms,
which may occur during short—circuits in the d.c.
supply system of the plant are bridged by a d.c. volt-
age storage element (rated auxiliary voltage >110 V
dc).
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4.2 Overcurrent time protection

The overcurrent time protection can be used as defi-
nite time or inverse time overcurrent protection.
Three standardized inverse time characteristics ac-
cording to IEC 255—3 or eight characteristics ac-
cording to ANSE/IEEE as well as a further user spe-
cified characteristic are available for inverse time
mode. An additional ”long earth fault” characteristic
is available for earth current processing. The trip
time characteristics and the applied formulae are
given in the Technical data, refer to Figures 3.1 to
3.4, Sections 3.3 and 3.5.

The selected overcurrent time characteristics is su-
perimposed by a high—set instantaneous or definite
time delayed stage.

The characteristics can be individually set for phase
currents and for earth currents. All stages are inde-
pendent from each other and can be set individually.

Under conditions of manual closing onto fault, the
overcurrent time protection can also provide a rapid
trip. A choice can be made whether the I1>> stages
or the I1>/lp stages are decisive for an undelayed
trip, i.e. the associated time delay is by—passed for
this condition.

4.2.1 Formation of the measured

quantities

The measured currents are fed to the relay via the in-
put transducers for each phase. The inputs are gal-
vanically isolated against the electronic circuits as
well as against each other. Thus, the star point of the
three phase currents can be formed outside of the
relay, or further protection or supervision devices
can be included in the current transformer circuits.
For the earth current input, either the residual cur-
rent of the phase current transformers may be used,
or a separate summation current transformer may
be connected.

The secondary sides of the relay input transformers
are terminated by shunt resistors which transform
the currents to proportional voltages; these voltages
are converted to numerical values by analog—to—
digital converters.

4.2.2 Definite time overcurrent
protection

Each phase current is compared with the limit value
which is set in common for the three phases. Pick—
up is indicated for each phase. The phase dedicated
timer is started. After the time has elapsed trip signal
is given. The protection contains two stages: The 1>
stage is delayed with T—I>, the high—set stage 1> >
is delayed with T—1>>.

The residual (earth) current is processed separately
and compared with separate overcurrent stages Ig>
and lg>>. Pick—up is indicated. After the asso-
ciated time T—I> or T—I>> has elapsed, trip com-
mand is given.

The pick—up values of each stage |> (phases), lg>
(earth), I>> (phases) and Ig>> (earth) as well as
the associated time delays can be set individually.

The logic diagram of the high—current stage is
shown in Figure 4.2, the logic diagram of the definite
time overcurrent protection stage is shown in Figure
4.3.

4.2.3 Inverse time overcurrent protec-

tion

Each phase current is compared with the limit value
which is set in common for the three phases. Pick—
up is indicated for each phase. Following pick—up of
the inverse time stage I, the trip time delay is calcu-
lated from the set inverse time characteristic and the
magnitude of the fault current. After the time has
elapsed trip signal is given. For the residual (earth)
current a different characteristic can be selected.

When the high—set overcurrent stage 1> > (phases)
or I[g>> (earth) has picked up, the associated timer
is started which is independent of the set inverse
time characteristic for I, or Igp. After the associated
time T—I>> or T-IE>> has elapsed, trip command
is given. Figure 4.2 is valid.

The pick—up values of each stage I, (phases), lgp>
(earth), I>> (phases) and Ig>> (earth) as well as
the associated time factors can be set individually.

The logic diagram of the inverse time overcurrent
protection is shown in Figure 4.4.

For inverse time overcurrent protection stages, one
can select whether the fundamental wave of the cur-
rents or the true r.m.s. values are processed. If the
fundamental wave is selected, d.c. components and
the harmonic content in the currents are suppressed
as they are for the definite time overcurrent protec-
tion stages.
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Figure 4.2  Logic diagram of the high—current stages |>> (phase currents) and Ig>> (earth current)
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Figure 4.4  Logic diagram of the inverse time overcurrent protection
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4.2.4 Fast bus—bar protection using
reverse interlocking scheme

Each of the overcurrent stages can be blocked via
binary inputs of the relay. A setting parameter deter-
mines whether the binary input operates in the "nor-
mally open” (i.e. energize input to block) or the "nor-
mally closed” (i.e. energize input to release) mode.
Thus, the overcurrent time protection can be used
as fast busbar protection in star connected net-
works or in open ring networks (ring open at one lo-
cation), using the “reverse interlock” principle. This
is used in high voltage systems, in power station
auxiliary supply networks, etc., in which cases a

Infeed direction

transformer feeds from the higher voltage system
onto a busbar with several outgoing feeders (refer to
Figure 4.5).

"Reverse interlocking” means, that the overcurrent
time protection can trip within a short time T—I1>>,
which is independent of the grading time, if it is not
blocked by pick—up of one of the next downstream
overcurrent time relays (Figure 4.5). Therefore, the
protection which is closest to the fault will always trip
within a short time, as it cannot be blocked by a relay
behind the fault location. The time stages |> or |, op-
erate as delayed back—up stages.

! BS |>> : ! BS ot > !
>Bl<§:k I>>
| 4 4 | | N 2 |
T-1> T-I1>% t t
Trip Trip Trip Trip
ty
|
. i
T-I% ‘T—I>> :
—— — — e —————————— — Il 1 _

Fault location @:

Fault location :

tripping time t4

tripping time T—1>>

back—up time T—I>

Figure 4.5

Busbar protection using reverse interlocking principle

C53000-G1176—-C114

55



7SJ531 V3

Method of operation

4.3 Directional overcurrent time protection (optional)

4.3.1 General

SIPROTEC 7SJ5131provides, dependent of the or-
dered model, a directional overcurrent time protec-
tion. Thus, it can be used in systems where the di-
rection of energy flow to the fault location is required
as a further criterion, besides the overcurrent criteri-
on, in order to achieve selectivity.

For parallel lines or transformers, which are fed from
one side (refer to Figure 4.6), a fault on one branch
(I) can result in the other branch (II) being discon-
nected unless the tripping of the circuit breaker in
the parallel (healthy) branch is prevented by a direc-
tional measuring element (at B). Therefore, a direc-
tional overcurrent scheme must be installed at the
points indicated by the directional arrow in Figure
4.5. It must be noted that the "forwards” direction of
the directional relay is the direction to the protected
object. This is not normally identical with the direc-
tion of the normal load flow as can be seen in the fig-
ure.

Also in networks with infeed from both sides or in
ring networks, the overcurrent time protection must
have a directional criterion. Figure 4.7 shows a ring
network as a development; in the actual ring net-
work the two infeeds shown in the figure merge into
a single infeed.

t —
* — —
t -
A I B
ZZ -
normal load
direction 11
ZZ -

O overcurrent time protection

E directional overcurrent time pro-
tection

Figure 4.6 Overcurrent time protection for par-

allel transformers

Y
t -

O—F =t=

O overcurrent time protection

Figure 4.7  Double end fed line or ring feeder

- -
-

g directional overcurrent time protection
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SIPROTEC 7SJ531 provides an additional direction-
al overcurrent time stage for each of the phase cur-
rents and for the earth current. The (non—direction-
al) overcurrent time stages as described in Section
4.2 can either be used as superimposed back—up
stages, or made ineffective, or individual non—direc-
tional stages can be used in connection with the di-
rectional overcurrent time stages (e.g. the I>>
phase current stage and/or the |g> > stage).

The directional overcurrent time protection can be
used — as the non—directional — as definite time or
inverse time overcurrent protection. For inverse time
mode, selection can be made from the same char-
acteristics, whereby different characteristics can be
chosen for phase currents as well as for the earth
current.

4.3.2 Direction determination

The direction of the current flow is determined in four
logically independent measuring elements, one for
each of the phases and one for earth faults.

The phase related measuring elements use the as-
signed current and a sound voltage. This ensures
correct and reliable directional decision to be made
even when the fault voltage has completely col-
lapsed (close—up fault). Stored voltages are used in
case of a close—up three—phase fault as long as the
measured voltages are not sufficient for reliable di-
rectional discrimination. After the storage time has
elapsed (two a.c. periods), the determined direction
is maintained but only as far and as long as no suffi-

Uio-1s

a) Loop phase—earth (L1—E)

Figure 4.8

cient measured voltage is available and the relay re-
mains picked up.

The earth related measuring element operates with
the zero sequences quantities: Ig = —3 - Iy and
Ue = /3 - Ug. This ensures high sensitivity in case
of earth fault even when the assigned phase mea-
suring element does not pick up. The displacement
voltage Ug can be calculated when the relay is con-
nected to three star—connected voltage transform-
ers. When only phase—to—phase voltages are fed
to the relay, displacement voltage calculation is, of
course, not possible. In this case, the directional
earth overcurrent time protection is inoperative and
no settings are possible.

A short—circuit between two phases is processed
by two phase measuring elements, namely those
which are related to the two affected phases. An
earth fault is processed by the earth fault measuring
element and by the concerned phase element pro-
vided the fault current is sufficient for pick—up of the
phase element.

For single—phase faults, the quadrature voltages for
the phase measuring elements are at right angles to
the short—circuit voltages (Figure 4.8). This is con-
sidered in the calculation of the directional vector.
For phase —phase faults, the shape of the directional
characteristic may be displaced, dependent of the
magnitude of the fault voltage.

Table 4.1 shows the allocation of measured values
for the direction to the different types of fault.

b) Loop phase—phase (L2—L3)

Reference voltages for directional determination
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Measuring L1 Lo L3 E
element
Pick—up current [ voltage current | voltage current [ voltage current | voltage
L1 IL1 Uo—Uis - - - - - -
L2 - - L2 Urs—UL1 - - - -
L3 - - - - ILs Ur1—Ur2 - -
E - - - - - - le Ue
L2, E - - Lo Us—UL4 - - le U
L3, E - - - - I3 Upi—Ue le Ue
L1, L2 IL1 Uo—Us Lo Ups—UL1 - - - -
L2, L3 - - Lo Ups—UL1 I3 Upi—Ue - -
L1, L3 IL1 Uo—Us - - I3 Upi—Ue - -
L1,L2,E IL1 Uo—Us Lo Ups—UL1 - - le Ue
L2,L3, E - - Lo Ups—UL1 I3 Upi—Ue le Ue
L1,L3, E IL1 Uo—Us - - I3 Upi—Ue le Ue
L1,L2, L3 IL1 Uo—Us Lo Ups—UL1 I3 Upi—Ue - -
L1,L2,L3, E IL1 Uo—Us Lo Ups—UL1 I3 Upi—Ue le Ue
Table 4.1 Measured values for directional determination

The theoretical directional line is shown in Figure
4.9, in the complex R—X—diagram (solid line a). In _
practice, the position of the directional characteristic 1JX
is dependent upon the source impedance as well as
the load current carried by the line immediately be-
fore fault inception.

a inductive

Fault impedance vector
Z forwards

directional

Since the unfaulted voltage is influenced by the characteristic

magnitude of the fault voltage, for two—phase faults o
(refer also to Figure 4.8 b), the actual directional
characteristic may differ from the theoretical charac-
teristic. When, for example, a two—phase fault reverse
L2—L3 has occurred, the directional characteristic of \ \
the measuring element L2 appears to be displaced \
in mathematically positive sense (broken line b in
Figure 4.9), whereas the the directional characteris-
tic of the measuring element L3 appears to be dis-

~

placed in mathematically negative sense (broken capacitive

line ¢ in Figure 4.9). In practice, this is irrelevant be-

cause the fault impedance vector can be located

only in the first or third quadrant of the complex Figure 4.9  Directional characteristics

plane.
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Figure 4.10 Logic diagram of the directional overcurrent time protection, example with inverse time mode

4.3.3 Reverse interlocking on double—end fed lines

The principle of reverse interlocking can also be
used on lines with infeed from both sides or in ring
networks. This results in fast tripping of faults at any
location without the need to wait for delay according
to the time grading plan, as e.g. in Figure 4.7. The
distances between the substations should be not
too long so that the interlocking signal can be trans-
mitted via ad.c. link. A pair of wires must be available
for each direction.

The principle is shown in Figure 4.11. The non—di-
rectional stages |> are set to a slight delay (e.g.
50 ms), a waiting margin for safe detection of the in-
terlock signal. It is essential that the complete chain

of line and busbar sections is included in the inter-
locking scheme. A relay that detects a fault in re-
verse direction blocks the non—directional stage of
the relay at the opposite line end. A relay which de-
tects a fault in forward direction blocks the non—di-
rectional stage of the relay in reverse direction, i.e.
on the next line at the same busbar. The directional
stages of all relays remain as backup protection with
normal time grading.

7SJ531 generates the necessary signals for this pur-
pose as shown in Figure 4.12. When the transmis-
sion link is disturbed, the relay can be informed via
binary inputs. The disturbance is then annunciated
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with a delay of 10 s. When the interlocking signal is

transmitted via a normally closed d.c. circuit, the d.c.

o+

754531
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7SJ531

754531
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7SJ531

link can easily be monitored by an auxiliary relay.
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- -

-

— blocking signals (interlocking)

— pick—up of the non—directional stage
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> — pick—up in the corresponding fault di-
= rection
Figure 4.11  Fast protection by reverse interlocking
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FNo 2667
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Figure 4.12 Logic diagram of annunciations for interlocking and pilow wire supervision
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4.4 \Voltage protection

441 Measured value formation

The voltage protection can either be fed by the three
phase—to—earth voltages U 1_g, Uio_g, Ui s_g or
by the phase—to—phase voltages Up1_12, U o_3,
Urs—L1- The latter can be used for processing by the
voltage protection even if from the switchgear only
the phase—to—earth voltages are available, be-
cause the relay is able to calculate the phase—to—
phase voltages from the phase—to—earth voltages.
This option between phase—to—earth and phase—
to—phase voltages allows either to evaluate (pha-
se—to—earth) unbalanced voltages (e.g. caused by
an earth fault) or disregard them (phase—to—
phase).

It is also possible to connect two phase—to—earth
voltages and the displacement voltage Ug; the relay
then calculates the missing voltage from those
which are connected.

The fundamental waves of the three fed—in voltages
are filtered out by a Fourier analysis and then pro-
cessed in the following way: after forming the abso-
lute values, the smallest of the three voltages is as-
signed to the undervoltage protection and the high-
est voltage to the overvoltage protection.

The frequency adaptation in the relay is designed for
the system frequency =5 Hz. Beyond these limits
the measuring error increases, bearing the risk of
overfunction of the undervoltage protection. For this
reason pick—up of the protection is inhibited outside
the frequency adaptation range. An already existing
pick—up, however, will not be cancelled when leav-
ing this range.

Depending of the switchgear design, the voltage
transformers can be connected at the incoming
(bus—bar) or the outgoing (feeder) side. These dif-
ferent configurations result in a different reaction by
the protection relay to a fault. Whereas the voltage
persists on the incoming side after a trip command
and opening of the circuit breaker, the voltage on the
outgoing side is switched off. When the voltage is
switched off, pick—up of the undervoltage protec-
tion is maintained. If reset of the undervoltage pick—
up is required, then the current can be used as an
additional criterion (current criterion CC). Thus the
undervoltage pick—up is maintained only, when to-
gether with the undervoltage condition a minimum
current (address 1160, BRK CLOSED) is exceeded.
This current value can be parameterized. If the cur-
rent drops below this threshold after the opening of
the breaker, the pick—up resets.

4.4.2 Undervoltage protection

The undervoltage protection recognizes voltage
drops on transmission lines and in electrical ma-
chines and avoids impermissible operation condi-
tions and a possible loss of stability.

The undervoltage protection has two stages (U<
and U< <), so that a time—graded tripping depend-
ing of the degree of the voltage drop can be
achieved. Voltage limits and time delays can be se-
lected individually for both stages.

The U< stage furthermore offers the option to para-
meterize the reset ratio r and to switch over from the
normal pick—up threshold to an individual start—up
threshold depending on a start—up criterion SC. Re-
set is effected together with reset of the pick—up
threshold. The pick—up value of the start—up
threshold is /4 g5 times the reset value. Switching
over to the start—up threshold may become neces-
sary when the load is mainly composed of motors.
While, under normal operating conditions, the mo-
tors with system frequency can cope with an under-
voltage, the same undervoltage is insufficient for a
motor start—up from standstill (rotating speed = 0).
This is taken into consideration by the start—up cri-
terion. The start—up criterion is triggered by a corre-
sponding binary input (>U< scC) or by the current
magnitude. Figure 4.13 shows a typical fault curve
for voltage transformers connected to the incoming
(bus—bar) side and with activated start—up criteri-
on SC. The current criterion CC described under
4.4.1 is not required in this case, because the volt-
age persists after opening of the circuit breaker:

With a voltage decrease below the pick—up thresh-
old, tripping is effected after the time delay T-U<.
reclosing is locked as long as the voltage remains
below the reset threshold. Only after fault clearance,
i.e. when the voltage becomes higher than the reset
threshold, the pick—up resets and closing is re-
leased.

The activated start—up criterion SC additionally
monitors the current. When all three phase currents
are below the set limit (SC 1<), a start—up condition
is assumed and switch—over from the pick—up
threshold U< to the start—up threshold U< SC is ef-
fected. When the start—up condition has ended, the
start—up threshold is maintained for a time T—SC,
which can be parameterized. After this time has
elapsed, it is assumed that the motors have run up
and that the regular pick—up threshold is applica-
ble.
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Pick—up Trip Drop—off CLOSE
U< command U< command
Urms(t)
Un- T rEI~~"-~Tr-T-=-====="--"7r17°-C--°-""="="==F"J¥T=====-
U<reset--F--Y-fF-ccccccacp]-=-a-ac--- ) JE I Bgs_et_tl_’lreshold =
U<SC--F--N-F---------] r-U<=1,05.U<SC
U< - _/ dooo i N | Pick—up threshold
'
t
T-SC
Irms(t) >
h-"rme---"-"-""-""-"t+(-"""""""-~"-""----- -
Threshold for
SCl< \ start—up criterion
'
t
‘ T-U<
-
'
t
e
Reclosure
locked

Figure 4.13 Typical fault sequence with voltage transformers installed at the bus—bar side

The general current criterion CC mentioned under
4.4.1 applies equally to both undervoltage stages.
With an activated current criterion, the protection
picks up only when together with the undervoltage
condition also the release condition of the current
criterion CC is fulfilled. This also means that for un-
dervoltage without release from the current criterion
the protection pick—up resets.

In order to avoid maloperation in case of a second-
ary voltage failure (e.g. by operation of the voltage
transformer miniature circuit breaker), the protec-
tion can be blocked via a binary input for both under-
voltage stages together or separately for U< and
U<< via two binary inputs. When blocking be-
comes effective during a pick—up condition, the
pick—up resets, as well as the started delay times
are reset, too.
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Figure 4.14 shows a fault curve when the voltage
transformers are connected at the outgoing (feed-
er) side. Here the current criterion (CC |>) is used for
reset of the pick—up after opening of the circuit
breaker. The start—up criterion is also active in this
example:

With a voltage decrease below the pick—up thresh-
old, tripping is effected after the time delay T-U<.
With the opening of the circuit breaker the voltage
drops to zero, while the undervoltage pick—up per-
sists. The current also drops to zero and, as soon as
it falls below the release threshold (CC I>), causes
reset of the current criterion. By the AND—logic of
the voltage and current criterion also the protection
pick—up resets, so that reclosing is possible after

the minimum command time has expired.

When the circuit breaker is closed, then the current
criterion CC |> is delayed for a short time. If the volt-
age criterion resets during this time T-CC
(= 20 ms), the protection does not pick up. This en-
sures that breaker closing under no—fault condition
does not provoke creation of a fault event. This
means on the other hand, that breaker closing onto
an undervoltage condition brings the then required
protection pick—up not before the current criterion’s
time delay T—CC is expired.

Figure 4.15 shows the logic diagram of the undervol-
tage protection.

Urms(t) Pick—up Trip CLOSE Drop—off
U< command command U<
Un- -
U< reset- - | Reset threshold
U< SC- - .
U< Pick—up threshold
'
lrms(t) t
Iy - - o 1---------"-"“fF------ - - -
SCle--bococboeaaaaaz] A / ..... Threshold for _ _
start—up criterion
K / Threshold for
S i TN - AT Surfent crifefion,
P = min. command duration

Pick—up without delay

-

Current criterion fulfilled

Pick—up U< without current criteri

Current criterion fulfilled

Figure 4.14 Typical fault sequence with voltage transformers installed at the feeder side, current and

start—up criterion effective

C53000-G1176—-C114

63



7SJ531 V3 Method of operation

— 9| FNo 6537
U< < Fault

FNo 6538
U<< & U< < cc Fault

FNo 6540

i

i

f )
f )
' )
' )
' )
' )
' )
) | . i
: 2 T—U<< r( U<< Trip ) :
2
: =
, — 9 DN FNo 6533 '
' & U< Fault :
)
V| U< & 4 FNo 6534 '
X _— & & U< cc Fault X
' )
' u< — FNo 65?9 ,
e & >1 .
) —_—
; - & & T-ys< >
[ —— !
! 9 S FNo 6535 X
. . '
' $ ! !
, 1 FNo 6536 '
- & :
)
' )
' )
f )
X Parameter :
! active time 1160 X
V| sci< (T-CO) :
' ~1 T-SC|__| CCl> — ,
: = N & 20 ms 21 '
' activate start—up SESSED OFF =e '
! criterion FNo 6507 [ Current _O/OON :
)
u i iteri A '
: criterion ,
. OFF '
' START-UP _O/o ON !
' CRITERION © X
f e e e e e Y oo o] N o
FNo 6509 reset measurement
>vt fail feed
VT m.c.b. tripped ‘
(feeder side)
block undervoltage f ~1 :FNO 6531
protection = u/v blocked
VT m.c.b. tripped f )
(bus—bar side)
FNo 6510
>vt fail bb
FNo 6506 Trip —»
>U< block —
block U< stage E
& >1 Function number
‘ FNo 6508
>U< < block
u/v off E —I s]a FNo 6530
u/v on Z_ R >1 < ufv off )
_ FNo 6504
u/v annunci- i ) ( >ufvannunc)
ations only L
OFF

ON
UNDERVOLT -q_ o=— >11—

ALARM ONLY

Figure 4.15 Logic diagram of undervoltage protection
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4.4.3 Overvoltage protection

The overvoltage protection has to protect electrical
equipment from impermissible overvoltages and
thus from problems with the insulation.

Overvoltages may occur for example on long EHV
transmission lines with low load, in island networks
due to failures of the generator voltage regulation or
after (full) load shutdown of a generator, in genera-
tors disconnected from the network.

When the voltage transformers are connected at the
incoming (bus—bar) side, the voltage persists after
opening of the circuit breaker or even goes up
caused by load drop. In specific cases it may then be
reasonable to enforce reset of the overvoltage pro-
tection. The criterion is the current, which decreases

to zero after the circuit breaker is open, so that the
current criterion is no longer fulfilled.

The overvoltage protection is fed by the fundamen-
tal wave of the highest of the three measured volt-
ages.

The overvoltage protection has one stage. After ex-
ceeding the threshold, which can be parameterized,
the protection picks up. When the parameterized
time is expired, a trip command is given. This time
does not depend of the magnitude of the overvol-
tage.

Figure 4.16 shows the logic diagram of the overvol-
tage protection.
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1 )
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1 )
1 )
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)
, 1160 FNo 6570 '
e X ;
, >1 & TU> L4 !
' BRK — =2 '
: CLOSED :
1 )
: OFF FNo 6569 :
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)
: o FNo 6568 ,
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)
X '
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protection Z ]_ J on
o/v off =1
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o/von il R =>1 - ( ofvoff )
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Figure 4.16 Logic diagram of overvoltage protection

annunciation
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4.5 Unbalanced load protection 1)

The unit is equipped with an unbalanced load pro-
tection, which is advantageous for protection of mo-
tors which are switched by vacuum contactors with
associated fuses. When running on single phase the
motors develop small and pulsating torques, so that
with unchanged torque load the motor will be quick-
ly thermally overloaded. Furthermore, thermal over-
loading of the motor may arise by unsymmetrical
system voltage. Even small unbalanced system volt-
ages may lead to large slip load currents because of
the small negative sequence reactances.

The unbalanced load protection detects, additional-
ly, interruptions, short—circuits, and swopped
phase connections of the current transformer cir-
cuits. Single—phase and two—phase short—circuits
can be detected even when the fault current is too
small to be detected by the overcurrent time protec-
tion.

In the unbalanced load protection of the 7SJ531, the

fundamental wave of the phase currents is filtered
out and separated into symmetrical components
(negative sequence l> and positive sequence |4).
The ratio Io/ly (Iy = rated relay current) is evaluated
for unbalanced load detection.

The unbalanced load protection has two—stage de-
sign. If the first adjustable threshold Io> is reached,
timer Tjo> is started, the second adjustable thresh-
old lo>> starts the timer Tjo-~ (see Figure 4.17).
When the associated time has elapsed, trip com-
mand is issued.

Filtering of the negative sequence current is possi-
ble as long as the highest of the three phase currents
is at least 0.1 times rated current of the relay and all
phase currents are smaller than 4 times rated cur-
rent.

Figure 4.18 shows the logic diagram of the unbal-
anced load protection.

t
Trip area
TI2> ----- ok
: trip stage lo>
: trip stage lo>>
' S/ S
Tio>> - T T T T T T T —

ly>> Y

Figure 4.17  Trip time characteristic of the unbalanced load protection

1) only for model 7SJ531x —Akkk2 —Akkk
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Figure 4.18 Logic diagram of the unbalanced load protection

4.6 Start—up time monitoring for motors 1)

The start—up time monitor prevents the motor from
damage caused by excessively long start—up oc-
currences. These may happen when, for example,
the rotor is locked, the driving torque is to high, or
impermissible voltage break down occurs. Ma-
chines with thermally critical rotor may be stressed
up to their thermal limits when they are started sever-
al times.

The start—up time monitor provides a definite time
stage and a current dependent inverse time stage.
The inverse time stage operates normally, when the
rotor is not locked but the run—up period of the mo-
tor is prolonged by reduced voltage and conse-

1) only for model 7SJ531x —Akkk2—krkk

quently decreased current. The trip time of this
stage results from the formula:

2

lstrTMAX
t= I * 1 sTRTMAX
for | > lgmpr_per
where:
t —tripping time

I —actual current (rm.s.)

IsTRT MAX —parameterized start—up current

IstRT—DET —parameterized pick—up threshold for
start—up detection

TsTRT MAX —parameterized start—up time
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Start—up criterion is a (settable) current threshold
| STRT—DET; when this limit is exceeded the timer
according the above formula is released.

The definite time stage operates when the rotor is
locked. When the start—up period of the motor lasts
longer than the maximum permissible locked rotor

time, trip is effected provided the locked rotor input
of the relay is energized from an external speed
monitor. Start—up criterion is again the threshold
| STRT-DET.

Figure 4.19 shows the logic diagram of the start—up
time monitoring.
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Figure 4.19 Logic diagram of start—up time monitoring
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4.7 Thermal overload protection

The thermal overload protection prevents the pro-
tected object, e.g. in case of cables or motors, from
damage caused by thermal overloading.

The unit computes the temperature rise according
to a thermal single—body model as per the following
thermal differential equation:

de .2
dt+ |

.0 =

al—
A=

with ® — actual temperature rise referred to the fi-
nal temperature rise for the maximum per-
missible current of the protected object
k-ln
t — thermal time constant for heating—up of
the protected object

| — actual current of the protected object
(rm.s. value) referred to the maximum
permissible current of the protected ob-
ject lmax = K - Iy

When the temperature rise reaches the first set
threshold, a warning alarm is given, in order to ren-
der possible an early load reduction. If the second
temperature threshold is reached the protected ob-
ject can be disconnected from the network.

The temperature rises are calculated separately for
each individual phase. A choice can be made
whether the maximum calculated temperature rise
of the three phases or the average temperature rise
should be decisive. A true r.m.s. value measurement
is performed in order to include for the effect of har-
monic content.

The maximum permissible continuous thermal over-
load current Iy« is described as a multiple of the

rated current ly:
Imax = K- IN

In addition to the k—value, the time constant T as
well as the warning temperature ®ym must be en-
tered into the protection unit.

Apart from the temperature—dependent warning
stage, the overload protection also includes a cur-
rent—dependent warning stage. This latter alarm
stage can give an early annunciation of an impend-
ing overload current even when the temperature rise
has not yet reached the warning or trip temperature
rise values.

The time constant during stand—still of a machine
may be much longer than during operation in case
of self—ventilated machines because the rotor does
not ventilate. That is why the protection uses for the
standing machine the cooling—down time constant
which can be set as a factor of the heating—up time
constant (factor k;). In this aspect, the motor is as-
sumed to stand still when the current consumption
is less than the settable threshold | BRK—CLOSED.
In case of forced—ventilated machines, transform-
ers, or cables is k; = 1.

The thermal overload protection is supplemented by
the start—up time monitor (see Section 4.6) and the
restart lockout function (see Section 4.8) for use on
motors. During start—up of the motor, the overload
protection does not operate, i.e. change the calcu-
lated temperature rise. Start—up criterion is the (set-
table) current threshold | STRT—DET.

Figure 4.20 shows the logic diagram of the thermal
overload protection.
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Figure 4.20 Logic diagram of overload protection
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4.8 Restart lockout for motors 1)

The rotor temperature of a motor lies far away from
the critical temperature limits during normal opera-
tion, even with increased load. In contrast, during
start—up of the motor, the rotor is thermally endan-
gered rather than the stator because of its smaller
time constant in connection with the excessively
high start—up currents. When the motor is started
repeatedly, it is not desirable that the motor is de—
energized during run—up should the limit tempera-
ture rise occur during this run—up period. Therefore,
it is advisable that the motor start is avoided when
overheating of the rotor is expected during run—up.

The rotor current cannot be measured directly.
Thus, the restart lockout function of 7SJ531 approxi-
mates the rotor temperature rise from the stator cur-
rents. It is assumed, that the limit temperature of the
rotor is reached, when the motor is energized with
the rated start—up current so much time as it is per-
missible according to the data stated by the man-
ufacturer of the motor. The relay calculates from this
data the thermal characteristics which are decisive
for thermal replica of the rotor. Restart of the motor is

locked as long as the calculated restart limit (see
Figure 4.21) is exceeded. Only when this limit is un-
dershot, restart is released.

Switch—on of the motor via the integrated control
functions is avoided during restart lockout, so that
no measures need be taken: like logical combina-
tion or marshalling of the lock—out command. But, if
the motor can be started from external control com-
mands, then the lock—out command must be mar-
shalled to an output relay and combined with the ex-
ternal command, so that the latter is locked.

It is of no concern that the heat distribution on the ro-
tor cage bar is much different and produces several
hot spots; but it is decisive that the thermal replica of
the protection corresponds to the thermal state of
the motor after run—up.

Figure 4.21 shows, as an example, the heating—up
progress during repeated start—up of a motor and
the progress of the calculated thermal replica of the
protection.

O

max. rotor temperature

- —
Temperature at: /|
upper edge of cage bar ,/
/ lower edge of cage bar | cart limit
restart limi
| | o
'/ | thermal replica | |
1st 2nd 3rd =
start start | start | t
motor energized |T EQUAL motor energized |T EQUAL motor energized |T EQUAL

Figure 4.21

Besides the restart lockout after a stated number of
restarts, an additional lock—out time T EQUAL can
be defined. The number of permissible restarts as
stated by the motor manufacturer assumes that the
motor is not re—energized before it has come to

1) only for model 7SJ531x —Akkk2 —Akkk

Temperature progress in the rotor and the thermal replica during repeated run—up

stand—still because of the different heat spots of the
rotor. The motor should be restarted only when the
rotor temperature has come to a thermal equilibrium
after the time T EQUAL has expired.
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The time of thermal equilibrium T EQUAL is started
each time the motor is switched off. The thermal rep-
lica is not actualized during this time but kept con-
stant in order to simulate temperature equalizing.
The total lockout time is composed of the time calcu-
lated by the thermal replica plus the time of equilibri-
um T EQUAL as explained before. TEQUAL can also
be set so zero.

The higher cooling—down time constant during
stand —still of a self—ventilated machine can be con-
sidered by a factor k. In this aspect, the motor is as-
sumed to stand still when the current consumption
is less than the settable threshold | BRK—CLOSED.
In case of forced—ventilated machines is k; = 1.

If, for operational reasons, it becomes unavoidable
that the motor be started regardless of its thermal

state (emergency start), the lock—out signal can be
blocked via a binary input (">MSP emerg st”) of
the relay. Thus, restart is permitted. The thermal rep-
lica of the protection continues its calculation so that
the simulated maximum rotor temperature can be
exceeded. The machine breaker is not tripped but
the calculated temperature rise can be observed in
the operational measured value in order to estimate
the risk.

When the restart lockout protection is blocked or
switched off, the thermal replica and the timer T
EQUAL are reset to zero. A standing lockout com-
mand is cancelled.

Figure 4.22 shows the logic diagram of the restart
lockout.

IL1
Lo
IL3 Imax
—| KT—FACTOR
CB closed |
= motor running
\ s|Qf— O—1 O (t) calculate ]
] TEQUAL | [
| > — < . 1R L Toe, =0
Parameter T T+ _ =1
1160 & T EQUAL=0
OL(t)>Omsp
& |—
FNo 4823 FNo 4827
r i & 1 _msp Trip
Emergency E C
start
FNo 4822
%gli:cl)(urpot. start E . { >MSP block )
I— FNo 4826
>1 O MSP active
MSP off
Z_ S|Q ~1 r FNo 4824
MSP on E R = ° MSP off

MOT.START

111 ” _(\(H
on

Function number

annunciation

Figure 4.22 Logic diagram of the motor start—up lockout
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4.9 Highly sensitive earth fault protection

The highly sensitive earth fault protection can be
used in isolated or arc compensated networks to de-
tect an earth fault, to determine the earth faulted
phase and to discriminate the earth fault direction. In
effectively grounded or low—impedance earthed
networks, detection of high—resistance earth faults
with very small fault currents is possible. It can be
delayed and result in annunciation or also in a trip.

Because of its high sensitivity it is not suited for de-
tection of higher earth fault currents (from 1 A and
above at the relay terminals for high—sensitivity
earth fault protection). For those applications use
the overcurrent time protection for earth currents as
described in Sections 4.2 and 4.3.

4.9.1 Voltage stages

The earth fault protection function comprises the
earth fault detection by monitoring the displacement
voltage Ug> and the recognition of the earth—
faulted phase. The displacement voltage may be
connected directly to the relay terminals, or may be
calculated from the sum of the phase—to—earth
voltages. In the latter case the displacement voltage
can only be detected when the relay is connected to
three phase—earth voltage transformers, the star—
point of which is earthed.

If the relay is connected to phase—to—phase volt-
ages, earth fault detection is not possible as the dis-

placement voltage cannot be calculated. The relay
is informed about the v.t. connections during config-
uration.

The displacement voltage Ug initiates earth fault de-
tection and is one condition for release of directional
determination according to Section 4.9.3. Ug means
the voltage at the input of the device, with open delta
VT; if this input is not used, the relay then calculates

Ug =+/3-Up= (U1 + U + Us) / /3.

In order to ensure measurement of stable values,
the earth fault detection is delayed until 1 second
(adjustable) after inception of voltage displacement.

After recognition of displaced voltage conditions the
first objective of the device is selective detection of
the earth—faulted phase (if possible). For this pur-
pose the individual phase—to—earth voltages are
measured. The affected phase is the one in which
the voltage is below the settable threshold Upn<
when simultaneously the other two voltages exceed
an equally settable maximum threshold Upp>.

Pick—up by the displacement voltage can be used
for time delayed trip command. Note, that the total
command time is composed of the inherent measur-
ing time (approximately 60 ms) plus pick—up delay
plus trip delay time.

The logic diagram of the voltage stages of earth fault
protection is shown in Figure 4.23.
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Figure 4.23 Logic diagram of the voltage stages of earth fault protection

4.9.2 Highly sensitive earth current
stages ')

The magnitude of the earth current is decisive for
pick—up of the highly sensitive earth current stages.
They are used in cases where the magnitude of the
earth current is the main criterion of the earth fault,
therefore, preferably in solidly earthed or low—impe-
dance earthed systems, or for electrical machines in

1) only for model 7SJ531x —Akkk2 —Akkk

bus—bar connection with isolated systems, where
the high capacitive current of the system can be ex-
pected in case of machine earth fault but only an in-
significant earth current in case of a system earth
fault because of the low machine capacitance.

In order to detect earth currents, a two—stage cur-
rent time characteristic can be set. Each stage can
operate directional or non—directional.
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The high—value stage is designated with Igg>>.

The low—value stage operates with a definite time
lag characteristic. Additionally, a user specified
characteristic is possible.

The definite time earth overcurrent stage is often
used as the last back—up for high—ohmic earth
faults in effectively earthed or low—ohmic earthed

systems, where the main short—circuit protection
may not pick up on these faults.

The direction determination is performed with the
zero sequences quantities: Ig = -3 - Ip and
Ug = /3 - Up, as described in Section 4.9.3.

The logic diagram of the current stages of earth fault
protection is shown in Figure 4.24.
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Figure 4.24 Logic diagram of current stages of directional earth fault protection
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4.9.3 Highly sensitive direction deter-
mination 1)

The highly sensitive earth fault directional determi-
nation does not process the magnitude of the earth
current but the component which is at right angle to
a settable directional symmetry axis. A precondition
for determination of the fault direction is that the re-
sidual voltage exceeds the set value of the voltage
stage.

Figure 4.25 shows an example in the complex pha-
sor diagram, in which Ug forms the real axis. In this
example, the active component Ig5 of the earth cur-
rent Ig, related to the displacement voltage Ug, is de-
cisive and is compared with the set threshold value
Iee pIRec- Thus, this example is valid for directional
earth fault determination in an arc compensated
system, where the quantity Ig - cos ¢ is the determin-
ing factor. The symmetry axis is identical with the Igg
axis.

Ug A Igg

forward direction

lee DIREC
- le

gy capacitive

inductive

reverse direction

EF MEAS = COS PHI
PHI CORR = 0.0°

Figure 4.25 Directional characteristic with cos ¢
measurement

The symmetry axis can be shifted by up to +45°
(settable). Thus, it is possible, for example, to
achieve maximum sensitivity for ohmic—inductive
currents by —45° (inductive) angle displacement, in
earthed systems, or, for example, to achieve maxi-
mum sensitivity for ohmic—capacitive currents by
+45° (capacitive) angle displacement, for use on
electrical machines which are directly connected to
an isolated network. In addition, 90° shifting is pos-
sible in order to detect earth faults in isolated sys-

1) only for model 7SJ531x —akkk2—rkk

tems.

The earth fault direction and the magnitude of the
current in this direction is determined from a highly
accurate calculation of active and reactive power us-
ing the definitions:

Active power:
t+T

Reactive power:
t+T

P, = % I Uglt — 90°) - ig(t) - dt

t
where T equals period of integration.

The use of an efficient calculation algorithm and si-
multaneous numerical filtering allows the directional
determination to be achieved with high accuracy
and sharply defined threshold limits (see Figure
4.26) and insensitivity to harmonic influences — par-
ticularly the frequently strong third and fifth harmon-
ics which occur particularly in ohmic earth fault cur-
rents. The directional decision results from the signs
of active and reactive power.

Since the active and reactive component of the cur-
rent — not the power — determine pick—up of the
earth fault directional decision, these current com-
ponents are calculated from the power compo-
nents. Thus for determination of the direction of the
earth fault active and reactive components of the
earth fault current as well as the direction of the ac-
tive and reactive power are evaluated.

With sin ¢ measurement (for isolated systems):

— earth fault forwards, when Pg, > 0 and Ig, > set
value,

— earth fault backwards, when Pg, < 0 and g, > set

value.

With cos ¢ measurement (for compensated sys-
tems):

— earth fault forwards, when Pgg > 0 and Igg > set
value,

— earth fault backwards, when Pg; < 0 and Igg > set
value.

In all other cases the symmetry axis is produced by
processing the sum of parts of the active and reac-
tive power.
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Figure 4.26 Directional earth fault measurement characteristic — example | - cos ¢

In networks with isolated starpoint, the earth fault
current flows as a capacitive current from the healthy
lines via the measuring point to the point of fault. This
capacitive current determines the direction.

In networks with arc suppression coils, the Petersen
coil superimposes a corresponding inductive cur-
rent on the capacitive earth fault current when an
earth fault occurs, so that the capacitive current at
the point of fault is compensated. Dependent upon
the point of measurement in the network the resul-
tant measured current can however be inductive or
capacitive and the reactive current is therefore not
suitable for the determination of direction. In this
case, only the ohmic residual current which results
from the losses of the Petersen coil can be used for
directional determination. This earth fault ohmic cur-
rent is only a few percent of the capacitive earth fault
current.

In the latter case it must be noted that, dependent
upon the location of the protective relay, a consider-
able reactive component may be superimposed

which, in the most unfavourable cases, can attain 50
times the active component. Even the extremely
high accuracy of the calculation algorithm is then in-
adequate if the current transformers do not exactly
convert the primary values.

The measurement input circuit of the relay for highly
sensitive earth fault detection is particularly de-
signed for this purpose and permits an extremely
high sensitivity for the directional determination of
the wattmetric residual current. In order to utilize this
sensitivity it is recommended that window—type cur-
rent transformers be used for earth fault detection in
compensated networks. As even the core balance
transformers have an error of angle, the protection
system allows the setting of factors which, depen-
dent upon the reactive current, will correct the error
angle.

Further explanation concerning the characteristic
and symmetry axis are given in the setting hints in
Section 6.3.15.
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4.9.4 Earth fault location

By means of the directional indication of the net-
work, the earth—faulted line can often be located. In
radial networks, location of the faulted line is relative-
ly simple. Since all circuits on a busbar (Figure 4.27)
carry a capacitive partial current, the measuring
point on the faulted line in an isolated network sees
almost the entire prospective earth fault current of
the network; in compensated networks the wattmet-
ric residual current from the Petersen coil flows
through the measuring point. For the faulted line or
cable, a definite “forwards” decision will result,
whilst in the remaining circuits a "reverse” indication
will be given unless the earth current is so small that
no measurement can be taken. In any case the
faulted cable can be clearly determined.

In meshed or ring networks the measuring points at
the ends of the faulted cable equally see a maximum
of earth fault (capacitive or ohmic) current. Only in
this cable will the direction "forwards” be indicated
on both line ends (Figure 4.28). Even the remaining
directional indications in the network can aid loca-
tion of the earth fault. But under certain circum-

stances one or more indications may not be given
due to insufficient earth current. Further advice can
be found in the leaflet "Earth—fault detection in iso-
lated neutral or arc—suppression coil earthed high
voltage systems”.

Figure 4.27 Faulted line location in radial net-
work

Figure 4.28 Location of earth fault based on the directional indicators in a meshed network
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4.10 Automatic reclosure (optional)

4.10.1 General

Experience has shown that approximately 85 % of
short circuits are caused by an arc, on overhead
lines, and self—extinguish after interruption by the
protective device. The line can therefore be re—en-
ergized. This is carried out by the automatic reclo-
sure (AR) function. In case of generators, motors,
transformers, reactors, or cables, auto—reclosure is
not reasonable and this function must be de —confi-
gured.

If the short—circuit is still present after the auto—re-
closure (arc not quenched or metallic short circuit),
then the protective relay finally disconnects the pow-
er. Multiple auto—reclosure attempts, often with a
first rapid auto—reclosure (RAR) and subsequent
delayed auto—reclose cycles (DAR) are possible in
some networks.

7SJ531 allows automatic three—pole as well as
single— and multi—shot reclosure. If more than one
reclose attempt will be carried out, the second and
any further auto—reclose cycle are designated in the
following with DAR (delayed auto—reclosure) inde-
pendent on the setting of the dead times of the
cycles.

The possibilities and functions of the internal AR—
unit are described in the following sections. Prereg-
uisite for initiation of the AR—function is that the cir-
cuit breaker is ready for operation when pick—up oc-
curs. This information has to be transmitted to the
device via a binary input.

Furthermore, reclosure is blocked if the tripping
command occurs after the action time, which can be
set individually for RAR and DAR.

4.10.2 Protection stages and selectiv-
ity during automatic reclosure

For the auto—reclosure sequence to be successful,
faults on any part of the line must be cleared from the
feeding line ends within the same — shortest possi-
ble — time. Usually, therefore, an instantaneous
stage of the short—circuit protection is set to operate
before a reclosure by the AR—unit. Furthermore,
one can decide for each short—circuit protection
stage whether or not it shall generally initiate the au-
to—reclose function.

For each of the protection stages:
— |I>> stage for phase currents,

— |I> stage (definite time) or I, stage (inverse time)
for phase currents,

— |lg>> stage for earth current,

— lg> stage (definite time) or Ig, stage (inverse
time) for earth current,

— I>> DIR stage for phase currents,

— I> DIR stage (definite time) or I, DIR (inverse time
for phase currents,

— |lg>> DIR for earth current,

— |lg> DIR stage (definite time) or Ig,, stage (inverse
time) for earth current,

— |12>>—stage of unbalanced load protection,
— |2>—stage of unbalanced load protection,

can be individually chosen whether the stage shall
initiate RAR function or not.

The remaining protection functions — circuit break-
er failure protection, user defined trip function — al-
ways operate without auto—reclosure, therefore
they have no AR stages. Auto—reclose is always
blocked when the circuit breaker failure protection
has tripped.

The auto—reclose function provides an action time
for each of RAR and DAR function which can be sep-
arately set. The action times are started with any
fault detection of a protection stage which shall trig-
ger the AR function. If the action time has elapsed
before any trip signal is given, it is assumed that the
fault is not on the protected line but on another ling;
auto—reclosure is not initiated.
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4.10.3 Action times and reclaim times

It is often appropriate to prevent readiness for reclo-
sure, when the fault has persisted for a specified
time; for example, when it can be assumed that the
arc has burnt itself in to such an extent, that there is
no chance of natural quenching during the dead
time.

The AR—functions of 7SJ531 are provided with set-
table action times, separate for RAR and DAR, which
are started by the fault detection signal. If, after expi-
ry of the action time, no tripping signal has been giv-
en, reclosure is blocked.

The AR—functions of 7SJ531 are provided with three
settable reclaim times, which do not discriminate be-
tween RAR and DAR. Generally, the reclaim time is
the time period during which no further reclosure at-
tempt is permitted.

The reclaim time T—RECLAIM is started at every re-
close command. If auto—reclosure has been suc-
cessful, all functions reset to the quiescent condition
after expiry of T-RECLAIM; any fault occurring after
the expiry of the reclaim time is considered to be a
new system fault. When a renewed trip command is
given within this reclaim time, the next auto—reclose
cycle is started if multi—shot AR is permitted; if no
further AR cycle is permitted, a renewed trip com-
mand within the reclaim time is final: AR has been
unsuccessful.

The lock—out time T—LOCK is the time period dur-
ing which any further close command by the auto—
reclose function is blocked after final disconnection.
If this time is set to oo, closing is locked out until the
AR function is reset by energization of the binary in-
put ">AR Reset”. After the reset signal all functions
reset to the quiescent condition.

A special reclaim time T—BLOC MC is provided for
manual closing, either via a binary input of the relay
or by control operation. During this time after manual
close, reclosure is blocked; any trip command will
be a final trip.

4.10.4 Three—pole rapid auto—reclo-
sure

When the AR function is ready for operation, the
short—circuit protection trips three—pole for all
faults within the stage valid for RAR (refer to Section
4.10.2). The AR—function is initiated provided trip-
ping occurs within the action time (refer to Section
4.10.3). With fault clearance due to a trip command
after multi—phase faults, the (settable) dead time
RAR T—PHAse commences; with fault clearance
due to a trip command after a single—phase fault,
the (settable) dead time RAR T—EARth com-
mences. After the corresponding dead time, the cir-
cuit breaker receives a closing command, the dura-
tion of which is settable. Simultaneously, the (set-
table) reclaim time T—RECLAIM (Section 4.10.3) is
started.

If the fault is cleared (successful RAR), the reclaim
time T—RECLAIM (Section 4.10.3) expires and all
functions reset to the quiescent condition. The net-
work fault is cleared.

If the fault has not been cleared (unsuccessful AR)
then the short—circuit protection carries out a final
disconnection in the stage that is valid for final trip
(refer to Section 4.10.2). Also, every fault during the
reclaim time will result in final disconnection.

After unsuccessful AR (final disconnection) the
lock—out time T—LOCK (Section 4.10.3) is started.
For this time any close command from the AR—func-
tion is locked.

The above sequence comes into effect with single—
shot RAR. With 7SJ531, multiple AR—attempts (up
to 9 DAR—shots, refer Section 4.10.5) are also pos-
sible.
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4.10.5 Multi—shot delayed auto—reclosure

The internal auto—reclose feature in 7SJ531 will also
permit multi—shot reclosure, up to 9 consecutive
DAR—cycles. The action time can be independently
set for these DAR cycles.

Different numbers of DAR cycles can be set for sing-
le—phase faults and multi—phase faults. The set
number of DAR cycles does not include the first RAR
cycle.

The dead times can be individually set for trip after
single—phase faults and multi—phase faults.

Each new pick—up restarts the action time
DAR T—ACT, within which a tripping command must
occur. After fault clearance, the dead time begins. At
the end of this, the circuit breaker is given a new
closing command. Simultaneously, the reclaim time
T—RECLAIM (Section 4.10.3) is started.

As long as the permitted number of cycles has not
been reached, the reclaim time is reset by each new
pick—up and recommences with the next closing
command.

If one of the cycles is successful, that is, after reclos-
ure the fault is no longer present, the reclaim time
T—RECLAIM equally runs out and all functions re-
turn to the quiescent condition. The network fault is
cleared.

If none of the AR—cycles has been successful then
the short—circuit protection carries out a final dis-
connection after the last permissible cycle in the
stage that is valid for final trip. The lock—out time
T—LOCK (Section 4.10.3) is started. For this time
close command from the AR—function is locked.

The subsequent cycles (DAR) can be blocked by a
binary input.
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4.11 Trip circuit supervision )

The device includes an trip circuit supervision for
one trip circuit. Dependent on the number of binary
inputs which are available for this purpose, supervi-
sion can be effected with one or two binary inputs.
The relay is informed about this during configura-
tion. If the configuration and the marshalled number
of binary inputs doe not comply, the alarm ”sup
MarshFail” is output. When two binary inputs are
used, disturbances in the trip circuit can be detected
for every switching condition; when one binary input
is used, those disturbances which occur during
closed trip contacts cannot be detected.

A precondition for use of the trip circuit supervision is
that the control voltage for the circuit breaker is
greater than the sum of the voltage drops of the two
binary inputs (Ugy > 2-Ug| min) Or at one binary input
and the replacement resistor R. Since each binary
input needs at least 16 V, supervision requires at
least 32 V control voltage.

Figure 4.31 shows the logic diagram of the annunci-
ations generated by the trip circuit supervision.

4.11.1 Supervision using two binary in-
puts

When two binary inputs are used, they are con-
nected according to Figure 4.29: one input in paral-
lel to the trip relay the circuit of which is to be super-
vised, the other in parallel to the circuit breaker auxil-
iary contact.

The binary inputs are energized (logical "H”) or
short—circuited (logical ””’) depending on the status
of the trip relay and the circuit breaker.

During normal operation it is not possible that both
the binary inputs are de—energized (logical "L”) at
the same time unless for the short time where the trip
relay has already closed but the breaker is not yet
open.

If both the binary inputs are de—energized continu-
ously, this indicates that either the trip circuit is inter-
rupted, or the trip circuit is short—circuited, or the
control voltage for tripping is absent, or the breaker

1) only for model 7SJ531x —Akkk2 —Akkk

has not properly operated. Thus, this status indi-
cates a fault in the trip circuit.

The status of the two binary inputs is checked ap-
proximately every 200 ms. An intentional time delay
for alarm is produced by three repeated status
checks before an alarm is given. This prevents from
faulty alarms due to short transient occurrences.

4.11.2 Supervision using one binary in-
put

When only one binary input is to be used, this is con-
nected according to Figure 4.30: in parallel to the trip
relay the circuit of which is to be supervised.

The binary input is energized (logical "H”) as long as
the trip relay is not energized and the trip circuit is
healthy.

When the binary input is not energized (logical "),
this indicates that either the trip contact is closed or
the trip circuit is interrupted, or the trip circuit is
short—circuited, or the control voltage for tripping is
absent. As the trip contacts may be closed during
healthy trip circuit condition, alarm must be delayed
accordingly. This delay time is adjustable in order to
be matched to other trip relays which operate the
same breaker. Furthermore, an intentional time
delay for alarm is produced by three repeated status
checks before an alarm is given. This prevents from
faulty alarms during closed trip contacts.

Since the second binary input is not available in this
mode, it must be replaced by a resistor R which is
connected to the breaker auxiliary contact Aux2 (re-
fer to Figure 4.30, compare with Figure 4.29). This
allows to detect disturbance in the trip circuit even
when the breaker auxiliary contact Aux1 is open and
the trip contact is reset. The resistance of R is dimen-
sioned such that the trip coil TC must not be ener-
gized when the circuit breaker is open (auxiliary con-
tact Aux1 open, Aux 2 closed); on the other hand the
binary input must be safely energized when the trip
contact is open. Information on how to dimension
the resistor are contained in Section 5.2.5.3.
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Figure 4.29 Principle of trip circuit supervision with two binary inputs
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cB TC Circuit breaker trip coil
Aux CB auxiliary contacts
R Replacement resistor for BI2
Uey Control voltage
L- - :
CB auxiliary contacts illustrated
for closed breaker
H H  Fai
BI 1(L) ~1 | (H) N n (H) Failure
= Trip circuit
n number of repeated status checks = 3
Figure 4.30 Principle of trip circuit supervision with one binary input
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' OBYPASS RESISTOR
>SUP trlp rel/l» rangiert ' &
>SUP CB auX. _+ rangiert :
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FNo 6861
3701 TRIP SUP

1 OFF |

0 ON jl .

Figure 4.31 Logic diagram of trip circuit supervision

4.12 Distance—to—fault location 1)

Distance—to—fault measurement before clearance
of the fault is an important addition to the function of
a line protection relay. Availability of the line for ener-
gy transmission in the network can be increased by
rapid location of point of fault and repair of any resul-
tant damage.

Normally, the fault location function is started by the
tripping command from the overcurrent time protec-
tion. At first, the fault locator determines the valid
measurement loop and the most favourable time in-
terval for measured value storage. Paired values of
short circuit current and short circuit voltage, taken
at intervals of 1/20 of a cycle and stored in a circulat-
ing buffer, are frozen 15 ms later which, even with ex-
tremely fast circuit breakers, ensures that the mea-

1) only for model 7SJ531x —Akkk2 —Akkk

surements are not distorted by the tripping tran-
sients. Filtering of the measured values and quantity
of the impedance calculations are automatically
matched to the number of incoming value pairs from
the time of fault inception to 15 ms after tripping
command.

Fault location can also be initiated via a binary input.
The overcurrent time protection must have picked
up in this case. Thus, calculation is possible when a
different protection device effects clearance of a
short circuit. Further, fault calculation can be started
without receipt of any tripping command, i.e. by
pick—up of the overcurrent time protection (select-
able).
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Evaluation of the measured values occurs after the
fault has been cleared. From the stored and filtered
values at least three resultant pairs for R and X are
determined. If less than three resultant pairs are
available, no fault location is given. From the resul-
tant pairs, average value and standard deviation are
calculated. After elimination of "exceptions”, which
are recognized by their excessive difference from
the standard deviation, another average is again cal-
culated for X. This average is taken as fault reac-
tance.

As a result of the fault location calculation the follow-
ing outputs are given:

— the short circuit loop, from which the fault reac-
tance is determined,

— the reactance per phase in Ohms secondary,

— the fault distance in km or miles line length pro-
portional to the reactance, calculated on the basis
of the set unit reactance of the line,

Note: Calculation of the distance in km or miles can
only be applicable to homogeneous line lengths.
But, if the line is made up of sections with differing
reactance values, e.g. overhead line — cable combi-
nations, the distance to fault can still be calculated
manually from the reactance determined by the fault
location, if the line characteristics are known.

4.13 Circuit breaker failure protection

The circuit breaker failure protection monitors the
correct opening of the associated circuit breaker.
For this purpose two criteria are available:

— check whether the current becomes zero after a
trip command is given,
— monitor the circuit breaker’s auxiliary contacts.

The criteria which shall cause pick—up are select-
able and depend also on the protection function
which has given the trip command. When a trip com-
mand is given without short—circuit current, e.g. by
a voltage protection, then the current is not a reliable
criterion for the circuit breaker’s reaction. Therefore
the pick—up can be made dependent on the auxilia-
ry contact criterion alone. If, however, the current cri-
terion is fulfilled, i.e. the current remains above a set-
table threshold, then the trip commands are not dis-
tinguished as to their originating protection function.
In this case a circuit breaker failure is always as-
sumed.

There are three different sources for an initiation of
the circuit breaker failure protection:

— internal protection functions in the 7SJ531,

— external starting signals via binary input,

— control command via operating panel or inter-
face.

Each of these sources can be switched on or off sep-
arately and creates different annunciations.

Upon detection of a circuit breaker failure, the corre-
sponding alarm is given and fault clearing is initiated
via the surrounding circuit breakers after a settable
time delay. This can be achieved by means of one of
the marshallable trip relays; a marshallable alarm
relay can be used as well, because in many cases
auxiliary relays with high—duty contacts are used for
contact multiplication (switching capacity!).

Figure 4.32 shows the logic diagram of the circuit
breaker failure protection. The complete circuit
breaker failure protection can be switched on or off
via parameters and binary inputs, as well as dynami-
cally blocked via binary inputs.

Each of the three sources creates a pick—up annun-
ciation of its own, starts a time delay of its own and
forms a trip command of its own. The parameter val-
ues for current threshold and time delay are com-
mon.

In case that one of the criteria (current value, auxilia-
ry contact), which led to the pick—up, becomes in-
valid during the running time delay, the pick—up re-
sets and no trip command is created by the circuit
breaker failure protection.
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, oOFF ,
' No-ON FNo 1456 :
' B/F (int) fit '
! UEtrp  —»— FNo 1480 :
L Uswp ] ;
, U<<trip —B—— | & T-B/F '
' U<trip  ——] - & . . >:
: Device trip  _py, | :
'+ (except B/F & ] '
: & Z
' LS I> .
: Parameter :
, 1160 !
' EXT ORIGIN '
! -_OFF :
1—G\C ON '
' FNo 1457 '
! B/F (ext) flt !
' > FNo 1481 '
' B/F : '
- i e e TN & CBrF ey ) |
X s Q T-B/F . >:
: —R :
X CONTR ORIGIN FNo 1458 :
X OFF B/F (man) fit FNo 1482 X
X G\C ON B/F (man) trip )
' T-BfF '
' [ = & v é - »l
\ Control QO trip —— N & X
: AUX CONT. I
: . OFF :
ﬂ ON '
: & >1 :
breaker aux. contact |Z 1—0 ,
1 breaker ON _ ,
' breaker aux. contact - (inte'rmediate !
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Figure 4.32 Logic diagram of the circuit breaker failure protection
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4.14 Control of switching devices

4.14.1 General

A control function is incorporated in SIPROTEC
7SJ531 which permits the closing and opening of
circuit breakers by means of separate control ele-
ments in the relay. The momentary switching state of
all switching devices is shown in a feeder mimic dia-
gram on the integrated graphical display on the
relay’s front—plate. Out of a large number of mimic
diagrams (see Appendix E) a suitable one can be se-
lected for the switchgear.

A pair of auxiliary contacts (on and off) is required
from each switching device which shall be dis-
played. These feedback signals are assigned to the
corresponding binary inputs of the 7SJ531. The as-
signment of the switch state feedback signals is
fixed for each mimic diagram and cannot be mar-
shalled. For breakers, the item designation "Qnn” is
used, which is established in DIN 40719.

ﬂ

bus—bar @

Figure 4.33 shows a connection example and all
relevant breaker designations.

All position feedback signals are monitored for plau-
sibility. If neither the check—back signal ON nor OFF
is received from a switching device Qnn, a failure in-
dication "error pos.” is sent after a parameter-
ized time. The switch has to be in one of the two posi-
tions, except for the instant when switching is per-
formed. In parallel to the individual failure indication
a collective alarm ’err :CB/DC pos” is created with
the first indication which is given. This signal disap-
pears when all switching devices have again re-
sumed a defined state.

Pick up of the monitoring of the feedback signal
does not create an alarm, as long as the switching
command is under execution.

EES

2 >DCP Q1 opd

disconnector

2 >DCP Q1 cld

aux. contact function
\) disconnector , control .

position:”closed

L+ L+
aux. contact 2 >CBP Q0 opd
breaker position:
“opened” ; E >CBP QO cld ,
circuit breaker
DCP = disconnector posi—
- A U U U Y tion
CBP = circuit breaker posi—
! tion !
= = L _
circuit breaker Qo feeder earthing disconnector Qs
load disconnector Q1 (QO01 in former version) Q9
1. bus—bar disconnector Q1 coupling disconnector Q10
2. bus—bar disconnector Q2 bus—bar earthing disconnector Q15
maintenance earthing disconnector Q5 bus—bar earthing disconnector Q16
measuring earthing disconnector Q6

Figure 4.33 Connection example for feedback alarms in the 7SJ531 to the bay and device designations
of possible switching devices
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4.14.2 Display and operation

The feeder mimic diagram in the graphical display is
presented in the so—called basic diagram 1, see ex-
ample in Figure 4.34, in which the momentary
switching device states are depicted. The relay
7SJ531 disposes of a library with 22 different basic
diagrams, from which the suitable one can be se-
lected during configuration (see Appendix E).

From the utilized symbols the type of switching de-
vice (disconnector or circuit breaker) and the switch-
ing state (closed, open, faulty) can be recognized.

The control of the switching devices can be effected
in the 7SJ531 from four command sources:

— local operation via the integrated keypad,

— binary inputs manual close / manual trip,

— remote control via the system interface,

— operation via the PC interface (DIGSI®)-

By parameterization it is defined which one of the
command sources is activated (switching author-

ity). The released command source is indicated in
the headline of basic diagram 1. Change—over of

the switching authorization as well as blocking of all
command sources is possible by binary inputs.

A circuit breaker may only be controlled, when there
is no fault in the network and no test is running. If the
protection picks up during the control selection, the
operating sequence is interrupted.

4.14.2.1 Switching authority

A control parameter “switching authority” serves for
selection of the switching authorization, which se-
lects the authorized command source. Beside the
various changeover options of the local and remote
control, any control can be inhibited (FNo 4632) or
changeover of the switching authorization via binary
input can be provided (FNo 4631). A separate selec-
tion feature is integrated which enables quick and
direct access to the parameter of switching author-

ity.

Blocking of all control sources is furthermore possi-
ble by a binary input.

LOCAL CONTROL

__—— indication of the released command source

| — disconnector, closed

/_/ earthing switch, open

|l |_— circuit breaker, closed

Imax (%)

(Y 50

100 120

/ bar indication of the highest phase current;
when the limit 120 % is exceeded,
at the end of the bar the symbol > is shown.

type of switching device

symbol for the switching device and state

closed

open interm. state  |set flashl.

disconnector switch

o o <> / @ selected

final state

circuit breaker

D ﬂ ["] /D flashing

Figure 4.34 Example for a basic diagram 1 and explanation of the symbols for switches
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4.14.2.2 Local control

For local control three individual keys of different co-
lour are located at the left side of the keypad. The
control keys can only be operated when the feeder
mimic diagram is shown in the display. Coming from
other operating modes it is necessary to return to
basic diagram 1 for control. First the switching direc-
tion is defined by operating the ON or OFF key (see
Figure 4.35).

The symbol for the circuit breaker starts flashing.

The switching itself is carried out only after pushing
the command release key (see Figure 4.35). If no
command release is given within a parameterized
waiting time T—ENTRY, then the flashing changes
into the corresponding original state. The switching
procedure can be aborted before the command re-
lease or during the selection of the switching device
by means of the keys R or MENU. When a switching
direction is selected which corresponds to the
switching device’s momentary state, the input
causes no reaction and no interruption alarm is giv-
en.

It can be parameterized that switching device con-
trol is released only after input of a codeword.

4.14.2.3 Binary inputs Manual close/Manual
trip

Closing and opening of the circuit breaker are also
possible via binary inputs, if the corresponding com-
mands are marshalled to the relay’s binary inputs
and the parameterization was carried out according-
ly. The control commands are transferred to the two
relevant functions “control” and ”protection” in the
relay. The binary inputs manual ON and manual OFF
must be assigned either to the local or to the remote
control with respect to checking the switching au-
thority.

4.14.2.4 Operation via the system interface

Control of the circuit breaker is possible via the serial
system interface and connection to the switchgear
control system (LSA). This requires that the neces-
sary peripheral features are provided physically in
the relay (model 7SJ531* —***** _*C**) 35 well as
in the switchgear. Furthermore specific settings for
the serial interface are necessary in the relay (see
Section 5.3.4).

4.14.2.5 Operation via personal computer
Control of the circuit breaker is possible via the oper-

ation interface with a personal computer and the op-
eration program DIGSI®.

control keys

B!

e
‘ 7510:

flashing of the
operated device

T codeword
J) required
& &

|

!

TENTRY 7511:

5..30s key meaning

CLOSE

A

codeword input

command release

OPEN

command release

<JEll=]

E

»
>

!

(

command
execution

Figure 4.35 Survey of local control
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4.14.3 Execution and monitoring of the command

The command execution is initiated by pushing the
command release key. Corresponding annunci-
ations are created inside the relay, containing the
breaker designation, the control source, the type
(command or feedback), the result (positive or neg-
ative) and the switching direction.Table 4.2 lists the
command annunciations and their meaning. When
all conditions are fulfilled and the command relay is
marshalled accordingly, the command is given. Fig-
ure 4.37 shows an example of the procedure and
some annunciations of the command input. The an-
nunciations are shown below the feeder mimic dia-
gram instead of the bar indication of the highest
phase current.

Together with the command output a monitoring
time is started (command running time monitoring)
to check whether the circuit breaker reaches the de-
sired final state within this time (see Figure 4.36).
Upon receiving the "breaker state feedback signal”
the command relay drops out and the monitoring
time is stopped. In case of a missing feedback, the
alarm command running time expired (CR time
exp)” is given.

Any switching command can always be interrupted
by a protection trip command.

4.14.3.1 Time—out of the command running
time

The relay’s reaction to the alarm "command running
time expired (CR time exp)”’ can be parameter-
ized to make sure that the cancellation of the com-
mand does not damage the command relay. It can
be selected, whether the running switching com-
mand shall drop out after exceeding the monitoring
time or whether it shall be maintained and failure of
the switching command shall only be indicated by
alarm relays or LEDs. In this case the switching com-
mand remains active until receiving the correspond-
ing breaker state feedback signal.

When the command running time is expired, the in-
termediate state monitor for the corresponding
switching device is reactivated. If an intermediate
state is detected, then the parameterized feedback
time delay T—FB CB is disregarded.

4.14.3.2 Command extension time

In order to make sure that the breaker reaches its fi-
nal position it is in some cases necessary to keep the
command relay energized for a defined time after re-
ceiving the feedback signal. For this purpose a com-
mand extension time TgxT o is provided.

\

start w
command output J B

monitoring
of the expected
feedback signal

flashing of the
== '[ operated device J

Y

start monitor
of the command
running time

i—

reception of the
expected
feedback signal

‘ command
Textcg | extension time
7522:
0..10s

\J
TreCB

monitor of
the feed—back
7520:

1...600 s, oo

7524:
/ T-SFB END

STGPS STOPS NOT
TRIP CMD

[ end command ]‘ ‘
output J‘

Figure 4.36 General command process

\/

( end
k flashing
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4.14.3.3 Closing of the circuit breaker

When the circuit breaker is closed onto a faulty line,
undelayed tripping is nhormally required. For this pur-
pose the "manual close” parameters are foreseen
during CLOSE control for the reaction of the relay. It
can be selected for the overcurrent time protection
and for the directional overcurrent time protection,
whether the 1> > stages or the |>(definite time) or I,
(inverse time) stages shall operate in this case in-
stantaneously or with the parameterized time delay.

If it is required that in parallel to the circuit breaker
control by the relay 7SJ531, operation shall also be
possible by means of a control—discrepancy
switch, the latter has to be connected with the binary
input for MANUAL—CLOSING together with the cor-
responding marshalling of the binary input. The inte-
grated manual—close—logic in the 7SJ531 distin-
guishes for a closing command between an external
control command, an internal control command and
an automatic reclosing by the internal AR function.

The binary input MANUAL—CLOSING can thus be
connected directly to the closing coil’s control cir-
cuit. If, however, external closing commands are
possible which shall not activate the manual—close
function (e.g. an external AR relay), then the binary
input MANUAL—CLOSING has to be energized by a
separate auxiliary contact of the control—discrepan-
cy switch.

4.14.3.4 Tripping of the circuit breaker

Tripping of the circuit breaker is always possible
when the required switching authorization, eventu-
ally by codeword input, is given. The internal AR
function is not activated. If there is an external AR
relay, it would be started and would result in direct
reclosing of the circuit breaker. In order to avoid this,
any external auto—reclosing must be blocked via an
input. For this purpose, this blocking input has to be
connected with an accordingly parameterized alarm
relay of the 7SJ531.

The following abbreviations are possible for the annunciation texts, e.g. "CB—Q0 RB OP—CLOSE”:

Designation Selection Description
Type of switching element CB circuit breaker
(part 1 process object) DC disconnector
Designation of switching el. -Qo0 acc. DIN 40719
(part 2 process object) —Q1 (refer also to Figure 4.33)
to
—Qnn
Switching source LB local binary input
LD local personal computer (via DIGSI®)
LK local integrated operation panel
RB remote binary input
RD remote via DIGSI®
RK remote via LSA
Mode oP operation (control) command
(part 1 cause) FB state feedback signal
Result + positive, expected
(part 2 cause) — negative, noht expected
Switching direction CLS switch on (close switching device)
(value) TRP switch off (trip switching device)
Table 4.2 Annunciations during switching and their meaning
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LSA command

DIGSI command

control keys binary input
m @ >Manual
Trip/Close
! !

I SWITCHING AUTHORITY

7510:
J) T codeword
required
& &
v

codeword input

[e].. [el[e] |«
e |

<

flashing of
operated
device

7511:
5.30s

|
Swich dev. selection

comm. release

v

command

plausible

start
command output

example for annunciation texts
explanation

CB—Q0 RB OP—-CLS

circuit breaker QO receives close command
via remote binary input; the result is
negative (=)

¢ abort:sw.auth

control operation aborted because
of impermissible switching authority

CB—QO0 LK OP-CLS
circuit breaker QO receives close command
via local integrated operation

abort:flt.det
control operation aborted because
of fault detection (protection pick—up)

abort:cw
control operation aborted because
of codeword violation

CB—-QO0 LK OP-CLS

abort:entime

control operation aborted because entry time
TenTRY is expired, address 7511

abort:set=is
control operation aborted because
the set state is identical to actual state

abort:cmd.ex.
control operation aborted because
a command is already being executed

CB—-QO0 LD OP+CLS

circuit breaker QO has received close command via
local DIGSI; result positive (+).

Figure 4.37 Overview generation of alarm with command input of the control (example)

FNr.

Meldungstext

Bedeutung der Abbruchmeldungen

4670
4671
4672
4673
4674

4675
4676
4677

abort:sw.auth
abort:flt.det
abort:cw

abort:entime
abort: set=is

abort:cmd ex.
abort:BI dbl
abort:test

Abortion of the control operation due to impermissible switching authority
Abortion of the control operation due to protection pick—up

Abortion of the control operation due to codeword violation

Abortion of the control operation due to expired entry time

Abortion of the control operation due to set state already being equal to

actual state

Abortion of the control operation due to an already running command
Abortion of the control operation due to double selection of binary inputs
Abortion of the control operation due to running of a test sequence

Note:

Table 4.3

by pressing the key E

Abort annunciations and their meaning

After an abort annunciation the relay cannot be operated before the alarm be acknowledged
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4.15 Switch—over of the phase
rotation ')

The relay provides the facility to change the phase
rotation via energization of a binary input (>nega-
tive seq, FNo 5144). This allows to use all pro-
tection functions in case the phase rotation is coun-
ter—clockwise without interchanging of phases.

When the phase rotation is reversed the relay must
be informed about this via the binary input. On ener-
gization of this input, the phase quantities of the
phases L2 and L3 are swapped. But this is relevant
only for the internal calculation of the symmetrical
components; the phase dedicated annunciations,
fault recordings, and measured values are not af-
fected.

4.16 Processing of user defined
annunciations

Four annunciations are available, which can be de-
fined by the user himself. Signals and messages of
other devices which have no interfaces (PC or LSA
interface) can be included in the annunciation pro-
cessing of the device. Like the internal annunci-
ations, they can be allocated to signal relays, LEDs
or trip relays, or transmitted to the front display, a PC
or LSA. Examples are Buchholz protection or tem-
perature monitor, or relays without serial interfaces.

1) only for model 7SJ531x —Akkk2 —Akkk

4.17 Circuit breaker trip test

Numerical protection, control, and supervision de-
vice 7SJ531 allows checking of the tripping circuits
and the circuit breaker by a simple method. By
means of the incorporated auto—reclose feature, a
TRIP—CLOSE test sequence is possible.

A precondition for any test sequence is that no pro-
tection function has picked up. If the circuit breaker
auxiliary contacts advise the relay, through a binary
input, of the circuit breaker position, the test cycle
can only be started when the circuit breaker is
closed.

Additionally, for a TRIP—CLOSE cycle, the condi-
tions for an auto—reclose sequence must be fulfilled
(circuit breaker ready, auto—reclose not blocked).

Initiation of the test sequence can be given from the
keyboard or via the front operator interface.

The test sequence is monitored by the position of
the breaker, as given by its auxiliary contact pro-
vided the auxiliary contact is connected to a binary
input. If the breaker does not respond to a com-
mand, the test sequence will be interrupted and an
appropriate indication is given. The sequence can
be followed on the indicator panel or a personal
computer.

The 7SJ531 also allows direct control of the circuit
breaker by means of specific keys dedicated to the
control. In correspondence to the blocking of the au-
tomatic reclosing for manual closing, there is also a
blocking facility provided for a closing command
carried out by the control, be it via parameter or via
binary input. After an opening command by the con-
trol the internal automatic reclosing will not be
started under any condition.
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4.18 Ancillary functions

The ancillary functions of the numerical protection,
control, and supervision device 7SJ531 include:

— Processing of annunciations,
— Storage of short circuit data for fault recording,
— Operational measurements and testing routines,

— Monitoring functions.

4.18.1 Processing of annunciations

After a fault in the protected object, information con-
cerning the response of the protective device and
knowledge of the measured values are of impor-
tance for an exact analysis of the history of the fault.
For this purpose the device provides annunciation
processing which is effective in three directions.

4.18.1.1 Indicators and binary outputs
(signal relays)

Important events and conditions are indicated by
optical indicators (LED) on the front plate. The mod-
ule also contains signal relays for remote signalling.
Most of the signals and indications can be mar-
shalled, i.e. they can be allocated meanings other
than the factory settings. In Section 5.5 the delivered
condition and the marshalling facilities are de-
scribed in detail.

The output signal relays are not latched and auto-
matically reset as soon as the originating signal dis-
appears. The LEDs can be arranged to latch or to be
self—resetting.

The memories of the LEDs can be safe against sup-
ply voltage failure. They can be reset:

— locally, by operation of the reset button on the
relay,

— remotely by energization of the remote reset in-
put,

— remotely via the serial interfaces,

— automatically, on occurrence of a new general
pick—up signal.

Some indicators and relays indicate conditions; it is
not appropriate that these should be stored. Equally
they cannot be reset until the originating criterion
has been removed. This mainly concerns fault indi-
cations such as "auxiliary voltage fault”, etc.

A green LED indicates readiness for operation. This
LED remains illuminated when the microprocessor
is working correctly and the unit is not faulty. The
LED extinguishes when the self—checking function
of the microprocessor detects a fault or when the
auxiliary voltage is absent.

With the auxiliary voltage present but with an exist-
ing internal fault in the unit, a red LED illuminates
("Blocked”) and blocks the unit.

4.18.1.2 Information on the display panel or to
a personal computer

Events and conditions can be read off in the display
on the front plate of the device. Additionally, a per-
sonal computer, for example, can be connected via
the operation interface, and all the informations can
then be sent to it.

In the quiescent state, i.e. as long as no network
faults are present, the display outputs selectable op-
erating information (feeder mimic diagram and an
operational measured value). In the event of a net-
work fault, selectable information on the fault ap-
pears instead of the operating information, e.g. de-
tected phase(s) and elapsed time from fault detec-
tion to trip command. The quiescent information is
displayed again once these fault annunciations
have been acknowledged. The acknowledgement
is identical to resetting of the stored LED displays as
in Section 4.18.1.1.

The device also provides several event buffers, e.g.
for operating messages, circuit breaker operation
statistics etc. (refer Section 6.4) which can be saved
against supply voltage failure by a buffer battery.
These messages, as well as all available operating
values, can be transferred into the front display at
any time using the keyboard or to the personal com-
puter via the operating interface.

After a fault, for example, important information con-
cerning its history, such as pick—up and tripping,
can be called up on the display of the device. The
fault inception is indicated with the absolute time of
the operating system. The sequence of the events is
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tagged with the relative time referred to the moment
at which the fault detector has picked up. Thus, the
elapsed time until tripping is initiated and until the
trip signal is reset can be read out. The resolution is 1
ms at 50 Hz.

The events can also be read out with a personal
computer by means of the appropriate program
DIGSI®. This provides the comfort of a CRT screen
and menu—guided operation. Additionally, the data
can be documented on a printer or stored on a
floppy disc for evaluation elsewhere.

The protection device stores the data of the last
eight network faults; if a ninth fault occurs the oldest
fault is overwritten in the fault memory.

A network fault begins with recognition of the fault by
pick—up of any fault detector and ends with fault de-
tector reset or expiry of the auto—reclose sequence
so that non—successful auto—reclose attempts will
also be stored as part of one network fault. Thus,
one network fault can include different fault events
(from pick—up until drop—off). This is particularly
advantageous for allocation of time data.

4.18.1.3 Information to a central unit (optional)

In addition, all stored information can be transmitted
via an optical fibre connector or the isolated second
interface to a control centre, for example, the SIE-
MENS Localized Substation Automation System
LSA 678. Transmission uses a standardized trans-
mission protocol according to VDEW/ZVEI and IEC
870—-5—-103.

4.18.2 Data storage and transmission
for fault recording

The instantaneous values of the measured values

iL1’ iL21 iLS’ iE’ iEEl upq, ULo, UL3, S'UO

(voltages as connected) are sampled at 1.25 ms in-
tervals (for 50 Hz) and stored in a circulating shift
register. In case of a fault, the data are stored over a
selectable time period, but max. over 5 seconds.
The maximum number of fault records within this
time period is 8. These data are then available for
fault analysis. For each renewed fault event, the ac-
tual new fault data are stored without acknowledge-
ment of the old data. A fault record can also be initi-
ated via a binary input or by operator request or via
the serial interface.

The data can be transferred to a connected personal
computer via the operation interface at the front and
evaluated by the protection data evaluation program
DIGSI®. The currents and voltages are referred to
their maximum values, normalized to their rated val-
ues and prepared for graphic visualization. In addi-
tion, signals can be marked as binary traces, e.g.
"Pick—up” and "Trip”.

Additionally, the fault record data can be transmitted
to a control centre via the serial system interface (if
fitted). Evaluation of the data is made in the control
centre, using appropriate software programs. The
currents and voltages are referred to their maximum
values, normalized to their rated values and pre-
pared for graphic visualization. In addition, signals
can be marked as binary traces, e.g. "Pick—up” and
"Trip”.

When the data are transferred to a central unit,
read—out can proceed automatically, optionally af-
ter each pick—up of the relay or after an instanta-
neous trip. The following then applies:

— the relay signals the availability of fault record
data,

— the data are ready until the store is overwritten by
newer data,

— atransmission in progress can be aborted by the
central unit.

4.18.3 Operating measurements and
conversion

For local recall or transmission of data, the true rm.s.
values of the currents and voltages as well as further
data are always available.

The following is valid:
phase and earth currents in

amps primary and in % of rated
current,

= I1, Io, I3, lE

— Up1-g, Uo_g, voltages (phase—earth) in ki—

Us—E lovolts primary provided the
phase—earth voltages are con-
nected,

- U (Ur1-g+Uo—g+Ui3-g)/3 =

displacement voltage calcula-
ted from the phase—earth volt-
ages provided these are con-
nected, in kilovolts primary,
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— Upq-1o, Ui o_ 3, voltages (phase—phase) in ki—

Upis—L1 lovolts primary,
-RQ active and reactive power in kW
or MW or GW resp. in kVAR or
MVAR or GVAR primary,
— COS ¢ power factor,
—f frequency in Hz,
— Wp, Wq active and reactive energy in

kWh or MWh or GWh resp. in
kVARh or MVARh or GVARh pri-
mary, separate for each direc-
tion,

— Setting date the date when the metering

store have been set the last

time,

— O/OxipL1, temperature rises calculated
O/OxripL2, by the thermal overload pro—
©/OyipL3 tection and the restart lockout,
©/Oyip referred to the trip temperat—
OL/OLtrip ure rise,

— lgga active component of the earth
fault current in A primary and
mA secondary,

— lggr reactive component of the

earth fault current in A primary
and mA secondary.

— Operation hour meter (operation statistics).

4.18.4 Monitoring functions

The device incorporates comprehensive monitoring
functions which cover both hardware and software;
furthermore, the measured values are continuously
checked for plausibility so that the current and volt-
age transformer circuits are also included in the
monitoring system.

4.18.4.1 Hardware monitoring

The complete hardware is monitored for faults and
inadmissible functions, from the measured value in-
puts to the output relays. In detail this is accom-
plished by monitoring:

— Auxiliary and reference voltages

The processor monitors the offset and reference
voltage of the ADC (analog/digital converter). The
protection is blocked as soon as impermissible
deviations occur. Permanent faults are annun-
ciated.

Failure or switch—off of the auxiliary voltage auto-
matically puts the system out of operation; this
status is indicated by a fail—safe contact. Tran-
sient dips in supply voltage of less than 50 ms will
not disturb the function of the relay.

— Measured value acquisition

The complete chain, from the input transformers
up to and including the analog/digital converters
are monitored by the plausibility check of the
measured values.

In the current path, there are four or five input
converters (dependent on model); the digitized
sum of the outputs of the four currents must al-
ways be zero. A fault in the current path is recog-
nized when

iy + 2 + i3 + kg Xig| >
SUM.lIthres x Iy + SUM.Fact.l X Imax

and (model 7SJ531x—xxx%2)

liL1 +ie + i3 + Kige X igg| >
SUM.lIthres x Iy + SUM.Fact.l X Imax

An adjustable factor k| (parameter le/lph or lee/
Iph WD) can be set to correct the different ratios of
phase and earth current transformers (e.g. sum-
mation transformer or window type current trans-
former). If the residual earth current is derived
from the current transformer starpoint, k; = 1.
SUM.Ithres and SUM.Fact.| are setting parame-
ters. The component SUM.Fact.l x I« takes into
account permissible current proportional trans-
formation errors in the input converters which
may particularly occur under conditions of high
short circuit currents (Figure 4.38).

Note: Current sum monitoring can operate prop-
erly only when the residual current of the pro-
tected line is fed to the Ig and igg inputs of the
relay.

-

Ir = Fault current

=

Slope:

/ SUM.Fact.|

SUM.Ithres

Imax
IN

Figure 4.38 Current sum monitoring (current
plausibility check)
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In the voltage path, there are three input conver-
ters. The sum of the phase—to—phase voltages is
always monitored since these are not affected by
earth faults. If the phase—to—earth voltages are
connected, the phase—to—phase voltages are
calculated in the relay from those. A fault in the
voltage circuits will be recognized when

|uL1—12 + Ulo—13 + UL3—1| > 20 V.

— Command output channels:

The command relays for tripping and closing are
controlled by two command and one additional
release channels. As long as no pick—up condi-
tion exists, the processor makes a cyclic check of
these command output channels for availability,
by exciting each channel one after the other and
checking for change in the output signal level.
Change of the feed—back signal to low level indi-
cates afaultin one of the control channels or in the
relay coil. Such a condition leads automatically to
alarm and blocking of the command output.

— Memory modules:

The memory modules are periodically checked
for fault by:

e Writing a data bit pattern for the working
memory (RAM) and reading it,

® Formation of the modulus for the program
memory (EPROM) and comparison of it with a
reference program modulus stored there,

® Formation of the modulus of the values stored
in the parameter store (EEPROM) then com-
paring it with the newly determined modulus af-
ter each parameter assignment process.

4.18.4.2 Software monitoring

For continuous monitoring of the program se-
quences, a watchdog timer is provided which will re-
set the processor in the event of processor failure or
if a program falls out of step. Further, internal plausi-
bility checks ensure that any fault in processing of
the programs, caused by interference, will be recog-
nized. Such faults lead to reset and restart of the pro-
cessor system.

If such a fault is not eliminated by restarting, further
restarts are initiated. If the fault is still present after
three restart attempts the protective system will
switch itself out of service and indicate this condition
by drop—off of the availability relay, thus indicating
"equipment fault” and simultaneously the LED
"Blocked” comes on.

4.18.4.3 Monitoring of external measuring
transformer circuits

To detect interruptions or short circuits in the exter-
nal measuring transformer circuits or faults in the
connections (an important commissioning aid) the
measured values are checked at cyclic intervals, as
long as no pick—up condition exists:

— Current symmetry

In healthy operation it can be expected that the
currents will be approximately symmetrical. The
following applies:

I 'lmin | / | Imax | < SYM.Fact.l
if
lmax / In > SYM.lthres / Iy

Imax is always the largest of the three phase cur-
rents and Iyin always the smallest. The symmetry
factor SYM.Fact.l represents the magnitude of
asymmetry of the phase currents, and the thresh-
old SYM.Ithres is the lower limit of the processing
area of this monitoring function (see Figure 4.39).
Both parameters can be set (see Section 6.3.14).

Slope:
SYM.Fact.|

-~ |

SYM.Ithres W

Figure 4.39 Current symmetry monitoring
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— Voltage symmetry

In healthy operation it can be expected that the
voltages will be approximately symmetrical.
Therefore, the device checks the three phase—
to—phase voltages for symmetry. Monitoring of
the sum of the phase—to—phase voltages is not
influenced by earth faults, which can be a lasting
operating condition in non—earthed networks. If
the phase—to—earth voltages are connected, the
relay calculates the phase—to—phase voltages
from these.

The following applies:

| Umin | / | Unax | < SYM.Fact.U
if
| Unax | > SYM.Uthres

whereby Unmax is the largest of the three voltages
and Upin the smallest. The symmetry factor
SYM.Fact.U represents the magnitude of the
asymmetry of the voltages. The threshold
SYM.Uthres is the lower limit of the processing
area of this monitoring function (see Figure 4.40).
Both parameters can be set (see Section 6.3.14).

Umin
Un
Slope:
SYM.Fact.U
/
Umax
SYM.Uthres Un

Figure 4.40 Voltage symmetry monitoring

— Phase rotation

The phase sequence is checked in cyclical time

currents are used. If the phase—to—earth volt-
ages are connected, the relay calculates the pha-
se—to—phase voltages from these:

U|_1 —L2 before U|_2_|_3 before U|_3_|_1
and
I_1 before I o before I 3

The voltage check is carried out as long as the
measured voltages have a minimum value of

[UL1], |ULz2], [ULs| > 40V

The current check is carried out as long as the
measured currents have a minimum value of

L], [lee], [ls] > 0.5 1y
Counter—clockwise rotation will cause an alarm.

In those cases where counter—clockwise phase
rotation can occur during operation, the relay
must be informed about the reversal of the phase
sequence via a appropriately assigned binary in-
put. When this input is energized, the phases L2
and L3 are internally swapped in order to ensure
correct symmetrical component calculation (see
also Section 4.15). The phase dedicated annunci-
ations, fault recordings, and measured values are
not affected.

Limit values

In order to detect extraordinary operating condi-
tions on the protected feeder, limit stages can be
set for the currents I 1, I o, I 3, and the residual
current Ig, the power factor cos ¢, the active and
the reactive power. When the set limit stages are
exceeded (the power factor fallen below), an an-
nunciation is generated. This can be assigned to
an output relay or LED. These stages are inde-
pendent of the protection functions and operate
in background with steady state measured val-
ues. They do, therefore, not operate as long as a
network fault is detected. So they are not supple-
mentary stages e.g. of overcurrent protection but
pure operational monitoring functions.

periods in order to detect wrong connections. The
phase—to—phase voltages as well as the phase

Table 4.4 gives a survey of all the functions of the
measured value monitoring system.
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Failure covered, reaction

. Plausibility check of currents

|i|_1 + o + i|_3 + Ie(e)/lph X iE(E)l >
SUM.lthres x Iy + SUM.Fact.l x | 4%

Relay failures in the signal acquisition circuits
IL1, IL2s I3 IEs [EE

delayed alarm "Failure X1”

. Plausibility check of voltages phase—phase

|uL1-L2 + U2-L3 + U311 > 20V

Relay failures in the signal acquisition circuits

Uy, U, Uz ,
delayed alarm "Failure ZUp-p

|Imin|

. Current unbalance

< SYM.Fact.l

e

and |lmax| > SYM.lthres

Single, or phase—to—phase short circuits or bro-
ken conductors in the c.t. circuits i1, iLo, i3

or

Unbalanced load

delayed alarm "Failure Isymm”

. Voltage unbalance (phase—phase)

U
H < SYM.Fact.U

and |Umaxl > SYM.Uthres

Short—circuit or interruption (1 —phase, 2—phase)
in v.t. secondary circuits
or unbalanced voltage on the system

delayed alarm "Failure Usymm”

. Voltage phase sequence

U4 Lo before Uy o_| 3 before U 3_1 1,
aslong as |Upy—i2|, [Uo—r3], [Ua—1| > 40V

Swopped voltage connections or reverse rotation
sequence

delayed alarm ”Fail.PhSeq U”

. Current phase sequence

I_1 before I before I 3,
aslongas [Ip1], [le], [la] > 0.5 1y

Swopped voltage connections or reverse rotation
sequence

delayed alarm ”"Fail.PhSeq I”

. Current limit monitor

Iy > LIMIT IL1

Operational current higher than expected

delayed alarm ”IL1 exceeded”

. Current limit monitor

Operational current higher than expected

cos ¢ < LIMIT cos ¢p<

o > LIMIT IL2 delayed alarm ”IL2 exceeded”
9. Current limit monitor Operational current higher than expected
Iz > LIMIT IL3 delayed alarm "IL3 exceeded”
10. Current limit monitor Operational current higher than expected
lg > LIMIT IE delayed alarm ”IE exceeded”
11. Current limit monitor Operational current lower than expected
I < LIMIT IL< delayed alarm “IL< alarm” (@annunciation rests
when current reverts to 0)
12. Power factor limit monitor Operational power factor lower than expected

delayed alarm "cos¢ alarm”

13. Active power limit monitor Operational active power higher than expected
P>LIMITP delayed alarm P exceeded”

14. Reactive power limit monitor Operational reactive power higher than expected
Q> LIMITQ

delayed alarm ”’Q exceeded”

Bolted figures are setting values.

Table 4.4

Summary of measuring circuit monitoring
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5 Installation instructions

/_v\ Warning

The successful and safe operation of this device is dependent on proper handling and installation
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, or national standards)
regarding the correct use of hoisting gear must be observed. Non—observance can result in death,

personal injury or substantial property damage.

5.1 Unpacking and repacking

When dispatched from the factory, the equipment is
packed in accordance with the guidelines laid down
in [IEC 255—21, which specifies the impact resis-
tance of packaging.

This packing shall be removed with care, without
force and without the use of inappropriate tools. The
equipment should be visually checked to ensure
that there are no external traces of damage.

The transport packing can be re—used for further
transport when applied in the same way. The stor-
age packing of the individual relays is not suited to
transport. If alternative packing is used, this must
also provide the same degree of protection against
mechanical shock, as laid down in IEC 255—21—1
class 2 and IEC 255—-21—-2 class 1.

Before initial energization with supply voltage, the
relay shall be situated in the operating area for at
least two hours in order to ensure temperature
equalization and to avoid humidity influences and
condensation.

5.2 Preparations

The operating conditions must accord with VDE
0100/5.73 and VDE 0105 part 1/7.83, or correspond-
ing national standards for electrical power installa-
tions.

m Caution!

The modules of digital relays contain CMOS
circuits. These shall not be withdrawn or in-
serted under live conditions! The modules
must be so handled that any possibility of
damage due to static electrical charges is
excluded. During any necessary handling
of individual modules the recommenda-
tions relating to the handling of electrostati-
cally endangered components (EEC) must
be observed.

In installed conditions, the modules are in no dan-
ger.

C53000-G1176—-C114
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5.2.1 Mounting and connections

5.2.1.1 Model 7SJ531x—%xBxxx for panel sur-

face mounting

— Secure the unit with four screws to the panel. Re-
fer to Figure 2.2 for dimensions.

— Connect earthing terminal (Terminal 16) of the unit
to the protective earth of the panel.

— Make a solid low—ohmic and low—inductive op-
erational earth connection between the earthing
surface at the side of the unit using at least one
standard screw M4, and the earthing continuity
system of the panel; recommended grounding
strap DIN 72333 form A, e.g. Order—No. 15284 of
Messrs Druseidt, Remscheid, Germany.

— Make connections via screwed terminals.

5.2.1.2 Model 7SJ531x—xExxx for panel flush
mounting or for cubicle installation

— Lift up both labelling strips on the lid of the unit
and remove cover to gain access to four holes for
the fixing screws.

— Insert the unit into the panel cut—out and secure it
with the fixing screws. For dimensions refer to Fig-
ure 2.3.

— Connect earthing screw on the rear of the unit to
the protective earth of the panel or cubicle.

— Make a solid low—ohmic and low—inductive op-
erational earth connection between the earthing
surface at the rear of the unit using at least one
standard screw M4, and the earthing continuity
system of the panel or cubicle; recommended
grounding strap DIN 72333 form A, e.g. Order—
No. 15284 of Messrs Druseidt, Remscheid, Ger-
many.

— Make connections via the screwed or snap—in
terminals of the sockets of the housing. Observe
labelling of the individual connector modules to
ensure correct location; observe the max. permis-
sible conductor cross—sections. The use of the
screwed terminals is recommended; snap—in
connection requires special tools and must not be

used for field wiring unless proper strain relief and
and the permissible bending radius are ob-
served.

— The screw—type terminals can be used without
wire end ferrules. Pin—end connectors generally
must not be used. Care has to be taken for a suffi-
ciently long bare wire: approx. 15 mm (6/10 inch),
at least 10 mm (4/10 inch).

5.2.2 Checking the rated data and the
modules

5.2.2.1 Rated data of the unit

The rated data of the unit must be checked against
the plant data. This applies in particular to the auxil-
iary voltage and the rated current of the current
transformers.

5.2.2.2 Allocation of the modules

A reduced and simplified front view of the device is
shown in Figure 5.1 when the front door is opened.
The modules are designated with numbers [i] to [3].
These numbers are used for identification of the indi-
vidual modules in the following sections.

5.2.2.3 Control d.c. voltage of binary inputs

When delivered from the factory, the binary inputs
are designed to operate in the total control voltage
range from 19 V to 288 V. If the rated control voltage
for the binary inputs is 110 V or higher, it is advisable
to fit a higher pick—up threshold to these inputs to
increase stability against stray voltages in the d.c.
circuits.

For rated control voltages of 110 Vdc or higher the
pick—up threshold can be increased to approxi-
mately 80 V; for rated control voltages of 220 V or
higher to approximately 160 V. In order to fit a higher
pick—up threshold solder bridges must be re-
moved. Figure 5.2 shows the location of these sol-
der bridges and their assignment for the basic p.c.b.
[3], Figure 5.3 for the additional p.c.b. [d.
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— Open housing cover. — Check the plugs according to Figures 5.2 and 5.3.
i I
! Caution! The ribbon cables need not be re—connected now if
Electrostatic discharges via the compo- the back—up battery is to be inserted (refer to Sec-
nent connections, the PCB tracks or the tion 5.2.3) or if the interface to LSA shall be matched
connecting pins of the modules must be (refer to Section 5.2.4). Otherwise continue with the
avoided under all circumstances by pre- next steps:
viously touching an earthed metal sur-
face. — Re—insert the modules into the housing; ensure

that the locking aids are turned out of the front.
— Loosen the captive screws of the housing and re-
move the front plate. — Compress the locking aids in the direction of the
impressed arrows.
— Remove both multi—pin plugs that connect the
graphic display and the membrane keyboard to — Push the locking aid while the module is being in-
the module [31. serted; press the module in until the locking aid
clicks into place.
— Carefully loosen the ribbon cables that link the
modules with each other so that the desired mod- — Re—connect the multi—pin plugs that connect
ule can be drawn out. the graphic display and the membrane keyboard
to the module [3].
— Loosen the locking aids at the top and bottom of

the modules [1] and [3], i.e. compress them in the — Re—connect the ribbon cables to all concerned
direction of the impressed arrows and turn them modules; observe the mark (top!). Ensure that the
out. connection pins do not bend! Do not use force!
— Pull out the modules and place them on a surface — Fix the front plate with the four fixing screws.
which is suited to electrostatically endangered
components (EEC). — Close housing cover.
Binary in-
puts ~N
11
3to N\

Q.

Q.

Q.

Helr

O s I—

Binary inputs
/ 1and2
i Additional module EAZ3
B DC/DC converter SV
S~~—~— "~ Basic module EPS3
Figure 5.1 Front view 7SJ531 after removal of the front plate (reduced and simplified)
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Binary input 2 : bridges Wé6x
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Binary input 1 : bridges W5x

for rated voltages <110 Vdc: Bridges WxC and WxD must be inserted! (as delivered)
for rated voltages >110 Vdc: Bridges WxC must be inserted. Bridges WD may be removed
for rated voltages >220 Vdc: Bridges WxC and WD may be removed

Bridges WxA and WxB cannot be used in the actual version; they are not fitted.

Figure 5.2 Checking for control voltages for binary inputs 1 and 2 on the p.c.b. [3] (refer to Figure 5.1)

Binary input 3:
Binary input 4:

Binary input 5:
Binary input 6:
Binary input 7:

Binary input 8:

bridges W1x
bridges W2x Binary input 9:
bridges W3x Binary input 10:
bridges W4x Binary input 11:
bridges W5x
,_... — - — - — - — o —®-
00" P | 06" " | 0¢%° | 06" | 04" | 0P
oo 190 o0 |Se- |oe- |oe-
W1iB W2B W3B Ww4B W5B WweB
=) =) =) =) =)
o: "o. Ilo. Ilo. Ilo. Ilo.
= = = = =
W1A W2A W3A W4A W5A WA
=) =) =) =) =)
[ 23 ®- ®- ®- ®- o~
wiC w2C W3C W4C W5C WeC
..l =) [ ] - =) [ ] ) [ ] -
® 06606 o606 o606 o0 o0

.-| .-‘
W7C \W8C

-

e oo

060 | 0P

o o

0%~ |e®-
W7B wsB

bridges W6x
bridges W7x
bridges W8x
bridges W9

for rated voltages <110 Vdc: Bridges WxC and WxD must be inserted! (as delivered)
for rated voltages >110 Vdc: Bridges WxC must be inserted. Bridges WD may be removed
for rated voltages >220 Vdc: Bridges WAC and WD may be removed

Bridges WxA and WxB cannot be used in the actual version; they are not fitted.

Figure 5.3 Checking for control voltages for binary inputs 3 to 11 on the p.c.b. [1] (refer to Figure 5.1)

104

C53000-G1176—-C114



7SJ531V3

Installation instructions

5.2.3 Inserting the back—up battery

The device annunciations are stored in NV—RAMs.
The back—up battery should be inserted so that
they are retained even with a longer failure of the d.c.
supply voltage. The back—up battery is also re-
quired for the internal system clock with calender to
continue in the event of a power supply failure.

locking aid

Front view upon the processor
module when the front plate is
removed

Figure 5.4

The procedure for inserting the battery into a new
unit is described below. Proceed according to Sec-
tion 7.2 when replacing an existing battery or
when inserting the battery into a unit which has
already been connected to the power supply.

— Prepare area of work: provide a surface that is
suited for electrically endangered components
(EEC).

— Open housing cover.

— Loosen the captive screws of the housing and re-
move the front plate.

The battery is supplied separately with the device.
This prevents it from discharging before the unit is
used.

The battery is located at the front edge of the proces-
sor board of the basic p.c.b. ([3 in Figure 5.1), refer
to Figure 5.4. The front plate must be removed when
the battery is to be inserted.

front

top side

View upon the
processor p.c.b.

Position of the back—up battery on the processor p.c.b.

1\ Caution!

Electrostatic discharges via the compo-
nent connections, the PCB tracks or the
connecting pins of the modules must be
avoided under all circumstances by pre-
viously touching an earthed metal sur-
face.

— Carefully loosen the ribbon cables that link the
modules with each other so that the p.c.b. at the
right side ([3] in Figure 5.1) can be drawn out. If
necessary, loosen the cable from the adjacent
modaules, too.
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— Loosen the locking aids at the top and bottom of
the processor p.c.b. [3], i.e. compress them in the
direction of the impressed arrows and turn them
out.

— Remove processor p.c.b. and place it on the EEC
surface.

— Prepare the battery as in Figure 5.5:

1\ Caution!

Do not short—circuit the battery poles!
Do not place the battery on the conduc-
tive surface!

— Shorten the legs to 15 mm (6/10 inch) each and
bend over at a length of 40 mm (16/10 inch); en-
sure that the polarity signs are visible.

— Insert the prepared battery into the terminals as in
Figure 5.5 and tighten the screws; the location of
the battery is illustrated in Figure 5.4.

The following steps are necessary only in case that
the normal signal position for the LSA interface need
not be altered (refer to Section 5.2.4):

— Re—insert the processor p.c.b. into the housing;
ensure that the locking aids are turned out of the
front.

— Compress the locking aids in the direction of the
impressed arrows.

— Push the locking aid while the module is being in-
serted; press the module in until the locking aid
clicks into place.

— Re—connect the multi—pin plugs that connect
the graphic display and the membrane keyboard
to the module [3].

— Re—connect the ribbon cables to all concerned
modules; observe the mark (top!). Ensure that the
connection pins do not bend! Do not use force!

— Fix the front plate with the four fixing screws.

— Close housing cover.

- o oo + —_ - o o

15 15

shorten the legs

Dimensions
inmm

40

bend the legs

—
@@ @90

installing

+

vied from above

Figure 5.5 Inserting the back—up battery
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5.2.4 Checking LSA transmission link

For models with interface for a central data process- the module [3].

ing station (e.g. LSA) these connections must also

be checked. It is important to visually check the allo- — Carefully loosen the ribbon cables that link the

cation of the transmitter and receiver channels. modules with each other so that the processor

Since each connection is used for one transmission p.c.b. can be drawn out. If necessary, loosen the

direction, the transmit connection of the relay must cable from the adjacent modules, too.

be connected to the receive connection of the cen-

tral unit and vice versa. — Loosen the locking aids at the top and bottom of
the processor p.c.b. [3], i.e. compress them in the

Transmission via optical fibre is particularly insensi- direction of the impressed arrows and turn them

tive against disturbances and automatically pro- out.

vides galvanic isolation. Transmit and receive con-

nector are designated with the symbols —8—> for — Remove processor p.c.b. and place it on the EEC

transmit output and —>-® for receive input. surface.

The normal signal position for the data transmission — Check the plug according to Figure 5.6 and

is factory preset as "light off”. This can be changed change when necessary.

by means of a plug jumper X91 which is accessible

when the processor p.c.b. [3] is removed from the — Re—insert the processor p.c.b. into the housing;

case. The jumper is situated in the rear area of the ensure that the locking aids are turned out of the

processor module (Figure 5.6). front.

Jumper | Position  Normal signal position — Compress the locking aids in the direction of the

X1 90 — 91 “Light off” impressed arrows.
X91 91 — 92 "Light on”

— Push the locking aid while the module is being in-
serted; press the module in until the locking aid

— Open housing cover. . ;
P using cov clicks into place.

— Loosen the captive screws of the housing and re-

move the front plate. — Re—connect the multi—pin plugs that connect

the graphic display and the membrane keyboard
1\ Caution! to the module [3].

Electrostatic discharges via the compo-
nent connections, the PCB tracks or the
connecting pins of the modules must be
avoided under all circumstances by pre-

viously touching an earthed metal sur-
face. y g — Fix the front plate with the four fixing screws.

— Re—connect the ribbon cables to all concerned
modules; observe the mark (top!). Ensure that the
connection pins do not bend! Do not use force!

— Remove both multi—pin plugs that connect the — Close housing cover.
graphic display and the membrane keyboard to

\ . /

D11

( 0X91X92
= X29 X34 -
I xt OO qB_
|
plug jumper shown ( ~

as delivered | |
Position X90—X91 = R4 /

"Light off” - T4 | _l_ T3 ~

Figure 5.6 Position of the jumper X91, on processor p.c.b. EPS3 ([3] in Figure 5.1)

~N~—————— _— \
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5.2.5 Connections

General and connection diagrams are shown in Ap-
pendix A and B. The marshalling possibilities of the
binary inputs and outputs are described in Section
5.5.

5.2.5.1 Connections for circuit breaker auxilia-
ry contacts

The integrated switching device control processes
the state of the switching devices in the switchgear.
Furthermore the circuit breaker check feature can
monitor the circuit breaker’s movement during the
operation.

Various binary inputs are provided for the position in-
dication of the switches to the display in the feeder
mimic diagram. They can be connected with auxilia-
ry contacts of the switching devices. The assign-
ment (see Appendix E) is fixed by the selected feed-
er mimic diagram, marshalling of these binary inputs
is neither necessary nor possible.

5.2.5.2 Connections for switch—over of pa-
rameter sets

Switch—over of different parameter can be per-
formed via one binary input. Using normally open
control mode, parameter set A is effective as long as
the assigned binary input is not energized, other-
wise parameter set B. Further information on select-
able parameter sets is given in the Sections 6.3.1.2
and 6.5.5.3.

5.2.5.3 Connections for trip circuit supervi-
sion

If the trip circuit supervision is used, decision must
be made whether two binary inputs or only one is
available for this purpose. The function is explained
in detail in Section 4.11, where also the principle
connections are illustrated.

Note: It must be considered that two binary inputs
(or one input and a replacement resistor) are con-
nected in series. Therefore, the pick—up threshold
of the binary input(s) (Section 5.2.2.3) must be clear-
ly smaller than half the control voltage. This supervi-
sion is, therefore, not suitable for a rated d.c. voltage
of 24 V.

If one single binary input is available (Figure 5.7), an
external resistor R must be connected in the circuit
of the breaker auxiliary contact (Aux2), which re-
places the missing second binary input (refer also to
Section 4.11.2). It may be possible in this case that a
smaller control voltage is sufficient than twice the
minimum voltage of the binary input. A fault is also
detected when the NO auxiliary contact is open and
the trip relay contact has reset. This resistor must be
dimensioned such that the trip coil (TC) of the break-
er cannot operate when the breaker is open (Auxi
open and Aux2 closed), but that the binary input
(BI1) can operate when the trip contact of the device
has opened, at the same time (Figure 5.7).

This results in an upper limit Rmax and a lower limit
Rmin of the resistance, from which the arithmetical
mean value is taken:

Rmax + Rimin
2

The maximum resistance Ryax is derived from the
minimum control voltage of the binary input:

Ria = (Ucv — UBI min) _ RTC

lgy (High)

R:

The minimum resistance Rnn is derived from the
maximum control voltage which does not operate
the circuit breaker trip coil:

R.. = Ry - (M)

Ure (LOW)

Ig| (High) constant current which operates the
binary input (1.7 mA)

UB| min minimum control voltage for the binary
input (16 V at delivery,
80 V with increased pick—up)

Ucy Control voltage of the trip circuit

R1c ohmic resistance of the trip coil

Urcow) maximum voltage which does not operate
the trip coil

If the result of the calculation shows that Rmax <
Rmin, the calculation must be repeated with the next
lower input voltage of the binary input. Refer to Sec-
tion 5.2.2.3 for realization of the control voltages of
binary inputs.
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The power capability of the resistor is as follows:
U 2 R, = 500Q - (M)
PR=I2R—(R = ) R 2V
+
LSS R, = 27kQ
Example: R — Pmex ;r Rin _ 40.9k0
IgI (High) 1.7 mA (protection relay data)
UBI mi 16 V (protecti lay dat
Bl min (protection relay data) The nearest standard value is selected: 39 kQ
Ucv 110 V (switchgear control voltage)
Rrc 500 Q (circuit breaker data) The minimum power capability is:
Ut (Low) 2V (circuit breaker data) ( 110V )2
P.={—— —
110V — 16V " \(89 + 0,5k
Rna =\ " H7ma ) 500
' P = 0,3W
Rmax = 54.8kQ
Ucv - Ucv .
Ly [7sus31 | L [7sus31 |
] ] ] ]
| | |
- e— . — - UB|m|n BI1 - —_— e —— - BI1
75J531 ] L v [7sJ531 B ' '

or any other
! tection relay

CB _(L'

pro-

A [ =
N 1 IBI (High)

CLOSE_
Auxi

TC

L_

trip contact open

Figure 5.7

or any other

protectionrelay

CB

™1 .

L.

CLOSE_
Auxi

TC

L_

— - 1 Ute (Low)
Rrc

trip contact closed

Dimensioning the external resistor R when one single binary input is used
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5.2.6 Checking the connections

/_v\ Warning

Some of the following test steps are car-
ried out in presence of hazardous volt-
ages. They shall be performed by qualified
personnel only which is thoroughly familiar
with all safety regulations and precaution-
ary measures and pay due attention to
them.

Non—observance can result in severe per-
sonal injury.

Before initial energization with supply voltage, the
relay shall be situated in the operating area for at
least two hours in order to ensure temperature
equalization and to avoid humidity influences and
condensation.

— Switch off the circuit breakers for the dc supply
and the voltage transformer circuits!

— Check the continuity of all the current and voltage
transformer circuits against the plant and connec-
tion diagrams:

® Are the current transformers correctly
earthed?

® Are the polarities of the current transformer
connections consistent?

® |s the phase relationship of the current trans-
formers correct?

® Are the voltage transformers correctly earthed?

® Are the polarities of the voltage transformer cir-
cuits correct?

® |s the phase relationship of the voltage trans-
formers correct?

® |s the polarity of the earth current transform-
er(s) correct?

— If test switches have been fitted in the secondary
circuits, check their function, particularly that in
the "test” position the current transformer sec-

ondary circuits are automatically short—circuited.

Ensure that the miniature slide switch on the front
plate is in the "OFF” O- position. (refer Figure
6.1).

Fit a d.c. ammeter in the auxiliary power circuit;
range approx. 1.5 Ato 3 A.

Close the battery supply circuit breaker; check
polarity and magnitude of voltage at the terminals
of the unit or at the connector module.

The measured current consumption should cor-
respond to approximately 6 W. Transient move-
ment of the ammeter pointer only indicates the
charging current of the storage capacitors.

Put the miniature slide switch of the front plate in
the "ON” position © . The unit starts up and, on
completion of the run—up period, the green LED
on the front comes on, the red LED gets off after at
most 5 sec.

Open the circuit breaker for the d.c. power supply.

Remove d.c. ammeter; reconnect the auxiliary
voltage leads.

Close the voltage transformer m.c.b. (secondary
circuit).

Check the direction of phase rotation at the relay
terminals (clockwise!).

Open the m.c.b.s for voltage transformer second-
ary circuits and d.c. power supply.

Check through the tripping circuits to the circuit
breaker.

Check through the control wiring to and from oth-
er devices and to the switching devices of the
switchgear.

Check the signal circuits.

Reclose the protective m.c.b.s.
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5.3 Configuration of operation and memory functions

5.3.1

For most operational functions, the input of a code
word is necessary. This applies for all entries via the
membrane keyboard or front interface which con-
cern the operation on the relay, for example

— configuration parameters for configuration of the
operation language, the interfaces and the device
functions,

— allocation or marshalling of annunciation signals,
binary inputs, optical indications, and trip relays,

— setting of functional parameters (thresholds,
functions),

— initiation of test procedures,
— initiation of control operations.

Code words are not required for the read —out of an-
nunciations, operating data or fault data, or for the
read—out of setting parameters.

The 7SJ531 disposes of four different code levels,
i.e. different authorization levels. Code level 1 re-
leases the functions control/switching, setting of the
clock, creating of a measuring record and switch—
over of the active parameter set. That means with a
code word the operator can carry out specific set-
tings, which are typical for normal operation condi-
tions.

For operations of special importance, like the para-
meterization of functions and pick—up values, the
start of test routines, the setting of files etc. code lev-
el 2 is required. The code word for this level com-
prises the menu items from code level 1, too.

For the configuration, i.e. the marshalling and con-
figuration of the relay, code level 3 is applicable.

The code words pre—set upon delivery of the relay
can be substituted by self—selected code words.
Changing of the code words is done under address-
es 7151 to 7154. These addresses are visible only
when code level 4 is fulfilled. The procedure is de-
scribed in Section 5.3.3.

That means the code word has to be entered as a
proof for the operation authorization. When the key
CW is operated in menu levels which require a code

Operational preconditions and general

word, the last three lines on the bottom of the display
are extinguished and the text "ENTER CODE-
WORD:” is shown. The code word can now be en-
tered (see Figure 5.8).

8200
RESET
820 1WRESET
LED ?
8202 RESET
OPERAT.ANNUNC. ?
8203 RESET
FAULT ANNUNC. ?
8204 Trip No =

8206 RESET

ENTER CODEWORD:

| eeeeee |
| Cw ACCEPTED |
| CODEWORD WRONG |

Figure 5.8 Example of code word entry

The code "word” is a number of up to 6 digits. All nu-
merical keys plus the enter—key E for terminating
the entry are released for the entry. Upon delivery of
the relay the number ”0” is pre—set for all code lev-
els.

The entered numbers do not appear in the display.
Instead only @ is shown. After confirming the entry
with E, CW ACCEPTED is shown in the display, if the
code word is correct. Continue with E. The original
information of the three extinguished lines is rees-
tablished and the cursor starts flashing. Now the re-
quired operations can be carried out.

If the code is not correct, CODEWORD WRONG is
displayed. After operating the key CW a new code
word entry may be performed or by operating the
key E the code word entry may be interrupted. In the
latter case the original content of the three extin-
guished lines is reestablished, too.

C53000-G1176—-C114
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The operating interface is built up by a hierarchically
structured menu tree. A complete overview can be
found in Appendix D. Figure 5.9 shows which steps
are necessary for the execution of configuration.

When the relay is ready for operation, first the key
MENU is pushed: the first page of the OPERATION—
MENU is shown. As the whole number of menu op-
tions can not be shown on one page, the double ar-
row key ¥ leads to the second page of the
OPERATION—MENU, back again with key &. The
display shows the paging possibilities by the double
arrows at the left top and/or bottom edge. Within one

AR )
7
~—

N\ ) )

| |{cw 4

~— ~—

N Y Y
V) &)

©
€
() (eq)(>p)
=)
(M (EHEJE)E)(

DA
. J/

OPERATION-
MENUE 1

page, the required menu option can directly be se-
lected by entry of the corresponding number, what
opens the sub—menu (Figure 5.9 below). In the end
a series of operating addresses is shown, marked
by the four—digit address number (e.g. 7100) and
the head line of the operating block (e.g. INTE-
GRATED OPERATION).

Returning to the previous menu level is achieved by
operating the return key R. When operating the re-
turn key in the highest menu level, the basic diagram
returns to the display.

SWITCHING AUTHORIZ
OPERATIONAL ANNUN.
ALARMSTATE
MEASURED VALUES
FAULT-PTOTOCOLS
EARTH FAULTS

CB OPER. STATISTIC
SETTINGS

TESTS

oo WN -

«

V

OPERATION-
2K MENUE 2
l: PARAMETER SETTING
2: MARSHALLING
3:

CONFIGURATION C

Figure 5.9 Menu selection for configuration

CONFIGURATION

1 7100 INTEGRATED
OPERATION

2: 7200 PC/SYSTEM

INTERFACES

7400 FAULT

RECORDINGS

7500 BREAKER

CONTROL

5: 7800 SCOPE OF
FUNCTIONS

6: 7900 DEVICE
CONFIGURATION

w

I
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Through the required menu number (e.g. 1) the indi-
vidual addresses associated with this operation
block are accessible. The display shows the four—
digit address numbers, i.e. address block and se-
quence number. Then follows the meaning of the
shown parameters (see Figure 5.10). In the directly
following display line, the text for the parameter is
written. The cursor can be moved to the required ad-
dress by means of the keys A and V. When the total
number of all addresses of one operation block can-
not be shown on one page, the next page can be
displayed again with the key 2.

After entering the code word, the possible alterna-
tives can be scrolled through the display by means
of the "No” —key N. The alternative which shall be se-
lected, is confirmed with the enter key E. If in ad-
dresses which require numerical entry the value is to
be changed, this is done by the numerical keys. Fi-
nally the entry has to be confirmed with the entry
key E! The relay displays the adopted value.

The setting procedure can be ended at any time by
the key combination F E, i.e. depressing the function
key F followed by the entry key E. The display shows

the question "SAVE NEW SETTINGS ?”. Confirm
with the "Yes”—key J/Y that the new settings shall
become valid now. If you press the "No”—key N in-
stead, code word operation will be aborted, i.e. all
alterations which have been changed since the last
code word entry are lost. Thus, erroneous alter-
ations can be made ineffective.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79), e.g. by
trying to select a different menu, the display shows
the question "END OF CODEWORD OPERATION
?”. Press the "No”—key N to continue configuration.
If you press the "Yes”—key J/Y instead, another
question appears: "SAVE NEW SETTINGS ?”. Now
you can confirm with J/Y or abort with N, as above.

When one exits the setting program, the altered pa-
rameters, which until then have been stored in buffer
stores, are permanently secured in EE-PROMs and
protected against power outage. If configuration pa-
rameters have been changed the processor system
will reset and re—start. During re—start the device is
not operational.

CONFIGURATION > 7100 INTEGRATED
OPERATION

1 7100 INTEGRATED c 7101 BLANGUAGE
OPERATION ENGLISH

2: 7200 PC/SYSTEM /7102 DATE FORMAT
INTERFACES pd DD.MM.JJJJ

3: 7400 FAULT Cursorcambe || 7103 DIST. UNIT
RECORDINGS moved with A miles

4: 7500 BREAKER orV 7110 FAULT INDIC
CONTROL WITH FAULT DETEC

5: 7800 SCOPE OF 7130 CONTRAST
FUNCTIONS 6

6: 7900 DEVICE
CONFIGURATION

Figure 5.10  Addresses of an address block
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5.3.2 Settings for the integrated operation — address block 71

Operating parameters can be set in address block
71. This block allows the operating language and
the code words to be changed and the date format
to be selected. Messages on the front display can be
selected here for the quiescent state of the unit or af-
ter a fault event. To change any of these parameters,
code word entry of code level 3 is necessary.

The address block is reached by pressing the ME-
NU—key — double arrow key% — option 1: 7100 IN-

TEGRATED OPERATION, as described in Section
5.3.1.

When delivered from factory, the device is pro-
grammed to give function names and outputs in the
German language, the date is shown in the Euro-
pean format. This can be changed under addresses
7101 and 7102. The operator languages available at
present are shown below.

Beginning of the block “Integrated operation”

The available languages can be called up by re-
peatedly pressing the "No”—key N. Each lan-
guage is spelled in the corresponding country’s
language. If you don’t understand a language,
you should find your own language.

The required language is chosen with the enter
key E.

When delivered from factory, the date is shown in
the European format Day.Month.Year. Switch—
over to the American format Month/Day/Year is
achieved by depressing the "No”—key N; then
confirm with the entry key E. DD

two figures for the day

MM two figures for the month

YYYY four figures for the year (incl. century).

Unity for display of the distance to fault; may be

kilometers: the per unit reactance of the line must
then be entered in Q/km (address 1123), the dis-
tance is displayed in km

miles: the per unit reactance of the line must then
be entered in /mile (address 1122), the distance
is displayed in miles

Stored LED indications and the fault event mes-
sages in the display can be displayed either with
each fault detection or only after trip command is
given. This mode can be changed by depressing
the "No”—key N and confirmed with the enter—
key E.

rll 7100 INTEGRATED
OPERATION
vl 7101 9L.ANGUAGE
DEUTSCH
N ENGLISH
All7102 aDATE FORMAT
v DD.MM.YYYY
N| MM/DD/YYYY
All7103mDIST. UNIT
Y km
N | miles I
All7110wFAULT INDIC
v WITH FAULT DETEC
N| WITH TRIP COMM. |
114
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f” 7130 CONTRAST H
6

Setting of the LC—display contrast. Higher value
means more contrast to ease read—out

Smallest setting value: 3

Largest setting value: 9

Note: When the contrast is to low, there is a risk that the display cannot be read any more, so that operation
becomes impossible. Therefore the pre—set value should be kept or changed by one step only.

5.3.3 Changing the code words — address block 71

The code words can be changed in addresses 7151
to 7154 for all four available code levels. This allows a
downgrading of the operating authorization.

These four addresses are visible and changeable
only when code word level 4 (highest authorization
stage) is fulfilled. This requires entry of the level 4
code word.

It applies for all code levels that the higher level al-
ways includes the operation facilities of the lower
code levels.

Code words can be abbreviated to less than six dig-
its. Then they have to be entered with exactly the
same number of digits for each code word entry.

If the user does not change the code words, then the
pre—set code words remain valid. They are "0” for all
four code levels. Entry of the previously used pre—
set code word ”000000” is accepted, too.

A
<

7151 CW-LEVEL 1 H
0

Code level 1: this authorization level allows opera-
tions for the normal operating procedures control/
switch, start fault recording, set the clock, select
the active parameter set.

Smallest setting value: 0
Largest setting value: 999999

Addresses 7152 to 7154 are on page 2 of the level INTEGRATED OPERATION. They can be reached by opera-
tion of the key%. Switching between the two pages with% resp.X.

ey

v 0

7152 CW-LEVEL 2 H

Code level 2: this authorization level allows opera-
tions of specific importance: functional parameters
(address blocks 11 to 39), test routines (address
blocks 41 to 49), setting and resetting of buffers
and counters (address block 82) and process pa-
rameter sets (address block 85).

Smallest setting value: 0
Largest setting value: 999999
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115



7SJ531V3

Installation instructions

All 7153 CW-LEVEL 3
0
A

0

7154 CW-LEVEL 4 ||

Code level 3: this authorization level allows the
configuration: marshalling (address blocks 61 to
64), interfaces (address blocks 71 to 72), fault re-
cording (address block 74), scope of functions
(address block 78), configuration of the relay (ad-
dress block 79)

Smallest setting value: 0
Largest setting value: 999999

Code level 4: this is the highest authorization level
for the user and allows alteration of the code words
(addresses 7151 to 7154)

Smallest setting value:
0

Largest setting value: 999999

5.3.4 Configuration of the serial interfaces — address block 72

The device provides one or two serial interfaces: one
operation or PC interface in the front for operation by
means of a personal computer and — dependent of
the ordered model — a further system interface for
connection of a central control and storage unit, e.g.
Siemens LSA 678. Communication via these inter-
faces requires some data prearrangements: identifi-
cation of the relay, transmission format, transmis-
sion speed.

These data are entered to the relay in address block
72. Code word input of code level 3 is necessary (re-
fer to Section 5.3.1). The data must be coordinated
with the connected devices.

All annunciations which can be processed by the
LSA are stored within the device in a separate table.
This is listed in Appendix F.

R
INTERFACES

7200 PC/SYSTEM H

v || 72018DEVICE ADD.
1

Al 7202 aFEEDER ADD.

v 1

Beginning of the block "Interfaces for personal
computer and central computer system”

Identification number of the relay within the substation;

valid for both the interfaces (operating and system

interface). The number can be chosen at liberty, but
must be used only once within the plant system

Smallest permissible number: 1

Largest permissible number: 254

Number of the feeder within the substation; valid for
both the interfaces (operating and system interface)

Smallest permissible number: 1

Largest permissible number: 254
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A|| 7203 8SUBST. ADD.
\Y 1

Al 7208 BFUNCT. TYPE
v 160

A|| 7209 DEVICE TYPE
\Y 23

Identification number of the substation, in case more
than one substation can be connected to a central
device

Smallest permissible number: 1

Largest permissible number: 254

Function type in accordance with VDEW/ZVEI and IEC
870—5—-103; for overcurrent protection no. 160.

This address is mainly for information, it should not be
changed.

Device type for identification of the device in Siemens
LSA 678 and program DIGS/I®. For 7SJ531 V3 no. 23
This address is only for information, it cannot be
changed.

Addresses 7214 to 7216 are valid for the operating
(PC) interface on the front of the relay.

The setting of the PC GAPS (address 7214 for the
operating interface) or the SYS GAPS (address 7224
for the system interface) is relevant only when the
relay is intended to communicate via a modem. The
settings are the maximum time period which is toler-
ated by the relay when gaps occur during transmis-
sion of a telegram. Gaps may occur, when modems
are used, by compression of data, error correction,
and differences of the Baud—rate. With good trans-
mission quality, 1.0 s is adequate. The value should

be increased when transmission quality is not so
good. It must be noted that GAPS must be smaller
than the setting of “reaction time protection relay” in
the protection software DIGSI® V3. Recommended
value:

"'reaction time protection relay’’
2

GAPS =

Higher values for "reaction time protection relay” re-
duce the transmission speed in case of transmission
errors. If the relay interface is connected directly to a
personal computer, then GAPS may be set t0 0.0 s.

A
0.0 s

72148pC GAPS H

Maximum time period of data gaps within telegrams
which may occur during data transmission via modem
on the operating (PC) interface
Smallest setting value:

Largest setting value:

0.0 s
5.0s

Addresses 7215 to 7225 are on page 2 of the level PC/SYSTEM INTERFACES. Scrolling between the two

pages with3% resp.X.

< P>

9600 BAUD

7215 8PC-BAUDRATE ‘

19200 BAUD

1200 BAUD

2400 BAUD

4800 BAUD

The transmission Baud—rate for communication via the
PC (operating) interface at the front can be adapted to
the operator’'s communication interface, e.g. personal
computer, if necessary. The available possibilities can
be displayed by repeatedly depression of the "No” —key
N. Confirm the desired Baud—rate with the entry key E.
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A|[72168PC PARITY

v DIGSI V3

N NO 2 STOP
NO 1 STOP

Parity and stop—bits for the PC (operating) interface:

format for Siemens protection data processing program
DIGSI® Version V3 with even parity and 1 stop—bit

transmission with NO parity and 2 STOP—bits

transmission with NO parity and 7 STOP—bit, e.g. mo-
dem

Addresses 7221 to 7235 are valid for the system (LSA) interface (if fitted).

7221mSYS INTERF.
VDEW COMPATIBLE

< b

N VDEW EXTENDED

DIGSTI V3

A
v

7222m8SYS MEASUR.
VDEW COMPATIBLE

N| VDEW EXTENDED

All722485YS GAPS

0.0 s

< b

72258SYS BAUDR.
9600 BAUD

N 19200 BAUD

1200 BAUD

2400 BAUD

4800 BAUD

Format of annunciations and fault records for the sys-
tem (LSA) interface:

only data in accordance with VDEW/ZVEl and IEC
870-5-103

data in accordance with VDEW/ZVElI and IEC
870—-5—103, extended by Siemens specified data

format for Siemens protection data processing program
DIGSI® Version V3

Format of measured values for the system (LSA) inter-
face:

only data in accordance with VDEW/ZVEI and IEC
870-5-103

data in accordance with VDEW/ZVElI and IEC
870—-5—-103, extended by Siemens specified data

Maximum time period of data gaps within telegrams
which may occur during data transmission via modem
on the system (LSA) interface

Smallest setting value: 0.0 s

Largest setting value: 50s

The transmission Baud—rate for communication via the
system interface can be adapted to the system inter-
face, e.g. LSA, if necessary. The available possibilities
can be displayed by repeatedly depression of the
"No”—key N. Confirm the desired Baud—rate with the
entry key E.

Addresses 7226 to 7235 are on page 3 of the level PC/SYSTEM INTERFACES. Scrolling between the two

pages with3¥ resp.X.
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All7226 usvs pARTTY Parity and stop—bits for the system (LSA) interface:
[ |
v VDEW/DIGSIV3/LSA format for VDEW-protocol (IEC 870-5-103) or
Siemens protection data processing program DIGSI®
Version 3 and former LSA
N NO 2 STOP transmission with NO parity and 2 STOP —bits
NO 1 STOP ’(cjr:pnsmission with NO parity and 7 STOP—bit, e.g. mo-

It is possible to switch the VDEW —protocol (acc. IEC
870—-5—-103) over to the transmission protocol ac-
cording to the operation software DIGSI® during op-
eration. A precondition is that a transmission format
is selected for the system interface which is compat-
ible to the VDEW—protocol (acc. IEC 870—5—103),
i.e. address 7221 SYS INTERF is switched to VDEW
COMPATIBLE or VDEW EXTENDED. If this facility is to
be used, address 7227 SYS SWITCH must be set to
YES. This configuration address does only permit to

switch over from VDEW-protocol (acc. IEC
870—5—103) to DIGSI®—protocol and vice versa at
the system interface. The actual switch—over is ar-
ranged by a special telegram which is sent by
DIGSI® to the system interface when to PC—opera-
tor initiates the corresponding command. When ad-
dress 7235 (see below) is equally set to YES, then re-
mote parameterizing is possible via the system
interface by means of DIGSI® —procedures.

72278SYS SWITCH
NO

N| YES |

Switch—over between VDEW transmission protocol
(acc. IEC 870—-5—-103) and DIGSI®—protocoI via the
system interface

NO — is not permitted

YES — is permitted

Address 7235 is relevant only in case the system interface is connected with a hardware that operates with the
protection data processing program DIGSI® (address 7221 SYS INTERF. = DIGS/ V3). This address deter-
mines whether is shall be permitted to change parameters via this interface.

A || 72358SYS PARAMET
NO
N| YES |

Only in case the interface is connected with a hard-
ware that operates with protection data processing
program DIGSI® V3: Remote parameterizing via the
system interface

NO — is not permitted

YES — is permitted
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5.3.5 Settings for fault recording — address block 74

The device 7SJ531 is equipped with a fault data
store (see Section 4.16.2). Distinction must be made
between the reference instant and the storage crite-
rion (address 7402). Normally, the general fault de-
tection signal of the protection is the reference in-
stant. The storage criterion can be the general fault
detection, too (STORAGE BY FD), or the trip com-
mand (STORAGE BY TRIP). Alternatively, the trip
command can be selected as reference instant
(START WITH TRIP), in this case, the trip command is
the storage criterion, too.

A fault event begins with the fault detection of any
protection function and ends with drop—off of the
latest fault detection. The scope of a fault record is
normally this fault event (address 7403). If auto—re-
closure is carried out, the complete network fault se-
quence — with one or more reclosure attempts — up
to the final clearance can be recorded. This shows
the total time sequence of the fault but utilizes more
memory space even during the dead time(s).

The actual recording time starts with the pre—trigger
time T—PRE (address 7411) before the reference in-

stant and ends with the post—fault time T—POST
(address 7412) after the recording criterion has dis-
appeared. The permissible recording time for each
record is set under address 7410. Altogether 5 s are
available for fault recording. In this time range up to 7
fault records can be stored. When the back—up bat-
tery is installed, the fault records are saved against
supply outage.

Note: The set times are referred to a system frequen-
cy of 50 Hz. They are to be matched, accordingly, for
different frequencies.

Data storage can also be initiated via a binary input
or by operator action from the membrane keyboard
on the front of the relay or via the operating or system
interface. The storage is triggered dynamically, in
these cases. The length of a record is determined by
the settings in addresses 7431 and 7432. Pre—trig-
ger time and post—fault time are additive to the set
values. If the storage time for start via binary input is
set to oo, then the storage goes on as long as the
binary input is activated (statically), but not longer
than T-MAX (address 7410).

Beginning of block "Fault recordings”

R([ 7400 FAULT
RECORDINGS

v 7402BINITIATION
STORAGE BY FD.

‘ Data storage is initiated:

— fault detection is reference instant
fault detection is storage criterion

— fault detection is reference instant

N STORAGE BY TRIP . ; b
trip command is storage criterion
N START WITH TRIP | — trip command is reference instant
trip command is storage criterion
Scope of a fault record:
A || 7403 8SCOPE ) .
v FAULT EVENT a fault record is stored for each FAULT EVENT, i.e. from

pick—up until drop—off

a fault record comprises the total NETWORK FAULT in-
N | FAULT IN POW.SYS | cluding auto—reclosure attempts
Maximum time period of a fault record
Al 74108T-MAX Smallest setting value: 0.30 s
v 1.00 s Largest setting value: 5.00 s
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Al 7411mT-PRE
v 0.10 s
Al 74128T-POST
\Y 0.10 s
Al|l 74318T-BINARY IN
74 0.50 s

Pre—trigger time before the reference instant
Smallest setting value: 0.05s
Largest setting value: 0.40 s

Post—fault time after the storage criterion disappears
Smallest setting value: 0.05 s
Largest setting value: 0.50s

Storage time when fault recording is initiated via a
binary input, pre—trigger and post—fault times are
additive

Smallest setting value: 0.10s

Largest setting value: 5.00 s

Or co, i.e. as long as the binary input is energized (but
not longer than T—MAX)

The address 7432 is on page 2 of the level FAULT RECORDING. Scrolling between the two pages with %

resp.X.

A 7432 eT-KEYBOARD
0.50 s

Storage time when fault recording is initiated via the
membrane keyboard, pre—trigger and post—fault
times are additive

Smallest setting value: 0.10 s

Largest setting value: 5.00s
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5.4 Configuration of the protective functions

5.4.1 Introduction

The device 7SJ531 is capable of providing a series
of protection and additional functions. The scope of
the hard— and firm—ware is matched to these func-
tions. Additionally, the control functions can be
matched to the on—site conditions. Furthermore, in-
dividual functions can be set (configured) to be ef-
fective or non—effective or the interaction of the
functions can be modified by configuration parame-
ters. Additionally, the relay can be adapted to the
system frequency.

1st example for configuration of the scope of the de-
vice:

Assume a network comprising overhead lines and
cable sections. Since auto—reclosure is only appli-
cable for the overhead line sections, this function will
be "de—configured” for the devices protecting the
cable sections.

2nd example for the interaction of the functions:

The high—current stage 1> > of the overcurrent time
protection should operate before automatic reclos-
ure, the remaining stages should not. The device will
be “informed” of this condition during configuration.

3rd example for matching of the control functions to
the switchgear:

By selection of the feeder mimic diagram, the posi-
tion feedback signals are assigned to the required
binary input.

The configuration parameters are input through the
integrated operation keyboard at the front of the de-
vice or by means of a personal computer, connected
to the front—interface. The use of the integrated op-
erating keyboard is described in detail in Section
6.2. Alteration of the programmed parameters re-
quires the input of the code word with level 3 (see
Section 5.3.1). Without code word, the setting can
be read out but not altered.

For the purpose of configuration, address blocks 78
and 79 are provided. One can access the beginning
of the configuration blocks from the MENU —
double arrow key <% — option 3 CONFIGURATION
— option 5: 7800 SCOPE OF FUNCTIONS, as de-
scribed in Section 5.3.1 (refer also to Figures 5.9 and
5.10).

Within the block 78 one can move the cursor with V
or A, and, thus reach the individual addresses for
configuration parameters. In the following sections,
each address is shown in a box and explained. In the
first line of each address, behind the address num-
ber, stands the associated device function. In the
second line is the associated text (e.g. "EXIST”). If
this text is appropriate the arrow keys A or V can be
used to page to the next address. If the text should
be altered press the "No” —key N; an alternative text
then appears (e.g. "NON—EXIST”). There may be
further alternatives which can then be displayed by
repeated depression of the "No”—key N. The re-
quired alternative must be confirmed with the key
E!

With the backspace key R one goes back to the
higher menu level CONFIGURATION; the menu op-
tion 6 will lead to address block 79 with further ad-
dresses, the setting of which may be altered or not.

The configuration procedure can be ended at any
time by the key combination F E, i.e. depressing the
function key F followed by the entry key E. The dis-
play shows the question "SAVE NEW SETTINGS ?”.
Confirm with the "Yes”—key J/Y that the new set-
tings shall become valid now. If you press the
"No”—key N instead, code word operation will be
aborted, i.e. all alterations which have been
changed since the last code word entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) by trying
to return to the main menu, the display shows the
question "JEND OF CODEWORD OPERATION ?”.
Press the "No”—key N to continue configuration. If
you press the "Yes” —key J/Y instead, another ques-
tion appears: "SAVE NEW SETTINGS ?”. Now you
can confirm with J/Y or abort with N, as described
above.

When one exits the setting program, the altered pa-
rameters, which until then have been stored in vola-
tile memories, are then permanently secured in EE-
PROMs and protected against power outage. The
processor system will reset and re—start. During
re—start the device is not operational.
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5.4.2 Programming the scope of functions — address block 78

The available protective and additional functions
can be programmed as existing or not existing. For
some functions it may also be possible to select be-
tween multiple alternatives.

Functions which are configured as NON EXIST will
not be processed in 7SJ531: There will be no annun-
ciations and the associated setting parameters
(functions, limit values) will not be requested during
setting (Section 6.3). In contrast, switch—off of a

function means that the function will be processed,
that indication will appear (e.g. ... switched off”) but
that the function will have no effect on the result of
the protective process (e.g. no tripping command).

The following boxes show the possibilities for the
maximum scope of the device. In an actual case,
functions which are not available will not appear in
the display.

R

7800 SCOPE OF
FUNCTIONS

Beginning of the block "Scope of functions”

Characteristic of phase overcurrent time protection:

v ||78128CHARAC. PH
DEFINITE TIME

N INV. TIME IEC
N INV. TIME ANSI
N USER CHARACTER.

Characteristic of earth overcurrent time protection:

Al 7813 BCHARAC. E ‘
\Y DEFINITE TIME

N INV. TIME IEC

N INV. TIME ANSI

N USER CHARACTER.

Characteristic of directional phase overcurrent time
protection:

v(|7814m0/C DIR.PH
DEFINITE

N INV. TIME IEC

N INV. TIME ANSI

N USER CHARACTER.

N NON-EXIST

Characteristic of directional earth overcurrent time
protection:

Al[781580/C DIR. E

v DEFINITE TIME
N INV. TIME IEC
N INV. TIME ANSI
N USER CHARACTER.
N NON-EXIST
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Voltage protection:

A 7816 WWOLT. PROT.
v NON-EXIST
N| EXIST

Unbalanced load protection:

A|| 7818 ENEG. SEQ.
v NON-EXIST
l‘1 EXIST

Motor start—up time monitoring:

K|/ 7821 8START SUPV
v NON-EXIST
N| EXIST

Thermal overload protection:

A|| 7827 RTHERMAL OL
v NON-EXIST
|‘1 EXIST

Motor restart lockout:

All 7828 BMOTOR START

\Y NON-EXIST

N| EXIST

Earth fault detection:

All 7830 mEARTH FAULT

\4 NON-EXIST

N| DEFINITE TIME
N| USER CHARACTER.

Automatic reclosure:

A|| 7834 BINTERNAL AR
\Y NON-EXIST
N| EXIST

Trip circuit supervision:

A‘7837 ®TRIP SUPERV

< NON-EXIST

N WITH 2 BI

N BYPASS RESISTOR

Distance —to—fault location:

R(| 7838 BFAULT LOCAT
\Y NON-EXIST
N| EXIST

Circuit breaker failure protection:

Al 7839 BBREAK. FAIL
Y NON-EXIST
N| EXIST

Note: Configuration of the feeder mimic diagram
(addresses 7875 to 7879) is explained in Section

5.4.3.

Switch—over of parameter sets:

Al| 7885 8PARAM. C/O
NON-EXIST
N| EXIST
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5.4.3 Configuration of the feeder mimic diagram — address block 78

Out of a total of 22 available feeder mimic diagrams
in the relay (see Appendix E) the suitable one for the
protected switchgear is selected and configured un-
der following addresses.

Under address 7875 a general pre—selection (cir-
cuit breaker, disconnector or sectionalizer feeder or
no mimic diagram) is carried out and thus defined
which of the three following addresses (7876 to
7879) applies. The fine selection is then possible un-
der the applicable address. The mimic diagrams in
annex E are structured in the same sequence.

Note: Configuration of the type of feeder (addresses
7875 to 7879) cancels all previous marshallings of
binary inputs — even those which are fixed for other
signals than breaker position feedback. This means
all binary inputs are automatically pre—set "not
allocated”. The only exception is binary input 11,
which is pre—set for blocking of the undervoltage
protection; this pre—setting is preserved.

If NON—EXIST is configured for address 7875, then
no binary input except no.11 is activated.

78758BAY TYPE
CB BAY

<D

DISCON. BAY

SECTIONALIZER

DOUBLE-BB

NON-EXIST

BAY

7876 8CB
BAY 1

CB

<D

CB BAY 2

CB BAY 3

CB BAY 4

CB BAY 5

CB BAY 6

CB BAY 7

CB BAY 8

CB BAY 9

CB BAY 10

General selection of the type of feeder:
circuit breaker feeder

disconnector feeder

sectionalizer

Double bus—bar

not existing

Selection of the circuit breaker feeder:

circuit breaker feeder

circuit breaker feeder with bus—bar earthing

circuit breaker feeder with bus—bar voltage transformer
circuit breaker feeder, drawer

circuit breaker feeder, drawer with bus—bar earthing
circuit breaker feeder, earthing drawer

circuit breaker feeder, earthing drawer, bus—bar earth.
circuit breaker feeder with load disconnector

circuit breaker feeder with load disconnector with
bus—bar earthing

circuit breaker feeder with bus—bar earth and feeder
earth
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Selection of the disconnector feeder:
A||78778DIS BAY
\% DISCON. BAY 1 disconnector feeder
N DISCON. BAY 2 disconnector feeder with bus—bar earthing
DISCON. BAY 3 disconnector feeder with bus—bar voltage transformer
Selection of the coupling feeder:
A||78788SECT BAY . ) ) .
\v/ SECTIONALIZER 1 sectionalizer with earthing
SECTIONALIZER 2 sectionalizer type 1, riser T2
N SECTIONALIZER 3 sectionalizer type 2, riser T2
SECTIONALIZER 4 sectionalizer type 1, riser T1
SECTIONALIZER 5 sectionalizer type 2, riser T1
SECTIONALIZER 6 bus—bar sectionalizer
SECTIONALIZER 7 sectionalizer with bus—bar earthing and voltage trans-
former, type 1
SECTIONALIZER 8 sectionalizer with bus—bar earthing and voltage trans-
former, type 2
Selection of the circuit breaker feeder: Double
Al 7879 sDOUBLE-BB bus—bar (not for 7SJ53 1% —xkix0—)
A CB BAY 1 circuit breaker bay 1
N CB BAY 2 circuit breaker bay 2
CB BAY 3 circuit breaker bay 3
CB BAY 4 circuit breaker bay 4
CB BAY 5 circuit breaker bay 5
SECTIONALIZER 1 sectionalizer 1

5.4.4 Setting the rated system frequency — address block 78

The rated system frequency must comply with the setting under address 7899. If the system frequency is not
50 Hz, address 7899 must be changed.

All? 899 BFREQUENCY Rated system frequency 50 Hz or 60 Hz
fN 50 Hz
N| £N 60 Hz |
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5.4.5 Configuration of the switching device control — address block 75

Settings for the integrated switching device control
can be carried out only when the corresponding
feeder mimic diagram has been selected during
configuration, see Section 5.4.3, addresses 7875 to
7879. The configuration work assigns the binary in-
puts of the relay to the feedback signals from the
switchgear. Address block 75 is addressed via OP-
ERATION MENU (page 2) —+ option 3 CONFIGURA-
TION — option 4 BREAKER CONTROL, as de-
scribed in Section 5.3.1 (Figure 5.9).

Under address 7501 it is defined which of the alter-
natives shall be available for the operators for handl-
ing the switching authority (see Section 6.5.6).
These alternatives are laid down under addresses
7598 or 7599. Depending of this pre—selection, ei-
ther the option as per address 7598 or the option as
per address 7599 are available for the switching au-
thority. These addresses are shown at the end of this
section.

7500 BREAKER
CONTROL

v ||[75018SW AUTH REM
REMOTE ONLY

N INCL. LOCAL

Beginning of the block "Breaker control”,
from menu level CONFIGURATION with option 4

This address determines the mode of switching author-

ity

REMOTE ONLY the options according address 5799
are available

INCL. LOCAL the options according address 7598
are available

Address 7502 determines whether the binary inputs
">Manual Close” and ">Manual Trip” shall be
assigned to the local control (integrated keypad) or
the remote control (LSA interface).

In the same way address 7503 determines whether
the control via the operation interface with the PC
program DIGSI® shall be assigned to the local con-
trol or the remote control.

Under addresses 7510 and 7512 it is determined
whether the command release of a control process
or the switch—over of the switching authority re-
quires entry of the code word (code level 1).

Under further addresses the parameters of the con-
trol monitoring, which were already described in
Section 4.14, are set. T-ENTRY (address 7511) de-
termines the maximum permissible time between
two key entries for switching device control.

In order to ensure that the circuit breaker final state is
safely reached, it is sometimes necessary to keep
the command relay energized for a defined time
even after receiving the feedback signal. This is
done with the command extension time (address
7522).

When a command relay is energized, but the break-
er position feedback signal does not indicate the re-
quired final state of the circuit breaker within the per-
missible command running time T—FB CB, which is
set under address 7520, then this exceeded running
time is indicated. Under address 7524 it can be de-
termined whether the running control command
shall be cancelled or not. Interruption of the control
command should be allowed only when the destruc-
tion of the command relays can be excluded.

The time T—DWI (address 7525) monitors the inter-
mediate state while switching devices are operated.
If the intermediate state lasts longer than this time,
alarm is given.
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A||75028SW AUTH BI

v LOCAL

N REMOTE
LOCKED

A||75038SW AUTH DIG

v LOCAL

N REMOTE
LOCKED

A ||75108CONTROL

v W/0O CODEWD

N| WITH CW

A||75118T-ENTRY

v 10 s

A||75128LOC/REM SEL

\% W/0O CODEWD

N| WITH CW

A||75208T-FB CB

< 1l s

R ||75228T-EXT CB

v 0.0 s

Parameter to determine which control mode the
binary inputs for manual close and manual trip con-
trol shall be assigned to.

For setting LOCKED the binary inputs ">Manual
Close” and ">Manual Trip” will not create a
switching command

Parameter to determine which control mode the
control via the interface with DIGSI shall be as-
signed to.

For setting LOCKED no breaker control via DIGSI
is possible

Command release is possible W/O without entry of
a CODEWORD or only WITH CODEWORD

Maximum permissible time between two key
inputs for switching device control after begin-
ning of the flashing

Smallest setting: 5s
Largest setting value: 30s

Parameter to determine whether code word entry
is necessary or not for switch—over local/remote

Time to monitor the command running time of
command relay up to reception of breaker feed-
back signal for circuit breakers

Smallest setting value: 1s
Largest setting value: 600 s
and oo

Time extension for energization of the command
relay after reception of the feedback signal fol-
lowing a control command

Smallest setting value: 0,0s
Largest setting value: 10,0 s
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A |l75248T-SFB END

v STOPS TRIP CMD
N STOPS NOT TRIP C
All75250T-DWI

v 10 s

Parameter describing the reaction of the command
relay after exceeding the monitored command run-
ning time

Monitoring time for the intermediate position of
the breaker state feedback signals (disappear-
ance of the feedback up to giving the corre-
sponding alarm)

Smallest setting value: 0s
Largest setting value: 60 s
and oo

Addresses 7598 and 7599 prepare the operational
control facilities. Depending on the setting of param-
eter 7501 either the options as per address 7598 or
as per address 7599 are offered during operation

when selecting the menu option SWITCH AUTHority
out of the OPERATION—-MENU. Further details are
given in Section 6.5.6.1.

5.4.6 Setting the device configuration — address block 79

The configuration affects the interaction of the pro-
tective and additional functions, above all, for
7SJ531, the interaction of the auto—reclosing sys-
tem with the protection functions, the connection
mode of the voltage transformers and the selection

of the voltages. Address block 79 is addressed via
OPERATION MENU (page 2) —+ option 3 CONFIGU-
RATION — option 6 DEVICE CONFIGURATION, as
described in Section 5.3.1 (Figure 5.9).

7900 DEVICE
CONFIGURATION

v|| 7901m1>>
START AR

NO AR

< b

7902mI>/Ip
START AR

NO AR

Beginning of the block "Device configuration”

I>> stage of phase overcurrent time protection initi-
ates auto—reclosure or not

I> stage (definite time) or I, stage (inverse time) of
phase overcurrent time protection initiates auto—re-
closure or not
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<D

b

b

>

<D

7903mI>/Ip DIR. )4
START AR

NO AR
7904 mIE>> 1) 4
START AR

NO AR

79058IE>/IEp ') %)

START AR
NO AR

7906 8IE>/IEp DIR" 4
START AR

NO AR

7907mI>> DIR. )4

START AR
NO AR

7908 mIE>> DIR. )%
START AR

<>

NO AR

7909 WEG. SEQ. ')
START AR

b

NO AR

7910mCB TEST BI
THREE-POLE TRIP

TRIP-CLOSE 3POLE

1) only model 7SJ531% —kkAx2 — kkkx

4) only model 7SJ531k —akkkx —kkx1

I> stage (definite time) or I, stage (inverse time) of
directional phase overcurrent time protection initi-
ates auto—reclosure or not 1) 4)

Ie> > stage of earth overcurrent time protection initi-
ates auto—reclosure or not 1) 4)

lg> stage (definite time) or Igp, stage (inverse time) of
earth overcurrent time protection initiates auto—re-
closure or not 1) 4)

lg> stage (definite time) or Igp, stage (inverse time) of
directional earth overcurrent time protection initiates
auto—reclosure or not 1) 4)

I>> stage of directional phase overcurrent time pro-
tection initiates auto—reclosure or not 1) 4)

Ie> > stage of directional earth overcurrent time pro-
tection initiates auto—reclosure or not 1) 4)

Unbalanced load protection initiates auto—reclo-
sure or not 1)

Circuit breaker test via binary input is carried out:
THREE —POLE TRIP will be initiated (without reclose)

TRIP—CLOSE 3POLE, that is three—pole AR cycle
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Connection and processing of the voltage trans-
former values:

PH—E CALC PH—E, i.e. the three phase—to—earth
voltages are connected and the phase—to—earth
voltages are processed (e.g. see connection dia-
gram B.1 or B.2 in Appendix B);

A
v

7911 mVT CONNECT
PH-E CALC PH-E

P—E, UE, PROT P—E, i.e. two phase—to—earth volt-
| P-E, UE, PROT P-E | ages and the displacement voltage Ugy are con-

nected, the phase—to earth voltages are processed

(e.g. see connection diagram B.10 in Appendix B);

P—E, UE, PROT P—P, i.e. two phase—to—earth volt-

N| P-E, UE, PROT P-P | ages and the displacement voltage Ugy are con-
nected, the phase—to phase voltages are pro-
cessed (e.g. see connection diagram B.10 in Ap-
pendix B);

PH—E CALC PH—PH, i.e. the phase—to—earth volt-

| PH-E CALC PH-PH | ages are connected and the phase—to—phase volt-
ages are processed, (e.g. see connection diagram
B.1 or B.2 in Appendix B);

voltages are connected and the phase—to—phase

| PH—PH CALC PH—-PH, i.e. the phase—to—phase
voltages are processed

| PH-PH CALC PH-PH

A

7930mE FLT DET 1) ?) Conditions for earth fault detection 1) 2):
WITH UE OR IEE WITH UE OR IEE, i.e. an earth fault is detected when
either displacement voltage threshold Ug OR residual
current threshold Igg is exceeded;

WITH UE AND IEE, i.e. an earth fault is only detected
when the displacement voltage threshold Ug AND the
residual current threshold /g are both exceeded;

| WITH UE AND IEE |

1) only model 7SJ531% —kkAx2 — kkkx
2) only models 7SJ531% —kkaxk —Okrx and — 1xkx
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5.5 Marshalling of binary inputs, binary outputs and LED indicators

5.5.1 Introduction

The functions of the binary inputs and outputs repre-
sented in the general diagrams (Appendix A) relate
to the factory settings. The assignment of the out-
puts and a part of the inputs of the internal functions
can be rearranged and thus adapted to the on—site
conditions. Dependent of the selected feeder mimic
diagram, a part of the binary inputs is fixedly as-
signed to the auxiliary contacts of the switching ele-
ments; these cannot be altered. Appendix E shows
the available feeder mimic diagrams and the as-
signed binary inputs.

When the 7SJ531 programs are running the specific
logic functions will be allocated to the physical input
and output modules or LEDs in accordance with the
selection.

Example: Fault detection is registered from the
overcurrent protection. This event is generated in
7SJ531 as an "annunciation” (logical function) and
should be available at certain terminals of the unit as
a N.O. contact. Since specific unit terminals are
hard—wired to a specific (physical) signal relay, e.g.
to the signal relay 1, the processor must be advised
that the logical signal "Device FltDet” should be
transmitted to the signal relay 1. Thus, when mar-
shalling is performed two statements of the operator
are important: Which (logical) annunciation gener-
ated in the protection unit program should trigger
which (physical) signal relay? Up to 20 logical an-
nunciations can trigger one (physical) signal relay.

A similar situation applies to binary inputs, which
can be freely assigned, i.e. which are not assigned
to the auxiliary contacts of switching elements. In
this case external information (e.g. blocking of stage
I>>) is connected to the unit via a (physical) input
module and should initiate a (logical) function,
namely blocking. The corresponding question to the
operator is then: Which signal from a (physical) in-
put relay should initiate which reaction in the de-
vice? One physical input signal can initiate up to 10
logical functions.

The trip relays can also be assigned different func-
tions. Each trip relay can be controlled by a com-
mand function or combination of command func-
tions.

The logical annunciation functions can be used in

multiple manner. E.g. one annunciation function can
trigger several signal relays, several trip relays, addi-
tionally be indicated by LEDs, and be controlled by a
binary input unit. The restriction is, that the total of all
physical input/output units (binary inputs plus signal
relays plus LEDs plus trip relays) which are to be as-
sociated with one logical function must not exceed a
number of 10. If this number is tried to be exceeded,
the display will show a corresponding message.

The marshalling procedure is set up such that for
each (physical) binary input, each output relay, and
for each marshallable LED, the operator will be
asked which (logical) function should be allocated.

The offered logical functions are tabulated for the
binary inputs, outputs and LEDs in the following sec-
tions.

Marshalling of the inputs, outputs and LEDs is per-
formed by means of the integrated operator panel or
via the operating interface in the front. Marshalling
begins at the parameter address 6000.

The input of the code word of code level 3 is required
for marshalling (refer Section 5.3.1). Without code
word entry, parameters can be read out but not be
changed. During code word operation, i.e. from
code word entry until the termination of the marshal-
ling procedure, the solid bar in the display flashes.

The beginning of the marshalling parameter blocks
is reached by depressing the MENU —key: the OP-
ERATION MENU 1 appears. Since the total menu
takes more than one display page, the double—ar-
row key<% is used to page to OPERATION MENU 2;
use the key K} to page back. Within the menu, a
menu option is selected by entering the assigned
digit, refer to Figure 5.11. Finally, the sub—menu
with the configuration address blocks is displayed.
The addresses are defined by the four—digit ad-
dress number (e.g. 6100) and the heading of the ad-
dress block (e.g. MARSHALLING BINARY INPUTS).

The previous menu can be reached with the back-
space key R. If the R—key is pressed on the level of
the main menu, the basic display will appear. If the
MENU—key is pressed, the first main menu ap-
pears.
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Figure 5.11  Operation menu for marshalling

With the selected menu option (e.g. 1 for MARSHAL-
LING BINARY INPUTS) access is gained to the indi-
vidual addresses of this operation block. The display
shows the four—digit address numbers, i.e. address
block number and sequence number, followed by
the name of the input or output unit (see Figure
5.12). By means of the keys A or V the cursor can be
moved to the selected address. When not all ad-
dresses of an operation block can be shown in the
display on one page, then the next page can be se-
lected again with the key% (Figure 5.12).

MARSHALLING

l1: 6100 MARSHALLING
BINARY INPUTS

2: 6200 MARSHALLING
SIGNAL RELAYS

3: 6300 MARSHALLING
LED INDICATORS

4: 6400 MARSHALLING
COMMAND RELAYS

5: 6700 MARSHALLING
LCD-ANNOUNCEMENT

When the cursor is located beside the name of the
selected input or output unit, then the combination
of the keys FA (i.e. functional key F followed by the
arrow key A) leads to the selection level for the corre-
sponding function. The address number is now re-
placed by a three—digit counting—index (001 to
010) and the physical input/output unit in short form.
The following line indicates the logical function
which is momentarily assigned to this physical in-
put/output unit.
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MARSHALLING

> 6100 MARSHALLING

l: 6100 MARSHALLING

BINARY INPUTS
2: 6200 MARSHALLING
SIGNAL RELAYS
3: 6300 MARSHALLING
LED INDICATORS
4: 6400 MARSHALLING orV
COMMAND RELAYS
5: 6700 MARSHALLING
LCD-ANNOUNCEMENT

e

Cursor can be
moved with A

BINARY INPUTS
6101 WBINARY
/6///’INPUT 1
102 BINARY
INPUT 2
6103 BINARY
INPUT 3
6104 BINARY
INPUT 4
6105 BINARY
INPUT 5

6106 BINARY
g INPUT 6

.

V

6100 MARSHALLING
2 BINARY INPUTS
6107 BINARY

INPUT 7
6108 BINARY

INPUT 8
6109 BINARY

INPUT 9
6110EBINARY

Fa

INPUT 10
6111/ BINARY
INPUT 11

T
Cursor indicates
the selected input
or output unit

Figure 5.12 Marshalling example

On this selection level the allocated function can be
changed by pressing the "No”—key N. By repeated
use of the key N all marshallable functions can be
paged through the display. Back—paging is possi-
ble with the backspace key R. When the required
function appears press the execute key E. After this,
further functions can be allocated to the same physi-
cal input or output module (with further index num-
bers) by using the keys A or V. Each selection
must be confirmed by pressing the key E! If a se-
lection place shall not be assigned to a function, se-

001 INPUT 10
not allocated

6100 MARSHALLING
BINARY INPUTS
6107 BINARY
INPUT 7
6108 BINARY
INPUT 8
6109 BINARY
INPUT 9

6111 BINARY
INPUT 11

Selection level for
binary input 10

lection is made with the function "not allo-

cated”.

You can leave the selection level by pressing the key
combination F A (i.e. depressing the function key F
followed by the arrow key A). The display shows
again the four digit address number of the physical
input/output module. Now you can page with key V
to the next input/output module or with A to the pre-
vious to repeat selection procedure, as above.
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The logical functions are also provided with function
numbers which are equally listed in the tables. If the
function number is known, this can be input directly
on the selection level. Paging through the possible
functions is then superfluous. With direct input of the
function number, leading zeros need not be entered.
After input of the function number, use the enter key
E. Immediately the associated identification of the
function appears for checking purposes. This can
be altered either by entering a different function
number or by paging through the possible func-
tions, forwards with the "No”—key N or backwards
with the backspace key R. If the function has been
changed, another confirmation is necessary with
the enter key E.

The backspace key R is used to change back to the
menu MARSHALLING. A new selection can be
made in order to allocate different input/output units.

The marshalling procedure can be ended at any
time by the key combination F E, i.e. depressing the
function key F followed by the entry key E. The dis-
play shows the question "SAVE NEW SETTINGS?”.
Confirm with the ”Yes” —key J/Y that the new alloca-
tions shall become valid now. If you press the
"No”—key N instead, code word operation will be
aborted, i.e. all alterations which have been
changed since the last code word entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) by jump-
ing back to the main menu (OPERATION MENU) by
pressing the backspace key R or the MENU—key,
the display shows the question JEND OF CODE-
WORD OPERATION ?”. Press the "No”—key N to
continue marshalling. If you press the "Yes”—key J/
Y instead, another question appears: "SAVE NEW
SETTINGS ?”. Now you can confirm with J/Y or
abort with N, as above.

When one exits the marshalling program, the altered
parameters, which until then have been stored in
volatile memory, are then permanently secured in
EEPROMs and protected against power outage.
The processor system will reset and re—start. Dur-
ing re—start the device is not operational.

In the following paragraphs, allocation possibilities
for binary inputs, binary outputs and LED indicators
are given. The arrows A V or key identifiers at the left
hand side of the display box indicate paging from
block to block, within the block or on the selection
level. The character F before the arrow indicates that
the function key F must be pressed before pushing
the arrow key A.

The function numbers and designations are listed
completely in Appendix F.
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5.5.2 Marshalling of the binary inputs — address block 61

The relay disposes of 11 binary inputs, designated
as BINARY INPUT 1 to BINARY INPUT 11. The major
part of these inputs is used for registration of the mo-
mentary position of the switchgear’s switching de-
vices. Each switch controls with its auxiliary contacts
two binary inputs. By selection of a specific feeder
mimic diagram, the assignment of the switch posi-
tion feedback signals to the binary inputs is auto-
matically fixed.

Note: Changing the configuration of the type of
feeder re—configures all binary inputs, which are not
used for breaker state feedback signalling (except
binary input 11), as "'not allocated”. This means
that previously entered marshallings of binary inputs
are lost. Therefore the suitable feeder mimic dia-
gram should be selected at first and configured with
the addresses 7875 to 7878 (see Section 5.4.3).

The remaining binary inputs, which depend on the
selected type of feeder, can freely be marshalled in
address block 61. This block is addressed by the
MENU—key through OPERATION MENU (page 2)
— 1: MARSHALLING —1: MARSHALLING BINARY
INPUTS, as described under Section 5.5.1.

A choice can be made for each re—assignable input
function as to whether the desired function should
become operative in the "normally open” mode or in
the "normally closed” mode, whereby:

NO — ”normally open” mode: the input acts as a NO
contact, i.e. the control voltage at the input
terminals activates the function;

NC — "normally closed” mode: the input acts as a
NC contact, i.e. control voltage present at the
terminals turns off the function, control volt-
age absent activates the function.

When paging through the display, each input func-
tion is displayed with the index "NO” or "NC” when
proceeding with the "No” —key N.

Table 5.1 shows a complete list of all the binary input
functions with their associated function number
FNo. Input functions naturally have no effect if the
corresponding protection function is not fitted in the
relay or has been programmed out (’de-—confi-
gured”, refer Section 5.4.2).

With direct input of the function number, leading zer-
os need not be used. To indicate the contact mode
the function number can be extended by a decimal
point followed by 0 or 1, whereby

.0 means "normally open” mode, corresponds to
"NO” as above.

.1 means "normally closed” mode, corresponds
to ”NC” as above.

Each input must be confirmed with the enter key E.

If the extension with .0 or .1 is omitted the display first
indicates the function designation in “normally
open” mode NO. By pressing the "No”—key N the
mode is changed to NC. After direct input other func-
tions can be selected by paging through the func-
tions forwards with the "No”—key N or backwards
with the backspace key R. The changed function
then must be re—confirmed by the entry key E.

Note: One logical function should not be marshalled
to two binary inputs, because an OR—logic of both
signals can not be guaranteed!

In the following boxes an example is given for binary
input 11. This is the only freely marshallable binary
input, which is already pre—set upon delivery ex
works and which is not lost during the configuration
of the type of feeder.

Table 5.2 shows all binary inputs as preset from the
factory.

6111@BINARY-
FA INPUT 11

Change over to the selection level with F A:

Allocations for binary input 11

136

C53000-G1176—-C114



7SJ531V3

Installation instructions

All001 INPUT 11

>u/v block NO
A1l 002 not allocated
V1003 not allocated

Blocking of undervoltage protection, FNo 6503;
"normally open” operation:

Undervoltage protection is blocked when control
voltage present; this blocking is necessary when
the relay is switched on and no measured voltage
is present

No further functions are initiated by binary input 11

Note: The pre—setting of binary input 11 has a spe-
cial meaning. When the undervoltage protection is
switched on (address 1601 = ON), unlike the setting
upon delivery, and is activated and no voltage is
measured, then the undervoltage criterion is imme-
diately fulfilled and the protection picks up. As oper-
ation of the relay is not possible during pick—up con-

ditions, a voltage above the reset threshold of the
undervoltage protection would have to be applied to
allow operation of the relay. If this is not possible or
too complicated from the switchgear side, the un-
dervoltage protection can be blocked and thus the
pick—up reset by energizing binary input 11.

Leave the selection level with key combination F A. You can go then to the next binary input with the arrow key

A or go back to the marshalling level with the R—key.

A H 6111MBINARY- H

Allocations for binary input 11

v INPUT 11
FNo Abbreviation Description
1| not allocated Binary input is not allocated to any input function
3| >Time Synchro Synchronize internal real time clock
4| >Start FltRec Start fault recording from external command via binary input
5| >LED reset Reset LED indicators
7| >ParamSelec.l Parameter set selection 1
11| >Annunc. 1 User definable annunciation 1
12| >Annunc. 2 User definable annunciation 2
13| >Annunc. 3 User definable annunciation 3
14| >Annunc. 4 User definable annunciation 4
15| >Sys-Test System interface messages/values are marked with "Test operation”
16| >Sys—MM-block | System interface messages and measured values are blocked
356 | >Manual Close Circuit breaker is 3—pole closed (from CB auxiliary contact)
358| >Manual Trip Circuit breaker is manually closed (from discrepancy switch)
383| >RAR Release Release RAR stages from external (e.g. external AR device)
391| >Buchh. Warn Warning stage from Buchholz protection
392| >Buchh. Trip Tripping stage from Buchholz protection
1106| >start FltLoc Start fault locator from external command via binary input
1156| >CB Test Trigger circuit breaker test
1201| >UE block Block Ug—stage of earth fault detection
1202 | >IEE>> block Block Igg>> stage of high—sensitivity E/F protection
1203 | >IEE> block Block Igg> stage (definite time) of high—sensitivity E/F protection
1204 >IEEp block Block Igg> stage (inverse time) of high—sensitivity E/F protection
Table 5.1 Marshalling possibilities for binary inputs (continued next page)
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FNo Abbreviation Description

1205 [ >E/F Det. on Switch on earth fault detection for non—earthed system

1206 | >E/F Det. off | Switch off earth fault detection for non—earthed system

1207 | >E/F Det.bloc | Block earth fault detection for non—earthed system

1208 | >E/F annunc. Earth fault detection only annunciations, no trip

1401 | >B/F on Switch on breaker failure function

1402 | >B/F off Switch off breaker failure function

1403 | >B/F block Block breaker failure function

1431 | >B/F Start Start breaker failure protection

1501 | >0/L on Switch on overload protection

1502 | >0/L off Switch off overload protection

1503 [ >0/L block Block overload protection

1504 | >0/L alarm Overload protection: alarm only, no trip

1701 | >0/C Ph on Switch on overcurrent protection phase

1702 | >0/C Ph off Switch off overcurrent protection phase

1704 | >0/C Ph block | Block overcurrent protection phase

1711 | >0/C E on Switch on overcurrent protection earth

1712 | >0/C E off Switch off overcurrent protection earth

1714 | >0/C E block Block overcurrent protection earth

1721 | >I>> block Block I>> stage of overcurrent protection

1722 | >I> block Block |> stage of overcurrent protection (definite time)

1723 | >Ip block Block I, stage of overcurrent protection (inverse time)

1724 | >IE>> block Block Ig> > stage of overcurrent protection

1725 | >IE> block Block Ig> stage of overcurrent protection (definite time)

1726 | >IEp block Block Igp stage of overcurrent protection (inverse time)

2601 | >diro/C P on Switch on directional overcurrent protection phase

2602 | >diro/c P off | Switch off directional overcurrent protection phase

2604 | >diro/c P blk | Block directional overcurrent protection phase

2611 | >dir0O/C E on Switch on directional overcurrent protection earth

2612 | >diro/C E off | Switch off directional overcurrent protection earth

2614 | >diro/Cc E blk | Block directional overcurrent protection earth

2615 | >I>>Block dir | Block |>> stage of directional overcurrent protection

2616 | >IE>>Bloc dir | Block Ig>> stage of directional overcurrent protection

2621 | >I> Block dir | Block |> stage of directional overcurrent protection (definite time)

2622 | >Ip Block dir | Block I, stage of directional overcurrent protection (inverse time)

2623 | >IE>Block dir | Block Ig> stage of directional overcurrent protection (definite time)

2624 | >IEpBlock dir | Block Ig, stage of directional overcurrent protection (inverse time)

2625 | >Blk fw fail. | Blocking signal for forward direction disturbed

2626 | >Blk rw fail. | Blocking signal for reverse direction disturbed

2701 | >AR on Switch on internal auto—reclose function

2702 | >AR off Switch off internal auto—reclose function

2703 | >AR block Block internal auto—reclose function statically

2704 | >AR reset Reset internal auto—reclose function

2709 | >DAR block Block complete DAR

2711 | >Start AR Start signal from external protection for internal AR

2715 | >Trip E Fail. | Trip signal earth fault from external protection for internal AR

2716 | >Trip Ph Fail | Trip signal phase fault from external protection for internal AR

2730 | >CB ready Circuit breaker ready for AR cycle

4601 | >CBP Q0 cld Position feedback signal circuit breaker: QO closed

4602 | >CBP Q0 opd Position feedback signal circuit breaker: Q0 opened

4603 | >DCP Q1 cld Position feedback signal bus—bar disconnector: Q1 closed

4604 | >DCP Q1 opd Position feedback signal bus—bar disconnector: Q1 opened

4605 | >DCP Q01 cld Position feedback signal load disconnector: Q01 closed

4606 | >DCP Q01 opd Position feedback signal load disconnector: Q01 opened
Table 5.1 Marshalling possibilities for binary inputs (continued next page)
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FNo Abbreviation Description

4607 >DCP Q5 cld Position feedback signal operation earthing switch: Q5 closed

4608| >DCP Q5 opd Position feedback signal operation earthing switch: Q5 opened

4609 >DCP Q6 cld Position feedback signal measuring earthing switch: Q6 closed

4610( >DCP Q6 opd Position feedback signal measuring earthing switch: Q6 opened

4611| >DCP Q8 cld Position feedback signal feeder earthing switch: Q8 closed

4612 >DCP Q8 opd Position feedback signal feeder earthing switch: Q8 opened

4613 >DCP Q10 cld Position feedback signal coupling disconnector: Q10 closed

4614 >DCP Q10 opd Position feedback signal coupling disconnector: Q10 opened

4615 >DCP Q15 cld Position feedback signal bus—bar earthing switch: Q15 closed

4616 >DCP Q15 opd Position feedback signal bus—bar earthing switch: Q15 opened

4617 >DCP Q16 cld Position feedback signal bus—bar earthing switch: Q16 closed

4618 >DCP Q16 opd Position feedback signal bus—bar earthing switch: Q16 opened

4619 >DCP Q2 cld Position feedback signal bus—bar disconnector: Q2 closed

4620 >DCP Q2 opd Position feedback signal bus—bar disconnector: Q2 opened

4631| >SW.auth.rem Switching authorization: remote

4632 >sw.auth.bloc. | Switching authorization: blocked

4801 >MCB trip Miniature circuit breaker trip

4802 >SF6 pres fd SF6 pressure alarm (feeder)

4803| >SF6 pres bb SF6 pressure alarm (bus—bar)

4804| >HV fuse bl HV fuse blown

4805 >LV plug rem LV plug removed

4807| >tempalarm Temperature alarm

4808| >temptrip Temperature trip

4820 >MSP on Switch on motor restart lockout

4821| MSP off Switch off motor restart lockout

4822| >MSP block Block motor restart lockout

4823| >MSP emerg st | Override motor restart lockout for emergency start

5140 >I2 on Switch on unbalanced load protection

5141 >I2 off Switch off unbalanced load protection

5143| >I2 block Block unbalanced load protection

5144 >negative seq | Activate negative phase sequence (counter—clockwise phase rotation)

6501 >u/v on Switch on undervoltage protection

6502 >u/v off Switch off undervoltage protection

6503 >u/v block Block undervoltage protection completely

6504 >u/v annunc Undervoltage protection: annunciations only

6506| >U< block Block undervoltage protection stage U<

6507| >U<< s crit Undervoltage protection start—up criterion

6508| >U<< block Block undervoltage protection stage U< <

6509 >vt fail feed | vifailure feeder

6510 >vt fail bb vt failure bus—bar

6511 >o/v on Switch on overvoltage protection

6512 >o/v off Switch off overvoltage protection

6513 >o/v block Block overvoltage protection

6514| >o/v annunc. Overvoltage protection: annunciations only

6801 >STRT-SUP blk | Block motor start—up time supervision

6803| >STRT-SUP on Switch on motor start—up time supervision

6804 >STRT-SUP off | Switch off motor start—up time supervision

6805 >Rotor locked | Rotoris locked (from motor speed monitor)

6852 >SUP trip rel | Trip circuit supervision: input in parallel to trip relay contact

6853| >SUP CB aux. Trip circuit supervision: input in parallel to CB auxiliary contact
Table 5.1 Marshalling possibilities for binary inputs
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Addr | 1stdisplay line 2nd display line FNo Remarks
6100 [MARSHALLING | BINARY INPUTS Heading of the address block
Breaker position feedback signals (matched
with the pre—selected feeder mimic diagram
CB feeder 1 in the diagrams E1 in the annex):
6101 |BINARY INPUT 1 o , "
INPUT 1 >CBP Q0 opd No | 4602 | forcircuit breaker QO in OFF—position
6102 [BINARY INPUT 2 o . N
INPUT 2 >CBP Q0 cld No | 4eo01 | forcircuit breaker QO in ON—position
6103 [BINARY INPUT 3 . . .
INPUT 3 >DCP 0l opd No | 4604 | for bus—bardisconnector Q1 in OFF—position
6104 |[BINARY INPUT 4 . . "
INPUT 4 >DCP 01 cld No | 4603 | forbus—bardisconnector Q1 in ON—position
6105 |BINARY INPUT 5 . ) . "
INPUT 5 >DCP 08 opd No | 4612 | forfeeder earthing switch Q8 in OFF —position
6106 |BINARY INPUT 6 . ) . "
INPUT 6 >pCP 08 cld No | 4611 | forfeeder earthing switch Q8 in ON—position
6107 [BINARY INPUT 7
INPUT 7 not allocated 1
6108 |[BINARY INPUT 8 o . ) .
INPUT 8 not allocated 1 | no pre—selection is configured for binary in-
puts 7 to 10
6109 [BINARY INPUT 9
INPUT 9 not allocated 1
6110 |BINARY INPUT 10
INPUT 10 not allocated 1
6111 [Binary INPUT 11 block both stages of the undervoltage protec-
INPUT 11 >u/v block NO | 6503 [ tion

Table 5.2 Preset binary inputs

140 C53000-G1176—-C114



7SJ531V3

Installation instructions

5.5.3 Marshalling of the signal output relays — address block 62

The unit contains 5 signal outputs (alarm relays), 4 of
which can be marshalled in address block 62. The
signal relays are designated SIGNAL RELAY 1 to
SIGNAL RELAY 4. The block is reached with the ME-
NU—key —+ OPERATION MENU 1 — paging with3%
to OPERATION MENU 2 —+ 1: MARSHALLING — 2:
MARSHALLING SIGNAL RELAYS, as described in
Section 5.5.1.

Multiple annunciations are possible, i.e. one logical
annunciation function can be routed to several phys-
ical signal relays (see also Section 5.5.1).

Table 5.3 gives a listing of all annunciation functions
with the associated function numbers FNo. Annun-
ciation functions are naturally not effective when the
corresponding protection function has been pro-
grammed out ("de—configured” — Section 5.4.2).

The assignment of the output signal relays as deliv-
ered from factory is shown in the general diagrams
in Appendix A. The following boxes show examples
for marshalling. In the example for signal relay 4 the
group annunciation for several annunciation func-
tions on one signal relay is shown. Table 5.4 shows
all signal relays as preset from the factory.

Note as to Table 5.3: Annunciations which are indi-
cated by a leading ”>" sign, represent the direct
confirmation of the binary inputs and are available as
long as the corresponding binary input is energized.

Further information about annunciations see Sec-
tion 6.4.

SIGNAL RELAYS

‘ 6200 MARSHALLING H

Beginning of the block "Marshalling of the output
signal relays”

Within the address block, the cursor can be moved with the keys A and V in order to access to a certain signal

relay, e.g. signal relay 1:

R || 6201ms1GNAL
FA RELAY 1

Allocations for signal relay 1

After code word entry (code level 3), change over to the selection level with F A:

v || 001WRELAY 1
Device FltDet

002 RELAY 1
not allocated

b

Signal relay 1 has been preset for:
General fault detection of device, FNo 501;

no further functions are preset for signal relay 1

Leave the selection level with key combination F A. You can go then to the next signal output relay with the
arrow key V. Signal relay 4 represents — as preset from the factory — an example for a group annunciation, i.e
several logical annunciation functions are given to one output signal relay.

R 6204 SIGNAL
EA RELAY 4

Allocations for signal relay 4,
Meaning: "Failure in measured quantities”
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A 001 RELAY 4
Failure XTI

A || 002 RELAY 4

\Y Failure 2Up-p
A 003 RELAY 4

v Failure Isymm
A 004 RELAY 4

\% Failure Usymm
A 1 005 RELAY 4

v Fail.PhSeq I
A 006 RELAY 4

v Fail.PhSeq V
A | 007 RELAY 4

v Fail.Battery
A 008 RELAY 4

v err:CB/DC pos
A 009 RELAY 4

v not allocated

Signal relay 4 has been preset for:
1st: Failure detected by measured current sum
monitor, FNo 162:

Signal relay 4 has been preset for:
2nd: Failure detected by measured voltage sum
monitor phase—to—phase, FNo 166;

Signal relay 4 has been preset for:
3rd: Failure detected by measured current sym-
metry monitor, FNo 163;

Signal relay 4 has been preset for:
4th: Failure detected by measured voltage sym-
metry monitor phase—to—phase, FNo 167;

Signal relay 4 has been preset for:
5th: Failure detected by phase sequence supervi-
sion current, FNo 175;

Signal relay 4 has been preset for:
6th: Failure detected by phase sequence supervi-
sion voltage, FNo 176;

Signal relay 4 has been preset for:
7th: Failure of internal back—up battery, FNo 177;

Signal relay 4 has been preset for:

8th: Error in check—back indication, general,
FNo 4689;

no further functions are preset for signal relay 4

After input of all annunciation functions for signal relay 4, change—back to the marshalling level is carried out

with F A:

R 6204 SIGNAL

v RELAY 4

Allocations for signal relay 4,
Meaning: “Failure in measured quantities or
check—Dback indications”
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FNo Abbreviation Description
1| not allocated Binary output is not allocated to any annunciation function
3 [ >Time Synchro Synchronize internal real time clock
4 | >Start FltRec Start fault recording from external command via binary input
5| >LED reset Reset LED indicators
7 | >ParamSelec.1 Parameter set selection 1
11 | >Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 User definable annunciation 4
15 | >Sys—Test System interface messages/values are marked with "Test operation”
16 | >Sys—MM-block System interface messages and measured values are blocked
51 | Dev.Operative Device is operative
52 | Prot.active At least one protection function is active
60 | LED reset Stored annunciations are reset
95 | Param.running Parameters are being set
96 | Param. Set A Parameter Set A is activated
97 | Param. Set B Parameter Set B is activated
141 | Failure 24V Failure 24 V internal dc supply
143 | Failure 15V Failure 15 V internal dc supply
145 | Failure 0V Failure 0 V A/D converter
151 | Failure I/0 1 Failure in first input/output module
161 | I supervision General failure detected by current supervision
162 | Failure I Failure supervision ZI (measured currents)
163 | Failure Isymm Failure supervision symmetry |
164 | U supervision General failure detected by voltage supervision
166 | Failure ZUp-p Failure supervision U phase—phase
167 | Failure Usymm Failure supervision symmetry U
171 | Fail.PhaseSeq Failure supervision phase sequence, general
173 | Fail.XI (IEE) Failure superv. ZI (phase currents with sensitive earth current input)
175 | Fail.PhSeq I Failure supervision phase sequence of currents
176 | Fail.PhSeq V Failure supervision phase sequence of voltages
177 | Fail.Battery Failure internal back—up battery
280 [ IL1 exceeded Limit value I 1 exceeded
281 [ IL2 exceeded Limit value I » exceeded
282 | IL3 exceeded Limit value I 3 exceeded
283 | IE exceeded Limit value Ig exceeded
284 | IL< alarm Phase current smaller than operational limit
285 [ cos¢$ alarm Power factor smaller than operational limit
287 | Pr exceeded Limit value reactive power P, exceeded
288 | Pa exceeded Limit value active power P, exceeded
356 | >Manual Close Circuit breaker is 3—pole closed (from CB auxiliary contact)
358 | >Manual Trip Circuit breaker is manually closed (from discrepancy switch)
383 | >RAR Release Release RAR stages from external (e.g. external AR device)
391 [ >Buchh. Warn Warning stage from Buchholz protection
392 [ >Buchh. Trip Tripping stage from Buchholz protection
501 | Device FltDet General fault detection of the device
510 | Device Close General close command of the device
511 | Device Trip General trip command of the device
519 | Protect. Trip Trip of any protection function
561 | Manual Close Manual close indication of circuit breaker
563 | CB Alarm Supp Circuit breaker operation alarm suppressed
1106 | >Start FltLoc Start fault locator by external command via binary input
1156 | >CB Test Trigger circuit breaker test
1174 | CB in Test Circuit breaker test is in progress
1181 | CB Test Trip Trip by internal circuit breaker test function
1201 | >UE block Block Ug—stage of earth fault detection
1202 | >IEE>> block Block Igg>> stage of high—sensitivity E/F protection
Table 5.3 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description
1203 | >IEE> block Block Igg> stage of high—sensitivity E/F protection
1204 | >IEEp block Block Iggp stage (inverse time) of high—sensitivity E/F protection
1205 | >E/F Det. on Switch on earth fault detection for non—earthed system
1206 | >E/F Det. off Switch off earth fault detection for non—earthed system
1207 | >E/F Det.bloc Block earth fault detection for non—earthed system
1208 | >E/F annunc. Earth fault detection only annunciations, no trip
1211 | E/F Det. off Earth fault detection for non—earthed system is switched off
1212 E/F Det.activ Earth fault detection for non—earthed system is active
1215 | UE Fault Earth fault detected by displacement voltage
1217 | UE Trip Earth fault detection trip
1221 IEE>> Fault Earth fault detected by highly sensitive protection stage lgg>>
1223 | IEE>> Trip Trip by highly sensitive earth stage Igg>>
1224 | IEE> Fault Earth fault detected by highly sensitive definite time stage Igg>
1226 | IEE> Trip Trip by highly sensitive earth stage Igg> (definite time)
1227 IEEp Fault Earth fault detected by highly sensitive inverse time stage Iggp,
1229 | IEEp Trip Trip by highly sensitive earth stage Iggp, (inverse time)
1230 | E/F Det.block Earth fault detection for non—earthed system is blocked
1272 | E/F Detec. Ll Earth fault (non—earthed) in phase L1 detected
1273 | E/F Detec. L2 Earth fault (non—earthed) in phase L2 detected
1274 | E/F Detec. L3 Earth fault (non—earthed) in phase L3 detected
1276 | E/F forwards Earth fault in forward direction detected
1277 | E/F reverse Earth fault in reverse direction detected
1278 | E/F undefined Earth fault direction undefined, not detectable
1401 | >B/F on Switch on breaker failure function
1402 | >B/F off Switch off breaker failure function
1403 | >B/F block Block breaker failure function
1431 | >B/F Start Start breaker failure protection
1451 | B/F off Breaker failure protection is switched off
1452 | B/F blocked Breaker failure protection is blocked
1453 | B/F active Breaker failure protection is active
1456 | B/F(int)flt Breaker failure protection started by internal origin
1457 | B/F(ext)flt Breaker failure protection started by external origin
1458 | B/F(man)flt Breaker failure protection started by manual control
1480 | B/F(int)trip Trip by breaker failure protection due to internal start
1481 | B/F(ext)trip Trip by breaker failure protection due to external start
1482 B/F(man)trip Trip by breaker failure protection due to manual control
1501 | >0/L on Switch on overload protection
1502 | >0/L off Switch off overload protection
1503 | >0/L block Block overload protection
1504 | >0/L alarm Overload protection: alarm only, no trip
1511 | O/L Prot. off Thermal overload protection is switched off
1512 | O/L blocked Thermal overload protection is blocked
1513 | O/L active Thermal overload protection is active
1515 | O/L Warn I Thermal overload protection current warning stage picked up
1516 | O/L Warn © Thermal overload protection thermal warning stage picked up
1517 O/L pickup O Thermal overload protection fault detection of trip stage
1521 [ O/L Trip Thermal overload protection trip by thermal trip stage
1701 | >0/C Ph on Switch on overcurrent protection phases
1702 | >0/C Ph off Switch off overcurrent protection phases
1704 | >0/C Ph block Block overcurrent protection phases
1711 | >0/C E on Switch on overcurrent protection earth
1712 | >0/C E off Switch off overcurrent protection earth
1714 | >0/C E block Block overcurrent protection earth
1721 | >I>> block Block I>> stage of overcurrent protection phases
1722 | >I> block Block 1> stage (definite time) of overcurrent protection phases
1723 [ >Ip block Block |, stage (inverse time) of overcurrent protection phases
1724 | >IE>> block Block Ig>> stage of overcurrent protection earth
1725 [ >IE> block Block Ig> stage (definite time) of overcurrent protection earth
Table 5.3 Marshalling possibilities for signal relays and LEDs (Continued next page)
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1726 | >IEp block Block Igp stage (inverse time) of overcurrent protection earth

1751 | Oo/C Ph off Phase overcurrent time protection is switched off

1752 | 0/C Ph block Phase overcurrent time protection is blocked

1753 | 0/C Ph active Phase overcurrent time protection is active

1756 | O/C E off Earth overcurrent time protection is switched off

1757 | O0/C E block Earth overcurrent time protection is blocked

1758 | 0/C E active Earth overcurrent time protection is active

1761 | O0/C Gen.Fault Overcurrent protection general fault detection

1762 | 0/C Fault L1 Overcurrent protection fault detection phase L1

1763 | 0/C Fault L2 Overcurrent protection fault detection phase L2

1764 | O0/C Fault L3 Overcurrent protection fault detection phase L3

1765 | 0/C Fault E Overcurrent protection earth fault detection

1791 | Oo/C Gen.Trip Overcurrent time protection general trip command

1800 | I>> Fault Phase overcurrent time protection fault detected by 1> > stage

1805 | I>> Trip Phase overcurrent time protection trip by 1>> stage

1810 | I> Fault Phase overcurrent time protection fault |> stage (definite time)

1815 | I> Trip Phase overcurrent time protection trip by 1> stage

1820 | Ip Fault Phase overcurrent time protection fault I, stage (inverse time)

1825 Ip Trip Phase overcurrent time protection trip by I, stage

1831 | IE>> Fault Earth overcurrent time protection fault detected by Ig>> stage

1833 | IE>> Trip Earth overcurrent time protection trip by Ig>> stage

1834 | IE> Fault Earth overcurrent time protection fault Ie> stage (definite time)

1836 | IE> Trip Earth overcurrent time protection trip by Ig> stage

1837 | IEp Fault Earth overcurrent time protection fault |gp stage (inverse time)

1839 | IEp Trip Earth overcurrent time protection trip by g, stage

2601 [ >dir0o/C P on Switch on directional overcurrent time protection for phase currents

2602 [ >diro/C P off Switch off directional overcurrent time protection for phase currents

2604 [ >diro/C P blk Block directional overcurrent time protection for phase currents

2611 | >dir0o/C E on Switch on directional overcurrent time protection for earth currents

2612 | >diro/C E off Switch off directional overcurrent time protection for earth currents

2614 | >dir0o/C E blk Block directional overcurrent time protection for earth currents

2615 | >I>>Block dir Block directional 1> > stage of phase O/C protection

2616 | >IE>>Bloc dir Block directional Ig> >stage of earth O/C protection

2621 | >I> Block dir Block directional I> stage (definite time) of phase O/C protection

2622 | >Ip Block dir Block