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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.

The device is designed in accordance with the international standards of IEC 60255 and the German stan-
dards DIN 57435 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-
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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 numerical line differential protection is a fast and
selective short-circuit protection for cables and over-
head lines, independent of the treatment of the net-
work neutral.

It is particularly suited to short lines, where, for ex-
ample, zone 1 of the distance protection cannot be
set sufficiently short. It can be used with lines down
to any length. One set of current transformers is re-
quired at each end of the line. Voltage transformers
are not required.

An essential advantage of the differential protection
system is its ability to initiate the immediate discon-
nection of any short-circuit at any location in the pro-
tected zone. The current transformers at each end
separate the protected zone from the rest of the net-
work. This precise zone cut-off is the reason for the
absolute selectivity of the differential protection prin-
ciple. This eliminates the need to delay the trip signal
which is necessary with time-graded protection.

The line differential protection system requires the
installation of one 7SD502 unit at each end of the
protected line. The two relays must be intercon-
nected by two pilot wires. These pilot wires may
have a maximum loop resistance of approximately
1800 Ohms. They must be adequately insulated
from one another and to earth (refer to Section
5.2.6). 7SD502 is particularly designed to operate
with existent pilot wire pairs. In case a brand-new
comparison link is to be installed, the use of current
comparison protection 7SD511 or 7SD512 with opti-
cal fibre link is advantageous for two-terminal lines.

Since any fault on the two pilot wires will cause fail-
ure of the protective devices, it is recommended that
the pilot wire monitoring system be installed. If a pilot
wire fault is detected, the differential protection sys-
tem may be blocked (selectable), and an alarmis is-
sued.

Since the comparison protection does not discon-
nect faults outside the protected zone, an additional
time-graded protection must be installed at at least

one end of the line to serve as superimposed back-
up protection. For this purpose, the incorporated
overcurrent time protection may be used which can
operate optionally as definite time or inverse time
protection.

In cases where a power transformer is directly con-
nected (i.e. without a circuit-breaker) to a cable or to
an overhead line, current transformers should be in-
stalled at the connection point and the 7SD502 relay
should only be used as line protection. By use of the
integrated second harmonic restraint feature (from
firmware version V3.1 or later), 7SD502 is, in princi-
ple, suitable for the inclusion of a transformer in the
protected zone, but, because of the high parasitic
currents especially on cables, the advantage of high
sensitivity cannot be exploited as with a transformer
differential protection, e.g. 7UT51 which provides,
additionally, an integrated matching of the trans-
former vector group.

A thermal overload protection is integrated for use
on cables.

Throughout a fault in the network the magnitudes of
the instantaneous values are stored for a period of
max. 5 seconds (at 50 Hz) and are available for sub-
sequent fault analysis. Fault inception is tagged with
the real time provided the internal real time clock is
available.

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
(optional). For data transmission a standardized
protocol in accordance with IEC 60870—-5—103 and
VDEWY/ZVEl is used, as well as according DIN 19244
(selectable). The device can therefore be incorpo-
rated in Localized Substation Automation networks
(LSA).

C53000—-G1176—-C95
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O Siaton 1

Pilot wire
pair

P Saton 2

Figure 1.1 Line differential protection for use with 2 pilot wires 7SD502, scheme

1.2 Features

— Processor system with powerful 16—bit—micro- — Simple setting and operation using the integrated
processor; operation panel or a connected personal comput-
er with menu-guided software;
— Complete digital measured value processing and
control from data acquisition and digitizing of the — Storage of fault data, storage of instantaneous
measured values up to the trip decisions for the values during a fault for fault recording;
circuit breakers;
— Data exchange with opposite station via a sym-

— Complete galvanic and reliable separation of the metrical pilot wire pair allows to utilize existing pi-
internal processing circuits from the measure- lot wires;
ment, control and supply circuits of the system,
with screened analog input transducers, binary — Communication with central control and storage
input and output modules and DC converter; devices via serial interfaces is possible with opti-

cal fibre connection (optional);
— Separate measuring unit at each line end;
— Continuous monitoring of the measured values

— Moderate current transformer requirements; and the hardware and software of the relay.

— Comprehensive supplementary functions (refer — Simple installation and commissioning, inte-
to Section 1.3); grated commissioning aids;

— Continuous calculation of operational measured — Low maintenance requirements.

values and indication on the front display;

8 C53000—-G1176—C95
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1.3 Implemented functions

The numerical line differential protection relay
7SD502 contains the following functions:

Differential protection

— protection for all kinds of short-circuits in systems
with earthed or non-earthed star-point;

— current restraint compensates for c.t. transforma-
tion errors under through-fault conditions;

— additional dynamic stabilization against different
current transformer saturation;

— second harmonic stabilization for inclusion of a
power transformer in the protected zone;

— one end tripping for fault fed from one end only;
optionally tripping of the non-feeding end pos-
sible;

— data exchange with opposite station via a pair of
symmetrical pilot wires;

— pilot wire resistance is adjusted by internal calcu-
lation;

— compensation of the pilot wire capacitance by in-
ternal calculation without external components;

— optional continuous pilot wire supervision with
pulse coded voice frequency signal.

Overcurrent time protection

— operates as definite time or inverse time overcur-
rent protection with selectable characteristics;

— separate high current stage with definite time
characteristic or instantaneous trip.

Direct local and transfer trip

— tripping of the local circuit breaker from an exter-
nal source with adjustable delay and reset time;

— tripping of the remote end circuit breaker by an
external signal, e.g. breaker failure protection
(models with pilot wire monitor).

Thermal overload protection

— provides thermal replica of the current heat
losses;

— true r.m.s. measurement of symmetrical currents;
— adjustable warning stages.
The standard functions also include:

— continuous self-monitoring right from the DC cir-
cuits, through the current inputs to the tripping re-
lays, thus achieving maximum availability and a
more corrective than preventive maintenance
strategy;

— measurement and test routines under normal
load conditions, measurement of load current;

— annunciation storage for the last three network
faults, with real time clock;

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

— counting of tripping commands as well as record-
ing of fault data and accumulative addition of the
interrupted fault currents;

— commissioning aids such as connection check,
measurement of the pilot wire resistance and ca-
pacitance, and circuit breaker live test.

1.4  Operation with other differential relays

The numerical line differential protection relay
7SD502 is not suitable for use with other types of dif-
ferential relays. The internal adjustment of the influ-
ence of the pilot wire resistance and the (optional)
pilot wire supervision using a pulse code modulated
voice frequency cannot operate with different types
of differential relays with two pilot wires. Should it be-

come necessary to divide a line which is protected
by electromechanical or analog-statical relays into
two sections, it is advisable to install 7SD502 at both
ends of one of the line sections and to use the exist-
ing relay pair for the other line section (of course,
both sections can be protected with 7SD502 protec-
tion systems).

C53000—-G1176—-C95
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2

Design

2.1 Arrangements

All protection functions including dc/dc converter
are accommodated on two plug-in modules of
Double Europa Format. These modules are installed
in a housing 7XP20. Two different types of housings
can be delivered:

7SD502x—xBxxx— in housing 7XP2040—1 for
panel surface mounting

The housing has full sheet-metal covers, as well
as a removable front cover with transparent plas-
tic window.

Guide rails are built in for the support of plug-in
modules. On the top and bottom plates of the
housing, contact areas which are electrically con-
nected to the housing are installed to mate with
the earthing springs of the module. Connection to
earth is made before the plugs make contact.
Earthing screws have been provided on the left
hand side of the housing. Additionally, terminal 26
is connected to the case.

All external signals are connected to 100 screwed
terminals which are arranged over cut-outs on the
top and bottom covers. The terminals are num-
bered consecutively from left to right at the bot-
tom and top.

The heavy duty current plug connectors provide
automatic shorting of the c.t. circuits whenever
the modules are withdrawn. This does not release
from the care to be taken when c.t. secondary cir-
cuits are concerned. With differential protection
relays, trip may occur due to unequal contacting
when modules are withdrawn or inserted.

For the optional interface to a central control and
storage unit, an additional coupling facility has
been provided. For optical fibre connection (mod-
el 7SD502x—xxxxk—%C), two F—SMA connec-
tors have been provided.

The degree of protection for the housing is IP51,
for the terminals IP21. For dimensions please re-
fer to Figure 2.2.

— 7SD502%—*Cxxx— in housing 7XP2040—2 for

panel flush mounting or 7SD502x —xExxx— for
cubicle installation

The housing has full sheet-metal covers as well as
a removable front cover with transparent plastic
window for panel mounting.

Guide rails are built in for the support of plug-in
modules. On the top and bottom plates of the
housing, contact areas which are electrically con-
nected to the housing are installed to mate with
the earthing springs of the module. Connection to
earth is made before the plugs make contact.
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
over cut-outs. For each electrical connection, one
screwed terminal and one parallel snap-in termi-
nal are provided. For field wiring, the use of the
screwed terminals is recommended; snap-in con-
nection requires special tools.

The heavy duty current plug connectors provide
automatic shorting of the c.t. circuits whenever
the modules are withdrawn. This does not release
from the care to be taken when c.t. secondary cir-
cuits are concerned. With differential protection
relays, trip may occur due to unequal contacting
when modules are withdrawn or inserted.

The optional interface to a central control and
storage unit (7SD502x—*xxxxx—%B) is led to a
module with 2 F—SMA connectors for optical fibre
connection.

The plug modules are labelled according to their
mounting position by means of a grid system (e.g.
1A2). The individual connections within a module
are numbered consecutively from left to right
(when viewed from the rear), (e.g. 1A2); refer to
Figure 2.1.

Degree of protection for the housing is IP51 (IP30
for cubicle installation), for the terminals IP21. For
dimensions please refer to Figure 2.3.

10
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Figure 2.1 Connection plugs (rear view) — housing for flush mounting — example
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2.2 Dimensions

Figures 2.2 and 2.3 show the dimensions of the various types of housings available.

7SD502 Housing for panel surface mounting 7XP2040—1

234 260
7.5 27 29.5
29
S1oolo[ofo| ~..- 7 i
0 BT W D =l
1.5
o >
2 I
g =3y Y P w©
SR , B &
© o B
39 @
ﬁj1 Egggg 25 Qﬁ v h ~ Interface for optical
o6 lelelolo| -~~~ T T T 50| fibre below Reset and pag-
ing buttons
219 71

Earthing terminal 26
/s/\/

Optical fibre connectors:
integrated F—SMA connector,
with ceramic post,

e.g for glass fibre 62.5/125 um

Max. 100 terminals for cross-section max. 7 mm?

Dimensions in mm

Figure 2.2  Dimensions for housing 7XP2040—1 for panel surface mounting
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7SD502 Housing for panel flush mounting or cubicle installation 7XP2040—-2

30
29.5 172 5 205
- 220
I/ Mounting plate
8 8
7 7
1.5
j-— 6 6
5 5
I T
% N D C............ A
g i
4 4
F E 3 3
2 2 2
1 1 1

Reset and paging

buttons Connector modules

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

Twin spring crimp connector in parallel for
max. 2.5 mm2,

Further connectors:

Screwed terminal for max. 1.5 mm2.

Twin spring crimp connector in parallel for
max. 1.5 mm2.

) Optical fibre connectors:
integrated F—SMA connector,

Panel cut-out with ceramic post,

e.g for glass fibre 62.5/125 um

Dimensions in mm

206.5 +0.3

Figure 2.3  Dimensions for housing 7XP2040—2 for panel flush mounting or cubicle installation
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2.3 Ordering data

Numerical Line Differential Protection 7. 8. 9. 10. 11. 12. 13. 14. 15. 16.
with 2 Pilot Wires 7SD502 - Al1|1]-]0 Alo
A A A A

Rated current; rated frequency
1A;50/60HzZ ... 1

5A;50/60Hz ... ... 5

Auxiliary voltage
24/4B NV AC . .. o 2
B0/110/125V dC . .. oot 4

220/250V AC ..ot 5

Construction

in housing 7XP2040 for panel surface mounting ................. B
in housing 7XP2040 for panel flush mounting ................... C

in housing 7XP2040 for cubicle installation (without glass front) .... E

Pilot wire supervision, teleprotection, inputs/outputs

with pilot wire supervision, intertripping, and remote trip
4 binary inputs, 5 signal relays, 4 triprelays ............. ... ... ... . ... 1

Serial interface for coupling to a control centre

without serial interface .. ..... ... A

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

14 C53000—-G1176—C95
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3 Technical data

3.1 General data

3.1.1 Inputs/outputs

Measuring circuits

Rated current Iy 1Aor5A

Rated frequency fy 50 Hz/60 Hz (settable)

Power consumption in current path based on stan- in phase

dard c.t. connection L1-L3—E (Figure 5.4) re-

ferred to through flowing rated current L1 L2 L3
single-phase, approx. } | A 3.2 1.5 2.3 VA
three-phase symmetrical, approx. NT 1.1 0.4 0.6 VA
single-phase, approx. } | 5 A 4.0 1.8 29 VA
three-phase symmetrical, approx. N© 1.5 0.5 0.7 VA

Overload capability in current path, for each input winding as well as for the output summation current
— thermal (rms) 100 xIyfor<i's

20 XlIyfor<10s

4 xlycontinuous
— dynamic (pulse current) 250 x Iy one half cycle

Auxiliary voltage

Power supply via integrated dc/dc converter

Rated auxiliary voltage Uy | 24/48 Vdc | 60/110/125 Vdc | 220/250 Vdc
Permissible variations |1 9to 56 Vdc | 48to 144 Vdc |176 to 288 Vdc
Superimposed ac voltage, <12 % at rated voltage
peak-to-peak <6 % atlimits of admissible voltage
Power consumption quiescent approx. 6 W
energized approx. 8 W

Bridging time during failure/short-circuit
of auxiliary voltage =50 ms at Ugteq = 110 Vdc

C53000—-G1176—-C95 15
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Heavy duty (command) contacts

Command (trip) relays, number

Contacts per relays

Switching capacity = MAKE
BREAK

Switching voltage

Permissible current

2 or 4 (depending on model)
2NO

1000 W/VA

30 W/NVA

250 V

5 A continuous

30 Afor05s

Signal contacts

Signal/alarm relays
Contact per relays

Switching capacity = MAKE/BREAK

Switching voltage
Permissible current

5

1CO

20 WNVA
250 V

1 A

Binary inputs, number

— Operating voltage
— Current consumption

2 or 4 (depending on model)

24 to 250 Vdc
approx. 1.7 mA, independent of operating voltage

Serial interfaces

Operator terminal interface

— Connection

— Transmission speed

Floating interface for data transfer
to a control centre (optional)

— Standards

— Transmission speed

— Transmission security

— Connection optical fibre

Optical wave length
Permissible line attenuation
Transmission distance

Normal signal position

non-isolated

at the front, 25-pole subminiature connector

acc. ISO 2110 for connection of a personal computer
as delivered 9600 Baud

min. 1200 Baud, max. 19200 Baud

via optical fibre

Protocol acc. IEC 60870—5—103 and VDEW/ZVEI,
or acc. DIN 19244 (selectable)

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

for surface mounted housing: on the bottom cover
820 nm

max. 8 dB

max. 1.5 km

reconnectable; factory setting: “light off”

16
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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 60255—5

2 kV (rms); 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 60255—22—1, class III

— Electrostatic discharge
IEC 60255—22—2 class 111
and IEC 1000—4—-2, class III

— Radio—frequency electromagnetic field,

IEC 60255—6, IEC 60255—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

non—modulated; IEC 60255—22—3 (report) class 111

— 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 60255—22—4 and IEC 1000—4—4, class III

— Conducted disturbances induced by
radio-frequency fields, amplitude modulated
IEC 1000—4—86, class III

— Power frequency magnetic field
IEC 1000—4-8, class IV
IEC 60255—6

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; R; = 50 Q;
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—-C95
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3.1.3 Mechanical stress tests

Vibration and shock during operation

Standards:

— Vibration
IEC 60255—21—1, class 1
IEC 68—2—6

— Shock

IEC 60255—21—-2, class 1

— Seismic vibration
IEC 60255—21—-3, class 1
IEC 68—3—3

IEC 60255—21
and IEC 68—2
sinusoidal

10 Hz to 60 Hz: 4+ 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 60255—21—1, class 2
IEC 68—2—6

— Shock
IEC 60255—21—2, class 1
IEC 68—2—27

— Continuous shock
IEC 60255—21—-2, class 1
IEC 68—2—29

IEC60255—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!

18
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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 substations 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 substations of lower volt-
ages.

— Itis 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 resi-
dential, commercial or light-industrial environment
as defined in EN 50081.

3.1.6 Design

Housing

Dimensions

Weight

— in housing for surface mounting

— in housing for flush mounting

Degree of protection acc. to EN 60529
— Housing

7XP20; refer to Section 2.1

refer to Section 2.2

approx. 14 kg
approx. 12 kg

IP517%)
— Terminals IP 21

") IP30 for cubicle installation; the degree of protection required for the point of installation must be ensured by the cubicle.

C53000—-G1176—-C95
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3.2 Line differential protection

Setting ranges/steps

Current threshold |4 (release by local current)

/N line
Differential current I/IN line
Trip delay time T
Pick-up characteristics
Second harmonic restraint lomn/liN

Drop-off ratio

0.20to 2.50 (steps 0.01)

0.50to 2.50 (steps 0.01)
0.00st060.00s (steps 0.01 s)
refer to Figure 3.1

10 % to 80 %

approx. 0.7 times pick-up (lstap = 0)

All current values are based on symmetrical current and standard c.t. connection according to Figure 5.4

Times

Pick-up time with double-ended infeed
— with 4 x setting value

Drop-off time
additional drop-off delay time

approx. 20 ms to 25 ms

approx. 25 ms

0.00st060.00s (steps 0.01 s)

Tolerances with preset parameters under reference conditions

— local pick-up limit
— differential current

Influence variables
— pilot wire resistance
— auxiliary voltage in range

3 % of theoretical value but min. 0.02 - Iy
5 % of theoretical value but min. 0.02 - Iy

approx. 1 % per 100 €2 loop resistance

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

0°C <9gmp <40°C <1%/10K
— frequency in range

0.9 <ffiy<1.1 <4%
Pilot wires
quantity 2

asymmetry core/core at 800 Hz
max. loop resistance

permissible induced longitudinal voltage
— direct connection of the pilot wires

— connection via barrier transformers

preferably symmetrical telephone pairs
with 73 Q/km loop resistance and
60 nF/km capacitance

max. 10~3

1800 Q

< 1.2KkV, but max 60 % of the test voltage of
the pilot cores

>1.2kV, but max 60 % of the test voltage of

the pilot cores
and max. 60 % of the test voltage of
the barrier transformers

20
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Pilot wire monitoring and intertrip (optional)

monitoring signal 2000 Hz, PCM
monitoring current approx. 10 mA
saturation voltage =20V
alarm delay 2sto60s (steps 1 s)
operating time of intertrip function approx. 65 ms
intertrip signal prolongation 0.00st060.00s (steps 0.01 s)
|t
INling
Trip area
3 4
2
- -
local current threshold 14/l —
————————————— -—

- -
- -
1 -
= ——
- < 4 ’ - /
- Add-on stabilization
. T T T T T T T T T T T T T T
Istab
1 2 3 4 5 6 7 8 9 10 11 12 13 14 —> |
. Nline
2.5 fix
lgig =] 11 + 12 | l1 = local line end current, in direction of the line
lstab = 11 | +] 12| > = remote line end current, in direction of the line

INline = nominal current of the line

Figure 3.1 Stabilization characteristic of line differential protection (illustrated with pre-set pick-up
values)
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4 Trip area

oy

INline

Trip area

Characteristic of
healthy operation

4 = local line end current, in direction of the line
> = remote line end current, in direction of the line
INline = nominal current of the line

Figure 3.2  Operating characteristic: dependency of the line currents at both ends (illustrated with pre-
set pick-up values); scale for symmetrical currents and standard c.t. connection according to
Figure 5.4
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3.3 External local and transfer trip

External local trip via binary input

Setting rages/steps

Trip delay
Drop-off delay

Tolerances

0.02 st0 60.00 s

0.00 s t0 60.00 s

1% or10 ms

(steps 0.01 s)

(steps 0.01 s)

Operating times
Pick-up time

Drop-off time

approx. 20 ms

approx. 10 ms

Transfer trip via binary input

Setting rages/steps

Send delay before transmission 0.00 s to 60.00 s
Send prolongation time 0.00 s to 60.00 s
Reception delay time 0.00 s t0 60.00 s
Reception prolongation time 0.00 s t0 60.00 s

Tolerances 1% or10 ms

(steps 0.01 s)
(steps 0.01 s)
(steps 0.01 s)

(steps 0.01 s)

Operating times
Pick-up time approx. 65 ms

Drop-off time approx. 60 ms

C53000—-G1176—-C95
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3.4 Overcurrent time protection

Characteristics (selectable)

inverse (type A, B, or C according to IEC 60255—3)

definite time protection
inverse time protection: normal, very or extremely

refer Figure 3.3

Pick-up/Times

high-current stage
delay time T|~~

overcurrent stage (phases) for definite time  1>/lnjine

delay time T

overcurrent stage (phases) for inverse time
time multiplier Ty,

pick-up threshold

I>>/INjine

Ip/lNIine

0.10 to 30.00 (steps 0.01)
0.00st032.00s (steps 0.01 s);
or oo (stage ineffective)

0.10 to 30.00 (steps 0.01)
0.00st032.00s (steps 0.01 s);
or oo (stage ineffective)

0.10 to 20.00 (steps 0.01)
0.50 to 32.00 (steps 0.01);
or co (stage ineffective)

approx. 1.1 times I

All current values are based on symmetrical current and standard c.t. connection according to Figure 5.4

Measuring times

I>>, 1> at 2 times setting value

lp

approx. 45 ms

refer to Figure 3.3

Drop-off times
I>>, >

Drop-off ratios

Overshot time

approx. 35 ms
approx. 0.95

approx. 35 ms

Tolerances

— definite time stages, 1>>, |>
— definite time delays

— for inverse time stages I,

— inverse time delays

3 % of set value + 0.02 - Iy
1 % of set value or 10 ms
pick-up at 1.05 < I/l < 1.15
7 % of set value or 30 ms

Influencing variables

Auxiliary voltage in range 0.8 < U/Un < 1.15
Temperature in range 0 °C << 94p << 40 °C
Frequency for definite time protection
—inrange 0.9 < f/fiy < 1.1

Frequency for inverse time protection
— inrange 0.95 < f/ffy < 1.05

<1%

<1%/10K

<4%

< 8 % referred to the theoretical time

24
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Figure 3.3  Tripping time characteristics of inverse time overcurrent protection
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3.5 Thermal overload protection

Setting ranges/steps

Factor k according to IEC 60255—8
Time constant t

Thermal warning stage  ®©warn /Oip

Current warning stage  lwarn/IN line

0.10to 4.00 (steps 0.01)
1.0t0999.9 min (steps 0.1 min)

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

0.10to 4.00 (steps 0.01)

Trip time characteristic

Drop-off ratios
e/ ®tri p
O/Owamn

|/|warn

I/ k'IN)2 _ Ipre / k'IN)2

t=1 -1
(I/kIN)2 =1
t trip time
T time constant
I load current

Ipre  preload current
k factor according to IEC 60255—8
refer also to Figures 3.4 and 3.5

approx. 0.99
approx. 0.99
approx. 0.97

All current values are based on symmetrical current and standard c.t. connection according to Figure 5.4

Tolerances
— referring to k- Iy +10%
— referring to trip time *+10% *2s
Influence variables referred to k-l
— Auxiliary dc voltage in range
0.8 < Upy/Uun<1.15 <1%
— Temperature in range
—5°C<Ugmp<+40°C <1%/10K
— Frequency in range
0.9 <ffy< 1.1 <4%

26
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Figure 3.4  Trip time characteristic of overload

protection — without preload —

Figure 3.5  Trip time characteristic of overload
protection — with 90 % preload —
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3.6 Ancillary functions

Operational value measurements

— Operational current values

Tolerances

— Differential protection measured values

Tolerance

— Overload protection measured values
Calculated temperature rise
Tolerance

I1 (summation current at local line end)
12 (summation current at remote line end)
I3 (summation current at the third line end
for three-terminal lines)
each transformed into the primary values and in %
of the rated relay current

I1: 3 % of rated value + 0.02 - Iy
12: 3 % of rated value + 0.02 - Iy + 0.7 % per 100 Q
13: 3 % of rated value + 0.02 - Iy + 1.5 % per 100 Q

lditt, lstab
each transformed into the primary values and in %
of the rated relay current

<< 10 % of respective rated value

©/Orip
3 % referred to Oyip

Measured values plausibility checks

— Sum of currents

in the node point of measured current inputs

Annunciations via binary input

— 4 user definable annunciations

Fault event data storage

Storage of annunciations of the last four fault events, three of which can be read out in the display

Real time clock

Resolution for operational annunciations
Resolution for fault event annunciations

Clock module

Max time deviation

1 min
1ms

DALLAS Type DS 138 — 32k
RAMifield TIMEKEEPER
Self-discharge time >10 years
0.01 %

Data storage for fault recording
Storage period

Sampling rate

max. 8 fault events

max 5 s per fault event, max. 20 s total,
adjustable pre-fault an post-fault time

1 instantaneous value per 1.67 ms at 50 Hz
1 instantaneous value per 1.38 ms at 60 Hz

Tripped current log
Number of stored trip events

Total of tripped currents  I/ly

max. 9 digits

max. 7 digits plus 1 decimal digit

28
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4

4.1

Method of operation

Operation of complete unit

The numerical line differential protection 7SD502 is
equipped with a powerful and proven 16-bit micro-
processor. This provides fully digital processing of
all functions from data acquisition of measured val-
ues to the trip signals for the circuit breakers.

Figure 4.1 shows the base structure of the unit.

The summation transformer MT forms, under sym-
metrical current conditions, a 20 mA single-phase
mixed current from the input currents of the three
phases. Its windings ratio 2:1:3 ensures that with
any kind of fault the secondary mixed current will
have a defined proportion to the fault current. This
current is used for all protection functions.

Pilot wire
connection to
the opposite
line end

LCD—display
(2x16 charac-
ters)

5 signal out-
puts (can be
marshalled)

2or4x2
trip relays (can
be marshalled)

Control centre

(optional)

Personal

L1 L2 L3 _ - - - _ - - - - -
M l
v MT ~ - '
2]
Ry
_‘_1I
L[
LI l |1 Ia '
N p— p—
ME A L
' N ElIEINE] '
g5 1E]
! 4‘6— Blocked !
]
' DH | e 4‘6_ Service '
—— =
M ESd > _| ]_ (E—
{} - IﬁEsDe_t E. 6 LED (can be
cw| 7 |8 |9 L 1 marshalled)
Operator o Il Il I } L ‘} L |__'
panel Fl1]12]3 {} T * _[l 2
DAl o o } — ! J/_'
msloy | N |+ E : X
—{— FE
2or 4 binary | . T =
inputs (can be '
marshalled) + Serial
| interface '
Power -/ Serial
supply —|— [ interface !
L. ] ] ] ] - - ] ] .
Figure 4.1 Hardware-structure of line differential protection relay 7SD502

computer
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The transformers of the measured value input por-
tion ME transform the currents Iy (mixed current of
the local line end), lp (shunt current through the
shunt resistor Rp), and 5 (pilot wire current) and
match them to the internal processing level of the
unit. Apart from the galvanic and low-capacitive iso-
lation provided by these transformers, filters are pro-
vided for the suppression of interference. The filters
have been optimized with regard to bandwidth and
processing speed to suit the measured value pro-
cessing. The matched analog values are then
passed to the analog input section AE.

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 functions. These include in particular:

— filtering and formation of the measured quantities,

— continuous calculation of the values which are
relevant for fault detection,

— calculation of the differential and restraint current
values,

— analysis of the harmonics in the differential cur-
rent value for detection of current transformer sat-
uration and evolving faults,

— supervision of the pilot wires (models with pilot
wire monitor),

— calculation of .m.s. values for overload detection,
— scanning of limit values and time sequences,

— decision about trip commands,

— 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. remote resetting) or from other
equipment (e.g. blocking signals). Outputs include,
in particular, trip commands to the circuit breakers,
signals for remote signalling of important events and
conditions as well as visual indicators (LEDs), and
an alphanumerical display on the front.

An integrated membrane keyboard in connection
with a built-in alphanumerical LCD display enables
communication with the unit. All operational data
such as setting values, plant data, etc. are entered
into the protection from this panel (refer Section 6.3).
Using 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 Section 6.4).
The dialog with the relay can be carried out alterna-
tively via the serial operating interface by means of
an operator panel or a personal computer.

Via a further serial interface (optional, refer Section
2.3 Ordering data), fault data can be transmitted to a
central evaluation unit. During healthy operation,
measured values can also be transmitted, e.g. the
measured currents at the point of installation. This
interface is suitable for optical fibre connection.

A power supply unit provides the auxiliary supply on
the various voltage levels to the described functional
units. +18 Vis 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 dc volt-
age storage element (rated auxiliary voltage >
110 V dc).

30
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4.2 Current transformer connections and fault current sensitivity

The currents from the protected line are mixed in the
summation transformer MT of the 7SD502 relay to a
single-phase alternating current of 20 mA at rated
symmetrical current. The asymmetrical ratio of the
mixed current of 2:1:3 ensures that with any kind of
fault a defined mixed current is produced which is
relevant for all protection functions. The asymmetry
entails — on the other hand — that the sensitivity of
the protection functions is different and depends on
the kind of fault. But this is of less importance in the
field of application of this relay since the phase-fault
currents normally exceed clearly the rated current.

Different options are available for the connection of
the current transformers. But the same c.t. connec-
tion method should be used throughout a network
and must be used at opposite line ends of a differen-
tial protection scheme.

4.2.1 Standard connection L1—-L3—-E

The scheme shown in Figure 4.2 is the most com-
mon. The input windings of the summation trans-
former are connected to the c.t. currents I 4, I3, and
Ie (residual current). This connection is suitable for
all kinds of systems regardless of the treatment of
the system neutral. It is characterized by a high sen-
sitivity for earth faults.

Figure 4.3
L1—-L3-E

iM =201 +13

o MT
]
I
Iz
7SD502
1
|

L1 L2 L3

Figure 4.2  Standard c.t. connection L1 —-L3—E

For a symmetrical three-phase fault (where the earth
return component, Il = 0) the single-phase mixed
current is, as illustrated in Figure 4.3, /3 times the
winding unit value. That is, the summation flux (am-
pere turns) is the same as it would be for single-
phase current /3 times the value flowing through
the winding with the least number of turns (ratio 1).
For three-phase symmetrical fault current equal to
rated current ly, the secondary single-phase current
is im = 20 mA. All relay characteristic operating val-
ues are based on this type of fault and these cur-
rents.

=3 :]i]

Summation of currents in the summation transformer with standard c.t. connection

C53000—-G1176—-C95
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For the connection shown in Figure 4.2, the
weighting factors W of the mixed currents for the
various fault conditions and the ratios to that given
by the 3-phase symmetrical faults are shown in
Table 4.1. On the right hand side is the
complementary multiple of rated current which
W/,/3 would have to be, in order to give the mixed
current ipy = 20 mA in the secondary circuit. If the
current setting values are multiplied with this factor,

the actual pick-up values result.

The table shows that 7SD502 is more sensitive to
earth faults than to those without earth path compo-
nent. This increased sensitivity is due to the fact that
the summation transformer winding in the c.t. star
point connection (Ig, residual current, refer to Figure
4.2) has the largest number of turns, and thus, the
weighting factor W = 3.

Fault type W W/\/3 I4 for iy = 20 mA
L1—L2-L3 (sym.) V3 1.00 1.00 X IN
L1—L2 2 1.15 0.87 xIN
L2—-L3 1 0.58 1.78 x IN
L3—L1 1 0.58 1.73 xIN
L1—E 5 2.89 0.35 x IN
L2—E 3 1.73 0.58 x IN
L3-E 4 2.31 0.43 xIN

Table 4.1

In earth-free networks or those with Peterson coll
earthing it is not desirable to trip the line when a
single earth fault occurs. If a double earth fault oc-
curs, clearance of only one of the two fault condi-
tions is often desired.

The deliberately different contributions of the three
phase currents, due to the summation transformer
primary ratios, effect a phase preferential clearance
sequence which is determined by the way in which
the c.t.s are connected. The line section which has
the fault on the thus determined preferential phase
will be cleared. The performance of the differential
relay which protects a line on which one of the two

L1 before L3 before L2

Ly MT i
|
I
L Lo L3 I3
7SD502
]
[}

Figure 4.4

Types of fault and weighting factor with standard c.t. connection L1 —L3—E

earth faults lies, depends on the ratio of the current
contributions at each end. To achieve properly se-
lective double earth fault performance of the protec-
tive system in a network both the differential and dis-
tance relays should be operated with the same
phase preference sequence.

In differential schemes which use summation cur-
rent transformers, acyclic preference is possible.
Figure 4.4 shows the connections for the most usual
cases of acyclic preference. The other possibilities
can be achieved by using alternative c.t. connec-
tions.

L3 before L1 before L2

s MT
]
|
L1 L2 L3 P
7SD502
|
|

Double earth fault preference by phase change
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4.2.2 Connection for decreased earth
current sensitivity L1-L2-L3

In earthed systems with particularly low zero se-
quence impedance, earth fault currents can be larg-
er than those under two phase fault conditions. With
consideration of the thermal loading on the measur-
ing circuits, the connections shown in Figure 4.5 can
be used. With this connection, the values given in
Table 4.2 can be recalculated for the seven possible
fault conditions in solidly earthed networks.

Comparison with Table 4.1 shows that under earth
fault conditions the weighting factor W is less than
with the standard connection. Thus the thermal
loading is reduced to 36 %, i.e. (1.73/2.89)2.

Iy 4 MT im
_,_QI
I
7SD502
1
I I3
o]
llI

L1 L2 L3

Connection L1 —-L2—-L3 with de-
creased earth current sensitivity

Figure 4.5

2414

Figure 4.6 Addition of currents in the summation transformer with c.t. connection L1 —-L2—-L3
Fault type W//3 I4 for iy = 20 mA
L1—L2—L3 (sym.) V3 1.00 1.00 X IN
L1-L2 1 0.58 1.73 x I
L2—L3 2 1.15 0.87 xIN
L3—L1 1 0.58 1.78 x IN
L1—E 2 1.15 0.87 x IN
L2—-E 1 0.58 1.73 x IN
L3—-E 3 1.73 0.58 x IN
Table 4.2 Types of fault and weighting factor with c.t. connection L1 —-L2—-L3
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4.2.3 Connection for increased earth
current sensitivity

In certain systems, earth fault currents of even lower
values must be detected and cleared, as it is possi-
ble with the standard connection, e.g. because of an
earthing resistance (resistance earthed systems).
To a certain extent this can be achieved by using an
intermediate transformer IT as shown in Figure 4.7.
Dependent on the burden on the current transform-
ers, the current in the star point conductor can be in-
creased to approximately double the normal value.
Phase fault sensitivity is the same as with the stan-
dard connection.

Earth fault sensitivity will then be increased accord-
ing to the transformation ratio of the intermediate
transformer IT. The intermediate transformer can be
connected as an auto-transformer since no galvanic
separation is necessary.

Ly MT
iy
|
I
I3
I 7SD502
1

L1 L2 L3

Connection L1—-L3—E with in-
creased earth current sensitivity

Figure 4.7

4.2.4 Unequal c.t. rated currents

The measuring circuits of the relay are designed for
equal secondary outputs from the two summation
transformers under healthy line conditions. This is
automatic if the c.t.s have equal ratio at the two line
ends, i.e. equal primary and equal secondary rating.
Evenif the c.t.s at the line ends have the same prima-
ry rating but the secondary at one end is 5 A and at
the other 1 A, the use of the model 7SD5025 for the 5
A c.t. at one end and model 7SD5021 for 1 A at the
other end will ensure correct operation.

If the c.t.s have different primary ratings, matching
transformers must be used to correct the relation-
ship. Conventionally, matching transformers are in-
stalled at the c.t.s with the lower primary rating. Sie-
mens matching transformers 4AM5170—7AA are
suitable, connected as shown in Figure 4.8.

If itis necessary to use matching transformers to cor-
rect the c.t. ratio at the same time as it is required to
increase the sensitivity to earth faults according to
Section 4.2.3, the circuit shown in Figure 4.8 is, of
course, adequate. The transformation ratio of the in-
termediate transformer in the earth current path is
then accordingly calculated. It is not necessary to
use a further intermediate transformer.

Examples and hints for calculation of intermediate
c.t.s are given in Section 5.2.4.4.

N —I1 7SD502

| ﬂ 3I

N2

L1 L2 L3

Figure 4.8  Matching of unequal primary cur-

rents
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4.2.5 Two-phase connection

When a network is operated with isolated star point
or arc suppression coil, where it is not required that
the differential relay reacts to a single-phase earth
fault, two current transformers are adequate for cur-
rent summation (see Figure 4.9). In consideration of
the possibility of double earth faults however, it is
then essential to ensure that the c.t.s are fitted in the
same two phases throughout the network. With this
system, it is clear that under double earth fault con-
ditions the differential relay will not react to a fault on
the conductor without a c.t. If a double earth fault in-
volves the other two conductors, the normal phase
preference sequence will apply.

The weighting factor of the phase currents is the
same as with the standard connection according to
Section 4.2.1. Thus, the same sensitivities are valid
as given in Table 4.1 for phase faults.

Iy MT

iy

I3

7SD502

2
|
4

L1 L2 L3

Figure 49  Two-phase connection L1—L3

4.2.6 Multi-system protection

For particularly important lines and if sufficient pilot
wires are available, an independent differential relay
can be fitted to each phase. This results in threefold
equipment investment and, normally, the necessity
for three pairs of pilot wires. By using interposing
transformers (model 7XR9513) which have a centre
tapped, symmetrical secondary winding, one can
create a phantom connection with two conductor
pairs (cf. Section 5.2.4.6).

The first advantage given by separate protection of
each phase is the definite identification of the con-
cerned phase for single-pole auto-reclosing in
earthed networks. For multi-phase faults, fully re-
dundant back-up occurs, because a trip command
is given for each concerned conductor. Further, the
three-phase system gives equal sensitivity for all
types of fault.

Equipping each phase of a three-phase line with its
own differential relay means only a difference in con-
nection of the c.t.s. In other respects the previous
considerations apply.

Setting values for all protection functions are valid for
symmetrical three-phase currents, with summation
transformer connection (weighting factor = /3).
For the connection in each phase, the effective
weighting factor for the number of turns has to be di-
vided by /3 in order to achieve the real sensitivity of
the protection functions. If, for example, the connec-
tions are made as shown in Figure 4.10, the weight-
ing factor of the input windings is 2. In that case, the
setting values have to be multiplied with the factor
2/y/3. If the phase currents are connected to the in-
put winding with weighting factor 1, then the sensi-
tivity is reduced by the factor 1/,/8.

The sensitivity can be further increased by series
connecting of input windings. In these cases it must
be considered that the thermal capability of the sum-
mation c.t. windings is limited. The thermal limit val-
ues given in the technical data are valid for each in-
put winding as well as for the summation (output)
winding of the summation c.t.s. If more than 1 input
winding weighting is used the permissible current is
reduced according the factor W/~/3; but if only one
winding weighting is used then the permissible cur-
rent is not increased!
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L1 L2 L3

Figure 4.10 Three system protection: one differ-
ential protection relay for each of the
phases

A further possible arrangement is given by combin-
ing the Figure 4.5 connection with a second differen-
tial relay which is connected only in the star point of
the three c.t.s (Figure 4.11). Although this arrange-
ment requires two differential relays it has the advan-
tage that the second relay is limited to the detection
of earth faults and, when necessary, can be made to
be very sensitive (in the illustrated example 6/,/3).
This system is used only in earthed networks.

It is, of course, also possible to use four differential
protection schemes for one line: one for each of the
phases and a further for the residual current path,
i.e. to combine Figure 4.10 and 4.11.

I,y MT i
_,_ZI
Lo
7SD502
1
I I3

g MT i
ﬁ_zl
Ig
7SD502
1
| IE

L1 L2 L3

Figure 4.11  Separate earth fault relay
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4.3 Line differential protection

The line differential protection system operates ac-
cording to the principle of current comparison. The
line protection requires the installation of one
7SD502 unit at each end of the protected line. The
two relays must be interconnected by two pilot
wires. The line differential protection system com-
prises the 7SD502 units to be installed at each end of
the line and the pilot wire link between the units.

4.3.1 Principle of measurement

Differential protection systems operate according to
the principle of current comparison and are there-
fore also known as current balance system. They uti-
lize the fact (Figure 4.12) that the current I (dotted)
leaving a healthy length of conductor L is the same
as that which entered it. Any measured current dif-
ference is certain indication of a fault somewhere
within the protected zone. The secondary windings
of current transformers CT1 and CT2, which have
the same transformation ratio, may be so connected
that a closed circuit with the currents i as shown is
formed. A measuring element M is connected at the
electrical balance point. Under healthy conditions
no current flows in the measuring element M. When,
in the event of a fault in the section between the cur-
rent transformers, the currents at the ends of the
section are unequal the measuring element is sub-
jected to a current iy + ip, proportional to I4 + I, the
sum of the two inflowing fault currents. If this current
i1 + i is of sufficient magnitude to be sensed by the
element M, this simple system will provide discrimi-
native protection for the line or item of equipment un-
der consideration.

I I4

4.3.2 Stabilized differential protection

When an external fault causes a heavy current to
flow through the protected zone, differences in the
magnetic characteristics of the current transformers
under conditions of saturation may cause a signifi-
cant current to flow through the element M. If the
magnitude of this current lies above the response
threshold, the system would issue a trip signal. Sta-
bilization prevents such erroneous operation.

In differential protection systems for protected ob-
jects with two terminals, a stabilizing quantity is nor-
mally derived from the current difference |1y — I5| or
from the arithmetical sum [I1| + |Io|. Both methods
are equal in the relevant ranges of the stabilization
characteristics. In differential protection systems for
protected objects with three terminals, e.g. teed
lines, stabilizing is only possible with the arithmetical
sum |I4] + [Io| + |I3|. The latter method is used in
7SD502 for all protected objects (i.e. for two or three
terminal lines). This requires the formation of the
vectorial sum and the arithmetical sum of the cur-
rents of each line end. The following definitions ap-

ply:
The tripping effect or differential current
Loitt = |14 + 2|
and the stabilization or restraining current
Istab = |l1 | + |12|
I4ift produces the tripping effect quantity, Isiqn coun-

teracts this effect. Processing of these quantities is
described in Section 4.3.4.

Is I

Station1 _ -, _1_ L <>— .- Station2
CTi L+, % CT2
- —_—
i1 io
MIZ]j
$ i1 +ip
Figure 4.12  Base principle of differential protection
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4.3.3 Measured value formation for
differential protection using two
pilot wires

Figure 4.13 illustrates a differential current compari-
son scheme with two pilot wires. At each end three
currents are measured:

I, is the local current into the line,

Iy, is the current flowing through the local shunt re-
sistor Ry,

Iz is the current flowing through the pilot wire
loop.

Two of these current are sufficient to calculate the
third; but in 7SD502 all the three currents are mea-
sured in order to gain a plausibility check with these
quantities.

Differential and stabilizing quantities can be calcu-
lated by means of the measured currents, the inter-
nal resistances R, and Ry, and the pilot wire resis-
tance Ry which must be entered to the device during
setting, using the following formulae:

The loop equation of the loop which is illustrated by
the dotted line gives us

(I4 —I) -Rp — Ia - (Ry/2 + Ry) +
(Ip — 1) - Rp — Ig- (Ry/2 + Ry) = 0

The following simplifications should be agreed:

Ry = R
Ry/2 + Ry = x - R

(reference resistance)
(longitudinal resistance)

i_, Station 1

Thus, the loop equation can be written
1-I)-R-2-Ia-x-R+(I2—-Ig)-R=0

After reduction of the R—values and some rear-
rangement we obtain

L1+L)—2.-I;-1+x) =0
or
ILi+h=2.-(1+x) -1,

This is directly the differential current. The current of
the remote line end is required in order to obtain the
stabilizing current. The following applies:

L=W+h)-L=2-(1+x Ia—1

Finally, all quantities which are needed for the differ-
ential protection processing are available:

Lt =14 + L2 =2 (1 + %) - L]
Istan= |I1]| +|I2|= [I1[+]2- (1 + X) - I3 — 4]

For lines with three terminal (teed lines), each sub-
station has two differential relays, each connected
through a pilot wire pair to one of the other ends. In
order to obtain the differential and stabilizing current
for all the three line ends, each of the two local relays
must be fed by the pilot wire current of the other
relay. The differential and stabilizing current can be
calculated in each of the relays from the pilot wire
current Iy and the local current |y using the same
method as described above for two-terminal lines
(cf. Section 4.3.10).

Station 2 ..g

Figure 4.13

Differential protection using two pilot wires — function scheme
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4.3.4 Measured value processing

The digitized currents are first filtered by numerical
filters in order to suppress d.c. components and
higher harmonics. The r.m.s. values of the funda-
mental wave of the differential and stabilizing cur-
rents are used for evaluation

To clarify the situation, three important operating
conditions should be examined:

a) Through fault current in a healthy line or external
fault:

I reverses its direction i.e. thus changes its sign,
i.e. I» = —I4 and consequently |Io| =]|14]

Lait = [I1 + 12| =|L1 —=L4| =0

Istab= [L1]|+ [L2| =|L1| + |I4|=2-|L1]

no tripping effect (Igi = 0); stabilization (lgigp) cor-
responds to twice the through flowing current.

b) Internal short-circuit, e.g. fed with equal currents
from each line end:

In this case I» = 11 and consequently |Io| =]|11]
Lot =L+ =|L+L] =21
Istab=|L1| +|I2| = [L4| +[L1| =2|L4]

tripping effect (lgi) and stabilizing (lstap) quanti-
ties are equal and correspond to the total fault
current.

¢) Internal short-circuit, fed from one line end only:

Inthis caseI> =0
Lot = L1 + 2|

= |4+ | =1
Istap= [L1| +|I2] = |I4] +0= |1

—_ A

tripping effect (lgi) and stabilizing (lsiap) quanti-
ties are equal and correspond to the fault current
fed from one side.

This result shows that for internal fault lgi = lstab-
Thus, the characteristic of internal faults is a straight
line with the slope 1 in the operation diagram as illus-
trated in Figure 4.14. The figure shows the complete
operation characteristic of the relay. The branch a
represents the sensitivity threshold of the differential
protection. Branch b takes into consideration cur-
rent proportional errors which may result from trans-
formation errors of the main c.t.s, the summation
transformers and the input transformers of the relay.
In the range of high currents which may give rise to
current transformer saturation, branch c¢ causes
stronger stabilization. A further evaluation in case of
severe saturation (add-on stabilization) is described
in Section 4.3.5.

The currents lgi and lstap, Which are formed as de-
scribed in Section 4.3.3, are compared by the differ-
ential protection with the operating characteristic ac-
cording to Figure 4.14. If the quantities result into a
locus in the tripping area, trip signal is given pro-
vided the local current threshold is exceeded, too
(local current threshold, see Section 4.3.6).

| i
INling
_ Fault char-
t acteristic T
rip area
3_
2_ —_— —
b — — - -
PR A | Add-on stabilization
T T T T T T I T T T T T T T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 _ stab
INline

Figure 4.14 Operating characteristic of the differential protection
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4.3.5 Add-on stabilization during cur-
rent transformer saturation

Saturation of the current transformers caused by
high fault currents and/or long system time con-
stants are uncritical for internal faults (fault on the
protected line), since the measured value deforma-
tion is found in the differential current as well in the
stabilizing current, to the same extent. The fault
characteristic as illustrated in Figure 4.14 is princi-
pally valid in this case, too. Of course, the fundamen-
tal wave of the current must exceed at least the pick-
up threshold (branch a in Figure 4.14) and the local
current threshold (refer to Section 4.3.6).

During an external fault which produces a high
through flowing short-circuit current causing current
transformer saturation, a considerable differential
current can be simulated, especially when the de-
gree of saturation is different at the two line ends. If
the quantities lgis/lstap result in an operating point
which lies in the trip area of the operating character-
istic (Figure 4.14), trip signal would be the conse-
quence if there were no special measures.

7SD502 provides a saturation indicator which de-
tects such phenomena and initiates add-on stabili-
zation measures. The saturation indicator operates
dynamically in the area which is designated with
"add-on stabilization” in Figure 4.14.

Current transformer saturation during external faults
is detected by a high initial stabilizing current which
moves the operating point briefly into the "add-on
stabilization” area (Figure 4.14). In contrast, the op-
erating point moves immediately along the fault
characteristic when an internal fault occurs since the
stabilization current will barely be higher then the dif-
ferential current. The saturation indicator makes its
decision within the first half period after fault incep-
tion.

When an external fault is detected, the differential
protection is blocked for 71/, periods (150 ms at
50 Hz) at the longest. This blocking is cancelled as
soon as the operation point moves steadily (i.e. over
two periods) on the fault characteristic. This allows
to detect evolving faults on the protected line reliably
even during an external fault with current transform-
er saturation.

4.3.6 Local current threshold

The line differential protection relay 7SD502 con-
tains a local current threshold |1 RELEASE. This pro-
vides an additional trip criterion.

The local current threshold is independent on the
threshold of the differential protection (branch a in
Figure 4.14) and can independently set.

The local current threshold provides the effect that a
single-end fed line fault current is interrupted only at
the infeeding end. Nevertheless, tripping at all line
ends is possible using the intertrip function (see
Section 4.3.8) provided the unit is equipped with this
feature (refer to Section 2.3 Ordering data).

It is, additionally, possible to output a trip command
without interrogation of the local current threshold. If
this is desired, assign the logical command
"dir.Dif>Trip” (see also logic diagram Figure
4.15) to a trip relay output.

4.3.7 Pick-up and trip delay

As soon as the fundamental wave of the differential
current reaches 85 % of the set value or the stabiliz-
ing current exceeds 3 times the rated line current,
the protection picks-up. Thus, pick-up occurs also in
case of external faults, so that fault recording and
saturation indicator can operate.

In special cases it may be desirable to delay the trip
command of the differential protection. This is possi-
ble by setting a trip time delay T—DELAY.

Additionally, a drop-off time delay T-RESET can be
set. This should ensure that the trip command is
maintained for a sufficiently long time that the com-
mand is executed safely even when the circuit
breakers at the two line ends have different operat-
ing times.

Figure 4.15 shows a simplified logic diagram of the
differential protection tripping logic.
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Figure 4.15 Simplified logic diagram of the tripping logic of the differential protection

4.3.8 Intertripping (optional)

When a line is fed from one end only, a line fault is
cleared only at the feeding line end because the lo-
cal current is a further condition for tripping, except
the direct command of the differential protection
without interrogation of the local current threshold is
used for tripping (refer to Section 4.3.6).

If it is desired to trip also the non-feeding line end,
then the intertrip function can be activated. This
works with a pulse coded voice frequency of
2000 Hz via the pilot wires; thus, it is only available in
models with the voice frequency generator which is
also required for pilot wire monitoring (cf. Section
4.3.9). The puls code is the same as that for remote
tripping (refer to Section 4.4.2).
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4.3.9 Pilot wire monitoring (optional)

The pilot wires between the two differential relays at
the ends of the protected line form an essential part
of the scheme. Their proper installation and con-
stant integrity is a prerequisite for satisfactory opera-
tion. A failure of the pilot wires disables the protec-
tion function. The pilot wires which are installed in
the ground are mechanically endangered to a simi-
lar extend as the energy cable itself. For this reason it
is always recommended that the pilot wires be su-
pervised by the pilot wire monitoring option.

The pilot wire monitor is arranged on a separate
printed circuit board PGA. This processor controlled
monitor module carries also the intertripping and
transfer trip functions (model 7SD502x— xxx1x%).

The pilot wire monitor is composed of a transmitter
and a receiver for each direction in the relays which
are connected by the pilot wires (Figure 4.16). It op-
erates with a pulsed code which is modulated on a
voice frequency signal of 2000 Hz. The monitoring
code is transmitted alternately by one relay to the
other and vice versa. In order to ensure a defined
start-up of this hand-shake operation, one of the re-
lays must be declared as "master” and the other as
"slave”. The "master”—device will always start with
the communication, the "slave” —device responds.

An interruption or short-circuit on the pilot wires is
detected by both relays. When the pilot wires are in-
terrupted, the differential protection cannot trip any

Station 1

more since no differential current can be present. If
the pilot wires are short-circuited, a high through-
fault current (external fault) may cause tripping. For
this reason the differential protection can be blocked
when a pilot wire fault is detected (selectable). The
remaining protection functions — especially the
overcurrent time protection, if it is set effective — will
continue their operation even during pilot wire fault.

Since the pilot wire monitor is a "slow” function it
cannot always avoid that the relay trips on a through-
fault current, when an external fault occurs just at
that moment when the pilot wires are short-circuited.
But this is extremely improbable since there is no co-
herence between a pilot wire short-circuit and an ex-
ternal power line fault.

The pilot wire monitor does not operate as long as a
network fault is present because the differential cur-
rent transmission with system frequency has priority
now. The pilot wire monitor is also inoperative as
long as a transfer trip signal (cf. Section 4.4.2) is
transmitted because only one pilot wire pair and
only one carrier frequency are available.

If the relays are used for the protection of three-ter-
minal lines (teed lines) any pilot wire disturbance is
indicated at all three ends. A pre-condition is that the
two relays which are installed in one substation in-
form each other via binary outputs and inputs (refer
to Section 4.3.10 for details).

Station 2

Legend:
T — Transmitter (current source)
R — Receiver

Ck — Coupling capacitor

Figure 4.16 Coupling of the pilot wire monitoring circuits with differential protection using two pilot wires
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4.3.10 Use on three-terminal lines

If the differential protection system is used on lines
with three terminals (teed lines), i.e. with a branch
point, each line end must be connect with each line
end with a pair of pilot wires (refer to Figure 4.17).
Each pair of pilot wires connects two relays. Thus,
two adjacent relays are installed in each substation,
from which each communicates with an opposite
end relay at one of the remote ends.

The adjacent relays in one substation receive the
same currents from the power line, so they must be
connected in series in the current paths. The mixed
current of relay 1 of substation 1 should be desig-
nated with 14, whereas the mixed current of relay 1’
of substation 1 should be called 11’. Theoretically,
both currents are equal. Relay 1 is connected via a
pair of pilot wires with relay 2’ of the substation 2, etc.
so that a cyclic arrangement results.

Station 1

An essential factor is that the adjacent relays of one
station receive the currents of both outgoing pilot
wires. Besides the pilot wire current of the con-
nected pilot wires 1512, relay 1 receives also the cur-
rent of the pilot wires to the third line end I513. Simi-
larly, relay 1’ receives the currents 1513’ and Iz12’.
Note that the figure shows the current flow, not the
physical arrangement. The quantities with * belong
to relay 1’, the quantities without ’ to relay 1. A con-
nection example is illustrated in Appendix B
(Figure B.7).

Each of the relays can calculate the current of the
opposite line end from the current of the own pilot
wires (e.g. I510) to the remote end (e.g. relay 2), and
the current of the third line end from the current of
the pilot wires to the third end (e.g. 1513).

The trip commands of the two adjacent relays of a
substation are connected in parallel.

Station 2

=™

Station 3

Figure 4.17  Pilot wire currents on three-terminal lines

M= ™

C53000—-G1176—-C95

43



7SD502 V3

Method of operation

If the relays are equipped with the pilot wire monitor-
ing feature, each pair of pilot wires is provided with a
transmitter and receiver at each line end. If a relay
has recognized a pilot wire fault (e.g. relay 1 on the
connection 1—-2’), it must inform the adjacent relay
(e.g. 1°) about that, in order to ensure that the pilot
wire fault is announced to all three line ends, and all
six relays can be blocked (if desired). Therefore, the
recognized pilot wire fault is given to the adjacent
relay via binary outputs and inputs (refer to Figure
4.18).

Station 1

Pilot wires

yya
77

Blocking is initiated by the relay which detects the pi-
lot wire fault at first (e.g. relay 2°). Blocking signal is
given to the adjacent relay (e.g. relay 2) which stops
its transmission, so that its opposite relay (e.g. relay
3’) recognizes pilot wire fault because of missing re-
ception. In similar way the remaining relays operate
(1, 1°, and 3). In one of the three substation the
blocking must be avoided (e.g. station 3); otherwise
a ring-block would arise which prevents a re-start of
the monitoring system after the pilot wire fault has
been eliminated.

Station 2

2!

N

_/

Blocking
/-

1!

Blocking output:
FNo 3377

"Block to 3end”
Blocking input:
FNo 3367

">P.W.M. 3.end”

Blocking
- )

3!

Station 3

Figure 4.18 Pilot wire monitoring on three-terminal lines

4.3.11 Pilot wire resistance and capacitance

The distribution of the pilot wire current I, and the
shunt current I, formed an essential part of the mea-
suring principle with conventional differential protec-
tion schemes using two pilot wires. Thus, the ratio of
the pilot wire resistance and the shunt resistor Ry
had to be adjusted by means of additional resistors
so that it became 3 : 1. Since, in 7SD502, the pilot
wire resistance is internally adjusted by calculation
methods according to Section 4.3.3, no external ad-
justment is necessary within the operation limit of
the relay.

Furthermore, the capacitances of the pilot wires,
which may produce essential erroneous currents
(apparent differential currents) — especially in case
of long distances — need not be compensated by
additional components. Compensation is carried
out internally by calculation, too. For this, the relay
uses an equivalent T—circuit of the pilot wires and
eliminates the influence of the pilot wire capaci-
tances to a sufficient extent, even with long dis-
tances.
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4.4 External local and transfer trip

4.4.1 External local trip

Any desired signal can be coupled into the process-
ing of annunciations and trip commands via a binary
input of the relay from an external protective or su-
pervisory device. Like the internal trip signals, it can
be delayed and given to one or more of the trip re-
lays. The delay can, for example, bridge out bounc-
ing periods of the energizing contact. A reset delay
can be set in order to ensure that the breaker is safe-
ly tripped even in case the originating signal is very
short.

4.4.2 Transfer trip (optional)

Line differential protection relay 7SD502 comprises
an integrated transfer trip function (model with pilot
wire supervision 7SD502x—*xx1x). This can be
used to trip the circuit breaker at the remote line end
by a command from an external source, e.g. a
breaker failure protection.

The transfer trip command is entered to the relay via
a binary input. It can be delayed before it is trans-
mitted via the pilot wires, e.g. in order to bridge out
bouncing periods. Once being transmitted, it can be
maintained for a settable period in order to ensure
that the signal is safely transmitted even in case the
originating signal is very short.

The received signal can even be delayed and/or
maintained for a settable period in order to ensure
that the breaker is safely tripped even in case the re-
ceived signal is very short.

Do not confuse the transfer trip facility and the inter-
trip function which latter is integral part of the differ-
ential protection as described in Section 4.3.8.

The pair of pilot wires is used for intertripping as well
as for the transfer trip command by means of one
carrier frequency (2000 Hz). For this reason different
pulse codes must be used for pilot wire supervision
on the one hand and for transfer of a trip signal on
the other. As long as a trip signal is transmitted (ei-
ther intertrip or transfer trip), the pilot wire monitoring
signal is suppressed.

The receiver cannot discriminate between reception
of an intertrip signal and reception of a transfer trip
signal as the pulse code is the same. As well the
reaction of the device is the same: trip on reception
of the remote signal.

A transfer trip signal can be transmitted in each di-
rection. But it is recommended to use transfer trip
only in one direction, as in case of a coincidental
transmission in both directions the signals may su-
perimpose each other. Thus the pulse code condi-
tions may not be fulfilled and trip may be prevented.
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4.5 Back-up overcurrent time
protection

7SD502 provides an integrated back-up overcurrent
time protection. Whereas differential protection can
operate only as long as the pilot wire link is properly
available, the overcurrent time protection needs the
local currents only. Thus, it is also operative in case
of pilot wire failure. The overcurrent time protection
can provide as well the "emergency” function during
pilot wire failure as the back-up protection during ex-
ternal faults.

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 60255—3 are available for inverse
time mode. The trip time characteristics and the
applied formulae are given in the Technical data, re-
fer Figure 3.3, Section 3.4.

The selected overcurrent time characteristic can be
superimposed by a high-set instantaneous definite
time delayed stage.

The stages are independent from each other and
can be set individually.

The overcurrent time protection processes the
mixed current |y of the summation transformer. The
facts concerning different connection methods as
mentioned in Section 4.2 are valid, too. All current
values are based on three-phase symmetrical cur-
rent with standard connection. Different sensitivity
dependent on different fault type is valid also for the
overcurrent time protection.

Under conditions of manual closing onto fault, the
overcurrent protection can also provide a rapid trip.
A choice can be made whether the 1> > stage or the
I>/lp stage is decisive for an undelayed trip, i.e. the
associated time delay is by-passed for this condi-
tion. A pre-condition is that the closing command is
repeated to a binary input of the device and that this
binary input is allocated to the binary input function
">Manual Close’.

4.6 Thermal overload protection

The thermal overload protection prevents the power
line, particularly in case of cables, from damage
caused by thermal overloading.

The overload protection processes the mixed cur-
rent |1 of the summation transformer. The facts con-
cerning different connection methods as mentioned
in Section 4.2 are valid, too. All current values are
based on three-phase symmetrical current with
standard connection. As overload is normally a sym-
metrical phenomenon the asymmetry factor do not
influence this function.

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

e 1 o_1 p

at T 0= I

with ® — actual temperature rise related on the final
temperature rise for the maximum per-
missible cable current k:lIyjine

t — thermal time constant for heating-up of
the cable

| — actual cable current (r.m.s. value) related
on the maximum permissible cable cur-
rent Imax = K * INline

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 line can be
disconnected from the network (selectable).

The maximum permissible continuous thermal over-
load current Imax is described as a multiple of the
nominal line current:

Imax = K- INline

In addition to the k—value, the time constant T as
well as the alarm temperature rise O, 4, 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 if the temperature rise has
not yet reached the alarm or trip temperature rise
values.
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4.7 Circuit breaker trip test

Numerical line differential protection relay 7SD502
allows simple checking of the tripping circuit and the
circuit breaker. By means of an external auto-reclo-
sure device a TRIP—CLOSE cycle can be per-
formed.

Prerequisite for the start of a test cycle is that no pro-
tective 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. This additional security feature should not
be omitted, especially when an external auto-reclo-
sure device is installed.

4.8 Ancillary functions

The ancillary functions of the line differential protec-
tion 7SD502 include:

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

— Monitoring functions.

4.8.1 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.

Initiation of the test cycle can be given from the oper-
ator keyboard or via the front operator interface. The
relay issues a three-pole trip command.

The test sequence is supervised by 7SD502 by
means of the circuit breaker auxiliary contact posi-
tion provided the auxiliary contact is connected to a
binary input. If the breaker does not react correctly
then the test sequence is aborted; a corresponding
message is given in the display or on the PC screen.

Trip test can also be started by energization of a
binary input.

4.8.1.1 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,

— via one of the interfaces,

— automatically, on occurrence of a new general
pick-up signal.
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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 cannot be reset and 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 a de-
tected internal fault in the unit, a red LED illuminates
("Blocked”) and blocks the unit.

4.8.1.2 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 (usually an operational mea-
sured value) in each of the two lines. In the event of a
network fault, selectable information on the fault ap-
pears instead of the operating information, e.g. the
protection function which has picked up and
elapsed time from fault detection to trip command.
The quiescent information is displayed again once
these fault annunciations have been acknowl-
edged. The acknowledgement is identical to reset-
ting of the stored LED displays as in Section 4.8.1.1.

The device also provides several event buffers, e.qg.
for operating messages, circuit breaker operation
statistics etc. (refer Section 6.4) which are 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 provided this feature is available.
The sequence of the events is tagged with the rela-
tive 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.

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 four
network faults; if a fifth fault occurs the oldest fault is
overwritten in the fault memory. The last three net-
work faults can be read out in the display.

A network fault begins with the first recognition of the
fault by pick-up of any fault detector and ends with
the last fault detector drop-off of any protection func-
tion.

4.8.1.3 Information to a central unit (optional)
In addition, all stored information can be transmitted
via an optical fibre connector to a control centre, for
example, the SIEMENS Localized Substation Auto-
mation System LSA 678. Transmission uses a stan-
dardized transmission protocol according to IEC
60870—5—103 and VDEW/ZVEI. Alternatively the
protocol is according DIN 19244 (selectable).
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4.8.2 Data storage and transmission
for fault recording

The instantaneous values of the measured values

|11 |2= IS! Idlﬁ! IStab

(i3 for teed lines) are sampled at 1.67 ms intervals
(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 actual new fault data
are stored without acknowledgement of the old
data.

The data can be transferred to a connected personal
computer via the operating interface at the front and
evaluated by the protection data evaluation program
DIGSI®. The currents 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”.

Additionally, the fault record data can be transmitted
to a control centre via the optional serial system in-
terface. Evaluation of the data is made in the control
centre, using appropriate software programs. The
currents are referred to their maximum values, nor-
malized to their rated values and prepared for graph-
ic 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 after each
pick-up of the relay or after trip. The following then
applies:

— The relay signals the availability of fault record
data,

— The data remain available for recall until they are
overwritten by new data.

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

4.8.3 Operating measurements and
conversion

For local recall or transmission of data, the true rm.s.
values of the currents are always available as are the
current(s) of the remote end(s). Additionally, the dif-
ferential and stabilizing current and the temperature
rise calculated from the r.m.s. current are presented.

The following is valid:

mixed currents of line ends (i for teed
lines), in amps primary and in % of the
rated relay current, based on symmet-
rical current with standard connection,

— Iy, 12,13

— lgith, Istap  differential and stabilizing current, in
amps primary and in % of rated relay
current,

— O/Byip  temperature rise referred to the trip

temperature rise.

4.8.4 Monitoring functions

The device incorporates comprehensive monitoring
functions which cover both hardware and software;
furthermore, the measured values are continuously
checked for plausibility as far as possible.

4.8.4.1 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.
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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. Transient
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.

The three measured current I4, |5, and |, lead to a
node which is formed outside the module; the dig-
itized sum of the outputs of these must always be
zero. A fault in the current path is recognized
when

|1 —la — ibl =
SUM.Ithres x Iy + SUM.Fact.l X Imax

SUM.Ithres and SUM.Fact.| are setting parame-
ters (see Section 6.3.11). The component
SUM.Fact.l x Imax takes into account permissible
current proportional transformation errors in the
input converters which may particularly occur un-
der conditions of high short circuit currents (Fig-
ure 4.19).

E Ir = Fault current
In
Slope:
/ SUM.Fact.l
SUM.lthres
Imax
In

Figure 4.19 Current sum monitoring (current
plausibility check)

— Command output channels:

The command relays for tripping are controlled by
two command and one additional release chan-
nels. As long as no pick-up condition exists, the
central processor makes a cyclic check of these
command output channel for availability, by excit-
ing each channels one after the other and check-
ing for change in the output signal level. Change
of the feed-back signal to low level indicates a
fault in 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:

® 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.

4.8.4.2 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.

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.
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5 Installation instructions

/!\ 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 60255—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 60255—21—
1 class 2 and IEC 60255—21—2class 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.

/N\

Caution!

The modules of digital relays contain
CMOS circuits. These shall not be with-
drawn or inserted under live conditions!
The modules must be so handled that any
possibility of damage due to static electri-
cal charges is excluded. During any neces-
sary handling of individual modules the re-
commendations relating to the handling of
electrostatically endangered components
(EEC) must be observed.

In installed conditions, the modules are in no dan-
ger.
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5.2.1 Mounting and connections

5.2.1.1 Model 7SD502x—*Bxxx for panel sur-

face mounting

— Secure the unit with four screws to the panel. For
dimensions refer to Figure 2.2.

— Connect earthing terminal (Terminal 26) of the unit
to the protective earth of the panel.

— Make a solid low-ohmic and low-inductive opera-
tional earth connection between the earthing sur-
face at the side of the unit using at least one stan-
dard screw M4, and the earthing continuity sys-
tem 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 7SD502x—*xCx*x for panel flush
mounting or 7SD502x—*xExxx for cu-
bicle 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 opera-
tional earth connection between the earthing sur-
face at the rear of the unit using at least one stan-
dard screw M4, and the earthing continuity sys-
tem of the panel or cubicle; recommended
grounding strap DIN 72333 form A, e.g. Order-No.
15284 of Messrs Druseidt, Remscheid, Germany.

— Make connections via the screwed or snap-in ter-
minals of the sockets of the housing. Observe la-
belling of the individual connector modules to en-
sure correct location; observe the max. permissi-
ble conductor cross-sections. The use of the
screwed terminals is recommended; snap-in con-
nection requires special tools and must not be
used for field wiring unless proper strain relief and
the permissible bending radius are observed.

5.2.2 Checking the rated data

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.

If the current transformer sets at the line ends have
different secondary currents, then all that must be
checked is that the secondary rating of the respec-
tive current transformers complies with the rated
current fo the connected unit. Different primary rat-
ings require the use of a matching transformer set
(refer to Section 5.2.4.4 for details).

5.2.2.1 Control d.c. voltage of binary inputs
When delivered from 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 binary inputs is 110 V or higher, it is advisable to
fit a higher pick-up threshold to these inputs to in-
crease stability against stray voltages in the d.c. cir-
cuits.

To fit a higher pick-up threshold to a binary input, sol-
der bridges must be removed. Figure 5.1 shows the
assignment of these solder bridges and their loca-
tion on the basic p.c.b. of the basic input/output
module EPS. Figure 5.2 shows the assignment of
these solder bridges and their location on the addi-
tional VF p.c.b. PGA (if fitted).

— Open housing cover.

— Loosen the basic module using the pulling aids
provided at the top and bottom.

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.

— Pull out basic module and place onto a conduc-
tive surface.

— Check the solder bridges according to Figure 5.1,
remove bridges where necessary.
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— Similarly check solder bridges on the VF p.c.b. (if — Firmly push in the module using the releasing le-
fitted) according to Figure 5.2. ver.

— Insert basic module into the housing; ensure that
the releasing lever is pushed fully to the right be- — Close housing cover.

fore the module is pressed in.

5 ... o oL

i |

(
| : u_. oo o 4 : Binary input 2: Solder bridge W5 and W5A
[ " e :
| ' o000 O '
N

'@ o000 O
E N ; Binary input 1: Solder bridges W6 and W6A 3

\e

[ Tt 7

—

For rated voltages 24/48/60 Vdc: Solder bridges W* and W*A must be fitted (pick-up approx. 16 V)

For rated voltages 110/125 Vdc: Solder bridges W* may be removed (pick-up approx. 80 V)

For rated voltages 220/250 Vdc: Solder bridges W* and W*A may be removed (pick-up approx. 160 V)
Cut and bend aside

1) Bridges W*A in newer models only

Figure 5.1 Checking for control voltages for binary inputs 1 and 2 on basic p.c.b. EPS

top

@ Binary input 4:
rated voltages 24/48/60 Vdc: Solder bridges W3 and W4') must be fitted (pick-up approx. 16V)
rated voltages 110/125 Vdc: Solder bridge W41) may be removed (pick-up approx. 80 V)
rated voltages 220/250 Vdc: Solder bridges W3 and W4') may be removed (pick-up approx. 160 V)
Cut and bend aside

Binary input 3:

rated voltages 24/48/60 Vdc: Solder bridges W1 and W2') must be fitted (pick-up approx. 16V)
rated voltages 110/125 Vdc: Solder bridge W21) may be removed (pick-up approx. 80 V)

rated voltages 220/250 Vdc: Solder bridges W1 and W2') may be removed (pick-up approx. 160 V)
Cut and bend aside

Ay

=

oo
\ . .
toe W3/W41) for binary input 4
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W1/W21) for binary input 3
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3
O 1) Bridges W2 and W4 in newer mo%

Figure 5.2  Checking for control voltages for binary inputs 3 and 4 on the voice frequency p.c.b. (PGA),
if fitted
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5.2.3 Checking the transmission link to LSA

For models with interface for a central data process-
ing station (e.g. LSA) these connections must also
be checked. It is important to visually check the allo-
cation of the transmitter and receiver channels.
Since each connection is used for one transmission
direction, the transmit connection of the relay must
be connected to the receive connection of the cen-
tral unit and vice versa.

Transmission via optical fibre is particularly insensi-
tive against disturbances and automatically pro-
vides galvanic isolation. Transmit and receive con-
nector are designated with the symbols ——> for

transmit output and —>-® for receive input. The
normal signal position for the data transmission is
factory preset as ”light off”. This can be changed by
means of a plug jumper X91 which is accessible
when the plug-in module is removed from the case.
The jumper is situated in the centre rear area of the
processor board (Figure 5.3).

Jumper | Position Normal signal position
X91 90 — 91 "Light off”
X91 91 — 92 "Light on”

connector side

Figure 5.3

——'——‘\/’\

ga—

Factory setting X90—X91

Position of the jumper X91 on the processor board
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5.2.4 Connections

General and connection diagrams are shown in Ap-
pendix A and B. The three input windings of the sum-
mation transformer permit various connection pos-
sibilities to the current transformers, the most com-
mon are described in the following sub-sections. It is
imperative that the connection mode is the same at
the two (or three with teed lines) line ends. The mar-
shalling possibilities of the binary inputs and outputs
are described in Section 5.5.

5.2.4.1 Standard connection L1—-L3—-E

The standard connection is suited to all types of net-
work regardless of the treatment of the system neu-
tral. Figure 5.4 illustrates the measured current con-
nections. The sensitivity for phase-to-phase faults
lies between 0.58 and 1.15 times the sensitivity for
symmetrical currents. For earth currents, the sensi-
tivity is higher by the factor 1.73 to0 2.89. In isolated or
arc compensated systems, the relay can be
adapted to the double earth fault preference of the
system by cyclic or acyclic change of the phases.
The preferred phase is then connected to the first
summation transformer winding with the weighting
factor 2, the phase with the least preference is not
directly connected to the relay. Thus, the connection
diagram according to Figure 5.4 corresponds to a
double earth fault preference L1 before L3 before L2.
The same connection method should be used
throughout a galvanically interconnected system
and must be used at the line ends of a differential
protection scheme.

1|2r1 MT

2'2F2 2I

3|1F1

7SD502
4|1r2 !

12E1

al

6| 2E2

L1 L2 L3

Figure 5.4  Standard connection L1 -L3—E

5.2.4.2 Connection for decreased earth cur-
rent sensitivity L1-L2—-L3

In earthed systems with particularly low zero se-
quence impedance, earth fault currents can be larg-
er than those under two-phase fault conditions. With
consideration of the thermal loading on the measur-
ing circuits, the connections shown in Figure 5.5 is
used. With this connection, sensitivity for all types of
faults lies between 0.58 and 1.73 times the sensitiv-
ity under symmetrical three-phase current condi-
tions.

1]2Fr1 MT
2F2 2I
1F1

2
3

7SD502
1F2 !

N

L1 L2 L3

Connection L1—L2—-L3 with de-
creased earth current sensitivity

Figure 5.5

5.2.4.3 Connection for increased earth current
sensitivity

In certain systems, earth fault currents of even lower
values must be detected and cleared, as it is possi-
ble with the standard connection, e.g. because of an
earthing resistance (resistance earthed systems).
To a certain extent this can be achieved by using an
intermediate auto-transformer IT as shown in Figure
5.6. Dependent of the burden on the current trans-
formers, the current in the star point conductor can
be increased to approximately double the normal
value. Earth fault sensitivity will then be increased to
3.46 to 5.77 times the sensitivity under symmetrical
three-phase current conditions. Phase fault sensitiv-
ity is the same as with the standard connection.
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2! 2F2 2I

I 7SD502
y

Connection L1—-L3—E with in-
creased earth current sensitivity

Figure 5.6

5.2.4.4 Unequal primary c.t. rated currents

If the c.t.s have different primary ratings, matching
transformers must be used to correct the relation-
ship. Conventionally, matching transformers are in-
stalled at the c.t.s with the lower primary rating.
Since the current inputs of the 7SD502 are galvani-
cally isolated from one another, auto-transformers
can be used. The intermediate transformer output is
then better utilized and the smaller model
4AM5170—7AA is sufficient. Figure 5.7 shows a con-
nection example.

The transformation ratio of the intermediate trans-
formers is calculated as follows:

IN primary for the higher rated current
IN primary for the lower rated current

TR, =

The turn number ratio is thus:

N1 _ INprimary for the lower rated current
N2 IN primary for the higher rated current

whereby

N1 — Turns number at the side facing the main
current transformers,

N> — Turns number at the side facing the
7SD502

Example:
Current transformers at line end I: 500 A/1 A
Current transformers at line end 1I: 400 A/1 A

Matching is performed at line end II:

Ny _ IN primary for the lower rated current
N2 IN primary for the higher rated current

_ 400 A
500 A

= 0.8 which corresponds e.g.
to 40/50 winding turns

If itis necessary to use matching transformers to cor-
rect the c.t. ratio at the same time as it is required to
increase the sensitivity to earth faults according to
Section 5.2.4.3, the circuit shown in Figure 5.7 is, of
course, adequate. The transformation ratio of the in-
termediate transformer in the earth current path is
then accordingly calculated. It is not necessary to
use a further intermediate transformer.

N

T
<
_|

T

)
[ ol op2 2I
|
N 3| 1F1
- 1 7SD502
4| 1F2
| Nil
N2

L1 L2 L3

a
N
m
-

(2]
N
m
o
w
|

Figure 5.7 Matching of unequal primary cur-

rents

5.2.4.5 Two-phase connection

When a network is operated with isolated star point
or arc suppression coil, where it is not required that
the differential relay reacts to an earth fault, two cur-
rent transformers are adequate for current summa-
tion (see Figure 5.8). In consideration of the possibil-
ity of double earth faults however, it is then essential
to ensure that the c.t.s are fitted in the same two
phases throughout the network. It must be ensured
that at the opposite line end(s) the omitted phase
must not be connected even if three c.t.s are avail-
able there.
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1|2Fr1  MT
2F2 2I
1F1

2
3

I

7SD502
1F2 1

5! 2E1

62E23

L1 L2 L3

Figure 5.8  Two-phase connection L1—L3

5.2.4.6 Multi-system protection

For particularly important lines and if sufficient pilot
wires are available, an independent differential relay
can be fitted to each phase. This results in threefold
equipment investment and, normally, the necessity
for three pairs of pilot wires. By using interposing
transformers (model 7XR9513) which have a centre
tapped, symmetrical secondary winding, one can
create a phantom connection with two conductor
pairs (Figure 5.9).

An advantage given by separate protection of each
phase is the definite identification of the concerned

4A3

7SD502

4A3| 9 K1 L2

7SD502 M2 Do not lead
4A4| 10 L1 K2 M2 to earth!
4A3

7SD502

Figure 5.9

_____ _ K2 L1 10| 4A4
Do not lead M2 7SD502
M2 to earth! L2 K1 9| 4A3

9 Ki L2
M Do not lead
4A4| 10 L1 K2 M2 to earth!

_____ K2 L1 10
Do not lead M2 7SD502
_____ _M2to earth! LR iK1, 9]4A3

Phantom connection of 2 pilot wire pairs for three-system line differential protection

9 K1 L. |
M2 Do not lead
aA4]l 10 L1 K2 M2 to earth!

phase for single-pole auto-reclosing in earthed net-
works. For multi-phase faults, fully redundant back-
up occurs, because a trip command is given for
each concerned conductor. Further, the three-
phase system gives equal sensitivity for all types of
fault.

Setting values for all protection functions are valid for
symmetrical three-phase currents, with summation
transformer connection (weighting factor = +/3).
For the connection in each phase, the effective
weighting factor for the number of turns has to be di-
vided by /3 in order to achieve the real sensitivity of
the protection functions. If, for example, the weight-
ing factor of the input windings is 2, the setting val-
ues have to be multiplied with the factor 2/,/3.

The use of the so-called phantom connection allows
two pilot pairs to perform the same function as three
pairs. It requires three interposing transformers at
each end of the line. Where differential relays are
used to protect extra high voltage lines, the use of
interposing (barrier) transformers is recommended
in any case, thus the two-pair pilot phantom circuit
can be used without additional cost.

A further possible arrangement is given by combin-
ing the Figure 5.5 (L1—-L2—-L3) connection with a
second differential relay which is connected only in
the star point of the three c.t.s. Although this ar-
rangement requires tow differential relays it has the
advantage that the second relay is limited to the de-
tection of earth faults and, when necessary, can be
made to be very sensitive. This system is used only
in earthed networks.

4A4
7SD502

K2 L1 10
Donotlead M2
M2 to earth! L2 K1 9| 4A3

4A4
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5.2.4.7 Primary capacitances

The assumption, used throughout descriptions of
the basic principles of differential protection, that in
healthy operation the current entering and leaving a
protected section is identical is not entirely correct
because of the effects of capacitance. For cables in
particular, capacitive currents may reach consider-
able values. However, these currents usually lie with-
in safe levels as far as the differential relay is con-
cerned. For special cases, in which these factors
could cause false operation of the relay, compensa-
tion circuits have been developed which make these
charging currents ineffective. To connect these com-
pensation circuits, at least one set of voltage trans-
formers will be required at one end of the line.

An arrangement for compensation of the capaci-
tance effects is shown in Figure 5.10. The line capac-
itances within the protected zone are represented
by the capacitances C. Replica capacitances C’ are
shown connected to the secondary side of the volt-
age transformer set VT.

The secondary sides of the voltage transformers VT
reproduce the voltage conditions on the line. Thus
capacitances C’' are subjected to the same condi-
tions as the line capacitances C. The currents which
flow in this replica have the same phase and bear a
fixed relationship to the primary charging currents.
In Figure 5.10, using the charging current for con-
ductor L1 as an example, which is made up of the
component Igy from current transformer set CT1
and Igo from CT2, the effect of the compensation cir-
cuit for the whole system is shown by the arrows
which indicate the current flow. From this it can be
seen that the component Ig¢ does not appear in the
differential relay circuits since the compensation
scheme is located at the end where this component
flows into the line. The contribution from the oppo-
site end, Igo, certainly flows through the conductors
but not through the tripping path as it is compen-
sated by an equal high current in opposite direction
fed from the compensation circuit. The fact that the
charging current flowing in the protected zone flows
in from both ends of the line is of no importance. It is
only necessary to compensate at one end.

i > IC1 |Cg<-
L2) | CT1 [ CT2[ ™™
B S | =
-Ig-,:lcz, A IC1* i . C__ CJ_
et T T T
clcc -0 7 loo' A
- == == - — - _I
O - I
VT
[l I ' IL |g2)§‘ 1I
||

-

==ty

Figure 5.10 Compensation of the primary capacitances
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5.2.5 Current transformer requirements

When very large fault currents pass through the cur-
rent transformers to which protective relays are con-
nected, magnetic saturation can cause errors in the
transformation ratio and phase angle. The stabiliz-
ing circuits built into the differential relay ensure that
these factors do not affect the performance of the
comparison circuits to a significant extent. Neverthe-
less, current transformers used for this application
must meet certain criteria even under the worst pos-
sible short circuit conditions.

If c.t.s with linear characteristics are available at both
ends of the line section to be protected, it is neces-
sary only to ensure that the total connected burden
is not greater than the rated output of the c.t.s. For
conventional c.t.s it is necessary to determine the
accuracy limiting factor to ensure adequate re-
sponse in the region of the highest operational fault
currents. Values given on the rating plate for the
nominal overcurrent factor p are minimum values.

The operational accuracy limiting factor p’ is calcu-
lated from the current transformer data and the con-
nected burden, using the formula:

; Py + P
Pw + P,
where p’ = operational accuracy limiting

factor

p = nominal accuracy limiting factor
Pn = rated output of c.t.

P, = internal burden of c.t.

Pw = connected burden

(connecting conductors + relay
+ summation transformer)

The internal c.t. burden is rarely given on the c.t. rat-
ing plate. It must be determined from measurement
of the resistance of the secondary winding of the c.t.
There is no direct relation to the rated output. It is
recommended that c.t.s with rated burden equal to
or larger than the operational burden and with ade-
quately large accuracy limiting factor p should be
used. The use of c.t. sets with strongly differing char-
acteristics is not permissible, e.g. linear c.t.s at one
line end and closed iron cored c.t.s at the other.

Differential relay 7SD502 requires the following per-
formance from the current transformers:

a) the c.t.s shall not saturate when the maximum
fault current flows continuously:

ISC max

INpr

p >

lscmax = max. steady state fault current
INpr = rated primary current of c.t.
b) the ratio of the operating overcurrent factors of

the c.t.s at the two line ends (equal primary rated
currents assumed) shall be such that:

28 < p1/p2 < 32

Both conditions a) and b) must be fulfilled.
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5.2.6 Pilot wire requirements

The measuring technique of the 7SD502 requires
one pair of symmetrical wires to be connected be-
tween the two stations. The test voltages must ex-
ceed the max. induced longitudinal voltage caused
by earth faults. It should be at least 500 V. The pilot
wires must meet a symmetry wire/wire at 800 Hz =
10~3 (telephone pair).

It is absolutely necessary to reconsider the induced
longitudinal voltage during earth faults. The pilot
wires are not only stressed by the high currents
which can be transmitted during a short-circuit and
high surge voltages, but are also endangered me-
chanically to the same extent as the power cables
themselves.

The largest electrical danger for pilot wire cables oc-
curs during a short-circuit with earth connection.
The fault current induces a longitudinal voltage into
the pilot wire cable which is often led in parallel to the
power line or cable.

The induced voltage in the pilot wires can be re-
duced by using good conductive covers (small re-
duction factor for pilot cable as well as power cable).
Additionally, the pilot wires can be isolated by barrier
transformers. Thus, a subdivision of the longitudinal
voltage is achieved.

The induced voltage can be calculated according to
the following equation:

Ui=2nf-M-ISC1-I-r1-r2

where
U; =induced longitudinal voltage in 'V,
f  =system frequency in Hz,

M = mutual reactance between the power line
and the pilot wires in mH/km,

Isc1 = maximum single-phase earth fault current
in KA,

I =length of the section where the power line
and the pilot wires are led in parallel in km,

r{ = reduction factor of the power cable (r{ = 1
in case of overhead lines),
ro = reduction factor of the pilot wire cable.

The mutual reactance can be inserted in mH/mile if
the line length is also inserted in miles. Only the half
of the calculated induced voltage need be recog-
nized as it is shared out among the two ends of the
pilot wires.

The 7SD502 is insulated to withstand 2 kV. Pilot
wires with a max. 2 kV test voltage can be directly
connected up.

/!\ Warning!

The induced longitudinal voltage must not
exceed 60 % of the test voltage of the pilot
wires!

If the longitudinal voltage exceeds 60 % of the relay
insulation level of 2 kV, i.e. 1.2 kV, the use of insu-
lated external barrier transformer 7XR9513 is re-
quired. The test voltage of the pilot wires can require
further subdivisions. Even if barrier transformers are
used, neither 60 % of the test voltage of the barrier
transformer(s) nor 60 % of the test voltage of the pi-
lot wires must be exceeded.

The barrier transformer should be mounted near the
cable sealing end to prevent the induced voltage to
enter the relay panel. The type 7XR9513 (Figure
5.11) is recommended which has a 20 kV insulation.
The centre tapping of the barrier transformer wind-
ings are earthed at the relay side for safety reasons
(refer to Figure 5.11). The pilot wire sided windings
are floating against earth potential.

/!\ Caution!

The pilot wires must not be earthed nor
provided with surge arresters.

4A3| 9 _Ki1 L. L1 10| 4A4
M1 M2 ho earth no earth M1
7SD502 | connection connection I 7SD502
at M2!
4A4( 10 8l | B K1 9| 4A3
Figure 5.11  Connection of barrier transformers 7XR9513
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5.2.7 Checking the connections

/_v\ Warning

Some of the following test steps are carried
out in presence of hazardous voltages.
They shall be performed by qualified per-
sonnel 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 d.c. supply!

— Check the continuity of all the current transformer
circuits against the plant and connection dia-
grams:

® 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 and equal at all line ends?

® |s the assignment of the current transformers to
the input windings of the summation current
transformer 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” OO- position (refer to 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 7 W. Transient move-

ment of the ammeter pointer only indicates the
charging current of the storage capacitors.

— 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 last 5 sec.

— Open the circuit breaker for the d.c. power supply.

— Remove d.c. ammeter; reconnect the auxiliary
voltage leads.

— Check through the tripping circuits to the circuit
breakers.

— Check through the control wiring to and from oth-
er devices.

— Check through the pilot wire connections. For
reasons of symmetry the pilot wires are crossed
over in the connection diagrams. The polarity
changers (switches in the front plate, see also Fig-
ure 6.1) have then equal position at both line ends
provided the current transformers at both line
ends have equal polarity. It is permissible — as it
was with conventional differential relays — to con-
nect the pilot wires 1 : 1, i.e. to connect the termi-
nals with equal terminal number at both ends. In
this case, the polarity changers at both ends must
have different position. The correct allocation of
the pilot wires is re-checked during commission-
ing of the protection system (refer to Section
6.7.4).

— For lines with three terminals (teed lines) the po-
larity changers of the two adjacent relays in the
same substation must be in the same position.
Furthermore, the correct polarity of the pilot wires
to the third line end of each relay must be checked
(connection example in Appendix B).

— For lines with three terminals (teed lines), when pi-
lot wire monitoring is used, ensure that in two of
the three stations connection is made between
the signal output "Block to 3end” (FNo 3377)
of each relay to the binary input ">P.W.M.
3.end” (FNo 3367) of the other. This connection
must not be made in the third station. Explana-
tions are given in Section 4.3.10.

— 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 Operational preconditions and general

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 operation language,
configuration of the interfaces and the device
functions,

— allocation or marshalling of annunciation signals,
binary inputs, optical indications, and trip relays,

— settings for functional parameters (thresholds,
functions),

— initiation of test procedures.

The codeword is not required for the read-out of an-
nunciations, operating data or fault data, or for the
read-out of setting parameters. Operation via the in-
tegrated keyboard is described in detail in Sec-
tion 6.2.

To indicate authorized operator use, press key CW,
enter the six figure code 000000 and confirm
with E. Codeword entry can also be made retro-
spectively after paging or direct addressing to any
setting address.

ENTER CODEWORD:
@eeeeee

CWw ACCEPTETPD

CODEWORD WRONG

The entered characters do not appear in the display,
instead only a symbol @ appears. After confirmation
of the correct input with E the display responds with
CW ACCEPTED. Press the entry key E again.

If the codeword is not correct the display shows
CODEWORD WRONG. Pressing the CW key allows
another attempt at codeword entry.

Address blocks 70 to 79 are provided for configura-
tion of the software operating system. These set-
tings concern the operation of the relay, communi-
cation with external operating and processing de-
vices via the serial interfaces, and the interaction of
the device functions.

The simplest way of arriving at the beginning of this
configuration blocks is to use key DA, followed by
the address number 7 0 0 0 and ENTER, key E. The
address 7000 appears, which forms the heading of
the configuration blocks:

ﬁ7000IOP. SYSTEM
@ CONFIGURATION

Beginning of the block "Operating system configura-
tion”

The double arrow key { switches over to the first
configuration block (see below). Use the key 1 to
find the next address. The display shows the four-
digit address number, i.e. block and sequence num-
ber. The title of the requested parameter appears
behind the bar (see below). The second line of the
display shows the text applicable to the parameter.
The presented text can be rejected by the "No” —key

N. The next text choice then appears, as shown in
the boxes below. The chosen alternative must be
confirmed with enter key E!

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?”.
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Confirm with the "Yes”—key Y that the new settings
shall become valid now. If you press the "No” —key N
instead, codeword operation will be aborted, i.e. all
alterations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
f+ |, the display shows the question "END OF
CODEWORD OPERATION ?”. Press the "No”—key
N to continue configuration. If you press the

5.3.2 Settings for the integrated operation

Operating parameters can be set in address block
71. This block allows the operator language to be
changed. The date format can be selected. Mes-
sages on the front display can be selected here for
the quiescent state of the unit or after a fault event.
To change any of these parameters, codeword entry
iS necessary.

"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 EEPROMs 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.

— address block 71

When the relay is delivered from the factory, the de-
vice is programmed to give function names and out-
puts in the German language. This can be changed
under address 7101. The operator languages avail-
able at present are shown in the boxes below. The
date is displayed in the European format when the
relay is delivered.

ool 1
RAT

TEGRATETD
ON

10 L
TS C

o

NGUAGE

(=}

I

20 b
.MM .

T E
YYY

FORMAT

Y

Beginning of the block "Integrated operation”

The available languages can be called up by repeatedly
pressing the "No”—key N. Each language is spelled in
the corresponding country’s language. If you don’t un-
derstand a language, you should find your own lan-
guage.

The required language is chosen with the enter key E.

The date in the display is preset to 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)

C53000—-G1176—-C95

63



7SD502 V3

Installation instructions

M7 205M0oPER. 1st 1L
tHlz1rs=
I2[% ] =

etc.
fl7 2060 0PER. 2nd T
tHlz219%7=

etc.

Message to be displayed in the 1st display line during
operation. Any of the operational measured values ac-
cording to Section 6.4.5 can be selected as messages
in the the quiescent state of the relay by repeatedly de-
pressing the "No”—key N; The value selected by the
entry key E under address 7105 will appear in the first
line of the display.

Message to be displayed in the 2nd display line during
operation. The value selected by the entry key E under
address 7106 will appear in the second line of the dis-

play.

Fault event annunciations can be displayed after a
fault on the front. These can be chosen under ad-
dresses 7107 and 7108. The possible messages
can be selected by repeatedly pressing the
"No”—key N. The desired message is confirmed
with the enter key E. These spontaneous messages

are acknowledged during operation with the RESET
key or via the remote reset input of the device or via
the system interface (if fitted). After acknowledge-
ment, the operational messages of the quiescent
state will be displayed again as chosen under ad-
dresses 7105 and 7106.

H| 7 7B FAULT 1st L
*Prot Pick-up
Prot Trip
T -Drop
T-Trip
K sl FAULT 2nd L
*Prot Tr i

etc.
f7110IFAULT INDIC
}WIT FAULT DETEZC
WITH TRIP COMM.

After a fault event, the first line of the display shows:

protection function which has picked up,
protection function, which has tripped,
the elapsed time from pick-up to drop-off,

the elapsed time from pick-up to trip command,

After a fault event, the second line of the display shows:

the possibilities are the same as under address 7107.

Stored LED indications and the fault event messages in
the display can be displayed either with each fault de-
tection 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.
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5.3.3 Configuration of the serial interfaces — address block 72

The device provides one or two serial interfaces (de-
pendent on model): one PC interface in the front for
operation by means of a personal computer and
— dependent of the ordered model — a further sys-
tem interface for connection of a central control and
storage unit, e.g. Siemens LSA 678. Communica-
tion via these interfaces requires some data prear-
rangements: identification of the relay, transmission
format, transmission speed.

These data are entered to the relay in address block
72. Codeword input is necessary (refer to Section
5.3.1). The data must be coordinated with the con-
nected devices.

All annunciations which can be processed by the
LSA are stored within the device in a separate table.
This is listed in Appendix C.

ﬁ 2000 Pc/sSYSTEM
IMiwreErRFACES
fMl72010B DEVICE aDD
|

*7202.FEEDER ADD
}1

*7203.SUBST. ADD
}1

*7208.FUNCT. TYPE
;19

*7209.DEVICE TYPE
;26

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

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; for line
differential protection no. 192.

This address is mainly for information, it should not be
changed.

Device type for identification of the device in Siemens
LSA 678 and program DIGSI® . For 7SD502 V3 no.
26.

This address is only for information, it cannot be
changed.
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Addresses 7211 to 7216 are valid for the operating (PC) interface on the front of the relay.

Note: For operator panel 7XR5, the PC—interface format (address 7211) must be ASCII, the PC Baud—rate
(address 7215) must be 1200 BAUD, the PC parity (address 7216) must be NO 2 STOP.

f 72110 pc INTERTF . Data format for the PC (operating) interface:
* DIGCSTI vV 3 format for Siemens protection data processing program
DIGSI® Version V3
ASCTITI ASCII format
f 72150 PCcC BAUDRATE 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
19200 BAUD be displayed by repeatedly depression of the "No” —key
N. Confirm the desired Baud—rate with the entry key E.

o600 BAUD

f 72160 P c PARTITY Parity and stop—bits for the PC (operating) interface:
* DIGSTI vV 3 forma’gFD for Si_emens p.rotection da_ta processing program
DIGSI™ Version V3 with even parity and 1 stop—bit
NO 2 STOP transmission with NO parity and 2 STOP —bits
N O 1 STOP gansmission with NO parity and 7 STOP—bit, e.g. for mo-
em

Addresses 7221 to 7235 are valid for the system (LSA) interface (if fitted).

Format of annunciations and fault records for the sys-

f 72210 sYs INTERF. tem (LSA) interface:

f[vPEW COMPATIBLE only data in accordance with VDEW/ZVEI (IEC 60870—
5—103)
VDETW EXTENUDED data in accordance with VDEW/ZVEI (IEC 60870—

5—-1083), extended by Siemens specified data

DIGSI v 3 format for Siemens protection data processing program
DIGSI® Version V3

LSA format of the former Siemens LSA version

66 C53000-G1176—-C95



7SD502 v3 Installation instructions

f 72220 sYs MEASUR Format of measured values for the system (LSA) inter-
: face:
flvpEWw coMPaTIBLE only data in accordance with VDEW/ZVEI (IEC 60870—
5-103)
data in accordance with VDEW/ZVEl (IEC 60870—
VbEW EXTENDED 5—-1083), extended by Siemens specified data

f 72250 svys BAUDR . The traqsmission Baud—rate for communication vigthe

system interface can be adapted to the system inter-

* 96 00 BAUD face, e.g. LSA, if necessary. The available possibilities

can be displayed by repeatedly depression of the

19200 BAUD "No”—key N. Confirm the desired Baud—rate with the
entry key E.

f 72260 sy s PARTITY Parity and stop—bits for the system (LSA) interface:

* VDEW/DIGSIV3/LSaA format for VDEW—pI’OtOCO' (|EC 60870—5—103) or
Siemens protection data processing program DIGSI®
Version 3 and former LSA

NO 2 STOP transmission with NO parity and 2 STOP—bits

transmission with NO parity and 7 STOP—bit, e.g. for
modem

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 it shall be permitted to change parameters via this interface.

f 72350 sYS PARAMET Remote parameterizing via the system interface
* N O NO — is not permitted
Y E S YES — is permitted
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5.3.4 Settings for fault recording — address block 74

The line differential protection relay is equipped with
a fault data store (see Section 4.8.2). Distinction
must be made between the reference instant and
the storage criterion (address 7402). Normally, the
general fault detection signal of the protection is the
reference instant. The storage criterion can be the
general fault detection, too (STORAGE BY FD), or the
trip command (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. For differential protection,
fault detection and trip command are the same in-
stant, this distinction is useful only for overcurrent
protection.

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 (ad-
dress 7412) after the recording criterion has disap-
peared. The permissible recording time for each re-

cord is set under address 7410. Altogether 5 s are
available for fault recording. In this time range up to 8
fault records can be stored.

Note: The max. times are referred to a system fre-
quency of 50 Hz. They are to be matched, accord-
ingly, for different frequency.

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 interface.
The storage is triggered dynamically, in these cases.
The length of the data storage is determined by the
settings in addresses 7431 and 7432; pre-trigger
time and post-fault time are additive to the set val-
ues. If the storage time for start via binary input is set
to oo, then the storage time ends after de-energiza-
tion of the binary input (statically), but not after T—
MAX (address 7410).

gFAULT RECORDINGS

M7 24020 INTTIATION

Beginning of block "Fault recordings”

Data storage is initiated:

— fault detection is reference instant
fault detection is storage criterion

— fault detection is reference instant
trip command is storage criterion

— trip command is reference instant
trip command is storage criterion

Maximum time period of a fault record
Smallest setting value: 0.30s
Largest setting value: 5.00 s

Pre-trigger time before the reference instant
Smallest setting value: 0.05s
Largest setting value: 0.50s

Post-fault time after the storage criterion disappears
Smallest setting value: 0.05 s
Largest setting value: 0.50 s
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fllo .50 s

dl74310 T-BINARY IN

{llo .50 s

dll74320 T-KEYBOARD

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: 5.00s

Or oo, i.e. as long as the binary input is energized (but
not longer than T—MAX)

Storage time when fault recording is initiated via the
membrane keyboard, pre-trigger and post-fault times
are additive

Smallest setting value: 0.10s

Largest setting value: 5.00 s

Address 7490 is not relevant in case that the relay is connected to a control and storage processing system
which operates with the protocol according to VDEW/ZVEI (IEC 60870—5—103). But, if the relay is connected
to a former LSA system, the relay must be informed how long a transmitted fault record must be, so that the
former LSA system receives the correct number of fault record values.

9ol sy
tle 6 0 vacs

—
~
1~

S LENGTH

UE S

FIX

A
Il

3000

VAL.

VAR.

Only for communication with a former LSA system:

Length of a fault record which is transmitted via the serial
system interface:

660 values fix or

variable length with a maximum of 3000 values
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5.4 Configuration of the protective functions

5.4.1 Introduction

The device 7SD502 is capable of providing a series
of protection and additional functions. Individual
functions can be set (configured) to be effective or
non-effective or the interaction of the functions can
be modified by configuration parameters. Addition-
ally, the relay can be adapted to the system frequen-

cy.
Example for configuration of the scope of the device:

Assume a network comprising overhead lines and
cable sections. The thermal overload protection is
reasonable only for the cable sections. It will be "de-
configured” for the devices protecting the overhead
line sections.

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 codeword (see Section 5.3.1).
Without codeword, the setting can be read out but
not altered.

For the purpose of configuration, addresses 78%x
and 79%x are provided. One can access the begin-
ning of the configuration blocks either by direct dial

— press direct address key DA,
— type inaddress 780 0,
— press execute key E ;

or by paging with the keys {} (forwards) or | (back-
wards), until address 7800 appears.

Within the bock 78 one can page forward with 1 or
back with |. Each paging action leads to a further
address for the input of a configuration parameter. In
the following sections, each address is shown in a
box. In the upper line of the display, behind the num-
ber and the bar, stands the associated device func-

tion. In the second line is the associated text (e.g.
"EXIST”). If this text is appropriate the arrow keys 1 or
| can be used to page the next address. If the text
should be altered press the "No”—key N; an alterna-
tive text then appears (e.g. "NON—EXIST”). There
may be other alternatives which can then be dis-
played by repeated depression of the "No”—key N.
The required alternative must be confirmed with
the key E!

Use of the double arrow key {} brings one to the next
address block, in this case 79. There one finds fur-
ther configuration parameters which can equally be
confirmed or altered.

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, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword 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) with keys
f |, 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 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 functi

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 7SD502: There will be no an-
nunciations and the associated setting parameters
(functions, limit values) will not be requested during
setting (Section 6.3). In contrast, switch-off of a

ons — address block 78

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.

41l78 000 scorpE oOF
JlrFuncrIions

Beginning of the block "scope of functions”

Differential protection:

f7815l DIFF PROT.
lexzsr

|NON—EXIST

Pilot wire monitoring:

Ml78160pP1L0oT MoON
flnon-ExIST

|EXIST

Local trip from external source via binary input:

M78210eExT. TrRIP
flnon-ExIST

|EXIST

Transfer trip via binary input:

f7822l TRANSF.TRTIP
Hlmon-ExI8T

|EXIST

Trip on reception of a remote trip signal:

Ml78230TrIP RECV
Hlmon-ExIST

|EXIST

Back-up overcurrent time protection:

Ml7s260Back-upr o/cC
Hlmon-ExIST

|EXIST
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Thermal overload protection:

f7827l THERMAL OL
flxon-ExIST

|EXIST

Change-over of parameter sets:

f7885l PARAM.
Hlmon-ExI8T

c/ o

|EXIST

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.

fl78 990 FREQUENC Y
*fN 50 H z

f N 6 0 H z

Rated system frequency 50 Hz or 60 Hz

5.4.3 Setting the device configuration — address block 79

The configuration affects the interaction of the protective and additional functions, for 7SD502, whether the
differential system is used on a two- or three-terminal line.

179000 DEVICE
IlcoNFIGURATION
f7901lNo OF ENDS
flcrwo TERMINALS

|THREE TERMINATLS

Beginning of the block "device configuration”

The line differential protection system is used on two-

terminal lines or on three-terminal lines?
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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 inputs
and outputs of the internal functions can be rear-
ranged and thus adapted to the on-site conditions.

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. The operation
of the operator panel is described in detail in Section
6.2. Marshalling begins at the parameter address
6000.

The input of the codeword is required for marshal-
ling (refer Section 5.3.1). Without codeword entry,
parameters can be read out but not be changed.
During codeword operation, i.e. from codeword
entry until the termination of the configuration proce-
dure, the solid bar in the display flashes.

When the firmware programs are running the specif-
ic logic functions will be allocated to the physical in-
put and output modules or LEDs in accordance with
the selection.

Example: Trip command is registered from a protec-
tion function. This event is generated in the device
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 log-
ical signal "Device Trip” should be transmitted to
the signal relay 1. Thus, when marshalling is per-
formed two statements of the operator are impor-
tant: Which (logical) annunciation generated in the
protection unit program should trigger which (physi-
cal) signal relay? Up to 20 logical annunciations can
trigger one (physical) signal relay.

A similar situation applies to binary inputs. In this
case external information (e.g. remote resetting) is
connected to the unit via a (physical) input module

and should initiate a (logical) function, namely reset-
ting of the stored indications. The corresponding
question to the operator is then: Which signal from a
(physical) input element should initiate which reac-
tion in the device? One physical input signal can initi-
ate up to 10 logical functions.

The trip relays can also be assigned different func-
tions. Each trip relay can be controlled by each 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.

The beginning of the marshalling parameter blocks
is reached by directly selecting the address 6000,
i.e.

— press direct address key DA,
— enter address 6 00 0,
— press enter key E

or by paging with keys { (forwards) or | (back-
wards) until address 6000 has been reached. The
beginning of the marshalling blocks then appears:

4lle 00 ol

@ MARSHALLTING

Beginning of marshalling blocks

C53000—-G1176—-C95

73



7SD502 V3

Installation instructions

One can proceed through the marshalling blocks
with the key {} or go back with the key | . Within a
block, one goes forwards with 1 or backwards with |
. Each forward or backward step leads to display of
the next input, output or LED position. In the display,
behind the address and the solid bar, the physical
input/output unit forms the heading.

The key combination F 1, i.e. depressing the func-
tion key F followed by the arrow key 1, switches over
to the selection level for the logical functions to be al-
located. During this change-over (i.e. from pressing
the F key until pressing the 1 key) the bar behind the
address number is replaced by a "F”. The display
shows, in the upper line, the physical input/output
unit, this time with a three digit index number. The
second display line shows the logical function which
is presently allocated.

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 possible
with the backspace key R. When the required func-
tion appears press the execute key E. After this, fur-
ther functions can be allocated to the same physical
input or output module (with further index numbers)
by using the key 1. Each selection must be con-
firmed by pressing the key E! If a selection place
shall not be assigned to a function, selection is made
with the function "not allocated”.

You can leave the selection level by pressing the key
combination F 1 (i.e. depressing the function key F
followed by the arrow key t). The display shows
again the four digit address number of the physical
input/output module. Now you can page with key 1
to the next input/output module or with | to the pre-
vious to repeat selection procedure, as above.

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 execute

key E. Immediately the associated identification of
the function appears for checking purposes. This
can be altered either by entering another 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 execute key E.

In the following paragraphs, allocation possibilities
for binary inputs, binary outputs and LED indicators
are given. The arrows uvor 1] at the left hand side of
the display box indicate paging from block to block,
within the block or on the selection level. The charac-
ter F before the arrow indicates that the function key
F must be pressed before pushing the arrow key 1.

The function numbers and designations are listed
completely in Appendix C.

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, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword 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) with keys
ft |, the display shows the question JEND OF CO-
DEWORD 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. During
re-start the device is not operational.
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5.5.2 Marshalling of the binary inputs — address block 61

The unit contains 2 or 4 binary inputs (depending on
model) which are designated INPUT 1 and INPUT 2,
or INPUT 1 to INPUT 4. They can be marshalled in
address block 61. The address block is reached by
paging in blocks uv or by direct addressing with DA
6 100 E. The selection procedure is carried out as
described in Section 5.5.1.

A choice can be made for each individual input func-
tion as to whether the desired function should be-
come operative in the "normally open” mode or in
the "normally closed” mode, whereby:

NO —”normally open” mode: the input acts as aNO
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-config-
ured”, 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.

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.

The assignment of the binary inputs as delivered
from factory is shown in the general diagrams in Ap-
pendix A. The following boxes show, as an example,
the allocation for binary input 2. Table 5.2 shows all
binary inputs as preset from the factory.

Tl6 1ool MARSHALLING
IlezNnary INPUTS

The second binary input is reached with the key 1:

Ff6102l BINARY
Hlrxpur 2

Change over to the selection level with F 1:

f001IINPU 2
*>LED reset N O
fooleN UT 2
*not allocated

Beginning of block "Marshalling binary inputs”

Allocations for binary input 2

Reset of stored indications, FNo 5;
"normally open” operation: reset is carried out
when control voltage present

No further functions are initiated by binary input 1

Leave the selection level with key combination F 1. You can go then to the next binary input with the arrow key 1

or to the previous with the arrow key |.
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FNo Abbreviation Description
1 | not allocated | Binary inputis not allocated to any input function
3 | >Time Synchro | Synchronize internal real time clock
4 | >start FltRec | Startfault recording from external command via binary input
5 | >LED reset Reset LED indicators
7 | >ParamSelec.l | Parameter set selection 1 (in conjunction with 8)
8 | >ParamSelec.2 | Parameter set selection 2 (in conjunction with 7)
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
354 | >CB Aux.3p cl | Circuit breaker all 3 poles closed (from CB aux. contact)
356 | >Manual Close | Circuit breaker is manually closed (from discrepancy switch)
1156 | >CB Test Trigger circuit breaker test
1503 | >0/L block Block thermal overload protection
1504 | >0/L annunc. Switch overload protection to give only annunciations
1505 | >0/L blo Trip | Block trip command of thermal overload protection
2303 | >Backup block | Block back-up overcurrent time protection
2304 | >Back bloTrip | Block trip command of back-up overcurrent time protection
2306 | >I>> block Block I>> stage of back-up overcurrent time protection
2307 | >I>/Ip block Block 1> or Ip stage of back-up overcurrent time protection
3003 | >Diff block Block differential protection
3005 | >Diff bloTrip | Block trip command of differential protection
3303 | >TrTrip block | Block transfer trip function (transmitter for remote trip)
3306 | >Trans.Trip Trigger transfer trip
3333 | >Recv. block Block reception of remote trip
3335 | >Recv.bloTrip | Block trip command of reception of remote trip
3363 | >P.w.M. block | Block pilot wire monitor
3367 | >P.W.M. 3.end | Pilot wire to third terminal faulty (for teed lines)
4503 | >Ext block Block external trip function
4505 | >Ext blo Trip | Block trip command of external trip function
4506 | >Ext Trip Binary input for external trip function
Table 5.1 Marshalling possibilities for binary inputs

Note: Table 5.2 shows the pre-settings for the maximum complement of the device. Depending on the actual
version, not all inputs are available.

Addr [ 1stdisplay line 2nd display line FNo Remarks
6100 [MARSHALLING | BINARY INPUTS Heading of the address block
6101 |BINARY INPUT 1
INPUT 1 >Ext Trip No| 4506 | Direct local trip
6102 |BINARY INPUT 2 Acknowledge and reset of stored LED and dis-
INPUT 2 >LED reset NO 5 | play indications, LED—test
6103 |BINARY INPUT 3 1)
INPUT 3 >Diff bloTrip NO| 3005 [ Block trip command of differential protection 1)
6104 |BINARY INPUT 4 1)
INPUT 4 >Trans.Trip 3306 | Remote trip for opposite line terminal 1)

1) 7SD502% —*xkx 1% —** only

Table 5.2 Preset binary inputs
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5.5.3 Marshalling of the signal output relays — address block 62

The unit contains 5 signal outputs (alarm relays).
The signal relays are designated SIGNAL RELAY 1
to SIGNAL RELAY 5 and can be marshalled in ad-
dress block 62. The block is reached by paging in
blocks with f} || or by directly addressing DA 620 0
E. The selection procedure is carried out as de-
scribed in Section 5.5.1. Multiple annunciations are
possible, i.e. one logical annunciation function can
be given to several physical 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” — refer 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 of signal relay 1. Table 5.4 shows all
signal relays as preset from the factory.

Note as to Table 5.3: Annunciations with a leading
”>” sign are identical with those for binary inputs.
They represent the direct confirmation of the binary
input and are available as long as the corresponding
binary input is energized.

Further information about annunciations see Sec-
tion 6.4.

tl6 2000 MARSHALLING
Ilstenvar RELAYS

The first signal relay is reached with the key 1:

Fle 2010 stenaL
HlreEray 1

Change over to the selection level with F 1:

Mlooi1l rREZLAY 1
Tr ip

*Device

fooleELAY 1
*not allocated

Leave the selection level with key combination F 1. You can go then to the next signal output relay with the

arrow key 1.

Mle62010 stevatL
fHlrRezay 1

Beginning of the block "Marshalling of the output
signal relays”

Allocations for signal relay 1

Signal relay 1 has been preset for:
General trip of the device, FNo 511;

no further functions are preset for signal relay 1

Allocations for signal relay 1
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FNo Abbreviation Description
1 | not allocated | Binary outputis not allocated to any annunciation function
3 | >Time Synchro | Synchronize internal real time clock
4 | >Start FltRec | Startfault recording from external command via binary input
5 | >LED reset Reset LED indicators
7 >ParamSelec.1l | Parameter set selection 1 (in connection with 8)
8 | >ParamSelec.2 | Parameter set selection 2 (in connection with 7)
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
51 Dev.operative | Protection relay operative
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
88 | Param. Set C Parameter Set C is activated
99 | Param. Set D Parameter Set D is activated
143 | Failure 15V Failure in 15 V internal dc supply circuit
144 | Failure 5V Failure in 5 V internal dc supply circuit
145 | Failure 0V Failure 0 V for A/D converter
150 | Failure I/O Failure in base input/output module
151 | Failure I/0 1 | Failure in additional input/output module
161 I supervision | Failure current supervision, general
162 | Failure _1I Failure detected by current sum monitor
354 | >CB Aux .%p cl | Circuit breaker all 3 poles closed (from CB auxiliary contact)
356 | >Manual Close | Circuit breaker is manually closed (from discrepancy switch)
501 | Device FltDet | General fault detection of the device
511 | Device Trip General trip of the device
561 | Manual Close Circuit breaker is manually closed (execution)
1156 | >CB Test Trigger circuit breaker test
1174 | CB in Test Circuit breaker test is in progress
1185 | CB Test 3pol Trip three-pole by internal circuit breaker test function
1503 | >0/L block Block thermal overload protection
1504 | >0/L annunc. Switch overload protection to give only annunciations
1505 | >0/L blo Trip | Block trip command of thermal overload protection
1511 | Oo/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 pick-up of trip stage
1521 | O/L Trip Thermal overload protection trip command
2303 >Backup block | Block back-up overcurrent time protection
2304 | >Back bloTrip | Block trip command of back-up overcurrent time protection
2306 | >I>> block Block I>> stage of back-up overcurrent time protection
2307 | >I>/Ip block Block I> or I, stage of back-up overcurrent time protection
2401 Backup off Back-up overcurrent time protection is switched off
2402 Backup block Back-up overcurrent time protection is blocked
2403 Backup active | Back-up overcurrent time protection is active
2411 | Back Gen. Flt | General fault detection of back-up overcurrent protection
2421 | Backup I>> I>> stage of back-up overcurrent protection picked up
2422 | Backup I>/Ip> | I> orl, stage of back-up overcurrent protection picked up
2441 | Backup TI>> Delay time of |>> stage of overcurrent time protection expired
2442 | Backup TI>/Tp | Delay time of I> orl, stage of overcurrent time protection expired
2451 Back Gen.Trip | General trip by back-up overcurrent protection
3003 | >Diff block Block differential protection
3005 | >Diff bloTrip | Block trip command of differential protection
3015 | Diff off Differential protection is switched off
3016 Diff blocked Differential protection is blocked
Table 5.3 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description

3017 Diff active Differential protection is active

3021 | Diff> T start| Differential protection start of delay time (if applicable)

3022 | Diff Gen. F1lt| Differential protection general fault detection

3024 | Block saturat| Differential protection blocked by saturation indicator

3026 | Block Harm Differential protection blocked by excess of second harmonic content

3027 | Diff> Trip Differential protection general trip

3028 | Diff Intertr.| Differential protection intertrip signal transmitted

3029 | dir.Dif>Trip Direct command of differential protection without local current release

3303 | >TrTrip block| Block transfer trip function (transmitter for remote trip)

3306 | >Trans.Trip Trigger transfer trip function

3311 | TransTrip off| Transfer trip function is switched off

3312 | TransTrip blo| Transfer trip function is blocked

3316 | TrTrip Send Transfer trip function send signal transmitted

3333 | >Recv. block Block reception of remote trip

3335 | >Recv.bloTrip| Block trip command of reception of remote trip

3341 | Receiver off Receiver of remote trip is switched off

3342 | Receive block| Receiver of remote trip is blocked

3343 | Recv. active Receiver of remote trip is active

3346 | Recv Gen.Flt General fault detection of remote trip reception

3347 | Receiver Trip| Trip command of remote trip

3348 | Receive recv.| Remote trip signal received

3363 | >P.W.M. block| Block pilot wire monitor

3367 | >P.Ww.M. 3.end| Pilotwire failure of adjacent relay (only with three-terminal lines)

3371 | P.W.M. off Pilot wire monitor is switched off

3372 | P.W.M. block Pilot wire monitor is blocked

3376 | Pilot w. fail} Pilot wire failure

3377 | Block to 3end| Block signal for pilot wire monitor of adjacent relay (only with three-

terminal lines)

4503 | >Ext block Block external trip function

4505 | >Ext blo Trip| Block trip command of external trip function

4506 | >Ext Trip Trigger external trip function

4511 | Ext off External trip function is switched off

4512 Ext blocked External trip function is blocked

4513 | Ext active External trip function is active

4516 | Ext Gen.Fault| General fault detection signal of external trip function

4517 | Ext Gen.Trip Trip signal of external trip function

Table 5.3 Marshalling possibilities for signal relays and LEDs

Addr | 1st display line 2nd display line FNo Remarks

6200 | MARSHALLING | SIGNAL RELAYS Heading of the address block

6201 | SIGNAL RELAY 1 Trip signal given from either protection func-
RELAY 1 Device Trip 511 tion of the device

6202 | SIGNAL RELAY 2
RELAY 2 Diff Gen. Flt 3022 | Fault detection of differential protection

6203 | SIGNAL RELAY 3
RELAY 3 Back Gen. Flt 2411 | Fault detection of differential protection

6204 | SIGNAL RELAY 4
RELAY 4 Pilot w. fail. 3376 Pilot wire failure

6205 | SIGNAL RELAY 5 The NC contact of this relay indicates
RELAY 5 Dev.operative 51 "Device fault”

Table 5.4 Preset annunciations for signal relays
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5.5.4 Marshalling of the LED indicators — address block 63

The unit contains 8 LEDs for optical indications, 6 of
which can be marshalled. They are designated LED
1 to LED 6 and can be marshalled in address block
63. The block is reached by paging in blocks with 1}
| or by directly addressing with DA 6200 E. The
selection procedure is carried out as described in
Section 5.5.1. Multiple annunciations are possible,
i.e. one logical annunciation function can be given to
several LEDs (see also Section 5.5.1).

Apart from the logical function, each LED can be
marshalled to operate either in the stored mode (m
for memorized) or unstored mode (nm for "not mem-
orized”). Each annunciation function is displayed
with the index m or nm when proceeding with the
"N”—key.

The marshallable annunciation functions are the
same as those listed in Table 5.3. Annunciation func-
tions are, of course, not effective when the corre-
sponding protection function is not fitted in the relay
or has been programmed out (de-configured).

To indicate whether the stored or unstored mode
shall be effective the function number can be ex-
tended by a decimal point followed by 0 or 1, where-

by

.0 unstored indication (not memorized) corre-
sponds to "nm” as above,
.1 stored indication (memorized) corresponds to

m” as above.

If the extension with .0 or .1 is omitted the display
shows first the function designation in unstored
mode with ”nm”. Press the "No”—key N to change to
stored mode "m”. After direct input other functions
can be selected by paging through the functions for-
wards with the "No”—key N or backwards with the
backspace key R. The changed function then must

be re-confirmed by the enter-key E.

The assignment of the LEDs as preset by the factory
is shown in the front of the unit (Figure 6.1). The fol-
lowing boxes show, as an example, the assignment
for LED 1. Table 5.5 shows all LED indicators as they
are preset from the factory.

Tl6e 300l MARSHALLING
LloeEp INDICATORS

The first marshallable LED is reached with the key 1:

Ff6301ILED 1

f

Change over to the selection level with F 1:

f001l LED 1

*Device

Tr ip m

fOOZIRELAY 1
*not allocated

Beginning of the block "Marshalling of the LED in-
dicators”

Allocations for LED 1

LED 1 has been preset for:
General trip of the device, memorized, FNo 511

no further functions are preset for signal relay 1
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After input of all annunciation functions for LED 1, change-back to the marshalling level is carried out with F 1:

Ml 3010 ED

1

Allocations for LED 1

The complete presettings for LED indicators are listed in Table 5.5.

Addr | 1st display line 2nd display line FNo Remarks

6300 | MARSHALLING | LEDs Heading of the address block

6301 | LED 1 Trip signal given from either protection func-
LED 1 Device Trip m 511 tion of the device

6302 | LED 2
LED 2 Diff Gen. Flt m | 3022

6303 | LED 3 Fault detection signal of the indicated pro-
LED 3 Backup I>> m | 2421 tection functions

6304 | LED 4
LED 4 Backup I>/Ip> m | 2422

6305 | LED 5 Thermal warning stage of thermal overload
LED 5 O/L Warn ©® m [ 1516 protection

6306 | LED 6
LED 6 Pilot w. fail nm| 3376 Pilot wire failure

Table 5.5 Preset LED indicators
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5.5.5 Marshalling of the command (trip) relays — address block 64

The unit contains 2 or 4 trip relays (depending on the
ordered model) which are designated TRIP RELAY 1
and TRIP RELAY 2 or TRIP RELAY 1 to TRIP RELAY 4.
Each trip relay can be controlled by up to 10 logical
commands. The trip relays can be marshalled in the
address block 64. The block is reached by paging in
blocks with { || or by directly addressing with DA,
input of the address number 6 4 0 0 and pressing
the enter key E. The selection procedure is carried
out as described in Section 5.5.1. Multiple com-
mands are possible, i.e. one logical command func-
tion can be given to several trip relays (see also Sec-
tion 5.5.1).

Many of the annunciation functions in accordance
with Table 5.3 can be marshalled to output com-
mand relays. But those listed in Table 5.6 are particu-

larly suitable for trip relay output. Regard the table as
a recommended pre-selection. Command functions
are naturally not effective when the corresponding
protection function is not fitted in the relay or has
been programmed out (de-configured).

The assignment of the trip relays as delivered from
factory is shown in the general diagrams in Appen-
dix A. The following boxes show an example for
marshalling of trip relay 1. Table 5.7 shows all trip re-
lays as preset from the factory.

If further protection functions shall trip the same
breaker, each command relay must be triggered by
the corresponding command functions.

FNo Abbreviation Logical command function
1 | not allocated | no annunciation allocated to trip relay

501 | Device FltDet | General fault detection of the device

511 | Device Trip General trip of the device
1185 | CB Test 3pol Trip by internal circuit breaker test function
1517 | O/L pickup O Thermal overload protection pick-up of trip stage
1521 | o/L Trip Trip by thermal overload protection
2411 | Back Gen. Flt | General fault detection of back-up overcurrent time protection
2441 | Backup TI>> Delay time of I>> stage of overcurrent time protection expired
2442 | Backup TI>/Tp | Delay time of I> or Ip stage of overcurrent time protection expired
2451 | Back Gen.Trip | General trip by back-up overcurrent time protection
3022 | Diff Gen. Flt | Fault detection of differential protection
3027 | Diff> Trip Trip by differential protection
3029 | dir.Dif>Trip Direct command of differential protection without local current release
3346 | Recv. Gen.Flt | General fault detection of remote trip reception
3347 | Receiver Trip | Trip after reception by remote trip
4516 | Ext Gen.Fault | General fault detection signal of external trip function
4517 Ext Gen.Trip Trip by external trip function

Table 5.6 Command functions

It r1

Tl6 2000 MARSHALLING
P RELAYS

lays”

The first trip relay is reached with the key 1:

FH{6 2 o
Hlz &

il TRIP
AY 1

Allocations for trip relay 1

Change over to the selection level with F 1:

f o010 TRIP RETL. 1 Trip relay 1 has been preset for:
) 1st: Thermal overload protection pick-up of trip stage,
*O/L pickup ©O FNo 1517
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—
o
o

20 TR REL . 1
*Back G e F1lt
foo3l T R REL . 1
*lef G e F1t
f004l TRI REL . 1
*Recv. G n.F1lt
fooslT P .1
*Ex Gen.Fa 1t

Trip relay 1 has been preset for:
2nd: General fault detection of back-up overcurrent time
protection, FNo 2411;

Trip relay 1 has been preset for:
3rd: Fault detection of differential protection,
FNo 3022;

Trip relay 1 has been preset for:
4th: General fault detection of remote trip reception,
FNo 3346;

Trip relay 1 has been preset for:
5th: General fault detection signal of external trip func-
tion, FNo 4516;

Leave the selection level with key combination F 1. You can go then to the next trip relay with the arrow key 1.

*RELAY

f6401lTRIP

Allocations for trip relay 3:
"Fault detection of any protection function”

Addr | 1stdisplay line 2nd display line FNo Remarks
6400 | MARSHALLING | TRIP RELAYS Heading of the address block
6401 | TRIP RELAY 1
TRIP REL. 1| O/L pickup © 1517
TRIP REL. 1| Back Gen. Flt 2411 General fault detection of any protection
TRIP REL. 1| Diff Gen. Flt 3022 | function
TRIP REL. 1| Recv. Gen.Flt 3346
TRIP REL. 1| Ext Gen.Fault 4516
6402 | TRIP RELAY 2
TRIP REL. 2 | CB Test 3pol 1185
TRIP REL. 2| O/L Trip 1521
TRIP REL. 2| Back Gen.Trip 2451 | General trip command by any protection
TRIP REL. 2 | Diff> Trip 3027 | function
TRIP REL. 2 | Receiver Trip 3347
TRIP REL. 2| Ext Gen.Trip 4517
6403 | TRIP RELAY 3 1)
TRIP REL. 3| not allocated 1 | no further command functions allocated to
trip relays
6404 | TRIP RELAY 4 1)
TRIP REL. 4 | not allocated 1

1) 7SD502% —*kx 1% —** only

Table 5.7

Preset command functions for trip relays

Note: Depending on model not all trip relays may be available.
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6  Operating instructions

6.1 Safety precautions

A Warning

All safety precautions which apply for work
in electrical installations are to be observed
during tests and commissioning.

A Caution!

Connection of the device to a battery char-
ger without connected battery may cause
impermissibly high voltages which damage
the device. See also Section 3.1.1 under
Technical data for limits.

6.2 Dialog with the relay

Setting, operation and interrogation of digital protec-
tion and automation systems can be carried out via
the integrated membrane keyboard and display
panel located on the front plate. All the necessary
operating parameters can be entered and all the in-
formation can be read out from here. Operation is,
additionally, possible via the interface socket by
means of a personal computer or similar.

6.2.1 Membrane keyboard and dis-

play panel

The membrane keyboard and display panel is exter-
nally arranged similar to a pocket calculator. Figure
6.1 illustrates the front view.

A two-line, each 16 character, liquid crystal display
presents the information. Each character comprises
a 5 x 8 dot matrix. Numbers, letters and a series of
special symbols can be displayed.

During dialog, the upper line gives a four figure num-
ber, followed by a bar. This number presents the set-
ting address. The first two digits indicate the ad-
dress block, then follows the two-digit sequence
number. In models with parameter change-over fa-
cility, the identifier of the parameter set is shown be-
fore the setting address.

The keyboard comprises 28 keys with numbers,
Yes/No and control buttons. The significance of the
keys is explained in detail in the following.

Numerical keys for the input of numerals:

0 |to| 9 | Digits 0to 9 for numerical input
. Decimal point
oo Infinity symbol
/- Change of sign (input of
negative numbers)

Yes/No keys for text parameters:

Yes key: operator affirms the dis-
JY .
played question

No key: operator denies the dis-
N played question or rejects a sug-
gestion and requests for alterna-
tive

Keys for paging through the display:

f Paging forwards: the next ad-
dress is displayed

Paging backwards: the previous
* address is displayed

Block paging forwards: the be-
1} ginning of the next address block
is displayed

Block paging backwards: the be-
@ ginning of previous address
block is displayed
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Confirmation key:

Enter or confirmation key: each
E numerical input or change via the
Yes/No keys must be confirmed by
the enter key; only then does the
device accept the change. The en-
ter key can also be used to ac-
knowledge and clear a fault
prompt in this display; a new input
and repeated use of the enter key
is then necessary.

Control and special keys:

Codeword: prevents unautho-
CW rized access to setting programs
(not necessary for call-up of an-
nunciations or messages)

R Backspace erasure of incorrect
entries

= Function key; explained when
used

Direct addressing: if the address
DA number is known, this key allows
direct call-up of the address

Messages/Signals: interrogation
M/S of annunciations of fault and oper-
ating data (refer Section 6.4)

The three keys 1 ; {1 ; RESET which are somewhat
separated from the rest of the keys, can be ac-
cessed when the front cover is closed. The arrows
have the same function as the keys with identical
symbols in the main field and enable paging in for-
ward direction. Thus all setting values and event
data can be displayed with the front cover closed.
Furthermore, stored LED indications on the front can
be erased via the RESET key without opening the
front cover. During reset operation all LEDs on the
front will be illuminated thus performing a LED test.
With this reset, additionally, the fault event indica-
tions in the display on the front panel of the device
are acknowledged; the display shows then the op-
erational values of the quiescent state. The display is
switched over to operating mode as soon as one of
the keys DA, M/S, CW or { is pressed.

6.2.2 Operation with a personal com-
puter

A personal computer allows, just as the operator
panel, all the appropriate settings, initiation of test
routines and read-out of data, but with the added
comfort of screen-based visualization and a menu-
guided procedure.

All data can be read in from, or copied onto, magnet-
ic data carrier (floppy disc) (e.g. for settings and con-
figuration). Additionally, all the data can be docu-
mented on a connected printer. It is also possible, by
connecting a plotter, to print out the fault history
traces.

For operation of the personal computer, the instruc-
tion manuals of this device are to be observed. The
PC program DIGSI® is available for setting and pro-
cessing of all digital protection data. Note that the
operating interface in the front of the relay is not gal-
vanically isolated and that only adequate connec-
tion cables are applied (e.g. 7XV5100—2). Further
information about facilities on request.

6.2.3 Operational preconditions

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

— setting of functional parameters (thresholds,
functions),

— allocation or marshalling of trip relays, signals,
binary inputs, LED indicators,

— configuration parameters for operator language,
interface and device configuration,

— initiation of test procedures.

The codeword is not required for the read-out of an-
nunciations, operating data or fault data, or for the
read-out of setting parameters.

The method of entry of the codeword is explained in
detail in the installation instructions under Section
5.3.
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6.2.4 Representation of the relay (front view)

Two line display
(LCD) with 16 char-

acters each

Additional keys,
can be accessed

when cover is
closed

Figure 6.1

Readiness indication

SIEMENS

K=1A,50...60Hz
Un= 60,110,125V -
Yy [Vin]
Diagr.:

7SD50

@\@@

(green)
Unit faulty indication
/ (red)
(T i ™
/ SIEMENS
/
/ LED 1 to 6
(red) can be
Betrieb/Service QO marshalled;
presetting
Stérung/Blocked O below
AL
1O AN
Leitungsdifferentialschutz o 1|18
Line Differential Protection Reverse
2O polarity
kﬁ ) ] e switch
. s O
*©
| Operator
panel

25pole socket 1
connecting a pr
sonal computel

\

On/Off switch

‘00
-
[EIEMERS]

000000000000000
0000000000000000

I

for processor
system

Factory presetting LEDs:
General trip of the relay

Pick-up of differential protection

Overload protection thermal warning stage
Pilot wire failure

OO ON =

Pick-up of overcurrent time protection stage 1> >
Pick-up of overcurrent time protection stage I> (definite) or Ip (inverse)

Front view of 7SD502 with operating key board and display panel
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6.3 Setting the functional parameters

6.3.1. Introduction

6.3.1.1 Parameterizing procedure

For setting the functional parameters it is necessary
to enter the codeword (see 5.3.1). Without code-
word entry, parameters can be read out but not be
changed.

If the codeword is accepted, parameterizing can be-
gin. In the following sections each address is illus-
trated in a box and is explained. There are three
forms of display:

— Addresses without request for operator input

The address is identified by the block number fol-
lowed by 00 as sequence number (e.g. 1100 for
block 11). Displayed text forms the heading of this
block. No input is expected. By using keys { or |
the next or the previous block can be selected. By
using the keys 1 or | the first or last address within
the block can be selected and paged.

— Addresses which require numerical input

The display shows the four-digit address, i.e.
block and sequence number (e.g. 1101 for block
11, sequence number 1). Behind the bar appears
the meaning of the required parameter, in the sec-
ond display line, the value of the parameter. When
the relay is delivered a value has been preset. In
the following sections, this value is shown. If this
value is to be retained, no other input is neces-
sary. One can page forwards or backwards within
the block or to the next (or previous) block. If the
value needs to be altered, it can be overwritten us-
ing the numerical keys and, if required, the deci-
mal point and/or change sign (+/-) or, where ap-
propriate, infinity sign co. The permissible setting
range is given in the following text, next to the as-
sociated box. Entered values beyond this range
will be rejected. The setting steps correspond to
the last decimal place as shown in the setting box.
Inputs with more decimal places than permitted
will be truncated down to the permissible number.
The value must be confirmed with the entry key
E! The display then confirms the accepted value.
The changed parameters are only saved after ter-
mination of parameterizing (refer below).

— Addresses which require text input

The display shows the four-digit address, i.e.
block and sequence number (e.g. 1501 for block
15, sequence number 1). Behind the bar appears
the meaning of the required parameter, in the sec-
ond display line, the applicable text. When the
relay is delivered, a text has been preset. In the
following sections, this text is shown. If it is to be
retained, no other input is necessary. One can
page forwards or backwards within the block or to
the next (or previous) block. If the text needs to be
altered, press the "No” key N. The next alternative
text, also printed in the display boxes illustrated in
the following sections, then appears. If the alter-
native text is not desired, the N key is pressed
again, etc. The alternative which is chosen, is
confirmed with the entry key E. The changed
parameters are only saved after termination of pa-
rameterizing (refer below).

For each of the addresses, the possible parameters
and text are given in the following sections. If the
meaning of a parameter is not clear, it is usually best
to leave it at the factory setting. The arrows uv or 1|
at the left hand side of the illustrated display boxes
indicate the method of moving from block to block or
within the block. Unused addresses are automati-
cally passed over.

If the parameter address is known, then direct ad-
dressing is possible. This is achieved by depressing
key DA followed by the four-digit address and sub-
sequently pressing the enter key E. After direct ad-
dressing, paging by means of keys f} || and keys 1 |
is possible.

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 Y that the new settings shall be-
come valid now. If you press the "No”—key N in-
stead, codeword operation will be aborted, i.e. all al-
terations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.
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If one tries to leave the setting range for the function
parameter blocks (i.e. address blocks 10 to 39) with
keys {} |, the display shows the question JEND OF
CODEWORD OPERATION ?”. Press the "No”—key
N to continue parameter setting. 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.

After completion of the parameterizing process, the
changed parameters which so far have only been
stored in volatile memory, are then permanently
stored in EEPROMSs. The display confirms "NEW
SETTINGS SAVED”. After pressing the key M/S fol-
lowed by RESET LED, the indications of the quies-
cent state appear in the display.

6.3.1.2 Selectable parameter sets

Up to 4 different sets of parameters can be selected
for the functional parameters, i.e. the addresses
above 1000 and below 4000. These parameter sets
can be switched over during operation, locally using
the operator panel or via the operating interface us-
ing a personal computer, or also remotely using
binary inputs.

If this facility is not used then it is sufficient to set the
parameters for the preselected set. The rest of this
section is of no importance. Otherwise, the parame-
ter change-over facility must be configured as EXIST
under address 7885 (refer Section 5.4.2). The first
parameter set is identified as set A, the other sets are
B, C and D. Each of these sets is adjusted one after
the other.

If the switch-over facility is to be used, first set all pa-
rameters for the normal status of parameter set A.
Then switch over to parameter set B:

— Fist complete the parameterizing procedure for
set A as described in Section 6.3.1.1.

— Press key combination F 2, i.e. first the function
key F and then the number key 2. All following in-
puts then refer to parameter set B.

All parameter sets can be accessed in a similar man-
ner:

e Key combination F 1:
access to parameter set A

e Key combination F 2:
access to parameter set B

® Key combination F 3:
access to parameter set C

e Key combination F 4:
access to parameter set D

Input of the codeword is again necessary for the set-
ting of a new selected parameter set. Without input
of the codeword, the settings can only be read but
not modified.

Since only a few parameters will be different in most
applications, it is possible to copy previously stored
parameter sets into another parameter set.

It is additionally possible to select the original set-
tings, i.e. the settings preset on delivery, for a modi-
fied and stored parameter set. This is done by copy-
ing the "ORIG.SET” to the desired parameter set.

It is finally still possible to define the active parameter
set, i.e. the parameter set which is valid for the func-
tions and threshold values of the unit. See Section
6.5.4 for more details.

The parameter sets are processed in address block
85. The most simple manner to come to this block is
using direct addressing:

— press direct address key DA,
— enter address, e.g. 8500,
— press enter key E.

The heading of the block for processing the parame-
ter sets then appears.

It is possible to scroll through the individual address-
es using the 1 key. The copying facilities are summa-
rized in Table 6.1.

ﬁ 85000 PARAMETER
{'; CHANGE-OVER

Beginning of the block "Parameter change-over”; pro-
cessing of parameter sets
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Following copying, only such parameters need be

Addr. Copy changed which are to be different from the source
from to parameter set.
8510 ORIG.SET SET A o .
Parameterizing must be terminated for each param-

8511 ORIG.SET SET B eter set as described in Section 6.3.1.1.
8512 ORIG.SET SET C
8513 ORIG.SET SET D 6.3.1.3 Setting of date and time
8514 SET A SET B The date and time can be set as long as the real time
8515 SET A SET C clock is operational. Setting is carried out in block 81

which is reached by direct addressing DA 8100
8516 SET A SET D E or by paging with f and |. Input of the codeword
is required to change the data.

8517 SET B SET A

Selection of the individual addresses is by further
8518 SET B SET C scrolling using t | as shown below. Each modifica-
tion must be confirmed with the enter key E.

8519 SET B SET D

8520 SET ¢ SET A The Qate apd time are entered with dots as separa-
tor signs since the keyboard does not have a colon

8521 SET C SET B or slash (for American date).

8522 SET C SET D The clock is synchronized at the moment when the
enter key E is pressed following input of the com-

8523 SET D SET A plete time. The difference time facility (address
8104) enables exact setting of the time since the dif-

8524 SET D SET B ference can be calculated prior to the input, and the
synchronization of the clock does not depend on the

8525 SET D SET C

moment when the enter key E is pressed.
Table 6.1 Copying parameter sets

Tls 100l seETTING Beginning of the block ”Setting the real time clock”
dlrRear T1iME crLocCK Continue with 1.
f 16 .01.1995 At first, the actual date and time are displayed.
* 15 :54 : 4 2 Continue with 1.
Enter the new date: 2 digits for day, 2 digits for month
f 81020 DATE and 4 digits for year (including century); use the order
* as configured under address 7102 (Section 5.3.2), but
always use a dot for separator:
DD.MM.YYYY or MM.DD.YYYY
f 81030 TIME Enter the new time: hours, minutes, seconds, each
* with 2 digits, separated by a dot:
HH.MM.SS
Using the difference time, the clock is set forwards by
f 81040 DIFF. TIME the entered time, or backwards using the +/— key.
* The format is the same as with the time setting above.
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6.3.2

Initial displays — address blocks 00 and 10

When the relay is switched on, firstly the address 0 and the type identification of the relay appears. All Siemens
relays have an MLFB (machine readable type number). When the device is operative and displays a quiescent
message, any desired address can be reached e.g. by pressing the direct address key DA followed by the

address number.

Tom7sp5002 V3. % x
@7SD502**********

The relay introduces itself by giving its type num-
ber and the version of firmware with which it is
equipped. The second display line shows the
complete ordering designation.

After address 1000, the functional parameters begin. Further address possibilities are listed under Annunci-

ations” and "Tests”.

Tl 1000m

@ PARAMETERS

Commencement of functional parameter blocks

6.3.3 Power system data — address block 11

The relay requests basic data of the power system
and the switchgear.

The primary rated current of the protected object
(address 1101) and the primary rated current of the
main current transformers (address 1102) can be
set to the same value, in most cases. The correct set-
ting of the rated c.t. current is a precondition for the
calculation and indication of the primary measured
current values (refer also to Section 6.4.5). The cor-
rect setting of the rated current of the protected ob-
ject ensures that the characteristic of the differential
protection is optimally matched to the protected ob-
ject. That means that the pick-up values and the
shape of the characteristic are referred to this rated
object current.

The two current ratings should not differ from each
other for more than the factor 4. In case of pilot wire
loop resistance of more than 500 Q (approx. 7 kmor
4 miles), IN LINE should not be set smaller than 1/,
times IN CT PRIM, above 1200 Q (approx. 16 km or

10 miles) IN LINE should not be less than IN CT
PRIM. If IN LINE < IN CT PRIM, then the differential
protection should not be set more sensitive than the
preset values (Section 6.3.4, addresses 1503 to
1508).

Example:
Rated current of the protected line: 1000 A
Rated c.t. current 2000 A

Pick-up value and characteristic shape are referred
to a current which corresponds to 1000 A primary.
The characteristic is thus referred to 1000 A primary.

Both parameters must be set equal at the line ends.
In case the primary rated currents of the current
transformer sets differ from each other, matching
transformers must be used at the line end with the
lower rated current. Refer to Section 5.2.4.4 for more
details.

T 1210 om
@POWERSYSTEM DATA
A 11010 1N LINE

tl2o000 =a

Beginning of the block "Power system data

Primary rated current of the protected line
Smallest setting value: 1A
Largest setting value: 100000 A
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Primary rated current of the current transformers
Smallest setting value: 1A
Largest setting value: 100000 A

A 11020 1x crT
fl2000 a

PRIM

Pilot wire resistance adjustment by additional resis-
tors is not necessary in 7SD502 since the protection
carries out the adjustment by internal calculation.
For this, the protection must be informed about the
pilot wire loop resistance by setting of address 1131
Rx. In addition to the real pilot wire loop resistance,
80 2 must be calculated when the relay is equipped
with pilot wire monitoring. For each barrier trans-

The capacitances of the pilot wires can also be com-
pensated within the relay by calculation; no external
measures are necessary. Compensation is recom-
mended for pilot wire capacitances of approximately
0.3 uF and above; this corresponds to a length of ca.
5 kilometers (approx. 3 miles), for usual protection
pilot wires. In addition to the pilot wire capacitance,
200 nF must be calculated when the relay is

equipped with pilot wire monitoring. The pilot wire
capacitance can be set under address 1133 Cx; it
also can be measured by the relay itself during com-
missioning (refer to Section 6.7.1).

former 7XR95, further 60 €2 must be added. The pilot
wire loop resistance can be measured by the relay
itself during commissioning (refer to Section 6.7.2).

For three-terminal lines (teed lines), the loop resis-
tances of both pilot wire pairs are required. It must
be noted, that Rx (address 1131) is always the loop
resistance of that pilot wire pair which is directly con-
nected to the relay under consideration. Ry (ad-
dress 1132) is the loop resistance of the pilot wire
pair connected to the adjacent relay (in the same
substation).

For three-terminal lines, the capacitances of both pi-
lot wire pairs are required. The same definitions ap-
ply as for the resistances: Cx (address 1133) is the
capacitance of that pilot wire pair which is directly
connected to the relay under consideration, Cy (ad-
dress 1134) for the adjacent relay.

The minimum trip command duration can be set un-
der address 1141. |t is valid for all protection func-
tions of the relay which can lead to trip.

Loop resistance of the pilot wire pair; for three-termi-
nal lines, Rx is the loop resistance of the pilot wire

* 0 Q pair directly connected to the relay

Smallest setting value: 0Q

Largest setting value: 2000

Only for three-terminal lines:

Loop resistance of the pilot wire pair connected to
the adjacent relay

Smallest setting value: 0Q

Largest setting value: 2000

Total capacitance of the pilot wire pair; for three-ter-
minal lines, Cx is the capacitance of the pilot wire
pair directly connected to the relay

Smallest setting value: 0nF

Largest setting value: 2000 nF

Only for three-terminal lines:

Total capacitance of the pilot wire pair connected to
the adjacent relay

Smallest setting value: 0nF

Largest setting value: 2000 nF
f 11410 T-TRTIP Minimum trip. command duration
* Smallest setting value: 0.01s
0.10 s Largest setting value: 32.00 s
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6.3.4 Settings for the line differential protection — address block 15

A precondition for the operation of the differential
protection is that it is configured as EXIST under ad-
dress 7815 (refer to Section 5.4.2). Additionally, the
differential protection function can be set to be op-
erative (ON), or inoperative (OFF), or its trip com-
mand may be blocked whilst the protection function
is operative (BLOCK TRIP REL). This setting is car-
ried out in address 1501.

Attention! When delivered from factory, the differen-
tial protection is switched OFF. The reason is that this
protection must not be in operation unless at least
the pilot wire loop resistance(s) have been set be-
fore (refer to address 1131 and, if applicable, ad-
dress 1132, Section 6.3.3). Without correct setting
the relay may show unexpected reactions (incl. trip-

ping)!

ﬁ 15000 PILOT WIRE
@DIFF. PROTECTTION
} 15010 DIFF PROT.
*OFF

O N

BLOCK TRIP RETL

Beginning of block ”Pilot wire differential protection”

Line differential protection

ON

OFF

is switched on or

is switched off or

BLOCK TRIP RELAY operates but trip relay is blocked

The parameters of the tripping characteristic are set
in the addresses 1503 to 1518. Figure 6.2 illustrates
the meaning of the different parameters. The numer-
ical values correspond to the preset values. The
numbers signify the addresses of the parameters.

| DIFF> (address 1503) is the pick-up value of the
differential current. This is the total fault current, re-
gardless of the way this is divided between the line
ends. The pick-up value is referred to the rated cur-
rent of the protected line as set under address 1101
(refer to Section 6.3.3). Dependent on the lowest
possible currents which can occur under the differ-
ent possible fault conditions and the sensitivity given
by the chosen method of connection of the relay, an
upper limit for the setting results.

The lower limit of the possible setting range is deter-
mined by the difference between the current outputs
of the summation transformers under healthy condi-
tions. This constant difference can result from the
capacitive currents in the protected section. Large
capacitive current which could endanger the stabil-
ity of the protection occur in practice only on cable
circuits, where the cable charging currents can
cause differences of multiple mA on the secondary

side of the summation transformers (apparent fault
current = 5 mAis 25 % of the internal design current
of the summation transformer).

Considering that even higher capacitive currents
can be caused by transients which occur during
switching operations, an even higher setting must
be chosen. With the standard current transformer
connection (Figure 5.4) experience indicates a lower
limit equal to approximately 10 times the charging
current which flows in each conductor under healthy
conditions. For current transformer connections
which give higher earth fault sensitivity, the lower
setting limit increases accordingly. Conversely, con-
nection giving less earth fault sensitivity, especially
in solidly earthed networks, reduce the lower limit. In
such cases a setting somewhat over 4 times the
charging current in each phase is adequate.

The upper and lower limits thus determined give the
permissible setting range. If the lower limit is higher
than the upper limit, then the primary capacitances
of the power cable must be compensated by means
of external schemes (for details refer to Section
5.2.4.7).
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| giff
INLt]
T Trip area
3_
Block area
2 - —
_ J— — a— —
1 1503 _ —
e e Add-on stabilization
et - - T | 1518
| | | | | | | | T | | | | T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 5 Istab
2.5 fix INLt

Figure 6.2

The tripping characteristic forms two more branches
(Figure 6.2). The slope of the first branch is deter-
mined by the address 1506 SLOPE1. This branch
covers current proportional errors. These are mainly
transformation errors of the main current transform-
ers and the summation transformer below the satu-
ration limit. The presetting 0.25 should be reason-
able in all cases.

The second branch produces a higher stabilization
in the range of high currents which may lead to
current transformer saturation. Its base point lies at
2.5 times rated line current as parameterized under
address 1101 (see Section 6.3.3). The slope is set
under address 1508 SLOPE2. The preset value
results in somewhat more stable conditions
compared with the analog relay types 7SD20,
7SD22, 7SD24, or 7SD76. The stability of the relay
during current transformer saturation can be
influenced by this parameter. A higher slope results
in a higher stability. On the other hand, especially in
systems with non-earthed star-point, it must be
considered that a double earth fault (cross-country
fault) is not always detected in phase L2 (with
standard connection according to Figure 5.4) when

Shape of the tripping characteristic and relevant parameters

the slope is set above 0.5.

In cases where a power transformer is directly con-
nected (i.e. without current transformers and circuit
breaker) to a line, an inrush stabilization using the
second harmonic content in the differential current
can be switched on under address 1510. The sec-
ond harmonic content which blocks the protection is
then set under address 1511. A ratio of loin/kiy =
20 % has been preset by the factory and can — as a
rule — be retained without change. A smaller value
leads to higher stabilization, a higher value means
less stabilization.

During an external fault which produces a high
through-flowing short-circuit current causing severe
current transformer saturation, an "add-on” stabili-
zation will become effective which is defined by ad-
dress 1518 SAT—RESTR (saturation restraint). This
value is referred to the rated line current as parame-
terized under address 1101 (see Section 6.3.3), too.
It should be noted that the stabilizing quantity during
through-flowing condition is the arithmetical sum of
the currents at the line ends, i.e. twice the through-
flowing current.

3l DIFF>
I/ InLn

——
=
o

6l sLoPE 1

Pick-up value of differential current, referred to the rated
line current (address 1101)
Smallest setting:

Largest setting:

0.50 - INjine
2.50 . IN line

Slope of the first declined branch of the tripping charac-
teristic

Smallest setting:
Largest setting:

0.10
0.50
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) 15080 sLoPE 2
.50

M| 15100 2na
tlorr

HARMON

ON

Ml 15110 2n4a
2o =

HARMON

) 15180 SAT-RESTR.
.00 I/ InLn

Slope of the second declined branch of the tripping
characteristic
Smallest setting:
Largest setting:

0.25
0.95

Inrush stabilization with the second harmonic is
OFF

ON

switched off

switched on or

2nd harmonic content in differential current, which just
initiates blocking, in % of fundamental wave of the differ-
ential current
Smallest setting:
Largest setting:

10 %
80 %

Stabilizing (restraining) current which is decisive for the
add-on stabilization, referred to the rated line current
(address 1101)
Smallest setting:
Largest setting:

5-00 . IN line
15-00 . IN line

The differential protection contains a local current
threshold [1 RELEASE (address 1523) which pro-
vides an additional trip condition. Above all, the max-
imum current which is expected during operational
conditions is decisive for this setting. Pick-up of this
stage caused by symmetrical overload must be ex-
cluded. Therefore, the value should be set above the
maximum expected (over)load current of the line (at
least 1.2 times). The value is referred to the rated line
current as set under address 1101 (refer to Section
6.3.3). This local current threshold provides the ef-
fect that the faulty line will be switched off only at that
(those) line end(s) where a reasonable short-circuit
current flows. If the circuit breaker at a non-feeding
line end should also be tripped, the integrated inter-
trip facility can be used (see below). A precondition
is that the relay is equipped with this facility (models
with pilot wire monitor, intertrip, and transfer trip
7SD502x—xkx1x—%*x). Furthermore, possibility ex-
ists to trip the breaker without release by the local
current, when the command ’dir.Dif>Trip”
(FNo 3029, see Section 5.5.5) is used for tripping.

In special cases it may be advantageous to delay the
trip signal of the protection (e.g. for reverse inter-
locking). For this, an additional time delay can be set
(address 1525). Under normal circumstances this
time delay is set to zero.

Additionally, a drop-off delay after trip can be set un-
der address 1527 T—RESET. This should ensure
that the trip command is maintained for a sufficiently
long time period even when the circuit breaker inter-
ruption times are different at the line ends.

If a trip time delay has been set in address 1525 then,
nevertheless, instantaneous trip is desired in case of
switching onto a dead fault (e.g. when an earthing
isolator has happened to remain closed). Address
1535 allows to pass a trip time delay by. A prerequi-
site is, that the manual close command for the
breaker is repeated via a binary input to the relay so
that it is informed about manual closing of the
breaker.
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) 15230 11 RELEASE
*1 0 I/ InLn

) 15250 T-DELAY
*O 0 S

f 15270 T-RESET
tlo. 10 =

15350 MAN.CLOSE
INEFFECTTIVE

UNDELAYED

Local current threshold for release of the differential pro-
tection, referred to the rated line current (address 1101)
Smallest setting: 0.20 - Injine
Largest setting: 2.50 - INjine

Additional time delay for trip signal
Smallest setting: 0.00 s
Largest setting: 60.00 s
and oo (no trip with Ipjpp>)

Reset delay after trip signal has been disappeared
Smallest setting: 0.00 s
Largest setting: 60.00 s

Trip reaction of the line differential protection when the
line is manually switched onto a dead fault:

INEFFECTIVE
UNDELAYED

i.e. no special means or

trip even if a delay has been set
under address 1525

The 7SD502 may include an integrated intertrip
function. As the intertrip signal is transmitted via the
pilot wires, it is available only in the models with inte-
grated pilot wire monitor, intertrip, and transfer trip
(7SD502k —*kk1x—%x).

If there is no infeed or only weak infeed from one line
end, a trip signal might not be initiated in the event of
a short-circuit. In this case an intertrip signal can be

transmitted by the other end, after the short-circuit
has been recognized there, to the end with only
weak infeed. Thus, immediate disconnection at both
ends of the line is ensured even for these cases.

A received intertrip signal can initiate an alarm only
(LED, or alarm relay or both), or give an additional
trip command; depending on marshalling. Further
details are given in Section 6.3.8.

15410 INTERTRTITP
OFF

ON

15420 T-SEND-PRO

0 10 S

Intertrip send condition:

OFF

ON intertrip send signal is transmitted in case of
trip by the differential protection

intertrip send function is switched off

Prolongation of the intertrip send signal after the differ-
ential protection has dropped of
Smallest setting:

Largest setting:

0.00 s
60.00 s
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6.3.5 Settings for pilot wire monitoring — address block 16

The pilot wires between the differential relays at the
ends of the protected line form an essential part of
the scheme. For this reason it is always recom-
mended that the pilot wires be supervised by the pi-
lot wire monitoring option. Model 7SD502x—
*okx 1k —xk is equipped with this pilot wire monitor. A
further precondition for this function is that, during
configuration of the relay, address 7816 PILOT MON
has been set to EXIST (refer to Section 5.4.2) and
that the pilot wire monitor is switched ON under ad-
dress 1601.

The pilot wire monitor operates with a pulsed code
which is modulated on a voice frequency signal of
2000 Hz. The monitoring code is transmitted alter-
nately by one relay to the other and vice versa. In or-
der to ensure a defined start-up of this hand-shake
operation, one of the relays must be declared as
"master” and the other as ”slave”. The “mas-
ter’—device will always start with the communica-
tion, the "slave”—device responds. Address 1602
determines which relay operates as "master” and
which as "slave”.

An interruption or short-circuit on the pilot wires may

be annunciated only, or, additionally, the differential
protection can be blocked (address 1603). When
the pilot wires are interrupted, the differential protec-
tion cannot trip any more since no differential current
can be present. If the pilot wires are short-circuited,
a high through-fault current (external fault) may
cause tripping. The overcurrent time protection, if it
is set effective, will continue its operation even dur-
ing pilot wire fault. Annunciation of pilot wire failure
and blocking are delayed by T—PILOT (address
1604).

A certain reception level of the monitoring signal is
necessary in order to ensure correct decoding of the
received signal. This level is set under address 1605
LEVEL PM. 100 % means that the full transmitted
power is available, i.e. no attenuation on the pilots
(pilot resistance equals 0). The reception level can
be measured by the relay itself during commission-
ing (refer to Section 6.7.5). Setting should be 70 % of
the measured reception level.

The pilot wire monitoring is not operational as long
as a system fault is present or as long as an intertrip
signal or a transfer trip signal is being transmitted.

Ml 16020 s

H
b
H
H
(@]
=

o 16000 PILOT WIRE

JlMmontrorING

} 6010 PILOT MON

tlorr OFF
0N ON

SLAVE

failure

} 16030 DIFF BLOCK
tllon ON
OFF OFF

Beginning of block "Pilot wire monitoring”

Pilot wire monitoring

is switched off or

is switched on

Station identification for pilot wire communication

device responds

MASTER device starts communication

Blocking of the differential protection during pilot wire

is switched on or

is switched off
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} 16040 T-PI1LOT

* 5 s

} 16050 LEVEL P .M.

tlzo0.0 =

Time delay for the annunciation or blocking (if set)
after pilot wire failure

Smallest setting: 2s

Largest setting: 60 s

Reception level of pilot wire monitoring
Smallest setting:
Largest setting:

1.0 %
100.0 %

6.3.6 Settings for the external local trip facility — address block 21

Any desired signal can be coupled into the process-
ing of annunciations and trip commands via a binary
input of the relay from an external protective or su-
pervisory device. Like the internal trip signals, it can
be delayed and annunciated, and/or routed to one
or more of the trip relays.

A preconditions is that this function has been set to
EXT. TRIP = EXIST under address 7821 during con-
figuration of the device functions (refer Section
5.4.2). The function can be switched on and off un-
der address 2101, or its trip command can be
blocked.

ﬁ 21000 EXTERNAL
@ TRIP FUNCTTION

A 21010 EXT.TRIP

{OFF ON
O N OFF
BLOCK TRIP REL

BLOCK TRIP REL

Beginning of block "External local trip function via
binary input”

External local trip facility via binary input, can be

switched on or
switched off or

trip relay is blocked but the
function is operative

_ Time delay for the external local trip facility
f 2 028 T-DELAY Smallest setting: 0.02 s
* 0.0 S Largest setting: 60.00 s

f 21030 T-RESET Drop-off delay time for the external local trip facility
Smallest setting: 0.00 s
* 0 .20 s Largest setting: 60.00 s
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6.3.7 Settings for the transfer trip facility — address block 22

Line differential protection relay 7SD502 comprises
an integrated transfer trip function (model
7SD502%x—xxk1k—*x with pilot wire monitor, inter-
trip and transfer trip option). This can be used to trip
the circuit breaker at the remote line end by a com-
mand from an external source, e.g. a breaker failure
protection. The transfer trip command is entered to
the relay via a binary input.

A precondition that this function has been set to
TRANSFETRIP = EXIST under address 7822 during
configuration of the device functions (refer Section
5.4.2).

The parameters for processing of the received sig-
nal are set in address block 23 (refer to Section
6.3.8).

Do not confuse the transfer trip facility with the inter-
trip function which is integral part of the differential
protection.

Transfer trip operates with the same voice frequency
signal (2000 Hz) as pilot wire monitoring but with a
different puls code. Transmission of a signal is possi-
ble for one direction at a certain time.

&TRANSFER TRIP

Beginning of block "Transfer trip facility”

Transfer trip send signal, can be
A 22010 TRIP SEND
* OFF OFF  switched off or
O N ON switched on

Send delay for transfer trip signal to the remote end
0.00 s
60.00 s

22020 T-SEND-DEL )
1 0 2 . Smallest setting:

Largest setting:

Send signal prolongation for transfer trip signal to the re-
mote end
Smallest setting:
Largest setting:

} 22020 T-SEND-PRO

0.00 s
60.00 s
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6.3.8 Settings for the reaction on reception of a remote trip signal — address

block 23

The device at the receiving end cannot distinguish
between a received intertrip signal and a received
transfer trip signal since the same carrier frequency
and the same pulse code are used. The parameters
concerning the reaction of the relay on reception of a
remote signal are set in address block 23 regardless
whether an intertrip or transfer trip signal is received.
A precondition for operation on reception of a signal
is that the relay is equipped with the transmission fa-
cility, i.e. model 7SD502% —k*x1x—xx with pilot wire
monitor, intertrip and transfer trip option and that the
reception function has been set to TRIP RECV = EX-

IST under address 7823 during configuration of the
device functions (refer Section 5.4.2).

For correct evaluation of the received signal it is im-
perative that the receiving level is set to the correct
value (address 1605, refer to Section 6.3.5) even if
the pilot wire monitoring feature is not used.

The reception circuit can be switched on or off under
address 2301; additionally, the trip command can be
blocked whilst the function remains operative.

ﬁ 23000

Beginning of block "Reaction on reception of a remote
trip signal”

f 23010 TRIP RECV Trip receiver, can be
* OFF ON switchedon  or
ON OFF  switched off  or
BLOCK TRIP RETL BLOCK TRIP REL trip relay is blocked but the
function is operative

Delay time after reception of the remote trip signal
Smallest setting:
Largest setting:

0.00 s
60.00 s

Received signal prolongation after the received trip signal
has disappeared
Smallest setting:
Largest setting:

0.00 s
60.00 s
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6.3.9 Settings for back-up overcurrent time protection — address block 26

The back-up overcurrent time protection operates
independent of the differential protection. A pre-con-
dition is that the back-up protection has been confi-
gured under address 7826 as BACK—UP O/C = EX-
IST (refer Section 5.4.2).

The overcurrent time protection is even operative
when the pilot wires are faulty.

The parameters of the back-up overcurrent time pro-
tection are set in block 26. The output current of the
summation transformer is decisive since the relay
cannot process the individual phase currents. This
results in different sensitivity depending on the fault
type with the same sensitivity factors as for the differ-
ential protection. All current values are based on the
symmetrical three-phase currents with standard
connection according to Figure 5.4.

At first, the high-set overcurrent stage |>> is set un-
der addresses 2603 and 2604. This stage is always a
definite time stage, independent on which charac-
teristic is set for the overcurrent stage. It is referred to
the rated line current as set under address 1101.

ﬁ 260

4} OV ER

ol Bac
CURRE

K-UP
N T TIME

il BackUP oO0/C

o 31

H
\Y

o480 T -1 > >

} 26110 ceEarRAcCT
flperFinirTe TImME
NORMAL INVERSE

VERY INVERSE

I NVERS

The overcurrent stage can be used as definite time
overcurrent protection or inverse time overcurrent
protection. This function mode can be selected in
address 2611. For inverse time, a choice can be
made between three tripping time characteristics
defined in IEC 60255—3.

The pick-up value 1> (address 2612 for definite time)
or Ip (address 2614 for inverse time) must be set
above the maximum expected (over)load current
(approximately 1.2 times). It is referred to the rated
line current as set under address 1101.

Together with the high-current stage I1>>, a two-
stage overcurrent time protection is achieved. The
setting of the delay times must be in accordance
with the grading plan of the galvanically intercon-
nected system.

Generally, it must be noted that the set times for defi-
nite time stages are pure delay times which do not
include the inherent operation time of the protection
functions.

Beginning of block
"Back-up overcurrent time protection”

Back-up overcurrent time protection, can be

OFF switched off or

ON switched on or

BLOCK TRIP REL trip relay is blocked but the

protection is operative

High—current pick-up threshold 1> >, referred to the
rated line current as set under address 1101.
Smallest setting value: 0.10 - INjine
Largest setting value: 30.00 - INjine

Time delay for the high-current stage 1> >
Smallest setting value: 0.00 s
Largest setting value: 32.00 s
and oo (no trip with I>> stage)

Characteristic of the overcurrent stage
DEFINITE TIME characteristic

NORMAL INVERSE time (type A acc. IEC 60255—3)
VERY INVERSE time (type B acc. IEC 60255—3)

EXTREMELY INVERSe time (type C acc. |IEC 60255—3)
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) 26120 1>
fll2.00 1/1nin
) 26130 T-1>
fllo .30 s

Only for definite time protection:
Pick-up threshold |>, referred to the rated line current
as set under address 1101

Smallest setting value: 0.10 INjine
Largest setting value: 30.00 Iy jine
Delay time for |> stage

Smallest setting value: 0.00 s
Largest setting value: 32.00 s

and oo (no trip with 1> stage)

When setting to inverse time overcurrent protec-
tion, it must be considered that, according to IEC
602553, the protection picks up only when more
than 1.1 times the set value is exceeded.

The time setting corresponds to 10 times the usual
time multiplier TM, e.g.

Tp =10s means TM = 1,
thus for normal inverse

tyip = 10 s tripping time at 2 times set value I,

) 26140 I p

fll2.00 1/1nin

) 26 150 T-1p

fllo .50 s

A 26160 RMS FORMAT
flwirTHOUT HARMON.
|WITH HARMONTIC S

Address 2621 determines which stage is effective if
the circuit breaker is manually closed. A pre-requi-
site is, that the manual close command for the
breaker is repeated via a binary input to the relay so

With the definite time characteristic the fundamental
waves of the measured currents are evaluated for
pick-up. When one of the inverse time characteris-
tics is selected, a choice can be made whether the
fundamental waves WITHOUT HARMONICs of the
measured currents are formed for evaluation, or if
the true r.m.s. values WITH HARMONICS are calcu-
lated. As the relay is used as short-circuit protection,
the preset value is recommended. If the time grad-
ing is to be coordinated with conventional relays
which operate with true r.m.s. values, then WITH
HARMONICS can be advantageous.

Only for inverse time protection:
Pick-up threshold Ip, referred to the rated line current
as set under address 1101

Smallest setting value: 0.10 INjine
Largest setting value: 20.00 - Injine
Time multiplier

Smallest setting value: 0.50 s
Largest setting value: 32.00 s

Only for inverse time protection:

The fundamental waves of the measured currents
are evaluated by a Fourier filter

The true r.m.s. values of the measured currents are
evaluated (only for inverse time characteristics)

that it is informed about manual closing of the break-
er. INEFFECTIVE means that the stages operate ac-
cording to the settings in addresses 2602 to 2615.

26210 MAN.CLOSE
INEFFECTTIVE

I>> UNDELAYED

UNDELAYED

I>/Ip

Overcurrent stage which is effective during manual
closing of the circuit breaker:
INEFFECTIVE, i.e. stages operate as parameterized

I>> ie.|>> stage but without delay TI>>

I>/lp i.e. 1> stage (definite time) or I, stage

(inverse time) but without delay

C53000-G1176—-C95
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6.3.10 Settings for thermal overload protection — address block 27

The relay includes a thermal overload protection
function. This can operate only when it is configured
to THERMAL OL = EXIST under address 7827 dur-
ing configuration of the device functions (refer Sec-
tion 5.4.2).

Cables are particularly endangered by overloads of
longer duration. These overloads cannot and
should not be detected by the short-circuit protec-
tion. An overcurrent time protection as back-up pro-
tection, for example, must be set sufficiently high so
as to only detect short-circuits. Only short delays are
permitted for short-circuit protection. These short
time delays, however, do not permit measures to un-
load the overloaded cable nor to utilize its (limited)
overload capacity.

The line differential protection relay 7SD502 in-
cludes an overload function with a thermal trip char-
acteristic which can be matched to the overload ca-
pacity of the protected cable. This function is usually
not required for overhead lines as the current carry-
ing capacity of overhead lines is generally not de-
fined.

The parameters of the thermal overload protection
are set in address block 27. The output current of the
summation transformer is decisive since the relay
cannot process the individual phase currents. Over-
loads are, generally, three-phase symmetrical oc-
currences; the current values are based on the sym-
metrical current with standard connection accord-
ing to Figure 5.4.

The thermal overload protection can be set to be in-
operative, to initiate alarms only or to initiate tripping
(including alarm). Additionally, the trip command
can be blocked whilst the overload protection func-
tion remains operative (address 2701).

The rated current of the line as parameterized in ad-
dress 1101 (refer to Section 6.3.3) is used as the
base current for the overload measurement. The

setting factor k is determined by the ratio of the con-
tinuously permissible thermal current |« to the
rated current of the line:

|max

IN line

The permissible continuous current depends on
cross-section, insulation material, type of construc-
tion and method of installation of the cable, etc. In
general, the magnitude of the current can be taken
from widely available tables or otherwise is to be
stated by the manufacturer.

The heating-up time constant t depends on the
cable data and the cable surroundings. If the time
constant is not readily available, it can be calculated
from the short-term overload capacity of the cable.
Frequently, the 1 s current, i.e. the maximum permis-
sible current for 1 s duration, is known or can be tak-
en from tables. The time constant can then be calcu-
lated according to the following formula:

Setting value t [min] =
2

1 ( permissible 1 s current )
60 continuously permissible current

If the short-time overload capacity is stated for a du-
ration other than 1 s, then that short-term current is
inserted into the above formula instead of the 1 s cur-
rent. However, the result is then multiplied with the
stated duration, i.e. by 0.5 in case of an 0.5 s current:

Setting value t [min] =
2

0.5 ' ( permissible 0.5 s current )
60 continuously permissible current

It should be noted that the result becomes more in-
accurate the longer the stated duration of the cur-
rent becomes.

ﬁ 27000 TEERMAL
@ OVERLOAD PROT.

Beginning of block "Thermal overload protection”
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} 27010 THERMAL OL
florr

ON

ALARM ONLY
BLOCK TRIP REL

7020 x -FACTOR
10

27030 T-CONSTANT
0.0

min

Thermal overload protection, can be

ON switched on or

OFF switched off or

ALARM ONLY set to give only alarms or

BLOCK TRIP REL  ftrip relay is blocked but the

protection is operative

Setting value of k—factor = Inax/IN line

Smallest setting: 0.10
Largest setting: 4.00
Time constant 1

Smallest setting: 1.0 min
Largest setting: 999.9 min

By setting a warning temperature rise (address
2704), an alarm can be output before the trip tem-
perature rise is reached, so that, for example, by
prompt load shedding tripping may be prevented.

A further current warning stage is available (address

2705). This can be set as a factor of the rated line
current and should be equal or less than the continu-
ously admissible current. It can be used besides the
temperature warning stage or instead of that. When
setting Owarn/Orip to 100 %, the temperature warn-
ing is practically ineffective.

* 270408 6 warn
*90 %

f 27050 1 warn
*l 00 I/ InLn

Warning temperature rise in % of trip temperature rise
®warn/®trip
Smallest setting:
Largest setting:

50 %
100 %

Current warning stage; set as a multiple of Iy jine
Smallest setting: 0.10 - INJine
Largest setting: 4.00 - Iy jine

C53000-G1176—-C95
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6.3.11 Settings for measured value monitoring — address block 29

The different monitoring functions of the protective The three measured current Iy, 15, and I, lead to a
relay are described in Section 4.8.4. They partly node which is formed outside the module. The cur-
monitor the relay itself, partly the steady-state mea- rent sum monitor calculates the digitized sum of the
sured values of the transformer circuits. outputs of these which must always be zero. When

test currents are injected into one or more of these
The sensitivity of the measured values monitoring current inputs, then the summation condition may
can be changed in block 29. The factory settings are not be fulfilled during those tests. The relay would
sufficient in most cases. output an alarm and block the differential protection

in this case. In order to allow those tests, possibility
is given to switch the current sum monitor off (ad-
dress 2901).

| 29000 MEas.vaLUE Beginning of block N
@ SUPERVISTION Measured value supervision

Measured value supervision, can be
A 29010 M.V .SUPERY
* ON ON switched on  or
OFF OFF  switched off (for testing)
Current threshold above which the summation moni-
* 29050 sUM.Ithres toring (refer Figure 4.18) reacts (absolute content, re-
* 0.10 I/ In ferred to Iy of the device only)
Smallest setting value: 0.05
Largest setting value: 2.00
* 29060 SUM.Fact.T:I Relative content (referred'to the maximum of the
three currents) for operation of the current summa-
* 0 .10 tion monitoring (refer Figure 4.18)
Smallest setting value: 0.00
Largest setting value: 0.95
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6.4 Annunciations

6.4.1 Introduction

After a network fault, annunciations and messages
provide a survey of important fault data and the func-
tion of the relay, and serve for checking sequences
of functional steps during testing and commission-
ing. Further, they provide information about the con-
dition of measured data and the relay itself during
normal operation.

To read out recorded annunciations, no codeword
input is necessary.

The annunciations generated in the relay are pres-
ented in various ways:

— LED indications in the front plate of the relay (Fig-
ure 6.1),

— Binary outputs (output relays) via the connections
of the relay,

— Indications in the display on the front plate or on
the screen of a personal computer, via the operat-
ing interface,

— Transmission via the system interface to local or
remote control facilities (if available).

Most of these annunciations can be relatively freely
allocated to the LEDs and binary outputs (see Sec-
tion 5.5). Also, within specific limitations, group and
multiple indications can be formed.

To call up annunciations on the operator panel, the
following possibilities exist:

— Block paging with the keys {} forwards or || back-
wards up to address 5000,

— Direct selection with address code, using key DA,
address 500 0 and execute with key E,

— Press key M/S (M stands for "messages”, S for
”signals”); then the address 5000 appears auto-
matically as the beginning of the annunciation
blocks.

For configuration of the transfer of annunciations via
the serial interfaces, the necessary data had been
entered in address block 72 (see Section 5.3.3).

The annunciations are arranged as follows:

Block 51 Operational annunciations; these are
messages which can appear during the
operation of the relay: information about
condition of relay functions, measure-
ment data etc.

Block 52 Event annunciations for the last fault; pick-
up, trip, expired times, or similar. As de-
fined, a network fault begins with pick-up
of any fault detector and ends after drop-
off of the last fault detection.

Block 53 Event annunciations for the previous net-
work fault, as block 52.

Block 54 Event annunciations for the last but two
network fault, as block 52.

Block 56 Annunciations for CB operation statistics,
that is counters for tripping commands,
together with accumulated short circuit
currents.

Block 57 Indication of operational measured val-
ues (currents, differential current).

Block 59 Indication of values of thermal overload
protection.

Tlls 000l

4} ANNUNCIATTIONS

Commencement of "annunciation blocks”

A comprehensive list of the possible annunciations and output functions with the associated function number
FNo is given in Appendix C. It is also indicated to which device each annunciation can be routed.

C53000-G1176—-C95
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6.4.2 Operational annunciations — address block 51

Operational and status annunciations contain infor-
mation which the unit provides during operation and
about the operation. They begin at address 5100.
Important events and status changes are chrono-
logically listed, starting with the most recent mes-
sage. Time information is shown in hours and min-
utes. Up to 50 operational indications can be stored.
If more occur, the oldest are erased in sequence.

Faults in the network are only indicated as "System
F1t” together with the sequence number of the
fault. Detailed information about the history of the
fault is contained in blocks "Fault annunciations”, re-
fer to Section 6.4.3.

The input of the codeword is not required.

After selection of the address 5100 (by direct selec-
tion with DA 5100 E and/or paging with { or |
and further scrolling 1 or }) the operational annunci-
ations appear. The boxes below show all available
operational annunciations. In each specific case, of
course, only the associated annunciations appear in
the display.

Next to the boxes below, the abbreviated forms are
explained. It is indicated whether an event is an-
nounced on occurrence (C = "Coming”) or a status
is announced "Coming” and "Going” (C/G).

The first listed message is, as example, assigned
with date and time in the first line; the second line
shows the beginning of a condition with the charac-
ter C to indicate that this condition occurred at the

displayed time.

ﬁ 51000 OPERATIONA A
@ LANNUNCTIATIONS

Ml12.01.095
*Pilot wo.

2 3 : 46
failz:C

If the real time clock is not available the date is replaced by xx.xx.x%, the time is given as relative time from the

last re-start of the processor system.

Direct response from binary inputs:

>T ime Synchro

F1tRec

>A nnunc 1
>A nnunc 2
>A nnunc 3
>A nnunc 4

l ock

block

Beginning of the block "Operational annunci-
ations”

1st line: Date and time of the event or status
change

2nd line: Annunciation text, in the example Coming

Synchronize internal real time clock (C)

Fault recording started via binary input (C)

User defined annunciation No 1 received via binary
input (C/G)

User defined annunciation No 2 received via binary
input (C/G)
User defined annunciation No 3 received via binary
input (C/G)
User defined annunciation No 4 received via binary
input (C/G)

I>> stage of back-up overcurrent time protection is
blocked from an external device (C/G)

I> or |, stage of back-up overcurrent time protection is

blocked from an external device (C/G)
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General operational annunciations of the protection device:

e

v .

opera

t ive

tart

reset

u

Annunciations of monitoring functions:

Wrong S W -

v e r s

W

g dev .

Protection device is operative (C/G)

Initial start of the processor system (e.g. after switch-
ing on the auxiliary voltage) (C)

Stored LED indications reset (C)
Parameters are being set (C/G)
Parameter set A is active (C/G)
Parameter set B is active (C/G)
Parameter set C is active (C/G)

Parameter set D is active (C/G)

Network system fault with consecutive number (C/G),
detailed information in the fault annunciations

Fault recording started via binary input (C)

Fault recording started via front keyboard (C)

Fault recording started via operating (PC) interface (C)
Fault recording data deleted (C)

Manual close command registered (impulse) (C)

Wrong software version (C)

Wrong device identification number (C)

Annunciations lost (buffer overflow) (C)
Annunciations for operating (PC) interface lost (C)
Operational annunciations invalid (C/G)

Fault annunciations invalid (C/G)

Buffer for operation statistics invalid (C/G)

C53000-G1176—-C95
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LED Buf f Inva
VDE - StatelInyv
C h s Error

C h s A Error

C h s B Error

C h s C Error

C h s D Error
Fali ur e 18V
Fali ure 15V

F ai ure 5V
Fali ur e 0oV
Fali ur e I/0
Fali ur e I/0 1
Fali ur e R KA

L SA disrupted
Fali ure 2 I

Buffer for stored LEDs invalid (C/G)

State of VDEW/ZVEI compatible annunciations (IEC
60870—5—103) at the system interface invalid (C/G)

Check-sum error detected (C/G)
Check-sum error detected for parameter set A:
no operation possible with this set (C/G)

Check-sum error detected for parameter Set B:
no operation possible with this set (C/G)

Check-sum error detected for parameter set C:
no operation possible with this set (C/G)

Check-sum error detected for parameter set D:
no operation possible with this set (C/G)

Failure in internal supply voltage 18 V (C/G)
Failure in internal supply voltage 15V (C/G)
Failure in internal supply voltage 5 V (C/G)

Failure in offset voltage 0 V (C/G)

Failure in trip relay circuit on base input/output p.c.b.
(C/G)

Failure on voice frequency p.c.b. for pilot-wire super-
vision, intertrip and transfer trip (7SD502x— *xx1x
only) (C/G)

Failure on output relay p.c.b. (C/G)

Serial system link to LSA disrupted (C/G)

Failure detected by current plausibility monitor Z |
(C/G)

Operational annunciations of differential protection:

Dif f of f

Dif f blocked
Dif f active
dir .Dif>Trip

Differential protection is switched off (C/G)
Differential protection is blocked (C/G)

Differential protection is active (C/G)

Direct command of differential protection without local
current release (C/G)
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Annunciations of pilot wire monitoring:

P w M of f

P W M block
Pilot w . fail
B1lock t o 3 end

Pilot wire monitoring is switched off (C/G)
Pilot wire monitoring is blocked (C/G)

Pilot wire failure (C/G)

Differential protection blocks pilot wire monitoring of
adjacent relay (for three-terminal lines) (C/G)

Operational annunciations of external local trip and transfer trip:

E x t of f

E x t blocked
Ext active
TransTrip of £
TransTrip b1lo
Tr Trip Send
Receiver of f
Receive block
Recv active
Rece1ve recyv

External local trip function is switched off (C/G)
External local trip function is blocked (C/G)
External local trip function is active (C/G)

External transfer trip function is switched off (C/G)
External transfer trip function is blocked (C/G)
External transfer trip signal transmitted (C/G)
Receiver circuit is switched off (C/G)

Receiver circuit is blocked (C/G)

Receiver circuit is active (C/G)

Receive signal received (C/G)

Operational annunciations of back-up overcurrent time protection:

>I>> block
>I>/1Ip block
Backup of f
Backup block
Backup active

I>> stage of back-up overcurrent time protection is
blocked from an external device (C/G)

I> or |, stage of back-up overcurrent time protection is
blocked from an external device (C/G)

Back-up overcurrent time protection is switched off
(C/G)

Back-up overcurrent time protection is blocked (C/G)

Back-up overcurrent time protection is active (C/G)
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Operational annunciations of thermal overload protection:

0O/ L Prot. of f
0O/ L blocked
0O/ L active
O/ L Warn I
O/ L Warn (C]

Thermal overload protection is switched off (C/G)
Thermal overload protection is blocked (C/G)

Thermal overload protection is active (C/G)
Thermal overload protection current warning stage
picked up (C/G)

Thermal overload protection thermal warning stage
picked up (C/G)

Thermal overload protection thermal trip stage picked
up (C/G)

Annunciations of the circuit breaker test function:

CB in

T e s t

CB T e s

t 3 pol

Further messages:

Table

overflow

End o f

table

Internal circuit breaker test in progress (C/G)

Trip three-pole by internal circuit breaker test function
(©)

If more messages have been received the last valid
message is Table overflow.

If not all memory places are used the last message is
End of table.
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6.4.3 Fault annunciations — address blocks 52 to 54

The annunciations which occurred during the last
three network faults can be read off on the front pan-
el or via the operating interface. The indications are
recorded in the sequence from the youngest to the
oldest under addresses 5200, 5300 and 5400. When
a further fault occurs, the data relating to the oldest
are erased. Each fault data buffer can contain up to
80 annunciations.

Input of the codeword is not required.

To call up the last fault data, one goes to address
5200 either by direct address DA 5200 E or by

paging with the keys {} or || . Withthe keys 1 or | one
can page the individual annunciations forwards or
backwards. Each annunciation is assigned with a
sequence item number.

In the following clarification, all the available fault an-
nunciations are indicated. In the case of a specific
fault, of course, only the associated annunciations
appear in the display.

At first, an example is given for a system fault, and
explained.

1} 52000 LAsT
Ilrave

Mlooi1m12.01.095

Moo2m 17:14:52.2609
*Fault :
floo3mo

flpiff ce Flt:cC

etc.

Beginning of the block "Fault annunciations of the last
system fault”

under item 1, the date of the system fault is indicated, in
the second line the consecutive number of the system
fault

under item 2, the time of the beginning of the fault is giv-
en; time resolution is 1 ms

The following items indicate all fault annunciations
which have occurred from fault detection until drop-off
of the device, in chronological sequence. These annun-
ciations are tagged with the relative time in milliseconds,
starting with the fault detection.
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General fault annunciations of the device:

Flt.Buff.Over Buffer for fault annunciations overflow

System FI1lt System fault with consecutive number

Fault Beginning of fault

I/ In-= Interrupted fault current; the mixed current is mea-
sured, which depends on fault type and connection
mode

Dev. Drop-off Drop-off of the device, general

Fault annunciations of differential protection:

Diff Gen. F1lt Fault detection of differential protection

Diff> T start Delay time of differential protection started (when a
delay is set)

Block saturact Diﬁerer_ltial_prqtection blocked by current transformer
saturation indicator

Block Harm Differen?ial protection blocked by excessive current
harmonic content

Dif f > Trip Trip by differential protection

Diff Intertr. Intertrip signal of differential protection transmitted

Fault annunciation of external local trip and transfer trip:

Ext Gen.Fault Gengral fault detection signal of external local trip
function

Ext Gen.Trip General trip by external local trip function

Recuv . Gen.F 1t Q.eneral fault detection signal of received remote trip
signal

Receiver Trip Trip by received remote trip signal

Fault annunciations of back-up overcurrent time protection:

Back Gen. F1t General fault detection of back-up overcurrent time
protection
Backup I>> Pick-up of high current stage |>> of back-up overcur-

rent time protection

Backup I>/1Ip Pick-up of overcurrent stage I> (definite time) or Ip
(inverse time) stage of overcurrent time protection
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Backup TI>?>

Backup TI>/Tp

Back Gen.Trip

Time delay for high current stage I>> of back-up
overcurrent protection expired

Time delay for overcurrent stage I> (definite) or Ip
(inverse) of back-up overcurrent protection expired

General trip by back-up overcurrent time protection

Fault annunciations of thermal overload protection:

0O/ L Tr ip

Further messages:

Table overflow

Table supercededl

End o f table

Trip by thermal overload protection

means that no fault event has been recorded

means that other fault data have occurred, however,
memory is full

a new fault event has occurred during read-out: page
on with 1 or |; the display shows the first annunci-
ation in the actualized order

If not all memory places are used the last message is
End of table.

The data of the second to last system fault can be found under address 5300. The available annunciations are

the same as for the last fault.

4} FAULT

1} 53000 2nd TO LAST

etc.

Beginning of the block "Fault annunciations of
the second to last system fault”

The data of the third to last system fault can be found under address 5400. The available annunciations are the

same as for the last fault.

4} FAULT

1} 54000 3rd TO LAST

etc.

Beginning of the block "Fault annunciations of
the third to last system fault”
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6.4.4 Circuit breaker operation statistics — address block 56

The number of trip commands initiated by 7SD502 is
counted. Additionally, the interrupted currents are
stated and given under the fault annunciations (refer
to Section 6.4.3) following each trip command.
These currents are accumulated and stored. Count-
er status and stores are secured against auxiliary
voltage failure and can be read off under address
block 56. The address can be reached by direct ad-

dressing DA 56 0 0 E or by paging with the keys
or | until address 5600 is reached. The counters can
be called up using the key 1 for forwards paging or |
for backwards paging.

Entry of the codeword is not required for read-off of
counter states.

1} 56000 cB OPERAT
IfsrarrisrTIcs

f 56010 TRIP NoO-=

Page on with key 1 to get further counter states

f 56020 X1/ 1n-=

Beginning of the block "Circuit breaker operation
statistics”

Number of trip commands issued by the relay

Accumulated interrupted currents; the mixed currents
are measured, which depend on fault type
and connection mode

The maximum values of the counters are:
— Trip No
— 2I/In

9 digits
7 digits plus 1 decimal digit

The counters can be reset to 0 in block 82 (see Section 6.5.2).
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6.4.5 Read-out of operational measured values — address blocks 57 and 59

The steady state r.m.s. operating values can be read and in percent of the rated device values. To ensure
out at any time under the address block 57. The ad- correct primary values, the rated data must have
dress can be called up directly using DA 5700 E been entered to the device under address block 11

or by paging with { or |J. The individual measured as described in Section 6.3.3.
values can be found by further paging with 1 or |.

Entry of the codeword is not necessary. The values In the following example, some example values have
will be updated in approximately 1 to 5 seconds in- been inserted. In practice the actual values appear.
tervals.

Address block 59 shows further operational values:
The data are displayed in absolute primary values the calculated values of the overload protection.
1} 57000 OPERATIONA AL Beginning of the block "Operational measured val-

ues”

@MEASURED VALUES

Use 1 key to move to the next address with the next measured value.

f 57018 Page on with the 1 key to read off the next address
MEAS .VALUE with the next measured value, or page back with |;
* I1[ %] = 8 1 % the indeces 1, 2, and 3 indicate the side of the pro-
tected object
One address is available for each measured value.
f 57020 MEAS .VALUE The values can be reached also by direct addressing
* _ using key DA followed by the address number and
[ 3] = 8 2 % .
execute with E.
The percentage is referred to rated relay current
f 57030 MEAS.VALUE Address 5703 is relevant only for three-terminal lines
* 3[1%]1= 0 %
f 7040 MEAS . VALUE Differential current I
* D[ %]= 1 3
f 7050 MEA VALUE Restraining (stabilizing) current lgigp
* R[%]= 163 %
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f 7110 M The primary values (addresses 5711 to 5715) are re-
* = 48 ferred to the primary rated c.t. current
} 120
' 2= 49
f 130 u Address 5713 is relevant only for three-terminal lines
' 3= 0
f 57140 m Differential current |
fllro= s
f 57150 M .
Restraining (stabilizing) current lgtap
* R = 9 7
f 59010 m The percentage is referred to the trip temperature rise
tle/e tri
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6.5 Operational control facilities

During operation of the protection relay it may be de-
sired to intervene in functions or annunciations man-
ually or from system criteria. 7SD502 comprises faci-
lities, e.g. to re-adjust the real time clock, to erase
stored informations and event counters, or to
change over preselected sets of function parame-
ters. The scope of operational control facilities de-
pends on the scope of functions of the device.

The functions can be controlled from the operating
panel on the front of the device, via the operating in-
terface in the front as well as via binary inputs.

In order to control functions via binary inputs it is
necessary that the binary inputs have been mar-
shalled to the corresponding switching functions
during installation of the device and that they have
been connected (refer Section 5.5.2 Marshalling of
the binary inputs).

The control facilities begin with address block 8000.
This address is reached

— by block paging with the keys { forwards or |
backwards up to address 8000, or

— by direct selection with address code, using key
DA, address 8 0 0 0 and execute with key E.

80000 DEVICE
CONTROL

6.5.1

The date and time can be adjusted at any time dur-
ing operation as long as the real time clock is opera-
tive. Setting is carried out in block 81 which is
reached by direct addressing DA 8100 E or by
paging with { and |. Input of the codeword is re-
quired to change the data.

Beginning of the block "Device control”

Adjusting and synchronizing the real time clock — address block 81

Selection of the individual addresses is by further
scrolling using 1 | as shown below. Each modifica-
tion must be confirmed with the enter key E.

1} g1oo0l sETTING Beginning of the block "Setting the real time clock”.
4} REAL TIME CLOCK Continue with 1.
f 1 1 9 5 At first, the actual date and time are displayed.
* 15 4 Continue with 1.
f 1 21 Enter the new date: 2 digits for day, 2 digits for month
8 0 DATE and 4 digits for year (including century); use the order
* as configured under address 7102 (Section 5.3.2), but
always use a dot for separator:
DD.MM.YYYY or MM.DD.YYYY
Enter the new time: hours, minutes, seconds, each
* 81030 TImME with 2 digits, separated by a dot:
* HH.MM.SS
Using the difference time, the clock is set forwards by
f[s 1osBmD1FF TIME the entered time, or backwards using the +/— key.
* The format is the same as with the time setting above.
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6.5.2 Erasing stored annunciations and counters — address block 82

The statistical indications (Section 6.4.4, address
5600) are stored in EEPROMs in the device. They
are not therefore erased if the auxiliary power supply
fails. Additionally, annunciations and the status of
the LED memories are stored in NV—RAMs and thus
saved provided the back-up battery is operational.
These stores can be cleared in block 82. Block 82 is
called up by paging with the keys {} or || or directly
by keying inthe code DA 8 2 0 0 E. With the excep-

tion of resetting the LED indications (address 8201),
codeword entry is necessary to erase the stored
items. Reset is separate for the different groups of
counters, memories and annunciations. One reach-
es the individual items by paging 1 |. Erasure re-
quires confirmation with the key J/Y. The display
then confirms the erasure. If erasure is not required,

press key N or simply page on.

s 200m

dlreseT

dMle201B rRESET
fleeDd 2
fls2020rRESET
flopeErAT NNUNC. 2
dMls2030rRESET
flrFavr anNunc. 2
f8204IRESET
flcounTERS *
Mle20s5BRESET
Hlrorar 1 ?

During erasure of the stores (which may take some time) the display shows TASK IN PROGRESS. After erasure

the relay acknowledges erasure, e.g.

82020 RESET
SUCCESSFUL

Beginning of block "Reset”

Request whether the LED memories should be reset

Request whether the operational annunciation buffer
store should be erased

Request whether the fault annunciation buffer and
fault recording stores should be erased

Request whether the CB operation counters should
be set to zero

Request whether the total of switched short-circuit
currents should be set to zero
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6.5.3

When the relay is connected to a central storage de-
vice or localized substation automation system and
the protocol according VDEW/ZVEI (IEC 60870—
5—-103) is used, then the informations which are
transmitted to the central computing system can be
influenced.

Entry of the codeword is necessary for this (refer to
Section 5.3.1).

The standardized protocol allows all annunciations,
messages, and measured values to be tagged with
the origin “test operation”, which occur while the
relay is tested. Thus, these messages can be distin-
guished from those which occur during real opera-
tion.

In order to accomplish this switch-over, address
block 83 is available provided the VDEW/ZVEI proto-
col (acc. IEC 60870—5—103) has been chosen dur-
ing configuration of the serial system interface (Sec-

Information to LSA during test operation — address block 83

tion 5.3.3, address 7221 and/or 7222 VDEW COM-
PATIBLE or VDEW EXTENDED). The block is called
up by paging with the keys {} or | or directly by key-
ing inthe code DA 8 300 E. Use key 1 to scroll to
address 8301. By pressing the "No” —key N the posi-
tions of this switch are changed. The desired posi-
tion must be confirmed with the enter key E.

As with every settings of the device for which code-
word input is necessary, codeword operation must
be terminated. This is done by using the key combi-
nation F E, i.e. depressing the function key F fol-
lowed by the entry key E. The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the "Yes”—key Y that the new settings shall become
valid now. If you press the "No”—key N instead,
codeword operation will be aborted, i.e. all alter-
ations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

_ Beginning of block "Annunciations and measured val-
E 83000 sys-vpEW ues for the system interface with VDEW/ZVEI compat-
ANNUNC.-MEAS.VAL ible protocol (IEC 60870—5—103)”

f g3010 sys TE ST Only for VDEW/ZVEI compatible protocol (IEC 60870—
* 0 F F 5—103):
in ON position, the VDEW/ZVEI—-compatible annunci-
0N ations (IEC 60870—5—103) are assigned with the origin
"test operation”

Do not forget to switch address 8301 back to SYS—TEST = OFF after having finished test operations!
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6.5.4 Selection of parameter sets — address block 85

Up to 4 different sets of parameters can be selected
for the functional parameters, i.e. the addresses
above 1000 and below 4000. These parameter sets
can be switched over during operation, locally using
the operator panel or via the operating interface us-
ing a personal computer, or also remotely using
binary inputs or the system interface.

The first parameter set is identified as set A, the other
sets are B, C and D. Each of these sets has been set
during parameterizing (Section 6.3.1.2) provided
the switch-over facility is used.

6.5.4.1 Read-out of settings of a parameter

set

In order to look up the settings of a parameter set in
the display it is sufficient to go to any address of the
function parameters (i.e. addresses above 1000 and
below 4000), either by direct addressing using key
DA, entering the four-figure address code and termi-
nating with enter key E, or by paging through the dis-
play with {} or ||. You can switch-over to look up a dif-
ferent parameter set, e.g.

— Press key combination F 2, i.e. first the function
key F and then the number key 2. All displayed
parameters now refer to parameter set B.

The parameter set is indicated in the display by a
leading character (A to D) before the address num-
ber indicating the parameter set identification.

The corresponding procedure is used for the other
parameter sets:

e Key combination F 1:
access to parameter set A

e Key combination F 2:
access to parameter set B

® Key combination F 3:
access to parameter set C

e Key combination F 4:
access to parameter set D

The relay operates always with the active parameter
set even during read-out of the parameters of any
desired parameter set. The change-over procedure
described here is, therefore, only valid for read-out
of parameters in the display.

6.5.4.2 Change-over of the active parameter
set from the operating panel

For change over to a different parameter set, i.e. if
a different set shall be activated, the address block
85 is to be used. For this, codeword entry is re-
quired.

The block for processing parameter sets is reached
by pressing the direct address key DA followed by
the address 8 500 and enter key E or by paging
through the display with {} or ||. The heading of the
block will appear:

1} 85000 PARAMETER
IMlceancE-0OVER

Beginning of the block "Parameter change-over”:
processing of parameter sets

Itis possible to scroll through the individual address-
es using the 1 key or to scroll backwards with |.

Address 8501 shows the actually active parameter
set with which the relay operates.

In order to switch-over to a different parameter set
scroll on with 1+ to address 8503. Using the
"No”’—key N you can change to any desired
parameter set; alternatively, you can decide that the
parameter sets are to be switched over from binary
inputs or via the system interface using the
VDEWY/ZVEI protocol (IEC 60870—-5—103). If the
desired set or possibility appears in the display,

press the enter key E.

As with every settings of the device for which code-
word input is necessary, codeword operation must
be terminated. This is done by using the key combi-
nation F E, i.e. depressing the function key F fol-
lowed by the entry key E. The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the "Yes”—key Y that the new settings shall become
valid now. If you press the "No”—key N instead,
codeword operation will be aborted, i.e. all alter-
ations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.
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Address 8501 shows the actually active parameter set

Use the "No”—key N to page through the alternative
possibilities. The desired possibility is selected by

pressing the enter key E.

If you select SET BY BIN.INPUT, then the parameter
set can be changed-over via binary inputs (see Sec-

tion 6.5.4.3).

If you select SET BY LSA CONTR, then the parameter
set can be selected via the system interface using the
VDEWY/ZVEI protocol (IEC 60870—5—103)

7SD502 V3
} 5010 ACcTIV PARAM
*SET A
} 5030 ACTIVATING
{ ET A
SET B
SET C
SET D
SET BY BINS.INPUT
SET BY LSA CONTR
6.5.4.3 Change-over of the active parameter

set via binary inputs

If change-over of parameter sets is intended to be
carried out via binary inputs, the following is to be
heeded:

— Locally (i.e. from the operator panel or from PC via
the operating interface), ACTIVATION must be
switched to SET BY BIN.INPUT (refer Section
6.5.4.2).

— 2 logical binary inputs are available for control of
the 4 parameter sets. These binary inputs are
designated ”>ParamsSelec.1” (FNo 7) and
">ParamSelec.2” (FNo 8).

— The logical binary inputs must be allocated to 2
physical input modules (refer Section 5.5.2) in or-
der to allow control. An input is treated as not en-
ergized when it is not assigned to any physical in-
put.

— The control input signals must be continuously
present as long as the selected parameter set
shall be active.

The active parameter sets are assigned to the logical
binary inputs as shown in Table 6.2.

A simplified connection example is shown in Figure
6.3. Of course, the binary inputs must be declared in
normally open ("NO”) mode.

Binary input causes
>ParamSelec.1 | >ParamSelec.2| active set
no no Set A
yes no SetB
no yes Set C
yes yes SetD

no = input not energized
yes = input energized
Table 6.2  Parameter selection via binary input
Selector switch for
T param. set
| ._g
L+ . C I | L—-
} D | Binary input:
| >ParamSelec.1
\
\ '_A
J_B
L+
o e s
D
Binary input:
>ParamSelec.2
Figure 6.3  Connection scheme for parameter

change-over via binary inputs
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6.6 Testing and commissioning

6.6.1 General

Prerequisite for commissioning is the completion of
the preparation procedures detailed in Chapter 5.

/_v\ Warning

Hazardous voltages are present in this
electrical equipment during operation.
Non-observance of the safety rules can
result in severe personal injury or proper-
ty damage.

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

Particular attention must be drawn to the
following:

p The earthing screw of the device
must be connected solidly to the
protective earth conductor before
any other connection is made.

p Hazardous voltages can be present
on all circuits and components con-
nected to the supply voltage or to the
measuring and test quantities.

p Hazardous voltages can be present
in the device even after disconnec-
tion of the supply voltage (storage
capacitors!).

p The limit values given in the Techni-
cal data (Section 3.1) must not be ex-
ceeded at all, not even during testing
and commissioning.

When testing the unit with a secondary injection test
set, it must be ensured that no other measured val-
ues are connected and that the tripping leads to the
circuit breaker trip coils have been interrupted.

/)\ DANGER!

Secondary connections of the current
transformers must be short-circuited
before the current leads to the relay are
interrupted!

If a test switch is installed which automati-
cally short-circuits the current transformer
secondary leads, it is sufficient to set this
switch to the "Test” position. The short-cir-
cuit switch must be checked beforehand
(refer to Section 5.2.7).

It is recommended that the actual settings for the
relay be used for the testing procedure. If these val-
ues are not (yet) available, test the relay with the fac-
tory settings. In the following description of the test
sequence the preset settings are assumed unless
otherwise noted; for different setting values formu-
lae are given, where necessary.

For the functional test a single-phase current source
is sufficient.

NOTE! The accuracy which can be achieved during
testing depends on the accuracy of the testing
equipment. The accuracy values specified in the
Technical data can only be reproduced under the
reference conditions set down in IEC 60255 resp.
VDE 0435/part 303 and with the use of precision
measuring instruments. The tests are therefore to be
looked upon purely as functional tests.

During all the tests it is important to ensure that the
correct command (trip) contacts close, that the
proper indications appear at the LEDs and the out-
put relays for remote signalling. If the relay is con-
nected to a central memory device via the serial in-
terface, correct communication between the relay
and the master station must be checked.

After tests which cause LED indications to appear,
these should be reset, at least once by each of the
possible methods: the reset button on the front plate
and via the remote reset input (see connection dia-
grams, Appendix A). If the reset functions have been
tested, resetting the stored indications is no more
necessary as they are erased automatically with
each new pick-up of the relay and replaced by the
new annunciations.
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6.6.2 Testing the differential protection

For testing the differential protection, this function
must have been parameterized as operative, i.e.
DIFF PROT = ON or DIFF PROT = BLOCK TRIP REL
under address 1501. The pilot wire monitoring is
switched off (address 1601 PILOT MON = OFF).

When testing an individual unit, the pilot wires termi-
nals can be short-circuited.

When testing two units, the pilot wires are con-
nected crosswise between the relay pair. Both units
must be connected to the auxiliary voltage. In this
case the second unit can run without a test current
(thus simulating a line short-circuit with single-en-
ded infeed) or the test current is injected into both
units either in phase (internal short-circuit) or in
phase opposition (external short-circuit).

The following description refers to testing an individ-
ual unit with the pilot wire terminals connected to
each other via a resistor of approx. 470 Q. |t is, fur-
ther, assumed that the parameters concerning the
pilot wire characteristics have been left in the posi-
tion as delivered, i.e. resistance Rx = 0 Q (address
1131) and capacitance Cx = 0 nF (address 1133). In
case the relay is configured for three-terminal lines,
then additionally address 1132 Ry = 0 Q and 1134
Cy =0nF

When assessing the currents it must be considered
that the current which is evaluated by the relay de-
pends on the connection mode of the input windings
of the summation transformer as well as on the set-
ting parameters 1101 and 1102 (refer to Section
6.3.3). Additionally, all test currents must be sinusoi-
dal injected currents.

The following applies:

lp = Im - Nmr - Npar

where
Ip —testcurrent,
Iy —mixed current as it is evaluated by the

relay

Nyt —factor caused by the mode of connection
of the summation (mixing) transformer

Npar —factor caused by parameter setting

NmT equals 1 for injection of three-phase symmetri-
cal currents and standard connection according to
Figure 5.4; when the relay is delivered, Npor equals 1
either.

The factors Nyt according to Table 6.3 are valid for
single-phase injected currents, dependent of the fed
windings of the summation transformer.

Winding | Connection | Connection N

(weighting) | surface mounting| flush mounting MT

1 Tml.3 -4 1F1 — 1F2 1,73

2 Tml.1 -2 2F1 — 2F2 0,87

3 Tml.5 -6 2E1 — 2E2 0,58

6 Tml.1 -6 2F1 — 2E2 0,29
(allin se- 2-3,4-5 2F2—1F1
ries) bridged 1F2—-2E1
bridged

Table 6.3  Current factors of summation trans-

former

The parameter factor can be derived from:

IN line

Npar =
IN ct

where

INline —the primary rated current of the line, as
set under address 1101,

INct. —the primary rated current of the main
c.t.s, as set under address 1102

m Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

The limits of the thermal capability must be observed
for the input windings of the summation transformer
as well as for its output current. When, during single-
phase current test, the weighting factor is higher
than 1, the permissible current is reduced by the fac-
tor Nyt (Table 6.3); but the permissible current is not
increased when only one winding weighting is used!

Feed a test current Ip = 1.2 times the setting value
| DIFF> (address 1503) and 1.2 times the setting
value 11 RELEASE (address 1523); both parameter
values must be exceeded. The differential protection
picks up (LED 2 at delivery) and trips (LED 1 at deliv-
ery). Check that the associated tripping and signal-
ling contacts close.

If a trip delay has been set (address 1525) then the
trip signal appears correspondingly delayed.
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6.6.3 Testing the back-up overcurrent time protection

For testing the back-up overcurrent time protection
address 7826 BACK—UP O/C must be switched to
EXIST. Additionally, this function must be switched
effective, i.e. address 2601 BACK—UP O/C = ON or
BLOCK TRIP REL, the latter means that no trip com-
mand is given to any trip relay.

6.6.3.1 Testing the high-set overcurrent stage

I>>

Testing can be performed with single-phase, two-
phase or three-phase test current. When assessing
the currents it must be considered that the current
which is evaluated by the relay depends on the con-
nection mode of the input windings of the summa-
tion transformer as well as on the setting parameters
1101 and 1102. The same factors are valid as for
testing the differential protection (refer to Section
6.6.2, Table 6.3 and the assigned formulae).

A Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

The limits of the thermal capability must be observed
for the input windings of the summation transformer
as well as for its output current. Refer also to Section
6.6.2.

For testing the I>> stages, therefore, measurement
shall be performed dynamically. It should be stated
that the relay picks up at 1.1 times setting value and
does not at 0.9 times setting value.

When the test current is injected, the pick-up indica-
tion appears (LED 3 at delivery and annunciation
"Backup I>>"). After expiry of the time delay, trip
signal is given (LED 1 at delivery and annunciation
"Back Gen.Trip”). If the protection is switched
ON, then the assigned trip contacts close.

It must be noted that the set times are pure delay
times; operating times of the measurement func-
tions are not included.

6.6.3.2 Testing the definite time overcurrent
stage 1>

For this test the DEFINITE TIME mode must be se-
lected in addresses 2611.

The current factors are to be considered.

When the set value for |> (address 2612) is exceed-
ed, the pick-up indication "Backup I>/Ip”’ ap-
pears (LED 4 at delivery).

After expiry of the time delay (address 2613 T—I1>),
trip signal is given (LED 1 at delivery and annunci-
ation "Back Gen.Trip”). If the protection is
switched ON, then the assigned trip contacts close.

It must be noted that the set times are pure delay
times; operating times of the measurement func-
tions are not included.

6.6.3.3 Testing the inverse time overcurrent
stage I,

For these tests, one of the INVERSE time modes
must be selected in addresses 2611.

The current factors are to be considered.

A Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

The limits of the thermal capability must be observed
for the input windings of the summation transformer
as well as for its output current. Refer also to Section
6.6.2.

When the test current is increased above 1.1 times
the set value Ip (address 2614 Ip), pick-up indication
appears ("Backup I>/Ip”, LED 4 at delivery).

The time delay depends on which characteristic has
been selected in address 2611 and the set time mul-
tiplier in address 2615. The expected time delays
can be calculated from the formulae given in the
Technical data or read from the characteristic curves
in Figure 3.3 (consider current factors!).
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6.6.4 Testing the thermal overload protection function

The integrated overload protection can only be
tested if it has been configured as THERMAL OL =
EXIST (address 7827, refer Section 5.4.2) and para-
meterized as operative, i.e. it must be set under ad-
dress 2701 THERMAL OL = ON or BLOCK TRIP
REL. Inthe latter case the protection will operate, but
no trip command is given to any trip relay.

The basis current for the detection of overload is the
rated current of the line as parameterized under ad-
dress 1101. Overload is a three-phase symmetrical
occurrence, thus, the basis current is related to
three-phase current conditions with standard con-
nection of the summation transformer according to
Figure 5.4.

When tests are performed with the standard con-
nections or connections which form the same
weighting factor, no further conditions are to be con-
sidered. During single-phase test it must be consid-
ered that the current which is evaluated by the relay
depends on the connection mode of the summation
transformer, besides on the rated line current:

lp = Im - Nmr - Npar

where
Ip —testcurrent,
Iy —mixed current as it is evaluated by the

relay
Nyt —factor caused by the mode of connection
of the summation (mixing) transformer
Npar —factor caused by parameter setting

The factors Nyt and Ny are the same as defined
and explained for testing of the differential protection
(refer to Section 6.6.2, Table 6.3 and the associated
formulae).

When applying a test current of

lp = IN device - NwmT - Npar -k

tripping must not occur. After an appropriate time
(approximately 5 x 1) a steady-state temperature rise
according to the following relationship is estab-
lished:

©) 1
®trip k2

This value can be read out in address block 59.

To check the time constant, the current input is sim-
ply subjected to 1.6 x the pick-up value, i. e. 1.6 - Iy
device - NMT - Npar - k. Tripping will then be initiated af-
ter a time interval which corresponds to half the time
constant.

It is also possible to check the trip characteristic (Fig-
ure 3.4). It must be noted, that before each measure-
ment, the temperature rise must be reduced to zero.
This can be achieved by either de-activating and re-
activating the overload function (address 2701) or
by observing a current free period of at least 5 x 1.

m Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

If testing with preload is performed, then it must be
ensured that a condition of thermal equilibrium has
been established before time measurement com-
mences. This is the case, when the preload has
been applied constantly for a period of at least 5 x t.
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6.7

All secondary testing sets and equipment must be
removed. Reconnect current transformers. For test-
ing with primary values the line must be energized.

/_v\ Warning

Primary tests shall be performed only by
qualified personnel which is trained in
commissioning of protection systems and
familiar with the operation of the protected
object as well as the rules and regulations
(switching, earthing, etc.)

Commissioning using primary tests

Since the relay provides comprehensive measuring
functions and commissioning aids, commissioning
can be performed quickly and without use of exter-
nal instruments. Ensure that the polarity switch in
the front is situated in one of its end positions.

First, the line is still switched off and earthed at both
sides.

The differential protection is switched to BLOCK
TRIP REL (address 1501) or the trip commands to
the circuit breakers are interrupted. The pilot wire
monitor (if fitted) is switched OFF (address 1601), as
are the external local trip facility (address 2101), the
transfer trip function (address 2201), the receiver cir-
cuit of remote trip (address 2301, and the back-up
overcurrent time protection (address 2601).

LN\ ? ////// ? A
L L
77
open one pilot core
e — —
measure C
set Cx
- - - -
1
set Cx
close pilot cores
measure R
set Rx
switch back-up protection on
energize line
e e
set Rx
switch back-up protection on
energize line
check local connections
-
1
check local connections
check total connections
Figure 6.4  Commissioning scheme
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Switching on of a particular function can be general-
ly performed in two different ways. The setting ad-
dresses concerned are shown in the respective sec-
tions.

— BLOCK TRIP REL: The protection function is op-
erative and outputs annunciations. However, the
trip command is blocked and it is not transmitted
to any trip relay even when assigned.

— Protection function ON: The protection function is
operative and outputs annunciations. The trip
command activates the trip relays which have
been marshalled to the protection function ac-
cording to Section 5.5.5. If the protection com-
mand is not marshalled to any trip relay, tripping
does not occur.

Figure 6.4 shows a commissioning scheme for a line
with two terminals. The individual steps are ex-
plained in the following sections. For three-terminal
lines, each of the three connections must be
checked according to the checking instructions.

6.7.1 Measuring and setting of the pi-

lot wire capacitance

If the pilot wire capacitances exceed approximately
0.3 uF (corresponding to approximately 5 km or ap-
proximately 3 miles for usual protection cable),
these capacitances must be compensated as they
produce an additional differential current. Measur-
ing of the capacitances is not recommended for
shorter lengths since the result becomes inaccurate
for smaller capacitance values.

The capacitances of the pilot wires can be calcu-
lated from the cable characteristics or even be mea-
sured by the relay itself.

The pilot wire pair must be connected to the relay
which should carry out measurement; at the oppo-
site end, the pilots must be isolated.

Measurement requires a current of at least 25 % of
the rated relay current. It can be injected as a sec-
ondary current into the summation transformer.
When assessing the current magnitude it must be
considered that the current which is evaluated by
the relay depends on the connection mode of the in-
put windings of the summation transformer. The cur-
rent must be kept constant during measurement.

Initiation of the test is made via operator keyboard or
personal computer. It can be made from any line
end. Tests are listed from address 4000, the com-
missioning measurements in address block 41. This
is reached:

— directly with key DA followed by address number
41 0 0 and finally operation of the enter
key E or

— by paging through the blocks with {} or || until ad-
dress 4100 is reached.

42 000m
IlrescTs

Commencement of test blocks

tlfa200m

J}COMMISSION TEST

Block "Commissioning tests”

C53000-G1176—-C95

127



7SD502 va

Operating instructions

Page on with key 1.

}
f

41010 MEAS .
TEST 2

C x

After confirmation with the "Yes”—key J/Y the capaci-
tance will be measured

Confirm with the "Yes”—key J/Y. The relay calculates
the capacitance using the voltage drop across the
shunt resistor R, and the pilot current. The result is

displayed immediately. But, if a system fault is de-
tected no measurement can take place. A corre-
sponding message is displayed.

f 4 o1l MEAS. C x The total capacitance of the pilot wires is displayed with
* x = 680 nF a resolution of 1 nF; e.g. 680 nF
FLT IN PROGRESS A system fault is in progress
CURRNT TOO SMALIL The injected current is too small for evaluation
NOT POSSIBLE measurement is not possible for different reason
ABORTED measurement is aborted, e.g. because of occurrence of
a system fault
Cx = Cap Cx = Cag
Cy = Cac Cy = Cgc
Cas N
Ab SN Ba
A | fl\ ALY PA ALY J\ | B
l Y NN\ NN\ Y l
Ac Bc
Cx = Cac X Cx = Cpgg
Cy = Cag 4 Cy = Cas
C
AC Cgc
ca —P co
Cx = CAC Cx = CBC
Cy=Csc _| Cy=Cac

Figure 6.5

C

Identification scheme on three-terminal lines
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Measurement is finished after the capacitance is dis-
played.

The pilot wire capacitance is then set under address
1133 Cx. The capacitance of the pilot wire monitor, if
applicable, is automatically included in the dis-
played value, it need not be considered while setting
Cx. Setting is equal at both line ends. It is sufficient to
perform this measurement only from one line end.

The remaining of this sub-section is relevant only for
three-terminal lines (teed lines). In this case, the pilot
wire capacitances must be measured for both pilot
wire pairs which are connected at a certain station.
Cx (address 1133) is always the capacitance of the
pilot wire pair which is connected immediately to the
relay under consideration, i.e. with which the capaci-
tance has been measured. Cy (address 1134) is the
capacitance of the pilot wire pair which is connected
to the adjacent relay (in the same station). Thus, for
the adjacent relay, Cx and Cy are interchanged. The
two opposite relays which are connected with the
same pilot wire pair always get the same setting for
Cx. Figure 6.5 illustrates this relation. The first (capi-
tal) letter of each relay in the figure indicates the sta-
tion where the relay is built in, the second (small) let-
ter indicates the opposite end station where the
relay is connected.

6.7.2 Measuring and setting of the pi-
lot wire resistance

The operation principle of the two-pilot-wire differen-
tial protection requires the adjustment of the ratio
between the external pilot wire resistance Ry and the
internal shunt resistance Ry. 7SD502 carries out the
adjustment by internal calculation; thus, additional
resistors are not necessary. For this, the protection
must be informed about the pilot wire loop resis-
tance (address 1131 Rx).

The loop resistance of the pilot wires can be calcu-
lated from the cable characteristics or even be mea-
sured by the relay itself.

The pilot wire pair must be connected to the relays at
both line ends. Compensation of the pilot wire ca-
pacitance, if necessary, must have been set correct-
ly beforehand (refer to Section 6.7.1).

Measurement requires a current of at least 2 times
the rated relay current. It can be injected as a sec-
ondary current into the summation transformer.
When assessing the current magnitude it must be
considered that the current which is evaluated by
the relay depends on the connection mode of the in-
put windings of the summation transformer. The cur-
rent must be kept constant during measurement.

Resistance measurement can be called up in ad-
dress 4102:

blla1020MEAS . R=x
tllrest -

After confirmation with the "Yes” —key J/Y the resistance
will be measured

Confirm with the ”Yes” —key J/Y. The relay calculates
the resistance using the voltage drop across the
shunt resister Ry, and the pilot current. The result is

displayed immediately. But, if a system fault is de-
tected no measurement can take place. A corre-
sponding message is displayed.
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f[4 2020 MEAS . Rx
tlrx = 566 @

FLT IN PROGRESS
CURRNT TOO SMALL
NOT POSSIBLE
ABORTED

The total resistance of the pilot wire loop is displayed
with a resolution of 1 Q; e.g. 566 Q

A system fault is in progress

The injected current is too small for evaluation

measurement is not possible for different reason

measurement is aborted, e.g. because of occurrence of
a system fault

Measurement is finished after the resistance is dis-
played.

The pilot wire loop resistance is then set under ad-
dress 1131 Rx. The resistance of the pilot wire moni-
tor, if applicable, is automatically included in the dis-
played value, it need not be considered while setting
Rx. Setting is equal at both line ends. It is sufficient to
perform this measurement only from one line end.

The remaining of this sub-section is relevant only for
three-terminal lines (teed lines). In this case, the pilot

wire resistances must be measured for both pilot
wire pairs which are connected at a certain station.
Rx (address 1131) is always the resistance of the pi-
lot wire loop which is connected immediately to the
relay under consideration, i.e. with which the resis-
tance has been measured. Ry (address 1132) is the
resistance of the pilot wire pair which is connected to
the adjacent relay (in the same station). Thus, for the
adjacent relay, Rx and Ry are interchanged. The two
opposite relays which are connected with the same
pilot wire pair always get the same setting for Rx. Fig-
ure 6.6 illustrates this relation.

Rx = RAB Rx = RAB
Ry = Rac Ry = Rgc
RaB "
Ab SN Ba
A | A N\ N\ . N\ N\ A | B
l Y NN N\ NN N\ Y l
Ac Bc
Rx = Rac A Rx = Rgg
Ry = Rag X Ry = Rag
R
AC RBC
ca —@— cb
Rx = RAC Rx = RBC
Ry=Rsc _]| Ry=Rac

Figure 6.6

C

Identification scheme on three-terminal lines
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6.7.3 Checking of the current transformer connections at one line end

The current transformer connections are checked
with primary line current. This requires a load current
of at least 25 % of the rated line current through the
line. Ensure that the polarity switch in the front is si-
tuated in one of its end positions.

These checks support the visual checks of the
correct c.t. connections but do not replace them,
since the results of these tests do not identify the un-
equivocal causes of errors. A cyclic or acyclic
change of the phases, for example, cannot be rec-
ognized! A precondition is, therefore, the comple-
tion of the checks according to Section 5.2.7.

Secondary injection test set, which have been used
for the foregoing checks, must be removed. The
relay must be connected to the current transform-
ers.

Before the line is energized, it must be ensured that
a short-circuit protection is effective at each line end.
If a separate back-up protection is installed (e.g. an
overcurrent time protection) this must be commis-
sioned and switched effective.

If no separate back-up protection is available, then
the integrated overcurrent time protection provided

in 7SD502 is switched ON (address 2601). The trip
command of the overcurrent time protection must
be allocated to the trip relay which trips the line cir-
cuit breaker. It must be expected, that the internal
overcurrent time protection trips when a wrong
current transformer connection simulates an in-
creased mixed current which exceeds the over-
current threshold! This is also applicable for the
opposite line end.

The differential protection remains blocked (ad-
dress 1501 DIFF PROT = BLOCK TRIP REL).

e Switch off the earthing isolators at both line ends,
close the circuit breakers at both line ends. En-
sure that at least 25 % of the rated line current
flows through the line; if necessary, achieve this
by switching operations in the network. The direc-
tion of the load current is irrelevant.

® The summation transformer current can be read
off on the display in the front or via the operating
interface in address 5701. If the connections are
correct, this value corresponds to the actually
flowing line current referred to the rated relay
current. Address 5111 shows the primary current
in A.

flla1100 MEAS. 11
fllrest -

After confirmation with the "Yes” —key J/Y the current will
be will be measured

Confirm with the "Yes” —key J/Y. The relay measures
the mixed output current of the summation c.t. and
calculates the secondary current referred to the
rated relay current. The result is displayed immedi-

ately. But, if a system fault is detected no measure-
ment can take place. A corresponding message is
displayed.

f 41100 MmEAS. I1 The current is displayed, referred to rated relay current,
* I1= 0.28 I/ In with a resolution of 0.01 - Iy, e.g. 0.28 - Iy
FLT. IN PROGRESS A system fault is in progress

ABORTETD measurement is aborted
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When deviations occur which cannot be explained
by measuring tolerances or the mode of connection
of the summation transformer, the operational cur-
rent can be read out in primary value under address
5711. If intermediate transformers are used, their
transformation ratio must be considered, too.

Furthermore, current transformer connections may
be interchanged. Table 6.4 shows the measured
current referred to the expected current caused by
wrong polarities of current transformer connections:

e Switch off and earth the line at both ends.
® Recheck and correct the c.t. connections.

® Repeat test.

measured possible wrong connection
|1/|expect
4.36 c.t. L2 wrong polarity or
c.t. L1 and L3 wrong polarity
4.73 c.t. L3 wrong polarity or
c.t. L1 and L2 wrong polarity
4.93 c.t. L1 wrong polarity or
c.t. L2 and L3 wrong polarity
1.00 All c.t.s wrong polarity or
cyclic phase exchange or
acyclic phase exchange or
correct connection
Table 6.4  Currents with wrong c.t. connections

The table shows on the one hand, that the deviations
resulting from wrong polarity of individual phases do
not differ from each other to a remarkable extent,
which requires carefully recheck of all connections.
On the other hand, interchanged phases are not de-
tected. The latter is of no concern for the actual dif-
ferential protection as long as the connections are
equal at both line ends (refer also to Section 6.7.4).
But, the sensitivity of the protection during double
earth faults does not correspond to the desired
phase preference which is essential in non-earthed
systems.

Finally, switch off the line.
The correct polarity for earth currents is checked

with missing current L2 according to Figure 6.7 (for
standard connection according Figure 5.4).

/)\ DANGER!

All precautionary measures must be ob-
served when working on the instrument
transformers! Secondary connections
of the current transformers must be
short-circuited before any current leads
to the relay are interrupted!

Current conductor || » is short-circuited at the current
transformer and interrupted to the relay. The load
current check as above is repeated.

The current which is read out now should amount
approximately 2.65 times the current for symmetri-
cal current injection.

If the measured current is practically the same as
during symmetrical conditions then the earth path at
the relay has wrong polarity.

For different results phases may be acyclically inter-
changed:

o Switch off and earth the line at both ends.
® Recheck and correct the c.t. connections.
® Repeat test.

Finally, disconnect the line. Reinstall the proper
current transformer circuit.

Repeat the tests at the other line end, and, if applica-
ble, at all six relays of a three-terminal line.

R

\l
n
W)
()]
o
N

Figure 6.7  Checking the earth current path
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6.7.4 Checking of the current transformer and pilot wire connections at both line

ends

After completion of the current test according to
Section 6.7.3 only few connection errors are possi-
ble: cyclic interchange of the current circuits, com-
plete wrong polarity of the current connections or
the pilot wires. The followings test is carried out at
any desired line end of a two-terminal line.

The line is energized at both sides for these final
checks. The through-flowing load current must
amount at least 25 % of rated line current. The direc-
tion of the load current is of no concern. Test is initi-
ated at any desired line end using address 4120:

f 41200l MEAS. TI1,1I2
} TEST 2

After confirmation with the "Yes”—key J/Y the currents
l4, lo, lgi and the phase angle between |1 and |> will be
measured or calculated

Confirm with the "Yes” —key J/Y. The relay measures
the mixed output current of the summation c.t. 11 (lo-
cal line end). By means of the pilot wire current | and
the shunt current I, the current at the opposite line
end I, the phase angle between |y and I, and the
differential current l gz are calculated. The results are

displayed immediately. You can page through the
values using the "No”—key N, or page back using
the backspace key R. But, if a system fault is de-
tected no measurement can take place. A corre-
sponding message is displayed.

f4 2ol MEAS. I1I1,1I2
}12= 0.29 I/ In
f4120lMEAs I1, I2
$a= 180 °
f4120lMEAs. I1, I2

I/ In

fMle1 200 MEAS. 11,12
flrFzr. I8 PROGRESS

ABORTETD

CURRNT T OO S MALIL

The local measured current |4 is displayed, referred to
the rated relay current, e.g. 0.28; continue with the
"No”—key N

The measured current |, at the opposite line end is dis-
played, referred to the rated relay current, e.g. 0.29; con-
tinue with the "No”—key N

The phase displacement a between the measured cur-
rents at both line ends is displayed; should be 180°;
continue with the "No”—key N

The differential current lg; is displayed, referred to the
rated relay current; it should be negligible

When measurement was unsuccessful, a correspond-
ing message is displayed:
A system fault is in progress

Measurement is aborted, e.g. because of occurrence of
a system fault

The injected current is too small for evaluation
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ltem . . When the connections are correct, both currents |4
No | ¢ possible connection error and l> have nearly equal magnitude, the angle o. is
approximate 180°, the differential current is negligi-
1 0° pilot wires interchanged or ble.
all c.t. connections interchanged
. ) . If the angle differs considerably from 180° or a con-
2 | 60 counter-clockwise cyclic phase siderable differential current is indicated, then the
exchange at local line end or polarity is wrong or phases are interchanged. Table
clockwise cyclic phase exchange 6.5 shows such cases
at opposite line end | '
3 | 120° | acyclic phase exchange L2+L3 The cases.accordl_ng toitem3 and 5 should alrea}dy
at opposite line end be recognized during the tests according to Section
6.7.3, so they should not occur.
4 | 180° | correct connection
But, even when the values 11, 12, a, and ID are cor-
5 | 240° | acyclic phase exchange L2+L3 rect, it is not sure that the pilot wires are correctly
at local line end connected since the pilot current is zero with
N - - through-flowing line current. A counter-check is nec-
6 | 300 clockwise cyclic phase exchange essary, therefore.
at local line end or
counter-clockwise chl!c phase For this, the polarity at the local relay is reverted by
exchange at opposite line end o , :
switching over the polarity reverter in the front (see
Table 6.5 Measured currents with connection also Figure 6.1). Important! Ensure that the polar-
errors ity switch in the front is always situated at one of
its end positions.
The current angle a is now 0°, and the differential
current amounts to twice the test current, i.e. for the
above example:
f 41200 MERS . 11, 12 The local measured current |y is displayed, referred to
* _ the rated relay current, e.g. 0.28; continue with the
I1-= 0 2 8 I / In HNOH_keyN

ol MEAS. TI1,1I2

ol MEAS. I1,1I2

ol MEAS. I1,1I2
I/ 1

=]

The measured current |5 at the opposite line end is dis-
played, referred to the rated relay current, e.g. 0.29; con-
tinue with the "No”—key N

The phase displacement a between the measured cur-
rents at both line ends is displayed; should be 0° be-
cause of reverted polarity;

continue with the "No”—key N

The differential current lg; is displayed, referred to the
rated relay current; because of reverted polarity, approx.
twice the through-flowing current is expected

Do not forget to switch the polarity reverter back
to the correct position after this test!

If the values are equal to those of the former test, the
pilot wires are interrupted.

® Recheck and correct the pilot wire connections.
® Repeat test.

Finally, switch off the line.
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6.7.5 Checking of the current transformer and pilot wire connections at three-

terminal lines

For three-terminal lines (teed lines), the previous test
is carried out for two line ends as desired, e.g. for the
line run A—B according to Figure 6.8. The load cur-
rent flows only through the two line ends under test,
i.e. A—B in this example. The current direction is ir-
relevant. The circuit breaker is left open at the re-
maining line end, i.e. terminal C.

After test initiation, the currents are read out under
address 4120 at the relay Ab (Figure 6.8), as illus-
trated in Section 6.7.4. At first, the indication of the
differential current is ignored because this is also de-

pendent on the proper connections of the adjacent
relay (Ac).

The connections of the relays Ab and Ba are verified
after successful test and counter-check. This is a
precondition for the further tests.

Next, at the same relay Ab, the indications of the
measured current I3 are read out under address
4121. If the connections of the relay Ac are correct,
the current I3 must be insignificant, as should be
now the differential current:

il MEAS. 1T1, 13

il MEAS. 1T1, 13

il MEAasS. I1,71I3

* % % *

1l MEAasS . I1,71I3

The local measured current |4 is displayed, referred to
the rated relay current, e.g. 0.28; continue with the
"No”—key N

The measured current I3 at the third line end is dis-
played, referred to the rated relay current, should be in-
significant; continue with the "No”—key N

The phase displacement a between the measured cur-
rents at the line ends is displayed; should be indefinite
because I3 ~ 0;

continue with the "No”—key N

The differential current lg; is displayed, referred to the
rated relay current; it should be insignificant

If, in contrast, I3 ~ I and . ~ 180°, the pilot wires at
the relay Ac are either interrupted or not connected
to the additional current input of the relay Ab. The
power line is switched off, and the connections of the
pilot wires A—C between the relays Ac and Ca must
be carefully checked and corrected.

If I3 &~ 2.1y and o ~ 180°, connections are inter-
changed:

— either the current transformer connections at the
relay Ac,

— or the pilot wire link between relay Ac and relay
Ca,

— or the connection of the pilot wires A—C at the ad-
ditional current input of the relay Ab.

Switch off the line and check and correct the con-
nections in the sequence mentioned before. In the
first case, the current polarity may be reversed by
switching over the polarity switch in the front of the
relay (refer to Figure 6.1), thus, work on the current
transformer circuits is not necessary. Important!
Ensure that the polarity switch in the front is al-
ways situated in one of its end positions!
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pilot wires A—B or B—A
Ab X Ba
A | A N\ N\ N\ . N\ N\ N\ )\ | B
l Y NN\ NN\ Y l

Ac Bc
1
A
/

pilot wires A—C
orC-A

Ca

Figure 6.8

The next measurement is carried out at the adjacent
relay, in this example at relay Ac. The current keeps
flowing through the line ends A—B.

The indices are interchanged for relay Ac: I is now
the current at line end C as this is the opposite end
for relay Ac; Iz is now the current at line end B. Thus,
the measured value indications should be:

Iy local current (A), example |1 ~ 0.28

lo> opposite current (C), example I> ~ 0

Q42 = %kkk, i.e. indefinite as I ~ 0

I3 third current (B), example I3 ~ |; ~ 0.28

oq3 ~ 180°

pilot wires B—C
orC—B

Cb

Identification scheme on three-terminal lines

When the previous measurements and checks had
been completed successfully, no deviations should
occur with this test.

Now, the line is de-energized. For the following test,
current flow must be achieved from terminal A to C
(in this example) or vice versa. This current should
be again at least 25 % rated line current.

Measurement of the values |y, I3, and o is now
started under address 4121. Address 4120 (4, Io, o)
need not be checked provided the previous tests
have been completed successfully. Reversal of cur-
rent transformer connections or pilot wire connec-
tions at the relay Ac is no more permissible since
these connection are already checked and matched
to the connections of the relay Ab! Consider again
the indices of relay Ac: |5 is the current at line end C,
and l is the current at line end B!

f4121IMEAs. I1,1I3
fllz1= o0.41 1/1n

The local measured current |4 is displayed, referred to
the rated relay current, e.g. 0.41; continue with the
"No”—key N
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The measured current I3 at the third line end is dis-
played, referred to the rated relay current, should be in-
significant; continue with the "No”—key N

The phase displacement a between the measured cur-
rents at the line ends is displayed; should be indefinite
because I3 ~ 0;

continue with the "No”—key N

The differential current lgi is displayed, referred to the
rated relay current

The differential current is ignored. This test checks
only the correct connection of the pilot wires of the
pilots A—B at the relay Ac.

If I3~ |1 and a ~ 180°, the pilot wires at the relay Ab
are not connected to the additional current input of
the relay Ac. The power line is switched off, and the
connections of the pilot wires A—B at the relay Ac
must be carefully checked and corrected.

If I3 ~ 2.1y and a. &~ 180°, the connection of the pilot
wires A—B at the additional current input of the relay
Ac are interchanged:

Switch off the line and check and correct the con-
nections of the pilot wires A—B at the additional cur-
rent input of the relay Ac. Repeat the check.

The successful check completes the tests to be per-
formed at line end A.

All of the tests described until now must be carried
out accordingly at the line end C, with current flow
from A to C or vice versa. If corrections become nec-
essary, these are performed only at this line end C.
No corrections must be performed at the line end A
which is already checked; otherwise a complete re-
check of all connections would become necessary.

Note that the indices of the line ends change cycli-
cally (negative), i.e.

Measurement at relay Ca instead of Ab:

local line end C instead of A; measured current |4
opposite line end A instead of B; measured current |»
open line end B instead of C; measured current I3

Measurement at relay Cb instead of Ac:

local line end C instead of A; measured current |4
opposite line end B instead of C; measured current I
third line end A instead of B; measured current I3

The connections at the relays Ca and Cb have been
verified after successful completion of these check
series.

The last series of checks refers to the line end B, with
current flow from B to C or vice versa. If corrections
become necessary, these are performed only at this
line end B. No corrections must be performed at the
line ends A and C which are already checked; other-
wise a complete recheck of all connections would be-
come necessary.

The indexing in this case is:

Measurement at relay Bc instead of Ab:

local line end B instead of A; measured current |4
opposite line end C instead of B; measured current I
open line end A instead of C; measured current I3

Measurement at relay Ba instead of Ac:

local line end B instead of A; measured current |4
opposite line end A instead of C; measured current I
third line end C instead of B; measured current I3

The connections at all relay have been verified after
successful completion of these check series.

Finally, all circuit breakers may be opened.
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6.7.6 Pilot wire monitoring (if fitted)

If the relay is equipped with the pilot wire monitoring
feature (model 7SD502x—xxx1x—%x), this function
is now switched effective: address 1601 PILOT MON
= ON.

Since the pulsed signal of pilot wire monitoring is
damped dependent of the pilot wire length and re-
sistance, this attenuation must be measured during
commissioning.

The reception level of the signal is measured at that
line end where the transmitter identification is set as
slave (address 1602 STATION = SLAVE); the oppo-
site end relay must be set as MASTER. This ensured
that the relay under test receives really a signal.

Reception level measuring is initiated under address
4130:

flla1300 LEVEL P .M.
fllrest -

After confirmation with the "Yes”—key J/Y the the re-
ceived level will be measured

Confirm with the "Yes” —key J/Y. The relay measures
the received signal level of the pilot wire monitor.

The relay displays the received signal level in per-

cent of the maximum level, after a few seconds. But,
if a system fault is detected no signal level measure-
ment can take place. A corresponding message is
displayed.

fl[e1 300 LEVEL P.NM.
flreveEL

Il
(o)}
(S}
(o]
o

FLT. IN PROGRESS

LEVETL T OO SMALTL

Measured reception level in % of the max. reception level
(i.e. for pilot resistance = 0); resolution 0.1 %, e.g.
65.8 %

A system fault is in progress

The received level is too small for evaluation, probably
a fault on the pilot wires

Measurement is finished after the level is displayed.

Approximately 70 % of the displayed reception level
is set under address 1605 LEVEL PM. Setting is
equal at both line ends. It is sufficient to perform this

measurement only from one line end. For three-ter-
minal lines, the reception level must be measured for
each pilot wire pair. The result is decisive for both re-
lays which are connected via the corresponding pi-
lot wire pair.
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6.7.7 Checking direct local and transfer trip facility

If the direct local trip or transfer trip facilities via With transfer trip, energization of the accordingly al-
binary inputs of the relay are used, these functions located binary input sends a transfer trip signal to
must be checked. the remote line end, influenced by the parameters of

address block 22 (refer Section 6.3.7). Transmission
With direct local trip energization of the accordingly ~ Must be switched ON under address 2201 for the
allocated binary input trips the local circuit breaker, sending relay, reception must be switched ON un-
influenced by the parameters of address block 21 der address 2301 for the receiving relay. After the
(refer to Section 6.3.6). This function must be delay time T—SEND—DEL (address 2202) following
switched ON under address 2101. After the delay energization of the binary input, transfer trip signal is

transmitted; the breaker of the receiving end must
be tripped. A precondition for correct transmission is
that the signal level has been determined and set as
described in Section 6.7.6.

time T—DELAY (address 2102) following energiza-
tion of the binary input, the breaker must be tripped.

6.7.8 Tripping test including circuit breaker — address block 44

Line differential protection relay 7SD502 allows sim- During marshalling of the binary inputs (refer to Sec-
ple checking of the tripping circuit and the circuit tion 5.5.2) the relay has been informed which binary
breaker. Tripping can also be performed using an input indicates the circuit breaker position. If the
external auto-reclosure device. auxiliary contact is assigned to a binary input it must

be connected, too. If it is not assigned to any binary
/@\ DANGER! input then the device will perform tripping test with-

A successfully started test cycle can out interrogation of the circuit breaker position!

lead to closing of the circuit breaker, if

an external auto-reclosure relay is con- Initiation of the test can be performed from the opera-

nected! tor keyboard or from the front operator interface.
Codeword input is necessary. The procedure is

If the circuit breaker auxiliary contacts advise the started with address 4400 which can be reached by

relay, through a binary input, of the circuit breaker direct dialling DA 4 4 0 0 E or by paging with {} or |J.
position, the test can only be started when the circuit

breaker is closed. This additional security feature Prerequisite for starting the test is that no protection
should not be omitted when an external auto-re- function of the relay be picked up.

close relay is present.

TE ST Beginning of the block "trip circuit breaker”

oolfl

(@]
w

=>
[1S
1S

Trip circuit breaker three-pole? Confirm with "J/Y” —
key or abort with page-on key 1

H
o
H
)

bllaa04al

CB THREE-POLE ?

Confirm with "J/Y” — key that circuit breaker is closed

C B CLOSETD ? or abort with page-on Key t
After confirmation by the operator that the circuit the auxiliary contact indicates that the circuit breaker
breaker is closed, the test cycle proceeds. If the test is not closed, even if the operator has confirmed that
is terminated successfully, this is annunciated in the it is. Only when no circuit breaker auxiliary contact is
display or on the PC screen. If, however, the circuit assigned to any binary input, will the relay consider
breaker auxiliary contact assigned to a binary input the operator confirmation valid.

and connected, the relay rejects the test as long as
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6.7.9 Switching tests and starting a test fault record — address block 49

A fault record storage can be started using the oper-
ating panel or via the operating interface. Starting a
test fault record is also possible via a binary input
provided this is accordingly allocated (FNo 4
">Start FltRec”).

The configuration parameters as set in address
block 74 are decisive for this fault recording (refer to
Section 5.3.4): address 7431 concerns triggering via
binary input, address 7432 triggering via the operat-
ing keyboard or via the operating interface. The pre-
trigger time was set under address 7411.

Scanning a test fault record is especially interesting
for use on cables and long overhead lines where
considerable inrush currents can be produced by
charging of the line capacitances. The influence of
these charging currents can be tested by energizing
the line from one end several times.

The differential protection should be switched to
BLOCK TRIP REL (address 1501) during these
switching tests in order to avoid tripping.

The fault record is triggered via a binary input at the
instant of the breaker closing command.

Conclusions as to the safety margin between the
maximum inrush current and the pick-up values can
be drawn from the recording of the summation cur-
rent and the differential current. If necessary, the
pick-up value of the differential protection at both
line ends must be increased (address 1503, refer
also to Section 6.3.4).

Manual starting of a fault record can be carried outin
address block 49, which can be reached by paging
with {} or |, or by direct dialling with DA 4900 E.
The start address is reached with 1:

4900l TES T
@FAULT RECORDTING

la901B FAULT REC.
START 2

SUCCESSFUL

Beginning of block "Test fault recording”
page on with 1 to address 4901

Start fault recording? Confirm with "J/Y”— key or abort
with page-on key 1

The relay acknowledges successful completion of the
test recording

After tests do not forgot to switch the differential protection ON (address 1501).
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6.8 Putting the relay into operation

All setting values should be checked again, in case
they were altered during the tests. Particularly check
that all desired protection functions have been pro-
grammed in the configuration parameters (address
blocks 78 and 79, refer to Section 5.4) and all de-
sired protection functions have been switched ON.

The counters for circuit breaker operation statistics
should be erased (address block 82, refer to Section
6.5.2).

Push the key M/S on the front. The display shows
the beginning of the annunciation blocks. Thus, it is
possible that the measured values for the quiescent
state of the relay can be displayed (see below).
These values had been chosen during configuration
(refer to Section 5.3.2) under the addresses 7105
and 7106.

Stored indications on the front plate should be reset
by pressing the push-button "RESET LED” on the
front so that from then on only real faults are indi-
cated. From that moment the measured values of
the quiescent state are displayed. During pushing
the RESET button, the LEDs on the front will light up
(except the "Blocked” —LED); thus, a LED test is per-
formed at the same time.

Check that all modules are properly inserted. The
green LED must be on on the front; the red LED must
not be on.

Close housing cover.

All terminal screws — even those not in use — must
be tightened.

If a test switch is available, then this must be in the
operating position.

The line differential protection relay is now ready for
operation.

C53000-G1176—-C95
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7  Maintenance and fault tracing

Siemens digital protection relays are designed to re-
quire no special maintenance. All measurement and
signal processing circuits are fully solid state and
therefore completely maintenance free. Input mod-
ules are even static, relays are hermetically sealed or
provided with protective covers.

If the device is equipped with a back-up battery for
saving of stored annunciations and the internal time
clock, the clock module should be replaced after at
most 10 years of operation (refer to Section 7.2).
This recommendation is valid independent on
whether the battery has been discharged by occa-
sional supply voltage failures or not.

As the protection is almost completely self-moni-
tored, from the measuring inputs to the command
output relays, hardware and software faults are au-
tomatically annunciated. This ensures the high avail-
ability of the relay and allows a more corrective rath-
er than preventive maintenance strategy. Tests at
short intervals become, therefore, superfluous.

With detected hardware faults the relay blocks itself;
drop-off of the availability relay signals "equipment
fault”. If there is a fault detected in the external mea-
suring circuits, generally an alarm is given only.

Recognized software faults cause the processor to
reset and restart. If such a fault is not eliminated by
restarting, further restarts are initiated. If the fault is
still present after three restart attempts the protec-
tive system will switch itself out of service and indi-
cate this condition by the red LED ”Blocked” on the
front plate. Drop-off of the availability relay signals
“equipment fault”.

The reaction to defects and indications given by the
relay can be individually and in chronological se-
quence read off as operational annunciations under
the address 5100, for defect diagnosis (refer to Sec-
tion 6.4.2).

If the relay is connected to a local substation auto-
mation system (LSA), defect indications will also be
transferred via the serial interface to the central con-
trol system.

/_v\ Warning

Ensure that the connection modules are not
damaged when removing or inserting the
device modules! Hazardous voltages may
occur when the heavy current plugs are
damaaed!

7.1 Routine checks

Routine checks of characteristics or pick-up values
are not necessary as they form part of the continu-
ously supervised firmware programs. The planned
maintenance intervals for checking and mainte-
nance of the plant can be used to perform operation-
al testing of the protection equipment. This mainte-
nance serves mainly for checking the interfaces of
the unit, i.e. the coupling with the plant. The follow-
ing procedure is recommended:

— Read-out of operational values (address block
57) and comparison with the actual values for
checking the analog interfaces.

— Simulation of an internal short-circuit with 4 x I\ for
checking the analog input at high currents.

/!\ Warning

Hazardous voltages can be present on
all circuits and components connected
with the supply voltage or with the meas-
uring and test quantities!

A Caution!

Test currents larger than 4 times |y may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

— Circuit breaker trip circuits are tested by actual
live tripping. Respective notes are given in Sec-
tion 6.7.8.
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7.2 Replacing the clock module

The device annunciations are stored in NV—RAMs
which are incorporated in the clock module. The
clock module contains also the back-up battery so
that the annunciations are retained even with a long-
er failure of the d.c. supply voltage.

The clock module should be replaced at the latest
after 10 years of operation.

Recommended clock module:

— DALLAS
DS 1386 — 32 K
RAMified TIMEKEEPER

The module is located on the CPU cart. The com-
plete draw-out module must be removed from the
housing in order to replace the clock module.

The procedure when replacing the clock module is
described below.

— Prepare area of work: provide conductive surface
for the basic module.

— Open housing cover.

— Read out device annunciations, i.e. all addresses
which commence with 5 (5000 onwards). This is
carried out most convenient using the front oper-
ating interface and a personal computer with the
DIGSI® protection data processing program; the
information is thus stored in the PC.

Note: All configuration data and settings of the de-
vice are stored in EEPROMs protected against
switching off of the power supply. They are stored
independent of the clock module. They are, there-
fore, neither lost when the clock module is re-
placed nor when the device is operated without a
clock module.

A Warning

Hazardous voltages can be present in
the device even after disconnection of
the supply voltage or after removal of the
modules from the housing (storage ca-
pacitors)!

— Loosen the draw-out module using the pulling
aids provided at the top and bottom. (Figure 7.3).

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.

— Pull out the module and place onto the conductive
surface.

— Get access to the CPU board.

— Pull out used clock module from the socket ac-
cording to Figure 7.1; do not place on the con-
ductive surface!

— Insert the prepared new clock module into the
socket; observe correct mounting position.

— Remount PCB board to the draw-out module.

— Insert draw-out module into the housing; ensure
that the releasing lever is pushed fully to the right
before the module is pressed in.

— Firmly push in the module using the releasing le-
ver. (Figure 7.3).

/!\ Warning

The discharged battery contains Lithium. It
must only be disposed off in line with the
applicable regulations!

Do not reverse polarities! Do not re-
charge! Do not throw into fire! Danger of
explosion!

— Provided the internal system clock is not automat-
ically synchronized via the LSA interface, it can
now be set or synchronized as described in Sec-
tion 6.5.1

— Close housing cover.

The replacement of the clock module has thus been
completed.

C53000—-G1176—-C95
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— — — — /
— 1 |
T~ n- !

~—{

Clock module
on multi-pin socket

Figure 7.1 Position of the clock module

7.3 Fault tracing

If the protective device indicates a defect, the follow-
ing procedure is suggested:

If none of the LEDs on the front plate of the module is
on, then check:

— Have the modules been properly pushed in and
locked?

— |s the ON/OFF switch on the front plate in the ON
position ® ?

— Is the auxiliary voltage available with the correct
polarity and of adequate magnitude, connected
to the correct terminals (General diagrams in Ap-
pendix A)?

|
LT

— Has the mini-fuse in the power supply section
blown (see Figure 7.2)? If appropriate, replace the
fuse according to Section 7.3.1.

If the red fault indicator "Blocked” on the front is on
and the green ready LED remains dark, the device
has recognized an internal fault. Re-initialization of
the protection system could be tried by switching
the processor system off and on again (by means of
the switch on the front plate). This, however, results
in loss of fault data and messages if the relay is not
equipped with the clock module, and, if a parame-
terizing process has not yet been completed, the
last parameters are not stored.
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7.3.1 Replacing the mini-fuse

— Select a replacement fuse 5 x 20 mm. Ensure
that the rated value, time lag (medium slow) and
code letters are correct. (Figure 7.2).

— Prepare area of work: provide conductive surface
for the basic module.

— Open housing cover.

A Warning

Hazardous voltages can be present in
the device even after disconnection of
the supply voltage or after removal of the
modules from the housing (storage ca-
pacitors)!

— Loosen the module using the pulling aids pro-
vided at the top and bottom. (Figure 7.3).

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.

— Pull outthe module and place onto the conductive
surface.

— Remove blown fuse from the holder (Figure 7.2).

— Fit new fuse into the holder (Figure 7.2).

— Insert draw-out module into the housing; ensure
that the releasing lever is pushed fully to the right

before the module is pressed in (Figure 7.3).

— Firmly push in the module using the releasing le-
ver. (Figure 7.3).

— Close housing cover.

Switch on the device again. If a power supply failure
is still signalled, a fault or short-circuit is present in
the internal power supply. The device should be re-
turned to the factory (see Chapter 8).

_, /_’--JK-

Rear view on the removed
basic module

Figure 7.2 Mini-fuse of the power supply

rated
/ at UHN/V_ value

Mini-fuse of the power supply;

/ medium slow (M)

24/48 2AE
60/110/125 1,6 A/E
220/250 1 A/G
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Removing the basic module:

— Loosen the basic module using the pulling
aids provided at the top and bottom,

— Pull out basic module and place onto con-
ductive surface.

Inserting the basic module:

— Push releasing lever fully to the right,

— Insert module,

— Firmly push in the module using the
releasing lever.

View from above onto the 1/3 size
draw-out module
with releasing lever

Figure 7.3  Aid for removing and inserting the draw-out module
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8 Repairs

Repair of defective modules is not recommended at
all because specially selected electronic compo-
nents are used which must be handled in accor-
dance with the procedures required for Electrostati-
cally Endangered Components (EEC). Further-
more, special manufacturing techniques are neces-
sary for any work on the printed circuit boards in or-
der to do not damage the bath-soldered multilayer
boards, the sensitive components and the protec-
tive finish.

Therefore, if a defect cannot be corrected by opera-
tor procedures such as described in Chapter 7, it is
recommended that the complete relay should be re-
turned to the manufacturer. Use the original trans-
port packaging for return. If alternative packing is
used, this must provide the degree of protection
against mechanical shock, as laid down in IEC
60255—21—1 class 2 and IEC 60255—21—2 class 1.

If it is unavoidable to replace individual modules, it is
imperative that the standards related to the handling
of Electrostatically Endangered Components are
observed.

/_v\ Warning

Hazardous voltages can be present in the
device even after disconnection of the sup-
ply voltage or after removal of the module
from the housing (storage capacitors)!

m Caution!

Electrostatic discharges via the component
connections, the PCB tracks or the con-
necting pins of the modules must be
avoided under all circumstances by pre-
viously touching an earthed metal surface.
This applies equally for the replacement of
removable components, such as EPROM
or EEPROM chips. For transport and re-
turning of individual modules electrostatic
protective packing material must be used.

Components and modules are not endangered as
long as they are installed within the relay.

Should it become necessary to exchange any de-
vice or module, the complete parameter assignment
should be repeated. Respective notes are contained
in Chapter 5 and 6.

9  Storage

Solid state protective relays shall be stored in dry
and clean rooms. The limit temperature range for
storage of the relays or associated spare parts is
—25°C to +55 °C (refer Section 3.1.4 under the
Technical data), corresponding to —12 °F to 130 °F.

The relative humidity must be within limits such that
neither condensation nor ice forms.

It is recommended to reduce the storage tempera-
turetothe range +10 °Cto +35 °C (50 °Ft0 95 °F);
this prevents from early ageing of the electrolytic ca-
pacitors which are contained in the power supply.

For very long storage periods, it is recommended
that the relay should be connected to the auxiliary
voltage source for one or two days every other year,
in order to regenerate the electrolytic capacitors.
The same is valid before the relay is finally installed.
In extreme climatic conditions (tropics) pre-warming
would thus be achieved and condensation avoided.

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.
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Figure A.1
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1\ Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+ ers.
Surface mounting 49
I_ Flush mounting 703 _I
50| 7c4 I_ _I
I 1] 2F1, MT — 4A3 |10
I 2, 2F2 2 I X
I3 3. 1F1 I ' @
) ) S
4l 1p2 1 I 7SD502 =
) ) E
5 2E1" !
6| 2E2, 3 I 4A4 |9
] |_ = = = = = = _I ]
L. ) ) ) ; ) ) i

L1 L2 L3

Figure B.1 Standard connection L1 —-L3—E, for all systems suitable

1\ Caution!

Pilot wires must not be earthed

s nor provided with surge arrest-

ers.
L— Surface mounting 49
I_ Flush mounting 7C3 _I
50| 704l B
1| 2F1, MT (4A3 | 10
—
2, 2F2 2 I |
3., 1F1 I ' 3
] ] §
4l 1e2 1 I 7SD502 5
7 ' =
5| 2E1' !
6| 2E2, 3 I 4A4 |9
o
L. ) ) ) ; ) ) i

L1 L2 L3

Figure B.2  Connection L1 —-L2—-L3 with decreased earth current sensitivity, preferably for systems with
solidly earthed star point with particularly low zero sequence impedance

C53000—-G1176—-C95 151



7SD502 vs3

Appendix

Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+ ers.
Surface mounting 49
!_ FIu_sh mounti_ng _ |7cs ) ) _!
50| 7c4 I_ _I
I 4 1] 2F1, MT 4A3 | 10
-
Ii» 2, 2F2 2 I X
I3 3. 1F1 I ' @
' ' s
4l 1r2 1 I 7SD502 z
L 1 E
[ 5 2E1! !
E 6| =2E2, 3 I , 4A4 9
] |_ = = = = = = _I ]
L. ] ] ] ) ] ] .
L1 L2 L3
Figure B.3  Connection L1 —-L3—E with increased earth current sensitivity, preferably for systems with

low—resistance earthed star point

Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+ ers.
Surface mounting 49
!_ FIu_sh mounti_ng _ |7cs ) ) _!
7C4 I_ _I
oF1, MT 4A3 [ 10
L
| 2F2 2 I ;
v 1F1 ' @
] ] §
1F2 1 I 7SD502 | 5
X o
2E1! '
g2, 3 I l4rs_ |9
S S
L1 L2 L3 L. ) ) ) _ ) ) o
Figure B.4  Matching of unequal primary rated currents, example with standard connection L1 -L3—E
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1\ Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+
ers.
L— Surface mounting 49
EH !_ FIu_sh mounti_ng _ lzcs ) ) _I _!
50| 7C4 !_ ,
I 1] 2F1, MT ,4A3 |10
-
2! 2F2 2 I |
Iis 3, 1F1 I ' ”
o
al 12 1 I 7SD502 E
T [ je]
=
5| 2E1' !
6| 2E2, 3 I AA4 19
[ I_ = = = = = = —I [
L. ] ] ] ] ] ] i
L1 L2 L3
Figure B.5  Connection to two current transformers L1—L3, only for systems with isolated or arc com-
pensated star point
1\ Caution!
Pilot wires must not be earthed nor
provided with surge arresters.
4A3| 10 1_K1 L_l __________ E L1 9| 4a4
v v v v , ,
7SD502 M1 M2| Do not Do not | M2 M1 7SD502
L earth M2! earth M2! I
' 4A4' 9 L1 K, L2 K1 10'4A3 '
Figure B.6  Connection example for two barrier transformers 7XR9513
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Station A
1\ Caution!
L+ Pilot wires must
Surface mounting 49 not be earthed nor
I_ Flush mounting 7C3 _I provided with
' I_ - - - - - —I + surge arresters.
50| 7C4, ,
1] 2F1, MT 4A3_ |10
. =
2 2F2, ,4c2 |32
3 ' 1F1 I I 4C1 1 31 (7] m
Oc
al 1r2) 1 I | =5
T 7SD502 ' Sw
oo
5 2E1! !
6| 2E2 3 I J4A4 |9
' I_ = = = = = —I '
L. ) ; ) ) ; -
L+
Surface mounting 49
I_ Flush mounting 7C3 —I
50| 7C4 !_ _!
1] 2F1, MT — 4A3 10
' 2 '
2, 2F2 I
L1 L2 L3 ; 401 |31
3., 1F1 I I 4c2 32 82
=0
4l 1F2 1 I | z ©
- 7SD502 : 2%
oo
5 2E1! !
6| 2E2, 3 I JAA4 |9
' I_ = = = = = —I '
L. ) ; ) ) ; -

Figure B.7  Connection example L1—-L3—E for one end of a three-terminal line

It is advisable to connect all line ends in the same way.
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C Tables

Table C.1 AnNnuUNCIations for LS A . ... 156
Table C.2 Annunciations for PC, LC—display, and binary inputs/outputs ......................... 158
Table C.3 Reference table for functional parameters (address blocks 11t039) ................... 161
Table C.4 Tests and commissioning aids (address blocks 40t049) ......... ... ... ... ... . ..., 166
Table C.5 Annunciations, measured values, etc. (address blocks 50t059) ....................... 167
Table C.6 Reference table for configuration parameters (address blocks 60t079) ................ 168
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Annunciations 73D502 for LSA (DIN 19244 and according VDEW/ZVETI)

FNo. - Function number of annunciation

Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
\Y% : Annunciation with Value
M : Measurand

LSA No.- Number of annunciation for former LSA (DIN 19244)
according to VDEW/ZVETI:

CA - Compatible Annunciation
GI - Annunciation for General Interrogation
BT - Binary Trace for fault recordings
Typ - Function type (p: according to the configured "Function type")
Inf - Information number
Ann. |LSA VDEW/ZVEI
FNo. | Meaning Op|Ft|No.|CA|GI|BT|Typ|Inf
11|{>User defined annunciation 1 CG 22 |CA|GI|BT pl 27
12|>User defined annunciation 2 CG 23|CA|GI|BT pl 28
13|>User defined annunciation 3 CG 24 [CA|GI|BT p| 29
14|>User defined annunciation 4 CG 25|(CA|GI|BT p| 30
51 |Device operative / healthy CG 1 GI 135( 81
52 |Any protection operative CG CA|GI p| 18
55|Re-start of processor system C g[CcAa P 4
56|Initial start of processor system C 9(CA o) 5
59|Real time response to LSA C 6
60 |LED Reset C 30|CA p| 19
61|Logging and measuring functions blocked|CG CA|GI pl 20
62 |Test mode CG CA|GI pl 21
63 |PC operation via system interface CG 135| 83
95| Parameters are being set CG 97(CA|GI pl 22
96| Parameter set A is active CG 26 |CA|GI pl 23
97| Parameter set B is active CG 27|CA|GI pl 24
98 |Parameter set C is active CG 28 |CA|GI p| 25
99 |Parameter set D is active CG 29|ca|GI p| 26
110 [Annunciations lost (buffer overflow) C 195 135(130
112 |Annunciations for LSA lost C 196 135(131
113 |Fault tag lost BT|135(136
140|General internal failure of device CG CA|GI p| 47
142 |Failure of internal 18 VDC power supply|CG 83 GI 135|162
143 |Failure of internal 15 VDC power supply|CG 90 GI 135]163
144 |Failure of internal 5 VDC power supply |[CG 89 GI 135|164
145 |Failure of internal 0 VDC power supply [CG 84 GI 135(165
150 |Failure in I/O module CG 91 GI 135(170
151 |Failure in I/0O module 1 CG 92 GI 135]166
154 |Failure in the RKA module CG 80 |CA|[GI p| 36
160 |Common alarm CG CA|GI pl| 46
161 |Measured value supervision of currents |CG CA|GI p| 32
162 |Failure: Current summation supervision |CG 104 GI 135(182
204 |Fault recording initiated wvia bin.input 86 BT|135(204
205|Fault recording initiated via keyboard 87 BT[135]205
206 |Fault recording initiated wvia PC interf 88 BT|135(206
301 |Fault in the power system CG 2 135(231
302 |Flt. event w. consecutive no. C 135|232
354 [>CB aux. contact:3poles closed (series) [CG 40 GI 150 4
501 |General fault detection of device 140 BT|150(151
502 |General drop-off of device C (240 150152
511 |General trip of device Cc [141 BT|150|161
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Ann. |LSA VDEW/ZVEI
FNo.| Meaning Op|Ft|No. [CA|GI|BT|Typ|Inf
561 |Circuit breaker manually closed (pulse) |(C 18 150(211
605 |[Operat. meas. station 1 in % M 1341130
006 |Operat. meas. station 2 in % M 1341130
607 [Operat. meas. station 3 in % M 1341130
608 [Operat. meas. diff. current in % M 1341130
609 |[Operat. meas. restr. current in % M 134|130
1174 |Circuit breaker test in progress CG 21 GI 151| 74
1185|Circuit breaker test: Trip 3pole CG 142 GI 151| 85
1513 |Thermal overload protection is active CG 145 GI 167| 13
1515 |Thermal overload prot.: Current warning|CG 11 GI 167| 15
1516 |Thermal overload prot.: Thermal warning|CG 12 GI 167| 16
1517 | Thermal overload prot.: Pick-up thermal [CG 146 GI 167| 17
1521 |Thermal overload protection trip CG| 10 BT|167| 21
2306 |>Block I>> stage of back-up overcurrent |CG 147 GI 62 6
2307 |>Block I>/Ip stage of back-up overcurr. [CG 148 GI 62 7
2403 |Back-up overcurrent prot. is active CG 50 GI 62103
2411 |Back-up overcurrent: Gen. fault det. C |210 BT| 62|111
2421 |Back-up overcurrent: Fault det. I>> C |246 62121
2422 |Back-up overcurrent: Fault det. I>/Ip C |247 62122
2441 |Back-up overcurrent: Time TI>> expired C |217 62141
2442 |Back-up overcurrent: Time TI>/Tp exp. Cc |218 62142
2451 |Back-up overcurrent: General trip C |251 BT| 62|151
3017 |Differential protection is active CG 151 GI 92| 17
3022 |Diff. prot.: General fault detection CG 3|CA BT p| 84
3024 |Diff. prot.: Blocked by external fault 153 BT| 92| 24
3027 |Differential prot.: Trip by IDIFF> C [231|ca BT p| 68
3306 |>Transfer trip signal input CG 39
3311 |Trans. trip transmitter is switched off|CG 57 GI 93| 11
3316 |Transfer trip transmission signal CG 157 GI 93| 16
3341 |Trip receiver is switched off CG 58 GI 93| 41
3343 |Trip receiver is active CG 159 GI 93| 43
3346 |Trip receiver: General fault detection CG|160 BT| 93| 46
3347 |Trip receiver: General trip CG| 59 BT| 93| 47
3371 |Pilot wire monitor is switched off CG 162 GI 93| 71
3376 |Pilot wire monitor: Failure detected CG 95 GI 93| 76
4506 |>External trip CG 51
4511 |External trip is switched off CG 53 GI 511111
4513 |External trip is active CG 166 GI 51113
4516 |External trip: General fault detection 167 BT| 51(116
4517 |External trip: General trip CG| 52 BT| 51(117
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Annunciations 73D502 for PC, LC-display and binary inputs/outputs
FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
M : Measurand
E - Earth fault annunciation
I0T - I: can be marshalled to binary input
O: can be marshalled to binary output (LED, signal relay)
T: can be marshalled to trip relay
FNo. [Abbreviation Meaning Op|Ft I0T
3|>Time Synchro|>Time synchronization C IO
4|>Start FltRec|>Start fault recording C IO
5|>LED reset >Reset LED indicators I0
7|>ParamSelec.l|>Parameter set selection 1 (with No.8) I0
8 |>ParamSelec.2|>Parameter set selection 2 (with No.7) I0
11|>Annunc. 1 >User defined annunciation 1 CG IOT
12 |>Annunc. 2 >User defined annunciation 2 CG I0T
13|>Annunc. 3 >User defined annunciation 3 CG I0T
14 |>Annunc. 4 >User defined annunciation 4 CG IOT
51|Dev.operative|Device operative / healthy CG o)
56[Initial start|Initial start of processor system C
60 |LED reset LED Reset C
95| Param.running|Parameters are being set CG o)
96| Param. Set A |Parameter set A is active CG o)
97| Param. Set B |Parameter set B is active CG 0
98 |Param. Set C |Parameter set C is active CG 0
99| Param. Set D |Parameter set D is active CG 0
100 |Wrong SW-vers|Wrong software-version C
101 |Wrong dev. ID|Wrong device identification C
110 |Annunc. lost |Annunciations lost (buffer overflow) C
111 |Annu. PC lost|Annunciations for PC lost C
115|F1lt.Buff.Over|Fault annunciation buffer overflow C
120|Oper.Ann.Inva|Operational annunciations invalid CG
121 |Flt.Ann.Inval|Fault annunciations invalid CG
123 |Stat.Buff.Inv|Statistic annunciation buffer invalid CG
124 |LED Buff.Inva|LED annunciation buffer invalid CG
129 |VDEW-StateInv|VDEW state invalid CG
135(Chs Error Error in check sum CG
136|Chs.A Error Error in check sum for parameter set A |CG
137|Chs.B Error Error in check sum for parameter set B |[CG
138 |Chs.C Error Error in check sum for parameter set C |[CG
139|Chs.D Error Error in check sum for parameter set D |CG
142 |Failure 18V Failure of internal 18 VDC power supply|CG
143 |Failure 15V Failure of internal 15 VDC power supply|CG oT
144 |Failure 5V Failure of internal 5 VDC power supply |CG oT
145 |Failure 0V Failure of internal 0 VDC power supply |[CG oT
150 |Failure I/0 Failure in I/0 module CG OoT
151 |Failure I/0 1|Failure in I/O module 1 CG OoT
154 |Failure RKA Failure in the RKA module CG
159 |LSA disrupted|LSA (system interface) disrupted CG
161|I supervision|Measured value supervision of currents @)
162 |Failure I Failure: Current summation supervision |CG oT
203 |Flt.RecDatDel |Fault recording data deleted C
204 |Flt.Rec.viaBI|Fault recording initiated via bin.input|C

158

C53000—-G1176—C95



7SD502 v3 Appendix

FNo. |Abbreviation Meaning Op|Ft IOT

205|Flt.Rec.viaKB|Fault recording initiated via keyboard |C

206|Flt.Rec.viaPC|Fault recording initiated wvia PC interf|C

244|D Time= Diff. time of clock synchronism M

301 |Syst.Flt Fault in the power system CG|C

302 |Fault Flt. event w. consecutive no. C

354 |>CB Aux.3p cl|>CB aux. contact:3poles closed (series) 10T

356|>Manual Close|>Manual close I0T

501 |Device FltDet|General fault detection of device oT

502 |Dev. Drop-off|General drop-off of device C

511 |Device Trip General trip of device oT

524 |I/In= Interrupted current (I/In) C

545 |T-Drop Time from fault detection to drop-off

546 |T-Trip Time from fault detection to trip

561 |Manual Close |Circuit breaker manually closed (pulse) |C OoT

605(I1[%]= Operat. meas. station 1 in % M

006(I2[%]= Operat. meas. station 2 in % M

607|I3[%]= Operat. meas. station 3 in % M

608 |ID[%]= Operat. meas. diff. current in % M

609 |IR[%]= Operat. meas. restr. current in % M

655(I1= Operat. meas. station 1 in A M

656(I2= Operat. meas. station 2 in A M

657 [1I3= Operat. meas. station 3 in A M

658 | ID= Operat. meas. diff. current in A M

659 | IR= Operat. meas. restr. current in A M

801l |®/0trip = Temperat. rise for warning and trip M
1000 |Trip No = Number of trip commands issued M
1007 (yI/In= Accumulated interrupted curr. I/In M
1156 |>CB Test >CB test start I0T
1174 |CB in Test Circuit breaker test in progress CG oT
1185|CB Test 3p Circuit breaker test: Trip 3pole CG oT
1503|>0/L block >Block thermal overload protection IOT
1504 |>0/L alarm >Thermal O/L protection: alarm only IO0T
1505|>0/L blo Trip|>Block trip signal of thermal O/L prot. IO0T
1511({0/L Prot. off|Thermal overload prot. is switched off [CG oT
1512 (0/L blocked Thermal overload protection is blocked |[CG oT
1513|0/L active Thermal overload protection is active CG oT
1515|0/L Warn I Thermal overload prot.: Current warning|CG oT
1516(0/L Warn @ Thermal overload prot.: Thermal warning|CG oT
1517({0/L pickup ©® |[Thermal overload prot.: Pick-up thermal [CG OoT
1521|0/L Trip Thermal overload protection trip CG oT
2303 |>Backup block|>Block back-up overcurrent time prot. IOT
2304 |>Back bloTrip|>Block trip signal of back-up overcurr. I0T
2306 |>I>> block >Block I>> stage of back-up overcurrent|CG I0T
2307 |>I>/1Ip block |[>Block I>/Ip stage of back-up overcurr. [CG IOT
2401 |Backup off Back-up overcurr. prot. is switched off|CG oT
2402 |Backup block [Back-up overcurrent prot. is blocked CG oT
2403 |Backup active|Back-up overcurrent prot. is active CG oT
2411 |Back Gen. Flt|Back-up overcurrent: Gen. fault det. CG oT
2421 |Backup I>> Back-up overcurrent: Fault det. I>> C oT
2422 |Backup I>/Ip |[Back-up overcurrent: Fault det. I>/Ip C oT
2441 |Backup TI>> Back-up overcurrent: Time TI>> expired C oT
2442 |Backup TI>/Tp|Back-up overcurrent: Time TI>/Tp exp. C oT
2451 |Back Gen.Trip|Back-up overcurrent: General trip C oT
3003 |>Diff block >Block differential protection I0T
3005|>Diff bloTrip|>Block trip signal of diff. prot. I0T
3015 |Diff off Differential protection is switched off|CG oT
3016 |Diff blocked |Differential protection is blocked CG oT
3017 |Diff active Differential protection is active CG oT
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FNo. |Abbreviation Meaning Op|Ft IOT
3021 |Diff> T start|Diff. prot.: IDIFF> time delay started CG oT
3022 |Diff Gen. Flt|Diff. prot.: General fault detection CG oT
3024 |Block sat Diff. prot.: Blocked by external fault CG oT
3026 |Block Harm Diff. prot.: Blocked by harmonics CG oT
3027 |Diff> TRIP leferentlal prot.: Trip by IDIFF> C oT
3028 |Diff Intertr.|Diff. prot. Intertrip send signal CG oT
3029 |dirDif>Trip Direct Trip IDIFF> without O/C release |CG OoT
3303 |>TrTrip block|>Block transfer trip transmitter IOT
3306 |>Trans.Trip >Transfer trip signal input IOT
3311 |TransTrip off|Trans. trip transmitter is switched off|CG oT
3312 |TransTrip blo|Transfer trip transmitter is blocked CG oT
3316 |TrTrip Send Transfer trip transmission signal CG oT
3333 |>Recv. block |>Block of trip receiver IOT
3335 |>Recv.bloTrip|>Block the trip relay of trip receiver IOT
3341 |Receiver off |Trip receiver is switched off CG oT
3342 |Receive block|Trip receiver is blocked CG oT
3343 |Recv. active |Trip receiver 1is active CG oT
3346|Recv. Gen.Flt|Trip receiver: General fault detection CG oT
3347 |Receiver Trip|Trip receiver: General trip C oT
3348 |Receive recv. [Trip receiver: Trip signal received CG oT
3363 |>P.W.M. block|>Block pilot wire monitor IOT
3367 |>P.W.M. 3.end|>P.wire failure det. by parallel device IO0T
3371 |P.W.M. off Pilot wire monitor is switched off CG OoT
3372 |P.W.M. block |[Pilot wire monitor is blocked CG OoT
3376 |Pilot w. fail|Pilot wire monitor: Failure detected CG oT
3377 |Block to 3end|Pilot wire failure to parallel device CG oT
4503 |>Ext block >Block external trip I0T
4505 |>Ext blo Trip|>Block trip signal of external trip I0T
4506 |>Ext Trip >External trip I0T
4511 |Ext off External trip is switched off CG oT
4512 |Ext blocked External trip is blocked CG oT
4513 |Ext active External trip is active CG oT
4516 |Ext Gen.Fault|External trip: General fault detection CG oT
4517 |Ext Gen. Trip|External trip: General trip C oT
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Reference Table for Functional Parameters 7SD502

1000 PARAMETERS
1100 POWERSYSTEM DATA
1101 IN LINE Nominal current of line/cable
min. 1 A
max. 100000 —
1102 IN CT PRIM Primary rated current of CT
min. 1 A
max. 100000 e
1131 Rx Pilot wire loop resistance to 2nd line end
min. O Q
max. 2000 E—
1132 Ry Pilot wire loop resistance to 3rd line end
min. O Q
max. 2000 E—
1133 Cx Pilot wire loop capacitance to 2nd line end
min. 0 nF
max. 2000 E—
1134 Cy Pilot wire loop capacitance to 3rd line end
min. O nF
max. 2000 _—
1141 T TRIP Minimum trip command duration
min. 0.01 S
max. 32.00 e
1500 PILOT WIRE DIFF. PROTECTION
1501 DIFF PROT. State of the differential protection
OFF [ off
ON [ on
BLOCK TRIP REL [ Block trip relay
1503 I DIFF> Pick-up value of differential current
min. 0.50 I/InLn
max. 2.50 _—
1506 SLOPE 1 Slope 1 of tripping characteristic
min. 0.10
max. 0.50 _—
1508 SLOPE 2 Slope 2 of tripping characteristic
min. 0.25
max. 0.95 _—
1510 2nd HARMON State of 2nd harmonic restraint
OFF [ off
ON [ on
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1511 2nd HARMON 2nd harmonic contend in the different. current
min. 10 3
max. 80 B

1518 SAT-RESTR. Min. restraining current for block. at CT sat.
min. 5.00 I/InLn
max. 15.00 _—

1523 I1 RELEASE Min. local current Il to release trip by DIFF
min. 0.20 I/InLn
max. 2.50 _—

1525 T-DELAY Time delay of differential protection
min. 0.00 S

max. 60.00/e _

1527 T-RESET Reset delay after trip has been initiated
min. 0.00 S
max. 60.00 —_—

1535 MAN.CLOSE Trip reaction after manual closing of CB
INEFFECTIVE [ ] Ineffective
UNDELAYED [ ] Undelayed

1541 INTERTRIP State of the intertrip send function
OFF [ 1 off
ON [ ] on

1542 T-SEND-PRO Send signal prolongation for intertrip
min. 0.00 S
max. 60.00 _—

1600 PILOT WIRE MONITORING

1601 PILOT MON State of pilot wire monitor function
OFF [ 1 off
ON [ 1] on
1602 STATION Station identification
SLAVE [ ] slave
MASTER [ 1] Master
1603 DIFF BLOCK Block. diff. funct. during pilot wire failure
ON [ 1 on
OFF [ ] off
1604 T-PILOT Time delay for blocking the diff. function
min. 2 S
max. 60 —_—
1605 LEVEL P.M Min. receive level of pilot wire monitoring
min. 1.0 %
max. 100.0 —_—
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2100 EXTERNAL TRIP FUNCTION
2101 EXT.TRIP State of external trip function
OFF [ off
ON [ on
BLOCK TRIP REL [ Block trip relay
2102 T-DELAY Time delay of external trip function
min. 0.02 S
max. 60.00 —_—
2103 T-RESET Reset delay after trip has been initiated
min. 0.00 S
max. 60.00 —_—
2200 TRANSFER TRIP
2201 TRIP SEND State of transfer trip send function
OFF [ off
ON [ on
2202 T-SEND-DEL Send signal delay for transfer trip
min. 0.00 s
max. 60.00 —_—
2203 T-SEND-PRO Send signal prolongation for transfer trip
min. 0.00 s
max. 60.00 —_—
2300 TRIP RECEIVER
2301 TRIP RECV. State of transfer trip receiver
OFF [ off
ON [ on
BLOCK TRIP REL [ Block trip relay
2302 T-RECV-DEL Receive signal delay for transfer trip
min. 0.00 S
max. 60.00 —_—
2303 T-RECV-PRO Receive signal prol. for transf. trip receiver
min. 0.00 S
max. 60.00 —_—
2600 BACK-UP OVERCURRENT PROT
2601 BACKUP 0O/C State of back-up overcurrent protection
OFF [ off
ON [ on
BLOCK TRIP REL [ Block trip relay
2603 I>> Pick-up value for high current stage I>>
min. 0.10 I/InLn
max. 30.00 —_—
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2604 T-I>> Delay time for I>> TI>>
min. 0.00 S
max. 32.00/e _—

2611 CHARACT Overcurrent time stage characteristic
DEFINITE TIME [ ] Definite time
NORMAL INVERSE [ ] Normal inverse
VERY INVERSE [ ] Very inverse
EXTREMELY INVERS [ ] Extremely inverse

2612 I> Pick-up value of overcurrent time stage I>
min. 0.10 I/InLn
max. 30.00 e

2613 T-I> Delay time for I> TI>
min. 0.00 s

max. 32.00/e  —

2614 Ip Pick-up value of overcurrent time stage Ip
min. 0.10 I/InLn
max. 20.00 e
2615 T-Ip Time multiplier for Ip (inverse time IDMT) Tp
min. 0.50 S
max. 32.00 e
2616 RMS FORMAT Method of RMS calculation for IDMT
WITHOUT HARMON. [ ] Without harmonics
WITH HARMONICS [ ] With harmonics
2621 MAN.CLOSE Effective stage after manual closing of CB
INEFFECTIVE [ 1] Ineffective
I>> UNDELAYED [ 1] I>> undelayed
[

I>/Ip UNDELAYED ] I>/Ip undelayed

2700 THERMAL OVERLOAD PROT.

2701 THERMAL OL State of thermal overload protection
OFF [ 1 off
ON [ 1 on
ALARM ONLY [ 1] Alarm only
BLOCK TRIP REL [ ] Block trip relay
2702 K-FACTOR K-factor for thermal overload protection
min. 0.10
max. 4.00 —_—
2703 T-CONSTANT Time constant for thermal overload protection
min. 1.0 min
max. 999.9 —_—
2704 © WARN Thermal warning stage
min. 50 3
max. 100 —_—
2705 I WARN Current warning stage
min. 0.10 I/InLn
max. 4.00 —_—
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2900 MEAS.VALUE SUPERVISION

2901 M.V.SUPERV State of measured values supervision
ON [ 1] on
OFF [ 1 off

2905 SUM.Ithres Summation threshold for current monitoring
min. 0.05 I/In
max. 2.00 e

2906 SUM.Fact.I Factor for current summation monitoring
min. 0.00
max. 0.95 e
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Tests and Commissioning Aids 7SD502

4000 TESTS

4100 COMMISSION TESTS

4101 MEAS. Cx Measuring the pilot wire capacitance

4102 MEAS. Rx Measuring of the pilot wire resistance

4110 MEAS. I1 Measuring the local current Il

4120 MEAS. Il1,1I2 Meas. local Il, remote I2, and angle I1, I2
4121 MEAS. I1,1I3 Meas. local I1l, remote I3, and angle I1, I3
4130 LEVEL P.M Meas. of receive level (pilot wire monitor)

4400 CB TEST LIVE TRIP

4404 CB TRIP Circuit breaker trip test 3pole

4900 TEST FAULT RECORDING

4901 FAULT REC. Initiation of fault recording
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Annunciations, Measured Values etc. 73D502

5000 ANNUNCIATIONS

5100 OPERATIONAL ANNUNCIATIONS

5200 LAST FAULT

5300 2nd TO LAST FAULT

5400 3rd TO LAST FAULT

5600 CB OPERAT. STATISTICS

5601 Trip No = Number of trip commands issued
5602 yI/In= Accumulated interrupted curr. I/In
5700 OPERATIONAL MEASURED VALUES

5701 I1[%]= Operat. meas. station 1 in %

5702 I2[%]= Operat. meas. station 2 in %

5703 I3[%]= Operat. meas. station 3 in %

5704 ID[%]= Operat. meas. diff. current in %
5705 IR[%]= Operat. meas. restr. current in %
5711 I1= Operat. meas. station 1 in A

5712 1I2= Operat. meas. station 2 in A

5713 I3= Operat. meas. station 3 in A

5714 ID= Operat. meas. diff. current in A
5715 IR= Operat. meas. restr. current in A
5900 OVERLOAD MEASURED VALUES

5904 ©/0trip = Temperat. rise for warning and trip
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Reference Table for Configuration Parameters 7SD502

6000 MARSHALLING

6100 MARSHALLING BINARY INPUTS

6101 BINARY INPUT 1 Binary input 1
6102 BINARY INPUT 2 Binary input 2
6103 BINARY INPUT 3 Binary input 3
6104 BINARY INPUT 4 Binary input 4

6200 MARSHALLING SIGNAL RELAYS

6201 SIGNAL RELAY 1 Signal relay 1

6202 SIGNAL RELAY 2 Signal relay 2
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6203 SIGNAL RELAY 3 Signal relay 3
6204 SIGNAL RELAY 4 Signal relay 4
6205 SIGNAL RELAY 5 Signal relay 5

6300 MARSHALLING LED INDICATORS

6301 LED 1 LED 1
6302 LED 2 LED 2
6303 LED 3 LED 3
6304 LED 4 LED 4
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6305 LED 5 LED 5

6306 LED 6 LED 6

6400 MARSHALLING TRIP RELAYS

6401 TRIP RELAY 1 Trip relay 1
6402 TRIP RELAY 2 Trip relay 2
6403 TRIP RELAY 3 Trip relay 3
6404 TRIP RELAY 4 Trip relay 4

7000 OP. SYSTEM CONFIGURATION
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7100

7101

7102

7105

7106

7107

7108

7110

INTEGRATED OPERATION

LANGUAGE Language

DEUTSCH [ 1] German

ENGLISH [ ] English

DATE FORMAT Date format

DD.MM.YYYY [ ] dd.mm.yyyy

MM/DD/YYYY [ ] mm/dd/yyyy

OPER. 1st L Operational message for 1lst display line
OPER. 2nd L Operational message for 2nd display line

FAULT 1st L

Fault message for 1lst display line

FAULT 2nd L

Fault message for 2nd display line

FAULT INDIC

WITH FAULT DETEC [ 1]

WITH TRIP COMM.

[ ]

Fault indication: LED and LCD
With fault detection
With trip command

7200

7201

7202

7203

7208

7209

7211

PC/SYSTEM INTERFACES

DEVICE ADD.
min. 1

max. 254
FEEDER ADD.
min. 1

max. 254
SUBST. ADD.
min. 1

max. 254
FUNCT. TYPE
min. 1

max. 254
DEVICE TYPE
min. 1

max. 254

PC INTERF.
DIGSI V3
ASCII

[ ]
[ ]

Device address

Feeder address

Substation address

Function type in accordance with VDEW/ZVEI

Device type

Data format for PC-interface
DIGSI V3
ASCII
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7215 PC BAUDRATE Transmission baud rate for PC-interface
9600 BAUD [ 1 9600 Baud
19200 BAUD [ 1] 19200 Baud
1200 BAUD [ 1 1200 Baud
2400 BAUD [ 1 2400 Baud
4800 BAUD [ ] 4800 Baud
7216 PC PARITY Parity and stop-bits for PC-interface
DIGSI V3 [ 1 DIGSTI V3
NO 2 STOP [ ] No parity,2 stopbits
NO 1 STOP [ ] No parity,1 stopbit
7221 SYS INTERF. Data format for system-interface
VDEW COMPATIBLE [ ] VDEW compatible
VDEW EXTENDED [ ] VDEW extended
DIGSI V3 [ 1] DIGSI V3
LSA [ 1 LsA
7222 SYS MEASUR. Measurement format for system-interface
VDEW COMPATIBLE [ ] VDEW compatible
VDEW EXTENDED [ 1 VDEW extended
7225 SYS BAUDR. Transmission baud rate for system-interface
9600 BAUD [ 1 9600 Baud
19200 BAUD [ 1 19200 Baud
1200 BAUD [ 1 1200 Baud
2400 BAUD [ 1 2400 Baud
4800 BAUD [ 1 4800 Baud
7226 SYS PARITY Parity and stop-bits for system-interface
VDEW/DIGSIV3/LSA [ ] VDEW/DIGSI V3/LSA
NO 2 STOP [ ] No parity,2 stopbits
NO 1 STOP [ ] No parity,1l stopbit
7235 SYS PARAMET Parameterizing via system-interface
NO [ ] no
YES [ 1 yes
7400 FAULT RECORDINGS
7402 INITIATION Initiation of data storage
STORAGE BY FD. [ ] Storage by fault det
STORAGE BY TRIP [ ] Storage by trip
START WITH TRIP [ ] Start with trip
7410 T-MAX Maximum time period of a fault recording
min. 0.30 S
max. 5.00 _—
7411 T-PRE Pre-trigger time for fault recording
min. 0.05 S
max. 0.50 _—
7412 T-POST Post-fault time for fault recording
min. 0.05 S
max. 0.50 _—
7431 T-BINARY IN Storage time by initiation via binary input

min. 0.10
max. 5.00/e

S
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7432 T-KEYBOARD Storage time by initiation via keyboard
min. 0.10 s
max. 5.00 —_—

7490 SYS LENGTH Length of fault record (former LSA)
660 VALUES FIX ] 660 values fix

[
<=3000 VAL. VAR [ ] <=3000 val. var

7800 SCOPE OF FUNCTIONS

7815 DIFF PROT. Differential protection
EXIST [ ] Existent
NON-EXIST [ ] Non-existent

7816 PILOT MON Pilot wire monitor
NON-EXIST [ ] Non-existent
EXIST [ ] Existent

7821 EXT. TRIP External trip function
NON-EXIST [ ] Non-existent
EXIST [ 1] Existent

7822 TRANSF.TRIP Transfer trip
NON-EXIST [ ] Non-existent
EXIST [ ] Existent

7823 TRIP RECV Trip receiver
NON-EXIST [ ] Non-existent
EXIST [ 1] Existent

7826 BACK-UP O/C Back-up overcurrent protection
NON-EXIST [ ] Non—-existent
EXIST [ 1] Existent

7827 THERMAL OL Thermal overload protection
NON-EXIST [ ] Non—-existent
EXIST [ ] Existent

7885 PARAM. C/O Parameter change-over
NON-EXIST [ ] Non—-existent
EXIST [ ] Existent

7899 FREQUENCY Rated system frequency
fN 50 Hz [ 1 £fN 50 Hz
fN 60 Hz [ 1 fN 60 Hz

7900 DEVICE CONFIGURATION

7901 No OF ENDS Number of line terminals
TWO TERMINALS [ ] Two terminals
THREE TERMINALS [ ] Three terminals
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Operational Device Control Facilities 7SD502

8000 DEVICE CONTROL
8100 SETTING REAL TIME CLOCK
8101 DATE / TIME Actual date and time
8102 DATE Setting new date
8103 TIME Setting new time
8104 DIFF. TIME Setting difference time
8200 RESET
8201 RESET Reset of LED memories
8202 RESET Reset of operational annunciation buffer
8203 RESET Reset of fault annunciation buffer
8204 RESET Reset of CB operation counters
8205 RESET Reset of the total of interrupted currents
8300 SYS-VDEW ANNUNC.-MEAS.VAL
8301 SYS TEST Testing via system-interface

OFF [ 1 off

ON [ 1 on
8500 PARAMETER CHANGE-OVER
8501 ACTIV PARAM Actual active parameter set
8503 ACTIVATING Activation of parameter set

SET A [ 1 Set a

SET B [ 1 Set b

SET C [ 1 Set ¢

SET D [ 1 Set d

SET BY BIN.INPUT [ ] Set via binary input

SET BY LSA CONTR [ ] Set by lsa control
8510 COPY Copy original parameter set to set A
8511 COPY Copy original parameter set to set B
8512 COPY Copy original parameter set to set C
8513 COPY Copy original parameter set to set D
8514 COPY Copy parameter set A to set B
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8515

8516

8517

8518

8519
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8521

8522

8523

8524

8525

COPY
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COPY
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COPY

COPY

COPY

COPY

Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy

Copy

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

parameter

set

set

set

set

set

set

set

set

set

set

set

to

to

to

to

to

to

to

to

to

to

to

set

set

set

set

set

set

set

set

set

set
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7SD502 V3.1 Corrections/Suggestions
To From
SIEMENS AKTIENGESELLSCHAFT Name
Dept. EVS SUP 2
D—-13623 BERLIN Company/Dept.
Germany
Address

Dear reader,

printing errors can never be entirely eliminated:
therefore, should you come across any when
reading this manual, kindly enter them in this
form together with any comments or sug-
gestions for improvement that you may have.

Telephone no.

Corrections/Suggestions

C53000-G1176—-C95—-4
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Substantial alterations against previous issue:

Errors in Section 4.2.4, Figure 4.8 and Section 5.2.4 Figure 5.7: wrong connections of matching transformer (Figure B.4 has been correct)

Subject to technical alteration

Copying of this document and giving it to others and the use
orcommunicationofthe contentsthereof, are forbidden with-
out express authority. Offenders are liable to the payment of
damages. All rights are reserved in the event of the grant of
a patent or the registration of a utility model or design.
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