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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 requités the
installation of one 7SD502 unit at each endief the
protected line. The two relays must be“intercon-
nected by two pilot wires. These pilot wiresmay
have a maximum loop resistance of approximately
1800 Ohms. They must be adequately insulated
from one another and to earth (réfer t@, Section
5.2.6). 7SD502 is particularly designed_to operate
with existent pilot wire pairs. Infcaseya brand-new
comparison link is to be installedathe use of current
comparison protection 7SD511er 7SD512 with opti-
cal fibre link is advantagea@us for two-terminal lines.

Since any fault on theftworpilot wires will cause fail-
ure of the protective devices, it is recommended that
the pilot wire m@nitoring system be installed. If a pilot
wire fault is detected, the differential protection sys-
tem may be blecked (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 dimeyor inverse time
protection.

In cases where a powergrapsformer is directly con-
nected (i.e. without a circuit-breaker) to a cable or to
an overhead line, currengtransformers should be in-
stalled at the connegtion point and the 7SD502 relay
should only be uséd,asline protection. By use of the
integrated secénd harmonic restraint feature (from
firmware vegsion V8,1 or later), 7SD502 is, in princi-
ple, suitable for the inclusion of a transformer in the
protected,zoneg but, because of the high parasitic
currentsiespecially on cables, the advantage of high
sensitivity. eéannot be exploited as with a transformer
differential protection, e.g. 7UT51 which provides,
additiopally, an integrated matching of the trans-
fermer 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).
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O Siaton 1

Pilot wire
pair

P Saton 2

Figure 1.1 Line differential protection for use with 2 pilot wirés 7SR502, 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 tripidecisiens 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 circuifs from the measure- lot wires;
ment, control and supply circuits of the system,
with screened analog iAput transducers, binary — Communication with central control and storage
input and outpuigmoddles and DC converter; devices via serial interfaces is possible with opti-

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

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

— Compreghensive supplementary functions (refer — Simple installation and commissioning, inte-
to Section 1%3); grated commissioning aids;

— Centinuous 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 capacitancé by in-
ternal calculation without external compenents;

— optional continuous pilot wire superyision 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 instantaneeus trip.

Direct local and transfer trip

— tripping of the local circuit breaker fromsan 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 standardifunctions also include:

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

—Aameasurement and test routines under normal
Joad 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 wmumerical line differential protection relay
7SD502,is not suitable for use with other types of dif-
ferentiakrelays. The internal adjustment of the influ-
encexof 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—xBxxk— 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 nums
bered consecutively from left to right at thetbot-
tom and top.

The heavy duty current plug connectors,provide
automatic shorting of the c.t. circdits whenever
the modules are withdrawn. This does net release
from the care to be taken wheng€™. seedndary cir-
cuits are concerned. With differential protection
relays, trip may occur duegoynegual contacting
when modules are wjthdrawf opiinserted.

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

The degreelof protection for the housing is IP51,
for the texminals IP21. For dimensions please re-
fer 10, 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 stépport of plug-in
modules. On the top @amd bottom plates of the
housing, contact areaswhiéh are electrically con-
nected to the housing arevinstalled to mate with
the earthing springs ofithe module. Connection to
earth is madefbefore, the plugs make contact.
Earthing screws have been provided on the rear
wall of the heusing.

All external, signals are connected to connector
modgdles, which are mounted on the rear cover
ovércut-outs. For each electrical connection, one
screwed terminal and one parallel snap-in termi-
nal are provided. For field wiring, the use of the
serewed 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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2.2 Dimensions

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

7SD502 Housing for panel surface mounting 7XP2040—1 S

234
29
51oolo[efo| ...~ 75
X, Hofefefel
8 :
©
° :
ﬁj1 EEEEE Interface for optical
o6 elelelolo] -~ T 4 L 2% fibre below Reset and pag-
ing buttons
219

Earthing terminal 26 O
Max. 100 terminals%

e

Optical fibre connectors:

integrated F—SMA connector,
@ with ceramic post,

e.g for glass fibre 62.5/125 um

ss-section max. 7 mm?

Dimensi m

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

29.5 172

I/ Mounting plate
1.5
‘_
I

pred o
[aN]
Reset and paging
buttons

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,
with ceramic post,

e.g for glass fibre 62.5/125 um

el/cut-out

N

255.8+03

Dimensions in mm

206.5 +0.3

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

C53000—-G1176—-C95 13
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2.3 Ordering data

with 2 Pilot Wires 7SD502 - Al1|1]|-]0 A

X 1 Y
Rated current; rated frequency 4
1A;50/60Hz ... 1
5A;50/B60Hz ....... . 5

Auxiliary voltage '
24/48 N AC ... 2

B60/110/125V dC . ... oot 4
220/250 V dc :

Construction

Numerical Line Differential Protection 7. 8. 9. 10. 11. 12. 13. 14. 15. G)O

with pilot wire supervision, intertripping, an %p

4 binary inputs, 5 signal relays, 4 triprelays, ... 0 ...l 1

Serial interface for coupling to a CCQ ntre

without serial interface ......... " e e e e e e e e A

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

14 C53000—-G1176—C95
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3 Technical data

3.1 General data O

3.1.1 Inputs/outputs

4

Measuring circuits %

Rated current Iy 1Aor5A \

Rated frequency fy 50 Hz/60 Hz (sett Ie)@

Power consumption in current path based on stan- e

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

ferred to through flowing rated current L3
single-phase, approx. } | A 2.3 VA
three-phase symmetrical, approx. NT 0.6 VA
single-phase, approx. } | 5 A 2.9 VA
three-phase symmetrical, approx. N© 0.7 VA

Overload capability in current path, for each input wi well as for the output summation current
— thermal (rms) 100 xIyfor <1's

20 XlIyfor<<10s
4 Xlycontinuous

— dynamic (pulse current) \Q 250 x Iy one half cycle

Auxiliary voltage

Power supply via integrated dc/dc

Rated auxiliary voltage Uy é\ | 24/48 Vdc | 60/110/125 Vdc | 220/250 Vdc
Permissible variations O

Superimposed ac vol \ <12 % at rated voltage
peak-to-pe < 6% atlimits of admissible voltage

ak \
Power con ption uiescent approx. 6 W
energized approx. 8 W

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

|19’[O 56 Vdc | 48 to 144 Vdc |176 to 288 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 mAjindependent 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
Permissibleyline attenuation
Transmissiemdistance

Normal signal position

non-isolated

atfthexfront, 25-pole subminiature connector

acc. ISO 2110 for connection of a personal computer
asidelivered 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 d; 3ppositive
and 3 negative shots at intervalsjof 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, IECG#60255—22 (product standards)

EN 50082—-2 (generic standard)
VDE 0435 /part*303

2.5 kV (peak); 1"MHz; T =15 us; 400 shots/s;
duration 2's

4 k\//6 K¥hcontact discharge; 8 kV air discharge;
bath pelarities; 150 pF; R; = 330 Q

10'V/m; 27 MHz to 500 MHz

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

— Radio-frequency electromagnetic field,

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

— Radio-frequency electromagnetic field, pulse

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

— Fast transients

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

— Conducted disturbancesiinduced by
radio-frequency fields amplitude modulated
IEC 1000—4—6y,class 111

— Power freguengy magnetic field
IEC 1000—4+48, 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 [EC 68—-2

sinusoidal

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

20 cycles in 3 orthogonal axes

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

sinusoidal

1 Hz to 8 Hz: 43.5ymm amplitude (hor. axis)
1 Hz to 8 Hz: + 15 mm amplitude (vert. axis)
8 Hz to 35 Hz: 1,g"acceleration (hor. axis)

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

sweep rate Thectave/min
1 cycle in'8lorthegonal 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

I[EC60255-—21
and IEC"68—2

sinusoidal

5 Hz to 8 Hz: + 7.5 mm amplitude;
8Hzto 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
durifig sterage
dutingytransport

-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 jarge 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 measuresgare

normally necessary,for Substations of lower volt-
ages.

— ltis not permissible to withdraw or insert individu-
al modules ungder voltage. In the withdrawn condi-
tion, some eomponents are electrostatically en-
dangered;#during handling the standards for
electrostatically endangered components must
be observed. The modules are not endangered
wherplugged 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 surfagé"mounting

— in housing for flush mounting

Degree of protection ace. 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 =30)

All current values are based on symmetrical current and standard c.t. connection.accerding 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 10,25,ms

approx. 25 ms

0.00 s to 60.00 s, (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 % 6f theoretical value but min. 0.02 - Iy
5y% offtheoretical 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 cennection of the pilot wires

— confiectienyvia 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 O

monitoring current approx. 10 mA 0
saturation voltage >20V

alarm delay 2sto60s (steps 1 s) ¢
operating time of intertrip function approx. 65 ms

intertrip signal prolongation 0.00st060.00s (steps \

B

U .,

2.5 fix
aif = 11+ lz | I4 = local line end current, in direction of the line
b=h|+]l2] l, = remote line end current, in direction of the line

INline = nominal current of the line

re 3.1 Stabilization characteristic of line differential protection (illustrated with pre-set pick-up
values)

C53000—-G1176—-C95 21
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by
INline
T 4
5 1 @
4 Trip aQ
1
| | | | | | | | | | -
| | | | | r
-5 5 2
INline
Trip area
04 Characteristic of
&\ healthy operation
I4 = Ioca&wurrant, in direction of the line
I, = remote‘ne end current, in direction of the line
INline =hnominal current of the line
Fig 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

S

External local trip via binary input ( )

Setting rages/steps ¢

Trip delay 0.02 s t0 60.00 s (step\@

Drop-off delay 0.00st060.00s (st S)

Tolerances 1% or 10 ms 0
Operating times %t
Pick-up time appr

Drop-off time a ms

Transfer trip via binary input \!

Setting rages/steps L 4 \Q
Send delay before transmis%

0.00st060.00s (steps 0.01s)

Send prolongation time O 0.00st060.00s (steps 0.01s)
Reception delay time 0.00st060.00s (steps 0.01s)
Reception pro N@ 0.00st060.00s  (steps 0.01 s)
Tolerances 1% or 10 ms

Operating times

approx. 65 ms

approx. 60 ms
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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)
0.00s1t032.00s (steps 0.01¢s);
or oo (stage ineffective)

0.10 to 30.00 (steps 0.0%)
0.00 st0 32.00 s (steps0.011 s);
or oo (stage ineffective)

0.10 to 20.00 (steps 0.01)
0.50 to 32.00 (steps 0.01);
or oo (stage ineffective)
approx.ghed times I

All current values are based on symmetrical current and standarde.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>>, 1>
— definite time delays

— for inverse time stagesiy

— 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
Frequeney,for definite time protection

— inrange 0.9 <f/fiy < 1.1

Frequenegy, for inverse time protection
< hmange 0.95 < f/ffiy < 1.05

<1%

<1%/10K

<4%

< 8 % referred to the theoretical time

24
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tripping time

set time delay
fault current

p setpick-up value

—_——
e

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

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

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

50 to 100 % referred to trip temperature
rise (steps 1 %
0.10 to 4.00 (steps 0.0

L 4

Trip time characteristic

Drop-off ratios
e/ ®tri p
®/ ®warn

Vlwarn

t=1-In (I/ kIn)? = In)?
I/ 2] 1

t trip time

T time con

I load cufre

Ipre pr t

k fac ding to IEC 60255—8

r alsoto Figures 3.4 and 3.5

All current values are based on symmetrical curre r@ andard 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 O
0.8 < Up/Upun<1.15 <1%
— Temperature in rang
—5°C < Ogmp < \ <1%/10K
— Frequency in ral
09 <fiinN< 1. <4 %
L 4
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t/min t/min 1
100 - 100 -
Parameter: Parameter:
setting value setting value
time constant time conatant
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All current values are based on symmetrical current for 90% preload
and standard c.t. connection according to Figure 5.4
Figure 3.4  Trip time characteristic of overload Figure 3.5  Trip time characteristic of overload
protection — without preload — 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 i %
of the rated relay current

I1: 3 % of rated value + 0.02 - Iy
12: 3 % of rated value + 0.02 - I\¢™0.7% per 100 Q
13: 3 % of rated value + 0.02 - Iy # 115% per 100 Q

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

< 10 % of respegtiveyrated value

©/Orip
3 % referredte,Oyip

Measured values plausibility checks

— Sum of currents

inghAe 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®&vents{ 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
Numberaf, stored trip events

Total of tripped currents |/l

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 secohdary mixed current will
have a defined proportion,to the fault current. This
current is used for all pr@tection 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 AE N L
' N ElIEINE] '
g5 1E]
! 4‘6— Blocked !
]
' Dt [ e 4‘6_ Service '
—— =
L | [H > _| ]_ (E—
{} - IﬁEste_t E. 6 LED (can be
cw| 7 |8 |9 L 1 marshalled)
Operator o B S } L ‘} L |__'
panel Bl 123 {} T * _[l 2
DA |0 o } — ! J/_'
ms|ow | 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 overloa@ 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'he
switch-gear (e.g. remote resetting) or from other
equipment (e.g. blocking signals). Outputs include,
in particular, trip commands to the circuit breakKers,
signals for remote signalling of important events and
conditions as well as visual indigators«LEDs), and
an alphanumerical display on the front.

An integrated membrane keyboard,in connection
with a built-in alphanumerical L CB4display enables
communication with the anit. ‘All, operational data
such as setting values, plantidata, etc. are entered
into the protection fromthisfpanel (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 afterfafault has occurred (refer Section 6.4).
The dialog with the refay can be carried out alterna-
tively viagthe setial Gperating interface by means of
an operatoppanelor a personal computer.

Via a furthefserial interface (optional, refer Section
2.3 Ordering data), fault data can be transmitted to a
centralyevaluation 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 mostfcom:
mon. The input windings of the summatiofjtrans-
former are connected to the c.t. currents I 1.3, 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

Figure4.2 ) fStardard c.t. connection L1—-L3—E

For a symmetrical three-phase fault (where the earth
returayeomponent, I = 0) the single-phase mixed
Gurrent 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

31



7SD502 V3

Method of operation

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 x IN
L2—-L3 1 0.58 1.73 xaly
L3—L1 1 0.58 1.78.x IN
L1—E 5 2.89 0:85 X IN
L2—E 3 1.73 0.58 x'IN
L3—E 4 2.31 0.43x IN

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 clearange
sequence which is determined by the way in which
the c.t.s are connected. The line sectién 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“ene of the two

L1 before L3 before L2

Ii;) MT i
|
1
L Lo L3 I3
7SD502
]
[}

Eigure 4.4

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

earth4aults lies, depends on the ratio of the current
cantributions at each end. To achieve properly se-
lective doeuble 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
75D502
1
1di3
4
||I

L1 L2 L3

@onnection L1 —-L2—-L3 with de-
creased earth current sensitivity

Figure 4.5

2414

Figure 4.6  Addition of curréntstin the summation transformer with c.t. connection L1 —-L2—-L3
Faulttype W//3 Iy for iy = 20 mA
L1243 (sym.) V3 1.00 1.00 X IN
L1—12 1 0.58 1.73 x IN
L2—L3 2 1.15 0.87 x IN
18 —L1 1 0.58 1.73 xIN
L1—E 2 1.15 0.87 x IN
L2—E 1 0.58 1.73 xIN
L3-E 3 1.73 0.58 x IN
Jable 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
Im
|
I
I3
I 7SD502
1

L1 L2 L3

Connegtion'eil —I88—E with in-
creaséd 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 summatien
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 7SP5025,for the 5
A c.t. at one end and model 7SD5@21%or 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%eorrect the relation-
ship. Conventionally, matching fransformers are in-
stalled at the c.t.s withghellewer primary rating. Sie-
mens matching transfermers 4AM5170—-7AA are
suitable, connected as,shown in Figure 4.8.

If it is necessaryte, usesmatching transformers to cor-
rect the git. ratig,at'the same time as it is required to
increase the sensitivity to earth faults according to
Sectionj4.2.33the circuit shown in Figure 4.8 is, of
coursg, adeguate. The transformation ratio of the in-
termediate transformer in the earth current path is
thén jaecordingly calculated. It is not necessary to
usefa 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 3'

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
|
]

L1 L2 L3

Figure 49 Jdwo-phase connection L1—-L3

4.2.6 Multi-system protection

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

The first advantage givefi by“separate protection of
each phase is the definitelidentification of the con-
cerned phase for single-pole auto-reclosing in
earthed networks. Fer multi-phase faults, fully re-
dundant back-up oecurs, because a trip command
is given for eaChyconcerned conductor. Further, the
three-phasef'system gives equal sensitivity for all
types pof fault,

Equipping each phase of a three-phase line with its
owndifferential relay means only a difference in con-
nectiomyof 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 adyan-
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 feur differential
protection schemes for one line: oneyfor®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 connecteddat the
electrical balance point. Under healthy cofditiofis
no current flows in the measuring element My When,
in the event of a fault in the section between thexcur-
rent transformers, the currents at the ends“ef the
section are unequal the measuring element is sub-
jected to a current iy + ip, proportional to I+ Lo, the
sum of the two inflowing fault currentsylf this current
i1 + ip is of sufficient magnitude to6 bexsensed by the
element M, this simple system, will,provide discrimi-
native protection for the line oritem of equipment un-
der consideration.

I 14

4.3.2 Stabilized differential protection

When an external fault causes a heavy ‘qurrent 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 currentiliestabove the response
threshold, the system wouldissuéa trip signal. Sta-
bilization prevents such grroneous operation.

In differential protectiomysystems for protected ob-
jects with two terminals, a stabilizing quantity is nor-
mally derived froftthe €trrent difference |11 — Io| or
from the arithmetical'sum [I1| + |Io|. Both methods
are equal ingthe relevant ranges of the stabilization
characteristics. Imdifferential protection systems for
protected, objeets with three terminals, e.g. teed
lines, stabilizing is only possible with the arithmetical
sum, Fnh\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

Station 1 & N1y L <>— .- Station2
cH 1, +12Ly, CT2
- —_—
Iy ip
ME]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 rgar-
rangement we obtain

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

This is directly the differential currentl The current of
the remote line end is requiredhin order to obtain the
stabilizing current. The follewing applies:

L=U0+h)-L&2 (v+x Ia -1

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

Lyit ={fshla) =12 (1 + %) - 5]
Istag= W [+ 12| = [I1]+]2- (1 +x) - 15 — 1]

Forflines“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«.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|
Istab= |I1| +]12]

=[1+0] =L
= 11| + 0= L4

—_ A

]
I

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

This result shows that forginternal fault g = lstab-
Thus, the characteristic of internalfaults is a straight
line with the slope 1 in the@peration diagram as illus-
trated in Figure 4.14. Thefigure'shows the complete
operation characteristig, ofithie relay. The branch a
represents the sensitivity threshold of the differential
protection. Brangh, b*takes into consideration cur-
rent proportional errots which may result from trans-
formation errors“ef the main c.t.s, the summation
transformefs andthe input transformers of the relay.
In thetange of high currents which may give rise to
currentWtrapsformer saturation, branch c¢ causes
stfénger 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-
seribed 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).

|t
INling
_ Faulf charx
t acteristic T
rip area
3 —
2 —_— -_—
b -
PR A [ Add-on stabilization
T T T T T T T T T T T T T T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 _p _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 faulis
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 @p-
erating point moves immediately along, the, fault
characteristic when an internal fault occirs since the
stabilization current will barely be higherthen the dif-
ferential current. The saturation indicator makes its
decision within the first half perigd after fault incep-
tion.

When an external faultdis detécted, the differential
protection is blocked’for %/ Periods (150 ms at
50 Hz) at the longest. This blocking is cancelled as
soon as the operationpoint/moves steadily (i.e. over
two periods) on the fauli,¢haracteristic. This allows
to detect evolving faults on the protected line reliably
even during an exterpal fault with current transform-
er saturationg

4.3.6 Local current threshold

The line differential protection relay 7SD502 con-
tains alocal current threshold 11 RELEASE. This pres
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 issintefrupted only at
the infeeding end. Nevertheless, tripping at all line
ends is possible using thegintertrip’ function (see
Section 4.3.8) provided thg unitis,equipped with this
feature (refer to Section 2.3'@rdering data).

It is, additionally, possible to output a trip command
without interrogation ofithe’local current threshold. If
this is desired,” assign the logical command
"dir.Dif>Traiph (S€ée also logic diagram Figure
4.15) to antrip relay output.

4.3.7 wPick-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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IDIFF> & Diff Gen. Flt
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|—( Diff> T Start) —( Diff> Trip )
l1 RELEASE & (| |T-PEWY —
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Characteristic 0
|~ s
0 ( dir.Dif>Trip )
Saturation @
stabilization
2nd HARMON
OFFlj Jon
2nd harmonic @ —» Trip
stabilization
Block

trip command

Figure 4.15 Simplified logic diagr

L £ \
4.3.8 Intertrippin ional)
When a line is fedifro end only, a line fault is
cleared only ing line end because the lo-
cal current j er,condition for tripping, except
the direct ¢ of the differential protection

without interrogation of the local current threshold is
used for tripping (refer to Section 4.3.6).

L 4

{(_>Diff bloTrip )

am f@ping logic of the differential protection

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"ig
detected by both relays. When the pilot wires aregdn-
terrupted, the differential protection cannot triplany

Station 1

more since no differential current can be present. If
the pilot wires are short-circuited, a high throughs
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 pilotswire fault.

Since the pilot wire monitor is a,”sléw” function it
cannot always avoid that the relay trips,on a through-
fault current, when an exterpal 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 pilgt wire short-circuit and an ex-
ternal power line fault.

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

Ifthe relays are used for the protection of three-ter-
minallines (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 ©f one
station receive the currents of both outgoingypilot
wires. Besides the pilot wire current of the ¢con-
nected pilot wires 1512, relay 1 receives alse,the cur-
rent of the pilot wires to the third line end I513. Simi-
larly, relay 1’ receives the currents 1513’ and I12’.
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 cdmcaleulate the current of the
opposite line end from the current of the own pilot
wires (e.g. I510) tathefemote end (e.g. relay 2°), and
the current of the thitd line end from the current of
the pilot wires tothe third end (e.g. 1513).

The tripycommands of the two adjacent relays of a
substatiomiare 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

1 Pilot wires

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 missingfre-
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 pilotgWire fault has
been eliminated.

Station 2

2!

*
Blocking

3

1!

Blocking output:
FNo 3377

"Block to 3end”
Blocking input:
FNo 3367
">P.W.M. 3.end”

Blocking
- )

N

3!

Station 3

Figure 4.18 Pilot wire monitoringsen three-terminal lines

4.3.11 Pilot wire resistance and capacitance

The distribution of the'pilet 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 wiretresistance 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
wirggresistance is internally adjusted by calculation
methads*according to Section 4.3.3, no external ad-
justment is necessary within the operation limit of
thewrelay.

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 cemprises
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 extefnal,source, e.g. a
breaker failure protection.

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

The received,signal can even be delayed and/or
maintainedfor a settable period in order to ensure
thagthesbreaker is safely tripped even in case the re-
ceivedisignal is very short.

Bo 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 thée
mixed current |y of the summation transformer. The
facts concerning different connection methods _as
mentioned in Section 4.2 are valid, too. All cufrent
values are based on three-phase symmetrical ‘cur-
rent with standard connection. Different sénsitivity
dependent on different fault type is valid alsayfor.the
overcurrent time protection.

Under conditions of manual closing“ento fault, the
overcurrent protection can also provide a rapid trip.
A choice can be made whether the,l > > stage or the
I>/lp stage is decisive for anfundelayed trip, i.e. the
associated time delay is, by-passed for this condi-
tion. A pre-condition j§ thatithe closing command is
repeated to a binarnyinpyt 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 gon-
cerning different connection methods as mentioned
in Section 4.2 are valid, too. All currentgValues are
based on three-phase symmetrieal cumrent with
standard connection. As overloaghis nermally a sym-
metrical phenomenon the asymmetryfactor do not
influence this function.

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

Q

don, 1 og_ 1 2
dt +‘E 6_1: |

with ® - actual temperature rise related on the final

temperature rise for the maximum per-
missible cable current k:lIyjine

%, —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 ‘ofsthe protective device and
knowledge of the,measured values are of impor-
tance for an‘exagt analysis of the history of the fault.
For this purpose,thé 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 captact posi-
tion provided the auxiliary contaet is connected to a
binary input. If the breaker dogsgiotireact correctly
then the test sequence is aboerteds@ corresponding
message is given in the display o on the PC screen.

Trip test can also befstarted 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 méa-
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 gip and
elapsed time from fault detection to trip command.
The quiescent information is displayedgagain once
these fault annunciations haveybeen, acknowl-
edged. The acknowledgement is identical®o reset-
ting of the stored LED displays asfin'Section 4.8.1.1.

The device also provides seyérabevent buffers, e.g.
for operating messages, circuyit breaker operation
statistics etc. (refer Section, 64) 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 cen-
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 featur€®is_available.
The sequence of the events is taggedawithithe rela-
tive time referred to the moment atwhiéh the fault
detector has picked up. Thus, theelapsed time until
tripping is initiated and until the gripisignal is reset
can be read out. The resolution,is4#ms.

The events can also begreadwout with a personal
computer by meansqgof they appropriate program
DIGSI®. This provides the,comfort of a CRT screen
and menu-guided opetation. Additionally, the data
can be documented on a printer or stored on a
floppy disc for'evaluation elsewhere.

The pratection device stores the data of the last four
network faults; if a fifth fault occurs the oldest fault is
overviritten in the fault memory. The last three net-
workifaults 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 systemiin-
terface. Evaluation of the data is made in the ontrol
centre, using appropriate software programsiyfhe
currents are referred to their maximum values, nors
malized to their rated values and prepareddérgraph-
ic visualization. In addition, signals can(befmarked
as binary traces, e.g. "Pick-up” and "Jrip”.

When the data are transferred to a‘€entral®unit, read-
out can proceed automatically, @ptionally after each
pick-up of the relay or aftertrip. The following then
applies:

— The relay signals thegavailability of fault record
data,

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

— A transmission’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 rimss.
values of the currents are always available as arg the
current(s) of the remote end(s). Additionallypthe dif-
ferential and stabilizing current and the temperature
rise calculated from the r.m.s. current are presented.

The following is valid:

mixed currents,ofline ends (i3 for teed
lines), in amps/ptimary and in % of the
rated relay current, based on symmet-
rical currentwith standard connection,

— Iy, 12,13

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

— O/Oip N, teMmperature 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.
SUM.lthres
Imax
In

Figure 4.19 Current sum monitoring (current
plausibility,egheck)

— 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,fthe
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. Chahge
of the feed-back signal to low leyélFindicates a
fault in one of the control chanpelsief'in the relay
coil. Such a condition leads automatically to
alarm and blocking of the caommand output.

— Memory modules:

The memory modulesyare®periodically checked
for fault by:

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

e Forpnation of the modulus of the values stored
ingthey, 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 if' thisgmanual.

In particular the general erection and safety regulations (e.g. IEC, DIN, VDE, ‘@ national standards)
regarding the correct use of hoisting gear must be observed. Non-observanee 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 epsure
that there are no external traces of damage.

The transport packing can be re-used forfurther
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 in1EC 60255 —21 —
1 class 2 and IEC 60255—21—2class ™.

Before initial energization aith supply voltage, the
relay shall be situated in{the operating area for at
least two hours in order, toensure temperature
equalization and,to avoid fumidity 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—xCxxx 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 securenit
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 gubiclet

— Make a solid low-ohmic and lowsinduictive opera-
tional earth connection between theearthing sur-
face at the rear of the unit using‘atid€ast one stan-
dard screw M4, and the garthing continuity sys-
tem of the panel on, cubicle; recommended
grounding strap DIN 72338form A, e.g. Order-No.
15284 of MessrsDruseidt,,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 correet location; observe the max. permissi-
ble cofducter cross-sections. The use of the
screwed terminals is recommended; snap-in con-
nection requires special tools and must not be
usedhfor 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 musb be
checked is that the secondary rating @fithe respec-
tive current transformers complies with™ the rated
current fo the connected unit. Diffetent pfimary 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 ffom factory, the binary inputs are
designed to{ @perate .in the total control voltage
range from 19V 16,288 V. If the rated control voltage
for binaryihputstis 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:

Tofitda Righer 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.

52

C53000-G1176—-C95



7SD502 v3

Installation instructions

— Similarly check solder bridges on the VF p.c.b. (if
fitted) according to Figure 5.2.

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

— Firmly push in the module using the releasing le-
ver.

— Close housing cover.
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Binary.i 'N !
rated voltages 24/48/60 Vdc: Solder bridges W1 and W2') must be fitted (pick-up approx. 16V)
Itay
VO

ges 220/250 Vdc: Solder bridges W1 and W21) may be removed (pick-up approx. 160 V)

W1/W21) for binary input 3

oo
\ . .
? W3/W41) for binary input 4
<
2
[ 2 4 J

1) Bridges W2 and W4 in newer models only

- T —

Checking for control voltages for binary inputs 3 and 4 on the voice frequency p.c.b. (PGA),

O
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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 CLight'off”
X91 91 — 92 "lNight 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 tofa
double earth fault preference L1 before L3 Before k2.
The same connection method should be“wused
throughout a galvanically interconnectéd jsystem
and must be used at the line ends of a“differential
protection scheme.

1|2F1  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 zefo se-
quence impedance, earth fault currents can be larg-
er than those under two-phase fault conditions JWith
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.

C53000—-G1176—-C95
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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 ratifig.
Since the current inputs of the 7SD502 are galvani-
cally isolated from one another, auto-transformers
can be used. The intermediate transformer outputis
then better utilized and the smallerf 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, theylowesrated current

TR, =

The turn number #atio s thus:

N; _ INprimary TOEtheflower rated current
N2 IN primary for the higher rated current

whereby

N{ —Sufms number at the side facing the main
eurrent transformers,

Ns, ='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 windingtturns

If it is necessary to use matching transformers to cor-
rect the c.t. ratio at the same time asjit 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 transformepfifiythe“earth current path is
then accordingly caléulated™It is not necessary to
use a further interrpediatertransformer.

N

T
<
_|

A B

)
[ 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.

56

C53000-G1176—-C95



7SD502 v3

Installation instructions

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 gentre
tapped, symmetrical secondary winding, one can
create a phantom connection with two ¢enductor
pairs (Figure 5.9).

An advantage given by separate protection of'each
phase is the definite identification offthe cencerned

4A3

9 Ki L2
7SD502 M D6 not lead
4A4| 10 L1 K2 M2 to earth!

4A3

9 K1 L2
M2 Do not lead
4A4| 100 L1 K2 M2 to earth!

7SD502

4A3

9 K1 L. |
7SB502 M2 Do not lead
aA4]l 10 L1 K2 M2 to earth!

Figure 5.9

Do notlead __ o M2 7SD502
M2 to earth! L2 K1 9| 4A3

_____ 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

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 fog
each concerned conductor. Further, the sghree-
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 factér = /3).
For the connection in each phase, the effective
weighting factor for the numbetefturns has to be di-
vided by /3 in order to achieve tHe'real sensitivity of
the protection functions. 4f, 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 sp=eallediphantom connection allows
two pilot pairs 1@ perform the same function as three
pairs. It requires three interposing transformers at
each end ©f thepline. Where differential relays are
used toWprotectextra high voltage lines, the use of
interposing¥(barrier) transformers is recommended
in‘anyacase, thus the two-pair pilot phantom circuit
can be,used without additional cost.

A further possible arrangement is given by combin-
ingsthe 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.

K2 L1 10[4A4

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 begara
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 €T1
and Igo from CT2, the effect of the compensation cir-
cuit for the whole system is shewn(byfthe arrows
which indicate the current flow. From thisfit can be
seen that the component Igy dogSinotappear in the
differential relay circuits since the}€ompensation
scheme is located at the endwheresthis component
flows into the line. The cantributien from the oppo-
site end, Igo, certainly flews through the conductors
but not through the trippingypath as it is compen-
sated by an equal high*@urrent in opposite direction
fed from the compensation circuit. The fact that the
charging curtent flowing in the protected zone flows
in from both endstef the line is of no importance. It is
only neceSsary te compensate at one end.

i‘ > IC1 |Cg<-
L2) | CT1 [ CT2[ ™™
B S | =
-Ig-,:lcz, A |c1* i . C__ CJ_
et T T T
clcc -0 7 loo' A
- == == - — - _I
O - I
VT
[l I ' IL |§2)§‘ 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,ofe.t.

Pw = connected byrden

(connecting cenductors + relay
+ summation transformer)

The internal c.t. burden is rarely given on the ¢: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 outputs'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, 1g. linear c.t.s at one
line end and closed iron coredi¢.t's at the other.

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

a) the c.t.s shall"het saturate when the maximum
fault currentflows*continuously:

ISC max

INpr

p” >

ISemax . = max. steady state fault current
INpr = rated primary current of c.t.
b)ythe 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
Ui =induced longitudinal voltage in%,
f  =system frequency in Hz,

M = mutual reactance between the power line
and the pilot wires in mHfkm;

Isc1 = maximum single-ph@se earth fault current
in KA,

I =length of thefsection 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 yoltage £an be directly
connected up.

/!\ Warning!

The indu€ed lengitudinal voltage must not
excéed 60 % of the test voltage of the pilot
wiresl

If the lgngitadinalvoltage exceeds 60 % of the relay
insulatiomylevePof 2 kV, i.e. 1.2 kV, the use of insu-
lated ¢€xternal” 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®d: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 currentytrans;
formers correct and equal at all line ghds?

® |s the assignment of the current transfarmers to
the input windings of the gsummation current
transformer correct?

— If test switches have beenifittedin the secondary
circuits, check their funetionWparticularly that in
the "test” position thelcurrént transformer sec-
ondary circuits are automatically short-circuited.

— Ensure that the'miniature slide switch on the front
plate is in the "OFF%R(- 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
palarity, and magnitude of voltage at the terminals
of,the unit or at the connector module.

=ulhe 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 ofithe 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 dsc. power supply.

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

— Check through the tripping circuits to the circuit
breakers.

— Check through the €ontrol wiring to and from oth-
er devicest

— Checkythrough the pilot wire connections. For
reasons ofy,symmetry the pilot wires are crossed
overminathe 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 operatorfuseppress key CW,
enter the six figure code 000000 and confirm
with E. Codeword entry cantalso”"be made retro-
spectively after paging of'direct addressing to any
setting address.

ENTER CODEWORD:
@eeeeee

CWw ACCEPTETPD

CODEWORD WRONG

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

If themeodeword 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 sét-
tings concern the operation of the relay, communi-
cation with external operating and processingsde-
vices via the serial interfaces, and the interagtion 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. S¥fsTEM
@ CONFIGUWR®RTION

Beginning of the block "Operating system configura-
tion”

The double arrow key f} switches over to the first
configuration“block (see below). Use the key 1 to
find the next*address. The display shows the four-
digit addréss number, i.e. block and sequence num-
ber. glhejtitle of the requested parameter appears
behind the bar (see below). The second line of the
display:shows the text applicable to the parameter.
Jhepresented 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 resstart the device is
not operational.

— address blocky71

When the relay isndelivered from the factory, the de-
vice is\pregrammed to give function names and out-
puts in the'German language. This can be changed
ufdemaddress 7101. The operator languages avail-
able ‘atpresent are shown in the boxes below. The
dateyis displayed in the European format when the
relay is delivered.

ool 1
RAT

TEGRATETD
ON

10 L
TS C

o

N GU A\G E

(=}

I

20 D
. 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)
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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 entryakey E under
address 7106 will appear in the se¢ondiline 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 thé temote reset input of the device or via
the system interfage (if fitted). After acknowledge-
ment, theNeperational messages of the quiescent
state will,bendisplayed again as chosen under ad-
dresses 7405 and 7106.

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

etcs
f7110IFAULT INDTIC
}WIT FAULT DETESC
WeINT H 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 ADDAU
}1

*7203.SUBST. A DD
}1

{7208|FUNCT. TYPE
;19

*7209'DEVICE TYPE
;26

Beginning of the block “dnterfages for personal
computer and central computer system”

Identificatiomypumbef of the relay within the substation;
valid for both“the interfaces (operating and system
interfac&)wlhe, number can be chosen at liberty, but
must be“tised 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:

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 Pc BAUDRATE The transmission Baud —rate for communication via the

PC (operating) interface at the frent/,can be adapted to
the operator’s communicationiinterface, e.g. personal
computer, if necessary. The, available possibilities can
19200 BAUD be displayed by repeate@ly.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’g@ for Siemens protection data 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 arealid for the system (LSA) interface (if fitted).

Format of annunciations and fault records for the sys-

f 72210 S\NgS JINTERF . tem (LSA) interface:

flvpEWw coWMPAaTIBLE only data in accordance with VDEW/ZVEI (IEC 60870—
5—103)
VDEW EXTENDTED data in accordance with VDEW/ZVEI (IEC 60870—

5—-1083), extended by Siemens specified data

D I G,SwI v 3 format for Siemens protection data processing program
DIGSI® Version V3

L, SW\A format of the former Siemens LSA version
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f 72220 sYs MEASUR Format of measured values for the system (LSA) int
: face:
f[vpEW COMPATIBLE only data in accordance with VDEW/ZVEI (IEC 6
5—-103)
data in accordance with VDEW/ZVEI (IEC{ 608Z0—
VDEW EXTENDED 5—103), extended by Siemens specified datg@

unicat’lon via the
system inter-

The transmission Baud—rate for co
system interface can be adapte

f7225l SYS BAUDR.

fle6o0o0 Bavnp face, e.g. LSA, if necessary. le possibilities

can be displayed by repe pression of the

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

1200 BAUD 0

2400 BAUD Q

4800 BAUD @

f 22260 sYs PARITGY Parity bits for the system (LSA) interface:
looewsozooxvanos Emdlomen ool (€0 oo 1o o
Ver 3 and former LSA

NO 2 STOP r jssion with NO parity and 2 STOP —bits

tr ission 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 progr ® (address 7221 SYS INTERF. = DIGS/ V3). This address deter-
mines whether it shall be permitted t ange parameters via this interface.

f 72350 syYs Remote parameterizing via the system interface

N O

NO — is not permitted

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 t0.8
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 initiate@yia‘a*binary input
or by operator action from the membrane keyboard
on the front of the relay or via thg'operating interface.
The storage is triggered dynamically,/in these cases.
The length of the data storagenis determined by the
settings in addresses 7434, and”7432; pre-trigger
time and post-fault timé"are additive to the set val-
ues. If the storage timéfor start via binary input is set
to oo, then the storage time ends after de-energiza-
tion of the bipary(input|(statically), but not after T—
MAX (address 7410).

gFAULT RECORDINGS

fMl72020 INTITIATION
{flsTorace BY FoD.

S TORAGE BY T RVL P

START WITH T R“E P

Vo . 1o
bl7e¢™ 20 T -pPoOs T
| KNS

Beginning ofblock "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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dl74310 T-BINARY IN
fllo .50 s

dll74320 T-KEYBOARD
{llo .50 s

Storage time when fault recording is initiated via
binary input, pre-trigger and post-fault times ar
additive

Smallest setting value: 0.10s

Largest setting value: 5.00 s
or oo, i.e. as long as the binary input is energized (but

not longer than T—MAX)

Storage time when fault recording i initiate?:i via the

membrane keyboard, pre-trigger st-fault times
are additive
Smallest setting value: 10s

Largest setting value: @ 5.00 s

which operates with the protocol according to VDEW/ZVEI (IEC 60870—5=103). But, if the relay is connected

Address 7490 is not relevant in case that the relay is connected to a co@gyage processing system

to a former LSA system, the relay must be informed how long a tra

ult record must be, so that the

former LSA system receives the correct number of fault record yalu

f749OISYs LENGTH
fle 60 varues FrFi1x

A
I

Only nication with a former LSA system:
Len ult record which is transmitted via the serial
syst

3000 VAL . VAR. %Iength with a maximum of 3000 values

o
O
N

O
Q>®

L 4
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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)er || (back-
wards), until address 7800 appears.

Within the bock 78 onegqcan\page)forward with 1 or
back with |. Each pagingtaction leads to a further
address for the input'of aieonfiguration parameter. In
the following sections/eachfaddress is shown in a
box. In the upper line ofithe 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 whichycangthen be dis-
played by repeated depression of the, "N@” —key N.
The required alternative must foejconfirmed with
the key E!

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

The configufatien progedure can be ended at any
time by the keyycombination F E, i.e. depressing the
function‘keyak,followed by the entry key E. The dis-
play shews the question "SAVE NEW SETTINGS ?”.
Confirmpy With the "Yes”—key J/Y that the new set-
tings4shall become valid now. If you press the
"No”=keyyN 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 procéssed;
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:

Ml78160p1ror “Mow
flnon-ExIST

|EXIST

Local trip from external source via binary input:

M7828 &xg. TrRIP
Hlxon-Ex s

|EXIST

Tréansfertrip via binary input:

f7822l TRANSF.TRTIP
ilvon-Ex1I8T

|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:

*NON—EXIST

f7885l PARAM. <C/O

|EXIST

C)O

L 4
The rated system frequency must comply with the setting under address 7899. If the syst f@y is not
50 Hz, address 7899 must be changed. \

fl78 990 FREQUENC Y
Rated system frequency 50 Hz or
* fN 50 H z

£EN 60 Hz Q

&

r block 79

5.4.3 Setting the device configuration

The configuration affects the interaction of the pr and additional functions, for 7SD502, whether the

differential system is used on a two- or three-ter |

179000 DEVICE N

Beginning of the block "device configuration”
@ CONFIGURATION

f 79010 N0 0 ND S The line differential protection system is used on two-
* TWO TER N S terminal lines or on three-terminal lines?
|T HREE RMINALS
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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 aN.O.
contact. Since specific unit terminalsfare 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” ghould be transmitted to
the signal relay 1. Thus, when,marshalling is per-
formed two statements offthe operator are impor-
tant: Which (logical) annunciation generated in the
protection unit prograp?sheuld trigger which (physi-
cal) signal relay?Up 10,20 Iagical annunciations can
trigger one (physical),signal relay.

A similar situation applies to binary inputs. In this
case external infermation (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 physicaldfiput signal can initi-
ate up to 10 logical functians.

The trip relays can also pejassigned different func-
tions. Each trip relay canibe controlled by each com-
mand function or combination of command func-
tions.

The logical angunciation functions can be used in
multiple mapner. Exg. one annunciation function can
trigger severalisigpal relays, several trip relays, addi-
tionally ke indicated by LEDs, and be controlled by a
binary inputwnit. The restriction is, that the total of all
physieal input/output units (binary inputs plus signal
relaysiplus 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,
thendisplay 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:

MheNo o ol

{} MARSHALLTING

Beginning of marshalling blocks
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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 thekey
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 ofsthe ‘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 pravided with function
numbers which are equally listed,inthe tables. If the
function number is known, this/Can be input directly
on the selection levely Pagingthrough the possible
functions is then superflueus.With direct input of the
function number, Iéading zerds need not be entered.
After input of the functien sumber, 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 backwafds
with the backspace key R. If the function has been
changed, another confirmation is necessary with
the execute key E.

In the following paragraphs, allocatiomspossibilities
for binary inputs, binary outputs and (LED indicators
are given. The arrows uvor 1] at theleft hand side of
the display box indicate pagingffém bleck to block,
within the block or on the selectionilevel. The charac-
ter F before the arrow indicates thatsthe function key
F must be pressed beforegpushing the arrow key 1.

The function numbers and¥designations are listed
completely in Appendix‘€.

The marshalling proécedure can be ended at any
time by the keyycembination F E, i.e. depressing the
functiondkeyaE. fallowed by the entry key E. The dis-
play showsthe question "SAVE NEW SETTINGS?”.
Confirmy'with the "Yes”—key J/Y that the new alloca-
tions4shall become valid now. If you press the
"Ne’=key, N instead, codeword operation will be
aborted)y 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 némber
FNo. Input functions naturally have no effectif the

corresponding protection function is not fitted imsthe
relay or has been programmed out (’de-€onfig-
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*ymode, ,€orresponds 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” modé Ne. By pressing the "No”—key N the
mode s changed o NC. After direct input other func-
tions camybe ‘selected by paging through the func-
tiops forwards with the "No”—key N or backwards
withythesbackspace 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.

Tle ool MARSHEALL NG
Ilerznary 1nPUTSE

The second binary input is reached with the key 1:

Ff6102l BINARY
*INPUT 2

Change over 10 the selection level with F 1:

f001IIN U 2
*>LED reset N O
fooleNPUT 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 t

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 swiich)
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 overcurrenttime‘protection
2306 | >I>> block Block I>> stage of back-up overcurrent timeyprotection
2307 | >I>/Ip block Block 1> or Ip stage of back-up overcurfentitime’protection
3003 | >Diff block Block differential protection
3005 | >Diff bloTrip | Block trip command of differential protection
3303 | >TrTrip block | Block transfer trip function (transmitter fobremote trip)
3306 | >Trans.Trip Trigger transfer trip
3333 | >Recv. block Block reception of remote trip:
3335 | >Recv.bloTrip | Block trip command of receptiomof,remote trip
3363 | >P.w.M. block | Block pilot wire monitor
3367 | >P.W.M. 3.end | Pilot wire to third terminalffaultya(for teed lines)
4503 | >Ext block Block external trip function
4505 | >Ext blo Trip | Block trip commafid ef extesnal trip function
4506 | >Ext Trip Binary input forgxternal trip function
Table 5.1 Marshalling possibilities for binaryinputs

Note: Table 5.2 shows the pre-settings forthe 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 L >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, WBINARY INPUT 4 1)
INPUT 4 >Trans.Trip 3306 | Remote trip for opposite line terminal 1)

1) 7SD502% —*xkx 1% —** only

Jable 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 ag 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 th@se fer binary inputs.
They represent the direct Genfitmation of the binary
input and are available as longas the corresponding
binary input is energizedt

Further information abeéut ‘@annunciations see Sec-
tion 6.4.

tl6 2000 MARSHALLING
Ilstenvar RELAYS

The first signal relay is reached with the key #

Fle 2010 stenaL
Hlreray 1

Change over to the selection level with F:

Moo1B REL A gw %
Tx i p

*Device

fooleELAY 1
*not all Wocated

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

arrow'key 1.

fbedz 0 10 st ceNaL
MreELAY 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

C53000—-G1176—-C95
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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 moniton
354 | >CB Aux .%p cl | Circuit breaker all 3 poles closed (from*@B 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/€losed¥(execution)
1156 | >CB Test Trigger circuit breaker test
1174 | CB in Test Circuit breaker testds injprogress
1185 | CB Test 3pol Trip three-pole bydinterpal circuit breaker test function
1503 | >0/L block Block thermal overload protection
1504 | >0/L annunc. Switch overload pratection to give only annunciations
1505 | >0/L blo Trip | Block trip comuiand obthermal overload protection
1511 | Oo/L Prot. off | Thermal overload protection is switched off
1512 | O/L blocked Thermal overloadyprotection is blocked
1513 | O/L active Thermal overload protection is active
1515 | O/L Warn I Thermahoverlead protection current warning stage picked up
1516 | O/L Warn O 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 |'‘Blocktrip command of back-up overcurrent time protection
2306 | >I>> block Block 1> > stage of back-up overcurrent time protection
2307 | >I>/Ip block Block I> or |, stage of back-up overcurrent time protection
2401 Backup off Back-up overcurrent time protection is switched off
2402 Backupfbleck Back-up overcurrent time protection is blocked
2403 Backup, a¢tive | Back-up overcurrent time protection is active
2411 | Back Genn Elt | 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 | Backup4TI>> 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, ["SDbiff bloTrip | Block trip command of differential protection
30L5% Diff off Differential protection is switched off
3006 Diff blocked Differential protection is blocked
Jable 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 re€eption
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.W.M. 3.end| Pilotwire failure of adjacent relaya(onlyswith 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'menitor 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 externaktrip’function
4511 | Ext off External tripfunction is’switched off
4512 Ext blocked External tripfunetion is blocked
4513 | Ext active External tfip funetion is active
4516 | Ext Gen.Fault| General faultidetection 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 QL 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) cérresponds to

m” as above.

If the extension with .0 or .1 isfornitted 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 pagir@ithrough the functions for-
wards with the "No”#key N“or backwards with the
backspace key RgThe changed function then must

be re-confirmed by theenter-key E.

The assignmentofthe LEDs as preset by the factory
is shown'in thesfront of the unit (Figure 6.1). The fol-
lowing"boxesishow, 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 sglection level with F 1:

f001l L E DA

*Device

Tr ip m

fooleELAY 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:

1 63010 LED 1 Allocations for LED 1 O

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

Addr | 1st display line 2nd display line FNo

6300 | MARSHALLING | LEDs Heading of the a

6301 [ LED 1 Trip signal give either protection func-

LED 1 Device Trip m 511 tion of the d
6302 | LED 2

LED 2 Diff Gen. Flt m | 3022

6303 | LED 3 Fa ection signal of the indicated pro-
LED 3 Backup I>> m | 2421 tion furictions

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

6305 | LED 5
LED 5 0/L Warn ©

hermal warning stage of thermal overload
protection

6306 | LED
LED

o)}

Pilot wire failure

o)}

Pilot w. f

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 afi example for
marshalling of trip relay 1. Table 5:%shows all trip re-
lays as preset from the factory.

If further protection functions “shall/'trip the same
breaker, each command relay ‘fust 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 devige

511 | Device Trip General trip of the device
1185 | CB Test 3pol Trip by internal circuit breaker t&stfunction
1517 | O/L pickup O Thermal overload protection pick-up-of trip stage
1521 | o/L Trip Trip by thermal overload pretection
2411 | Back Gen. Flt | General fault detection offbackiup overcurrent time protection
2441 | Backup TI>> Delay time of I>> stage of @vercurrent time protection expired
2442 | Backup TI>/Tp | Delay time of I> oflp stage of overcurrent time protection expired
2451 | Back Gen.Trip | General trip by back-up overcurrent time protection
3022 | Diff Gen. F1lt | Fault detection ofidifferential protection
3027 | Diff> Trip Trip by differential pretection
3029 | dir.Dif>Trip Direct command jofidifferential protection without local current release
3346 | Recv. Gen.Flt | General fault detection of remote trip reception
3347 | Receiver Trip | Trip after réceptiof by remote trip
4516 | Ext Gen.Fault | Genetal fault detection signal of external trip function
4517 Ext Gen.Trip Trip by, external trip function

Table 5.6 Command functions

It r1

e 200l MarRSHAANLLING
P RE LW Y.s

lays”

The first trip relay is‘feached with the key 1:

FH{6 2 o
Hlr e

il TRIP
AY 1

Allocations for trip relay 1

Changgreyento the selection level with F 1:

f 0t 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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fooleRIP REL . 1
*Back Gen . F1t

——
o
o

30l TRIP REL. 1

*lef Gen . F1t
f004ITRIP REL . 1
*Recv. Gen.F1lt
fOOSIT IP EL . 1
*Ex Gen.Fault

f6401l TRIP
*RELAY 1

Trip relay 1 has been preset for:
2nd: General fault detection of back-up overcurrent ti

protection, FNo 2411; :
Trip relay 1 has been preset for:

3rd: Fault detection of differential protection, O

FNo 3022;
L 4
Trip relay 1 has been preset for:
4th: General fault detection of ote,trip reception,
FNo 3346;

Trip relay 1 has been preset
5th: General fault d i
tion, FNo 4516;

xt trip relay with the arrow key 1.

gnal of external trip func-

Addr | 1stdisplay line 2nd display lin Remarks
6400 | MARSHALLING | TRIP RELAYS " Heading of the address block
6401 | TRIP RELAY 1
TRIP REL. 1| O/L picku
TRIP REL. 1| Back Gen. 2411 | General fault detection of any protection
TRIP REL. 1| Diff Gefi. E 3022 | function
TRIP REL. 1| Recw. LElt 3346
TRIP REL. 1| Ext 1t 4516
6402 | TRIP A
TRIP REL. 3pol 1185
TRIP REL. O/INTrip 1521
TRIP REL. Gen.Trip 2451 | General trip command by any protection
TRIP REL iff> Trip 3027 | function
TRIP L eceiver Trip 3347
TR R Ext Gen.Trip 4517
6403 | T RELAY 3 1)
TRI . 3| not allocated 1 | no further command functions allocated to
trip relays
6404 | TRIP RELAY 4 1)
TRIP REL. 4 | not allocated 1
1 02k —xx*x1x—** only
le 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.

Caution!

/N\

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 ins
formation can be read out from here. Operationgis,
additionally, possible via the interface socket by
means of a personal computer or similar.

6.2.1 Membrane keyboard@anddis-

play panel

The membrane keyboard anddisplay panel is exter-
nally arranged similar to,a pecketjcalculator. Figure
6.1 illustrates the fronpview,

A two-line, each 18i¢haractet, liquid crystal display
presents the informatioh., Each character comprises
a 5 x 8 dot matrix. Numbers, letters and a series of
special symbols can be displayed.

During dialogithe upper line gives a four figure num-
ber, followed Bya 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 ghe
keys is explained in detail in the following.

Numerical keys for the input of numerals:

0 |to| 9 | Digits 0to 9 fonpumerical input
. Decimal point
oo Infinityysymbol
/- Change of sign (input of
negative numbers)

Yes/Na 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

84

C53000—-G1176—C95



7SD502V3

Operating instructions

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 faultand,oper-
ating data (refer Section 6(4)

The three keys 1 ; 1 ; RESET which,are’somewhat
separated from the rest of thé keys,?can be ac-
cessed when the front coveris, 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 .allgsetting values and event
data can be displayed withthe front cover closed.
Furthermore, storedhLEDuindications on the front can
be erased vid theyRESET 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
switchedover to operating mode as soon as one of
theakeys DA, M/S, CW or {} is pressed.

6.2.2 Operation with a personal com-
puter

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

All data can be read in from, or€opied onto, magnet-
ic data carrier (floppy disc)(e.g.for settings and con-
figuration). Additionally, all, theydata can be docu-
mented on a connected printerlt is also possible, by
connecting a plotter, 4o print’ out the fault history
traces.

For operation offtheypersonal computer, the instruc-
tion manuals ofithis device are to be observed. The
PC prograni’DIGSI® is available for setting and pro-
cessing, oftallfdigital protection data. Note that the
operatingiinterface in the front of the relay is not gal-
vanically\isolated and that only adequate connec-
tionycables) are applied (e.g. 7XV5100—-2). Further
imformation 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)

Readiness indication

(green)

Unit faulty indication
/ (red)

e ]

[

/ LED 1108

red) can be
Betrieb/Service O Q arshalled:
presetting
Stérung/Blocked E
Two line display 6rung/Blocke II l

(LCD) with 16 char- 1 g/
acters each Leitungsdifferentialschutz o i | )
O
O
O
O

Line Differential Protection
Reverse

polarity

switch

| Operator

OO |

Additional keys,
can be accessed
when cover is
closed

—»

Q00
@O (—
©]0]0]0]©)

RESET

-
m
lw)

25pole socket 1
connecting a pr

/ sonal compute

On/Off switch
for processor
0 F—Nr. system

\

SIE

000000000000000
0000000000000000

I

‘00
-
[EIEMERS]

actory presetting LEDs:

General trip of the relay

Pick-up of differential protection

Pick-up of overcurrent time protection stage 1> >

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

Pilot wire failure

O)(h-bml\).

e 6.1 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 addressy.e.
block and sequence number (e.g. 1101 farbloek
11, sequence number 1). Behind the bamappears
the meaning of the required parameter, inghesec-
ond display line, the value of the parameters/When
the relay is delivered a value has been‘preset. In
the following sections, this valugyis‘shewn. If this
value is to be retained, no ether iAput is neces-
sary. One can page forwards orbackwards within
the block or to the next (er previeus) block. If the
value needs to be altered, it can be overwritten us-
ing the numerical keys ahdgif required, the deci-
mal point and/or changesign (+/-) or, where ap-
propriate, infinity,sigh.cet’ The permissible setting
range is given in theyfollowing text, next to the as-
sociated £0x.4Entered values beyond this range
will be rejected. Tihe setting steps correspond to
the last decimalplace as shown in the setting box.
Inputs with more decimal places than permitted
will be truneated down to the permissible number.
Theyalue must be confirmed with the entry key
ENRhe display then confirms the accepted value.
Jhe.changed parameters are only saved after ter-
mination of parameterizing (refer below).

— Addresses which require text input

The display shows the folir-digit address, i.e.
block and sequence ndmberi(e.g: 1501 for block
15, sequence number 1). Behind the bar appears
the meaning of the requiredyparameter, in the sec-
ond display line, the“applicable text. When the
relay is delivered, a'text has been preset. In the
following sectionsythisitext is shown. If it is to be
retained, no other input is necessary. One can
page forwar@ls or backwards within the block or to
the next (emprevigus) block. If the text needs to be
altered, pressithe "No” key N. The next alternative
textialso 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&ets are
B, C and D. Each of these sets is adjusted ane after
the other.

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

— Fist complete the parametefizing procedure for
set A as described in Section:6:3.1.1.

— Press key combination Fg2, i.e. first the function
key F and then the'aumber 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 neeessary for the set-
ting of a new selected parametér set. Without input
of the codeword, the,settings can only be read but
not modified.

Since only afew patameters will be different in most
applications, itlis‘possible to copy previously stored
parametéfsets ihto another parameter set.

It is additienally possible to select the original set-
tingsai.e. the'settings preset on delivery, for a modi-
fiedsand'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 8 5000PPARAMETER
{'; CBANGE-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 eagh"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 setas long as the real time
8515 SET A SET C clock is operational. Settin@is catried out in block 81

which is reached by direct addressing DA 8100
8516 SET A SET D E or by paging with %andW{#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™yas shown below. Each modifica-
tion must be confirmed with the enter key E.

8519 SET B SET D

8520 SET C SET A The Qate qnd time are entered with dots as separa-
tak'signs since the keyboard does not have a colon

8521 SET C SET B erslash (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

Tle 100l serrrc Beginning of the block ”Setting the real time clock”
Jlrear 71unedceocck Continue with 1.
f 16 .01 . 1g999°5 At first, the actual date and time are displayed.
} 15 : 5 44 4.2 Continue with 1.
Enter the new date: 2 digits for day, 2 digits for month
f 81 028D A¥TE 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 &1 030 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 listedyunder 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 e
set to the same value, in most cases. The correct set-
ting of the rated c.t. current is a precondition forthe
calculation and indication of the primary measured
current values (refer also to Section 6.4.5). Jh€& cor=
rect setting of the rated current of the protected ab-
ject ensures that the characteristic of the differential
protection is optimally matched to the grotected ob-
ject. That means that the pick-upivaluesyand the
shape of the characteristic are referredterthis rated
object current.

The two current ratings,should¢nat differ from each
other for more than the fagtor4sln case of pilot wire
loop resistance of more than'Q0 Q2 (approx. 7 km or
4 miles), IN LINE should notgoe set smaller than 1/,
times IN CT PRIM, abaxe 1200 Q (approx. 16 km or

10 miles) IN¥LINE should not be less than IN CT
PRIM. [fIN 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 110 0m
dlpowB\rRsysTEM DaATA
A 2010 1N LINE

We0o0o0 =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 alsgbe 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 correspafids.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 setundér address 1133 Cx; it
also can be measured by the relay itself during com-
missioning (refepte,Seétion 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-terminallines, the capacitances of both pi-
lot wire paifs aremequired. The same definitions ap-
ply as‘for, the resistances: Cx (address 1133) is the
capacitanceyof that pilot wire pair which is directly
cénheeted to the relay under consideration, Cy (ad-
dressyl134) for the adjacent relay.

The minimum trip command duration can be set un-
depaddress 1141. It 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 Minimumtrip. 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 lgast
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 diffétentialfprotection”

Line differential protection

ON

OFF

is switched, on, or

is switehed off or

BLOCK IRIP'RELAY operates but trip relay is blocked

The parameters of the tripping characteristic are sét
in the addresses 1503 to 1518. Figure 6.2 illustrates
the meaning of the different parameters. The nufner-
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 totalfault'eurrent, re-
gardless of the way this is divided between the line
ends. The pick-up value is referrgd to ¢he rated cur-
rent of the protected line as set under.address 1101
(refer to Section 6.3.3). Dependent on the lowest
possible currents whichteant@ccur under the differ-
ent possible fault conditionstand 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 summfation transformers under healthy condi-
tions. Thispeonstant difference can result from the
capacitive eurrents in the protected section. Large
capacitive ctrrent which could endanger the stabil-
ity ofithe protection occur in practice only on cable
cireuits, 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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it
INLt]
T Trip area
3_
Block area
2 . —
a— a—
, | 1508 e
IR | Add-on stabilization
R | 1518
T T T T I T | I I | | [ | | |
1 2 3 4 5 6 7 8 9 10 11 12 18 14 . _stab
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 léad {o
current transformer saturation. Its base pqintlies at
2.5 times rated line current as parameterizedyunder
address 1101 (see Section 6.3.3). The slope istset
under address 1508 SLOPE2. The pteset value
results in somewhat more stablew conditions
compared with the analog relay (types) 7SD20,
7SD22, 7SD24, or 7SD76. The stabilitynof the relay
during current transformer gaturation can be
influenced by this parametery@ higher slope results
in a higher stability. On the ethefthand, especially in
systems with non-earthed star-point, it must be
considered that a double easthfault (cross-country
fault) is not always (deteeted in phase L2 (with
standard connection according to Figure 5.4) when

Shape of the tripping characteristic and relevant parameters

the slope isfsetabove 0.5.

In cases Where’a power transformer is directly con-
neeted (i%e. without current transformers and circuit
breaker)™o a line, an inrush stabilization using the
secondiharmonic content in the differential current
can berswitched on under address 1510. The sec-
ond harmonic content which blocks the protection is
then set under address 1511. A ratio of Ion/lin =
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.

s Nz p1IFF>
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

Ml 15100 2n4d
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 ¢urrent, which just
initiates blocking, in % of fundamental'Wave of the differ-
ential current
Smallest setting:
Largest setting:

10 %
80 %

Stabilizing (restraining) €urrent which is decisive for the
add-on stabilization,Weferred to the rated line current
(address 110mh)
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 ofgthis
stage caused by symmetrical overload must be' ex-
cluded. Therefore, the value should be set algove the
maximum expected (over)load currentéf theline (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 thresholdprovides the ef-
fect that the faulty line will be switghied offiénly at that
(those) line end(s) where a reas@nable short-circuit
current flows. If the circuit breaker ata non-feeding
line end should also be grippedfthe integrated inter-
trip facility can be used (see below). A precondition
is that the relay is eguipped with this facility (models
with pilot wire moénitof,” intertrip, and transfer trip
7SD502x—xkx1x —*x)pFurthermore, 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 spegial 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
*0 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 1107)
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 hag been disappeared
Smallest setting: 0.00 s
Largest setting: 60.00 s

Trip reaction offthe 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 transmittedqvia the
pilot wires, it is available only in the models, withjinte-
grated pilot wire monitor, intertrip, and transfer tfip
(7SD502k —*kk1x—%x).

If there is no infeed or only weak infeeddfromione line
end, a trip signal might not be initiated in the event of
a short-circuit. In this case an intertsip ‘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 INTERTRIP
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. Annunciation4ef pilet wire failure
and blocking are delayed by T—PRILOT (address
1604).

A certain reception level of theymenitoring signal is
necessary in order to ensure correct decoding of the
received signal. This leyehis set'under address 1605
LEVEL PM. 100 % means that the full transmitted
power is availableire. NQ,attenuation on the pilots
(pilot resistance equalsi®). The reception level can
be measured by, the relay itself during commission-
ing (refer to Seetion6.7.5). Setting should be 70 % of
the meaSuredyreception level.

The pilét wire, monitoring is not operational as long
as a system fault is present or as long as an intertrip
sigmal or‘atransfer trip signal is being transmitted.

SLAVE

1 16000 PILOT WIRE
dlMonIiTORING
} 6010 PILOT, MON
tlorr OFF
O N ON
} 160 20s@FarTION
flszave
MASTER
} 16,0 30 DIFF BLOCK
tllew ON
OF F 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
failure

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 preconditionsyis that this function has been set to
EXT. TRIP = EXIST under address 7821 during con-
figurationef “the device functions (refer Section
542). The function can be switched on and off un-
der“address 2101, or its trip command can be
blockedh

ﬁ 21000 EXTERNAL
@ TRIP FUNCTTION

{OFF ON
O N OFF

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
Smallest setting:
Largest setting:

0.02 s
60.00 s

f N1 030 T-RESET Drop-off delay time for the external local trip facility
Smallest setting: 0.00 s
* 0N 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 safme voice frequency
signal (2000 Hz) as pilot wire monitoking but with a
different puls code. Transmissiof ofasignal is possi-
ble for one direction at a certain time.

&TRANSFER TRIP

Beginning of block "Transfertrip facility”

Transfer trip sendysignal, can be
A 2010 TRIP SEND
* OFF OFF  switehed off or
O N ON switched on

f 22020 T-SEND-DEL Sendidelay fpr transfer trip signal to the remote end
Smallest setting: 0.00 s
* 0 .02 s Largest setting: 60.00 s

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

Ml 22020 T-sEnBE PR O

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 featuré isget used.

The reception circuit can be,switehed on or off under
address 2301; additionally, theitrip command can be
blocked whilst the funetion remains operative.

ﬁ 23000

A 23010 TRIP RECV
tllorF ON
ON OFF.

BLOCK TRIP REL

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

Trip reCeiverean be

switched on or
switched off or

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

040 P-">"=

} 26110 ceEarRAacCT
flpeErFraniTe TImME
NOQRMAL INVERSE

V., EQR Y 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 canfbe
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 4overload) current
(approximately 1.2 times). It is refefred 46 the rated
line current as set under addregs 1401

Together with the high-current stage 1>>, a two-
stage overcurrent time protection is achieved. The
setting of the delay tippes must be in accordance
with the grading plan'of they 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 thévinherent operation time of the protection
functions;

Beginningef 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>
tllo .3 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 FONRMWAT
flwrirtrEOoUT HARWMON.
|WITH HARMONTIC S

Address 26214determines which stage is effective if
the circuit breakef’is manually closed. A pre-requi-
site is, that“the manual close command for the
breaker is repeatedivia a binary input to the relay so

With the definite time characteristiesthe fundamental
waves of the measured gtirrents, are evaluated for
pick-up. When one of the inverse time characteris-
tics is selected, a choice canfbe 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 refay is used as short-circuit protection,
the preset yalue is'recommended. If the time grad-
ing is to be goordinated with conventional relays
which“Operate Wwith true r.m.s. values, then WITH
HARMONICS, can be advantageous.

Only for inverse time protection:
Pickéup 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
WMNE FFECTTIVE

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. Overs
loads are, generally, three-phase symmetrical oc-
currences; the current values are based on the gym-
metrical current with standard connection accord-
ing to Figure 5.4.

The thermal overload protection can bg sette be in-
operative, to initiate alarms only or tednitiate tripping
(including alarm). Additionally, the ttip command
can be blocked whilst the overload pregtection func-
tion remains operative (address 2701):

The rated current of thedline as’parameterized in ad-
dress 1101 (refer tog8ection, 6.3.3) is used as the
base current for the owerload 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 currentg@depends on
cross-section, insulation materialy, typegof construc-
tion and method of installation of the cable, etc. In
general, the magnitude of the glirrent can be taken
from widely available tables op gtherwise is to be
stated by the manufacturer.

The heating-up time censtant®t depends on the
cable data and the cable stgroundings. If the time
constant is not readily available, it can be calculated
from the short-tenin gverload capacity of the cable.
Frequently, theyl s current, i.e. the maximum permis-
sible current fog 1%, duration, is known or can be tak-
en from tables, The time constant can then be calcu-
lated agcording 10 the following formula:

Setting,value t [min] =
2

v ( 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 27000l T HERMAL
@ OVERLOAD PROT.

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

ON
ALARM ONLY
BLOCK TRIP REL

f 27020 RK-FACTOR
.10

Ml 27030 T-coNsTANT
fltoo .o

min

Thermal overload protection, can be

ON switched on or

O

OFF  switched off or O
ALARM ONLY set to give only alarms or
BLOCK TRIP REL  trip relay is blocked but We

protection is operative

Setting value of k—factor = N
Smallest setting:

Largest setting: .00

Time constant ©
Smallest setting;
Largest settingm

1.0 min
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.

f 27040 ©

wWwarn

N

Hl 27050 1 w
flr .00 1/14L

is can be set as a factor of the rated line
urrentand should be equal or less than the continu-
admissible current. It can be used besides the
perature warning stage or instead of that. When
tting ©warn/Oyrip to 100 %, the temperature warn-
ing is practically ineffective.

Warning temperature rise in % of trip temperature rise
@warn/®trip

Smallest setting: 50 %

Largest setting: 100 %

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

&
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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 4, 15, and Iy 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 menitor off (ad-
dress 2901).

| 29000 MEas.vaLUE Beginning of block B
@ SUPERVISTION Measured value superyision

Measured value'supervision, can be
A 29010 M.V .SUPERY
* ON ON switchedon  or
OFF OFF ( switched off (for testing)
Current threshold above which the summation moni-
* 29050 sUM.Ithres foking (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. F et 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 limitatioAs, greup and
multiple indications can be formed.

To call up annunciations on_thexoperater panel, the
following possibilities exist:

— Block paging with the Keys {f{forwards or || back-
wards up to address,6000;

— Direct selectionwith‘address code, using key DA,
address 5,00 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 trapsfenof annunciations via
the serial interfaces, the necessary data had been
entered in address blockf72)(see’Section 5.3.3).

The annunciations are‘arranged as follows:

Block 51 Operatiopal ®annunciations; these are
messages which can appear during the
operation, of the relay: information about
condition of relay functions, measure-
ment.data etc.

Block®2, 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 00 ol

4} AWNUNCIATTIONS

Commencement of "annunciation blocks”

Arcomprehensive list of the possible annunciations and output functions with the associated function number
ENo is given in Appendix C. It is also indicated to which device each annunciation can be routed.
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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 annungi-
ations appear. The boxes below show all available
operational annunciations. In each specific caseef
course, only the associated annunciations appear in
the display.

Next to the boxes below, the abbreviated.forms are
explained. It is indicated whether, ansevent is an-
nounced on occurrence (C = "Comihg”)*or a status
is announced "Coming” and "Going (C/G).

The first listed message is, as, example, assigned
with date and time in theffirst line; the second line
shows the beginning ofgacondition with the charac-
ter C to indicate thatdhis comdition 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 *x.xx.xx, the time is given as relative time from the

last re-start of the processor system.

Direct response from binary inputs:

>T ime Synchre

F 1l t R%.¢c

>A nnun ¢ 1
> A n n u nyc 2
>A nnunc 3
>A nnunc 4

l ock

block

Beginning of the bloek *®perational annunci-
ations”

1st line: Dateyand time of the event or status
change

2ndline:®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:

Dev.opera

t ive

tart

reset

Param S et A
Param S et B
Param S et Cc
Param S et D

O s e

Annunciations of monitori
S W

Wrong

e

v

0\< ’
jons:
r s

Wrong ID

A nnu Cc lost

Annu . P C lost
&

e r A nn I nva

F t A nn Inval

Stat Buf f Inv

Protection device is operative (C/G)

Initial start of the processor system (e.qg. after O
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 ( /@

Parameter set C is active

Parameter set D | (C/G)

ith consecutive number (C/G),
n the fault annunciations

tarted via binary input (C)

Faul&
Fax%o ng started via front keyboard (C)
@cording 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)
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LED Buff.Inva Buffer for stored LEDs invalid (C/G)

VDEW-StateTInyv State of VDEW/ZVEI compatible annunciations (IEC
60870—5—103) at the system interface invalid (C/G)

C hs Error Check-sum error detected (C/G)

Chs A Error Check-sum error detected for parameter set A: V'S
no operation possible with this set (C/G)

Chs B Error Check-sum error detected for param r@
no operation possible with this set (C/

Chs C Error Check-sum error detected for paramet C:
no operation possible with this s y

Chs D Error Check-sum error detected for para rset D:

no operation possible with this Q)
Failure 18V Failure in internal supprSV(C/G)
Failure 15V Failure in internal tage 15 V (C/G)
Failure 5V Failure in ir&u y voltage 5 V (C/G)
Failure ov Failure in %votageOV(C/G)

Failure I/0 F -ur®elay circuit on base input/output p.c.b.

Failure I/0 1 re on voice frequency p.c.b. for pilot-wire super-
vi , intertrip and transfer trip (7SD502x— *Ak1x
C/G)
Failure RKA @ilure on output relay p.c.b. (C/G)
LSA disrupted® Serial system link to LSA disrupted (C/G)

Failure 3 I \ | I(:g}lg;e detected by current plausibility monitor X |

Operational ann ns/of differential protection:

Diff of f Differential protection is switched off (C/G)

L 4
blocked Differential protection is blocked (C/G)

active Differential protection is active (C/G)

.Dif>Trip 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
Block t o 3 end

Pilot wire monitoring is switched off (C/G)

Pilot wire failure (C/G)

L 4
Differential protection blocks pilot wire monitoring of
adjacent relay (for three-termir@@)

Pilot wire monitoring is blocked (C/G)

Operational annunciations of external local trip and transfer trip:

E X t of £

Receive b1lo

. @
Recv. activ
Receive rfc .

External local trip f@ switched off (C/G)

External | tr@on is blocked (C/G)
Exter ip function is active (C/G)
Ext%sfer trip function is switched off (C/G)

ransfer trip function is blocked (C/G)

Receiver circuit is switched off (C/G)

v
TrTrip Send QExternal transfer trip signal transmitted (C/G)
£
C

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 > > oc k I>> stage of back-up overcurrent time protection is
blocked from an external device (C/G)

>I>/.Ip block

c kup of £

Backup block

Backup active

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:

O/ L Prot. o f Thermal overload protection is switched off (C/G) O
©O/L blocked Thermal overload protection is blocked (C/G) ( ’
0O/ L active Thermal overload protection is active (C/G)
4

o/ L Warn T Thermal overload protection current warning stage

picked up (C/G)
O/L Warn O Thermal overload protection thermalN age

picked up (C/G)
O/ L pickup tagepicked

Annunciations of the circuit breaker test function:

® Thermal overload protection thermal tfi
up (C/G) b

>

CB in Test Internal circ test in progress (C/G)
CB Test 3pol Trip three-p, internal circuit breaker test function
(©)

Loy

Further messages:

Tabl

End

e overflow | \ e messages have been received the last valid
sage is Table overflow.
not all memory places are used the last message is
End of table.

o f table

O
S
&

Q>®
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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 of | 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 asso€iated annunciations
appear in the display.

At first, an example is given fer a system fault, and
explained.

1} 52000 LAsT
Ilrave

Mlooi1m12.01.095

*System F1lt 9
Mloo2B 17 :14:52. 2469
*Fault :
floo3mo

*Dev. Drop—-of f:C

etc.

Beginning of the block, "Fault annunciations of the last
system fault®

underitem 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. F1t Fault detection of diffegential, protection

Diff> T start Delay time of diffefential protection started (when a
delay is set)

Block saturact Diﬁerential_prgtection blocked by current transformer
saturation indigator

Block Harm Differen?ial protection blocked by excessive current
harmopniéycontent

Dif f > Trip Tripyoy differential protection

Diff Intertr. Intertrip signal of differential protection transmitted

Fault annunciation of external local trip and transfer trip:

Ext Gen.Faulddt Gengral fault detection signal of external local trip
function

Ext Gen.Tr ip General trip by external local trip function

Recuv . cGend Pat Q.eneral fault detection signal of received remote trip
signal

Receivger T rip Trip by received remote trip signal

Fault annunciations,of back-up overcurrent time protection:

Ba®kWh cen. F1lt General fault detection of back-up overcurrent time
protection
BaAckup I>> Pick-up of high current stage 1>> of back-up overcur-

rent time protection

BY@ c k up 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>> Time delay for high_curren'g stage |>> of back-up
overcurrent protection expired
Backup TI>/Tp Time delay for overcurrent stage 1> (definite) or |
(inverse) of back-up overcurrent protection exp
Back Gen.Trip General trip by back-up overcurrent time prot@
4

Fault annunciations of thermal overload protection: \%
C

0O/ L Tr ip Trip by thermal overload pro%
Further messages:

Table empty means tha faﬂ@nt has been recorded
Table overflow mean r fault data have occurred, however,
me
Table supercede dl an&r&vent has occurred during read-out: page

on 1

or |; the display shows the first annunci-
e actualized order

in
|

End of +table If | memory places are used the last message is

End of table.

The data of the second to last system faultycan be found under address 5300. The available annunciations are
the same as for the last fault. ¢

ﬁ 53000 2nd &L AST Beginning of the block "Fault annunciations of
@ FAULT E the second to last system fault”

Q>%

The data of the third to last system fault can be found under address 5400. The available annunciations are the
same as for tr? last fault.

4000 3rd TO TLTLAST Beginning of the block "Fault annunciations of
FR UL T 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 1)
or || until address 5600 is reached. The counters ¢
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

56000 cB OPERAT
STATISTTICS

56010 TRIP NoO

Page on with key 1 to get further counter states

56020 21/ 1In

The maximum values of the counters %e:
— Trip No

— 2I/In 7

N
&

Q.

d
d

counter states. *
Beginning of the block "Circuit b @raﬂon
statistics”

Number of tr@&ued by the relay

@n interrupted currents; the mixed currents
eastred, which depend on fault type
onnection mode

gits

igits plus 1 decimal digit

The counters can be re@ock 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
out at any time under the address block 57. The ad-
dress can be called up directly using DA 5700 E
or by paging with { or |J. The individual measured
values can be found by further paging with 1 or |.
Entry of the codeword is not necessary. The values
will be updated in approximately 1 to 5 seconds in-
tervals.

The data are displayed in absolute primary values

and in percent of the rated device values. To gnsure
correct primary values, the rated data mustyhave
been entered to the device under address bloegk 11
as described in Section 6.3.3.

In the following example, some example values have
been inserted. In practice the actual values appear.

Address block 59 shows fastherfoperational values:
the calculated values of the overload protection.

1} 57000 OPERATIONA AL
IlMmEasurRED VALUES

Use 1 key to move to the next address with the next

fls 7010 MEAS . VALUE
{11[%]= 81 ¢

blls 7020 mE VALUE
{ [$1= 82 %

f 030 MEAS . AL UE
* 3[0%1= 0 %

f 7040 MEAS . NALUE
¥ D[ %]=(1Uqa2

f 7 0 5 \WME A VALUE
* R[%]= 163 %

Beginning of the block "Operational measured val-
ues”

measured value.

Page'on with,the 1 key to read off the next address
with@he next measured value, or page back with |;
the'indeces 1, 2, and 3 indicate the side of the pro-
tected object

Onefaddress is available for each measured value.
The values can be reached also by direct addressing
using key DA followed by the address number and
execute with E.

The percentage is referred to rated relay current

Address 5703 is relevant only for three-terminal lines

Differential current I

Restraining (stabilizing) current lgigp
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f 57110 MEAS .VALUE The primary values (addresses 5711 to 5715) are re-

* I 1= 486 A ferred to the primary rated c.t. current O

L 4

Address 5713 is relevant only for th%al lines

fls 7130 MEAS . VALUE

tlz3= o a

f 57140 MEAS . VALUE Differential current |y Q
fltp= s =a @

f 57150 MEAS . VALUE Restrainingy(stabilizing) current lgigp
*IR= 977 A \

f5901l
*@/@tr

=
=
b
0
=
c
=

\ percentage is referred to the trip temperature rise

P
e}

I
v
S
oo

5
Q>®

L 4
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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 inpuis”itais
necessary that the binary inputs have been mar-
shalled to the corresponding switchinggf@inctions
during installation of the device and thatithey 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 thehkeyssf| forwards or |
backwards up to addregss,8000, or

— by direct selection with @ddress code, using key
DA, address 8 0 0 Ohandexecute with key E.

1} 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 s
reached by direct addressing DA 81 00 Eyorby
paging with { and |. Input of the codeword is‘re-
quired to change the data.

Beginning of the plock¥®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.

Te1oo0l seErrINnG
JlreEar TIiME N CK
b1 2 1965

s : 4.2

bl[s 1028 DT E

|

dls 1030 TTME

f

All8'104B DI FF. TIME
\

Beginning of the block "Setting the real time clock”.
Continue with 1.

At first, the actual date and time are displayed.
Continue with 1.

Enter the new date: 2 digits for day, 2 digits for month

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
with 2 digits, separated by a dot:
HH.MM.SS

Using the difference time, the clock is set forwards by
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 EEPROMSs 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,ef
counters, memories and annunciations. One reach-
es the individual items by paging 1 |. Erasure ‘fe;
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
) 2030 RESET
flrFavr anNunc. 2
f8204IRESET
flcounTERS *

dMle 2050 RESNE T
Hlrorar 4 ?

During erasure of the stores (which may take some time) the display shows TASK IN PROGRESS. After erasure

the relay acknowledges erasure, e.g.

82 WP RESET
SUC®ESSFUL

Beginning of block "Reset”

Request whether the'kRED"memories should be reset

Requestawhether the operational annunciation buffer
store shouldhbe erased

Reguest 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 bypkey-
ing inthe code DA 8 300 E. Use key 1 tgscroll 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 dohe by,using the key combi-
nation F E, i.e. depressing the function key F fol-
lowed by the entry keyaE."The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the "Yes” —key Ysthat the new settings shall become
valid now. If you press the "No”—key N instead,
codeword ogperation will be aborted, i.e. all alter-
ations which/have been changed since the last
codeward entryare lost. Thus, erroneous alterations
can be madejineffective.

_ Beginning of block "Annunciations and measured val-
E 83000l sys-vpEw ues fowthe 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 switchmaddress 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/
leading character (A to D) before the addressanums
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 paraimeter set B

® Key combination F 3:
access to parameter set C

e Key combination F 4:
accéss toparameter set D

The relay operates always With the active parameter
set even during read-out ‘of,the parameters of any
desired parameter set{lhe change-over procedure
described here isgtherefore, 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 t0 be used. For this, codeword entry is re-
quired.

I he 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 PARAMELZZER
IMlceancE-0OVER

Beginning of the block "Parameter change-over”:
processing of parameter sets

Itis possible to scroll through'thé'individual address-
es using the 1 key orto'serollilbackwards with |.

Address 8501 shows the actually active parameter
set with which the relay,opérates.

In order to switch-over to a different parameter set
scroll on with 1+ to address 8503. Using the
"No”—key Nj you can change to any desired
parameter Set; alternatively, you can decide that the
parameter,sets are to be switched over from binary
inputs “er via the system interface using the
VDEW/ZVEI protocol (IEC 60870—5—103). If the
déesired) 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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fMlssoi1lacTIv PARAM
tHlser a

—
(S}
o

3l ACTIVATING
{ SET A

SET B
SET Cc
SET D

SET BY BINL.INPUT

SET BY L s A CONT R

Address 8501 shows the actually active parameter set

Use the "No”—key N to page through the alternative
possibilities. The desired possibility is selectediby
pressing the enter key E.

If you select SET BY BIN.INRUT} then the parameter
set can be changed-over via'hinary inputs (see Sec-
tion 6.5.4.3).

If you select SET BY ESAWCONTR, then the parameter
set can be selectedavia the'system interface using the
VDEWY/ZVEI protoeol (IEC 60870—5—103)

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 fram PECia
the operating interface), ACTIVATION must be
switched to SET BY BIN.INPUT (refefSection
6.5.4.2).

— 2 logical binary inputs are available for gontrol of
the 4 parameter sets. These bipary=inputs are
designated ">ParamsSelecal” (FNo 7) and
">ParamSelec.2” (FNo'8).

— The logical binary inputs must be allocated to 2
physical input modules, (refef Section 5.5.2) in or-
der to allow control. Ai'ifput is treated as not en-
ergized when itig,notiassigned to any physical in-
put.

— The controlNinputfsignals must be continuously
present as long as the selected parameter set
shall be active.

The active parameter sets are assigned to the logical
binaryinputs as shown in Table 6.2.

Aysimplified connection example is shown in Figure
613)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
yes

input not energized
input energized

Table 6.2  Parameter selection via binary input

Selector switch for
T param. set

L+

D_L_

Binary input:
>ParamSelec.1

O Olm >

'_A
L+ ——~ 'i, D_ L

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'thg
measuring and test quantitiess

p Hazardous voltages cangbe present
in the device even after diseonfec-
tion of the supply voltage (storage
capacitors!).

p The limit values givem in‘the Techni-
cal data (Section 3{1) must not be ex-
ceeded at all, not.even,during testing
and commissiéningy

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 breakemtrip 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 whieh automati-
cally short-circuits the eurrentstransformer
secondary leads, it is suffigientsto set this
switch to the "Test” position. The short-cir-
cuit switch must be ¢hecked beforehand
(refer to Section 5.2,7).

It is recommended thatsthe“aetual settings for the
relay be used for the festing¥procedure. If these val-
ues are not (yet) available, test the relay with the fac-
tory settings. In the follewing description of the test
sequence thelpreset settings are assumed unless
otherwise noted;“er different setting values formu-
lae are given;where necessary.

For thefunctional test a single-phase current source
is sufficient.

NOTE!NFhe accuracy which can be achieved during
testingf 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 cansidefed
that the current which is evaluated by the relay de;
pends on the connection mode of the inpuiwindings
of the summation transformer as well as{onfthesset-
ting parameters 1101 and 1102 (refer to,Séection
6.3.3). Additionally, all test currents must be sinusoi-
dal injected currents.

The following applies:

lp = Im - Nmr - Npar

where
lp —testcurrent,
Iy —mixedvcurrent@st is evaluated by the

relay

Nyt —factergaused 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-
calcurrents and standard connection according to
Figute 5'4; when the relay is delivered, Npor equals 1
either

'he’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 2Bty— 2E2 0,29
(allin se- 2-3,4-5 2E251F1
ries) bridged TF2—2E1
bridged

Table 6.3  Current factorg of'summation trans-

former

The parametenfactor can be derived from:

IN iné
Npar N 9

IN c.t.
where

INSing —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 fof
overload capability). Observe a coolifhg
down period!

The limits of the thermal capability must be observed
for the input windings of the summatiofftransformer
as well as for its output current. Refer algo taySection
6.6.2.

For testing the I>> stages, therefore, measurement
shall be performed dynamically. fshould be stated
that the relay picks up at 1.1 4imes_setting value and
does not at 0.9 times settingwvalue,

When the test current is dnjected, the pick-up indica-
tion appears (LED"8y@t delivery and annunciation
"Backup I>>"). After eéxpiry 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 muste noted that the set times are pure delay
times; ‘gperating times of the measurement func-
tionsare 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 I> (addres§,2612) is exceed-
ed, the pick-up indication "BackupW®, 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 théiassigned trip contacts close.

It must be noted(that the set times are pure delay
times; operating, times of the measurement func-
tions are, not ineluded.

6.6.3.3), Testing the inverse time overcurrent
stage I,

For ‘thése 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) transfermer
Npar —factor caused by parameter-setting

The factors Nyt and Ny, arerthessame 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:

©)
(")trip k2

This value can be read%utin"address block 59.

To check the timesgonstant, the current input is sim-
ply subjected t@'1.6 Xihe pick-up value, i. e. 1.6 - Iy
device - NMT ;Npar 2, Tripping will then be initiated af-
ter a time intevabwhich corresponds to half the time
constant

Itisalse possible to check the trip characteristic (Fig-
ure 3'4). [t must be noted, that before each measure-
ment, the temperature rise must be reduced to zero.
T his 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 .

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.

C53000-G1176—-C95
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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 switiched, to BLOCK
TRIP REL (address 1501) or the fripreommands to
the circuit breakers are interrupteds 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 proteetion (address 2601).

LN\ ? ////// ? A
L
/7 7/
open one pilot core
AN —————————
measure C
set Cx
L __ TN
-
set Cx
close pilot cores
measure R
set Rx
switch back-up protection on
energize line
FraN e e _
set Rx
switch back-upprotection on
energize line
check local cannections
-
-
check local connections
check total connections
Figures: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 op ap-
proximately 3 miles for usual protection®weable),
these capacitances must be compensated as they
produce an additional differential current. Measur-
ing of the capacitances is notgrecommended for
shorter lengths since the resulf beé@mes inaccurate
for smaller capacitance values.

The capacitances of thg pilotawires can be calcu-
lated from the cable charagteristics or even be mea-
sured by the relay itself.

The pilot wire pair must be connected to the relay
which should cary out measurement; at the oppo-
site end, thé pilets must be isolated.

Measurementfequires a current of at least 25 % of
thearatedirelay current. It can be injected as a sec-
ondary €urrent into the summation transformer.
When assessing the current magnitude it must be
considéred 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.

T2 o ool
IlresTs

Commencement of test blocks

4% 0 ol

{LCOMMISSION TEST

Block "Commissioning tests”

C53000-G1176—-C95
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Page on with key 1.

flle101mMEAS . Cx
tlfrest -

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 Ry and the pilot current. The result is

O

displayed immediately. But, if a system fault is de-
tected no measurement can take place. A ctre-
sponding message is displayed.

@splayed with

f 4 o1l MmEAS C x The total capacitance of the pilo
* Cx = 680 nF a resolution of 1 nF; e.g. 680 nF
FLT IN PROGRESS A system fault is in progress
CURRNT TOO SMALLIL The injected current iw Il for evaluation
NOT POSSIBLE measurement is ssible for different reason
ABORTED measureme d, e.g. because of occurrence of
a system f\
Cx = Cap : Cx = Cag
Cy = Cac Cy = Cgc
CaB

>
0

1

41

A
/E?

K . \\\\\\ : B
Ac \ Bc
Cx = CAC O A Cx = CBC
Cy = Cag @ 4 Cy = Cag
\ Csc
L 4
ca —(P cb
Cx = CAC Cx = CBC
Cy = Cgc Cy = Cac

€ 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 pis¢
lot wire resistance

The operation principle of the two-pilot-wiresdifferen-
tial protection requires the adjustment of thefratio
between the external pilot wire resistance Rpand 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 pilotawire loop resis-
tance (address 1131 Rx).

The loop resistance of thie pilet wires can be calcu-
lated from the cable charagteristics or even be mea-
sured by the relay itself:

The pilot wire paiffmuste connected to the relays at
both line endsdCompensation of the pilot wire ca-
pacitance, ifmecessary, must have been set correct-
ly beforehand/(refer to Section 6.7.1).

Measurement requires a current of at least 2 times
the rated felay current. It can be injected as a sec-
endary, current into the summation transformer.
WHhen assessing the current magnitude it must be
considered that the current which is evaluated by
theyrelay depends on the connection mode of the in-
put windings of the summation transformer. The cur-
fent must be kept constant during measurement.

Resistance measurement can be called up in ad-
dress 4102:

blla1020MEAS . "R %
tllrest -

After confirmation with the "Yes” —key J/Y the resistance
will be measured

Confirm with the 2Yes®~key J/Y. The relay calculates
the resistancefusingythe voltage drop across the
shunt resistef 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 conneeted jat a certain station.
Rx (address 1131) is alvays the resistance of the pi-
lot wire loop which is‘@ennected immediately to the
relay under considérationyi.e. with which the resis-
tance has been measured. Ry (address 1132) is the
resistance of theypilotwire pair which is connected to
the adjacent relay (ip the same station). Thus, for the
adjacentrelay®Rxand Ry are interchanged. The two
oppositefrelays which are connected with the same
pilot wire pairalways get the same setting for Rx. Fig-
ure 6.6ullustrates this relation.

Rx = RAB Rx = RAB
Ry = Rac Ry = Rgc
RaB N
Ab N Ba
A | A N\ N\ N\ . N\ N\ N\ A | B
l Y NN\ NN\ Y l
Ac Bc
Rx = Rac X Rx = Rgg
Ry = Rag 41 Ry = Rag
R
AC RBC
ca —@— cb
Rx = RAC Rx = RBC
Ry=Rsc _]| Ry=Rac

Eigure 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 prévided

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 ling cir-
cuit breaker. It must be expected, that thelinternal
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 PROJ. = BLOCK TRIP REL).

e Switch off the earthing solators at both line ends,
close the cirguit'reakers at both line ends. En-
sure that at™least 25 % of the rated line current
flows threugh the line; if necessary, achieve this
by switching opérations in the network. The direc-
tion‘efthe load current is irrelevant.

® The Ssummation transformer current can be read
off onythe display in the front or via the operating
inteface 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.JThe relay measures
the mixed output currentyeftheé summation c.t. and
calculates the secondary feurrent referred to the
rated relay currentyIhewresult is displayed immedi-

ately. But, if a system fault is detected no measure-
ment can take place. A corresponding message is
displayed.

f 41100 MEAS. I1 The current is displayed, referred to rated relay current,
* I 1= 4 .28 I/ In with a resolution of 0.01 - Iy, e.g. 0.28 - Iy
Eal\T . 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. connectiens

The table shows on the one handgthat thedeviations
resulting from wrong polarity of individual phases do
not differ from each other tg#ayremarkable extent,
which requires carefullyyrechegk of all connections.
On the other hand, interchanged®phases are not de-
tected. The latter is@f ngyconeern for the actual dif-
ferential protectiontasdong@s the connections are
equal at both line endsi(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.

Finallygswiteh, off the line.
The cerrect 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 | 5 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 'hew should amount
approximately 2.65 times the“gurrent for symmetri-
cal current injection.

If the measured currént is practically the same as
during symmetrical@enditions then the earth path at
the relay has wrong golarity.

For different resultsSyphases may be acyclically inter-
changed:

o Switeh off and earth the line at both ends.
o /Reecheck 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.

\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 currentThe direc-
tion of the load current is of no concern. Testis 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
l1, Io, lgi and the phase angle between |1 and I 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 ipimediately. You can page through the
valuesyusing the "No”—key N, or page back using
the backspacerskey R. But, if a system fault is de-
tected n@ measurement can take place. A corre-
spondifgemessage is displayed.

ol MEAS. I1,1I2

blla1200 MEAS. T1,A2
}12= 0.29 I/ 1Ifn
f4120IMEAs I1, 1I2
$a= 180 °
f4120lMEAs. I1, I2

I/ In

Mlea 200 MmEAS. 11,12
j[esr . I8 PROGRESS

ABORTETD

CURRNT T OO S MALIL

The local measured current |4 is displayed, referred to
thesrated 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 gon-
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.accordi_ng toitem3 and 5 should alrea}dy
at opposite line end be recognized during the tests according ta Section
6.7.3, so they should not occur.
4 | 180° | correct connection
But, even when the values 11, 12, @, @and ID are cor-
5 | 240° | acyclic phase exchange L2+L3 rect, it is not sure that the pilot wirés are correctly
at local line end connected since the pilet curent is zero with
X through-flowing line current."Aigounter-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 atithe local relay is reverted by
exchange at opposite line end o ) :
switching oveégthe polarity reverter in the front (see
Table 6.5 Measured currents with connection also Figure 6.1). Important! Ensure that the polar-
errors ity switchrin the\front is always situated at one of
its end positions:
The gurrent¥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 Jhellocal measured current |y is displayed, referred to
* I 1= 0 ) 8 T/ n the rated relay current, e.g. 0.28; continue with the
"No”—key N

ol MEASsS. 1 1, ™

ol MEA S\ 11, 12

ol MEAS. TI1,1I2

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!

Ifthevalues 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 |3 aregeadyout under address
4121. If the connectionsfof theyrelay 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. I 1,45 3

* % % *

10 M E A s L1, I3

The local meastired, current |4 is displayed, referred to
the rated gelay gurrent, e.g. 0.28; continue with the
"No” —key N

The meastred 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 contrastfls ~4t and o. ~ 180°, the pilot wires at
the relay Ac arefeithef’interrupted or not connected
to the additionaltedrrent 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 catefully checked and corrected.

If,l3 & 21y and o ~ 180°, connections are inter-
ehanged:

+ 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: |58 now
the current at line end C as this is the @ppasite end
for relay Ac; Iz is now the current at line gné\B."Thus,
the measured value indications shouldibe:

Iy local current (A), example |1 ~40.28

lo opposite current (C), exampleyls=~0

Q1o = %k, i.e. indefinitetas 1%~ 0

I3 third current (B),‘examplefl; ~ |1 ~ 0.28

oq3 ~ 180°

pilétwires B—C
or C—=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!

bllagf™ a2l nEAS. 11,13
fleedN= 0.241 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 begin-
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 g 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.thelpilot
wires A—B at the additional current input of theyrelay
Ac are interchanged:

Switch off the line and check and correct the con-
nections of the pilot wires A—B at thetadditional cur-
rent input of the relay Ac. Repeatstheycheck.

The successful check completes theytests to be per-
formed at line end A.

All of the tests describe@unti'fnow 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, thesefare perfofmed only at this line end C.
No corrections must e performed at the line end A
which is alreadytehécked; 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:

Ioeal 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 ling“end‘C’instead of A; measured current |4
oppositeline'end B instead of C; measured current I
thirdhline"end A instead of B; measured current I3

The eéefnections 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 tHesmaximum level, after a few seconds. But,
if a system fault is'detected no signal level measure-
ment camytakeplace. A corresponding message is
displayed.

fl[e1 300 LEVEL P.NM.
flreveEL

Il
(o)}
(S}
(o]
o

LEVETL T OO SMALDL

Méasured reception level in % of the max. reception level
(i.eyfor 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 aftepthe,level is displayed.

Approximately 70 % of thexdisplayed reception level
is set under address 1605 BEVEL PM. Setting is
equal at both line ends{lt 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 {0
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 2204, fof 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 inputgtransfer trip signal is

transmitted; the breaker @f,thesfeceiving end must
be tripped. A precondition foreorréct transmission is
that the signal level has beemdetermined 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. atixiliany,contact is assigned to a binary input it must

berconnected, 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 whenfthecircuit

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.

ool 7% ST Beginning of the block "trip circuit breaker”

(@]
w

=>
[1S
1S

Trip circuit breaker three-pole? Confirm with "J/Y” —
key or abort with page-on key 1

=
o,
=
)

bla 4040

CB TWHREE-POLE ?

Confirm with "J/Y” — key that circuit breaker is closed

C B CLOSETD ? or abort with page-on Key t
Afteryconfirmation 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
isterminated 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 sammation cur-
rent and the differential currefit. /fimecessary, 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 fauli record can be carried outin
address block 49,4Which Gan be reached by paging
with 1 or |, o, by'direct dialling with DA 4900 E.
The start address,is‘te@ched with 1:

4900l TES T
@FAULT RECORDTING

la901B FAULT REC.
START 2

SUCCESSFUL

Beginningief block "Test fault recording”
page omwith¥to address 4901

Startifault 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 bg reset
by pressing the push-button "RESET LED™ on%the
front so that from then on only real faults are Jindi-
cated. From that moment the measured valties of
the quiescent state are displayed. During pushing
the RESET button, the LEDs on the frontwill light up
(except the "Blocked” —LED); thus, a LED test is per-
formed at the same time.

Check that all modules afeyproperly inserted. The
green LED must be on ofthe front; the red LED must
not be on.

Close housing cover.

All terminal screws, — even those not in use — must
be tightened.

If a testiswiich'is available, then this must be in the
operatingyposition.

The,linedifferential protection relay is now ready for
operation.
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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 processorto
reset and restart. If such a fault is not eliminated by:
restarting, further restarts are initiated. If the faulttis
still present after three restart attempts the protec-
tive system will switch itself out of service ap@ indi-
cate this condition by the red LED ”Blaocked? on the
front plate. Drop-off of the availability relay ‘Signals
“equipment fault”.

The reaction to defects and indicationsigiven by the
relay can be individually and inf chranological se-
quence read off as operational anpungiations under
the address 5100, for defect diaghosis (refer to Sec-
tion 6.4.2).

If the relay is conngctedfto alocal substation auto-
mation system (LSA),, defect’indications will also be
transferred via the seriahinferface to the central con-
trol system.

/_|\ Watning

Ensurethat 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@peration-
al testing of the protection equipment. This mainte-
nance serves mainly for checking,theyinterfaces of
the unit, i.e. the coupling with the/plant. The follow-
ing procedure is recommended:

— Read-out of operational®wvaldes (address block
57) and comparison with the actual values for
checking the analogiinterfaces.

— Simulationtef arvinternal short-circuit with 4 x I\ for
checking the ‘analeg 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 addressges
which commence with 5 (5000 onwards). ThiS is
carried out most convenient using the frontigpers
ating interface and a personal computér with the
DIGSI® protection data processing program; the
information is thus stored in the PG

Note: All configuration data and settings of the de-
vice are stored in EEPROMS protected against
switching off of the power supplyaI'hey are stored
independent of the clocksmoduile” They are, there-
fore, neither lost whenithe ¢lock module is re-
placed nor when thesdeyicesis 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 pdlling
aids provided at the top and bottom. (Figure 7.3)k

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 touchifg,an®earthed metal sur-
face.

— Pull outthe module and place onto the conductive
surface.

— Get access tag'theyCPU board.

— Pull out ysed clock module from the socket ac-
cording to Figure 7.1; do not place on the con-
ductive,surface!

— Insertathe 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.
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5-

¥

~—{

Clock module
on multi-pin socket

Figure 7.1 Position of the clock module 2

L 4

7.3 Fault tracing \K'\

If the protective device indicates adefect, the follow-
ing procedure is suggested:

If none of the LEDs o N & of the module is
on, then check:

— Have the modules
locked?

properly pushed in and

— Is the ON/OFF switch on the front plate in the ON
positio

—Ist iary voltage available with the correct
pelarity and of adequate magnitude, connected
0] rrect terminals (General diagrams in Ap-

A)?

—
K N

— 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 out the module and place onto the conductive
surface.

— Remove blown fuse from the holder (Figures7.2).

— Fit new fuse into the holder (Figure 7.2).

— Insert draw-out module intoftheghousing; ensure
that the releasing lever igypushed 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 thetdeviee again. If a power supply failure
is still signalled, @ fault or short-circuit is present in
the internal power supply. The device should be re-
turned totheyfactory (see Chapter 8).

_, /_’--JK-

Rear view onithegemoved
basicmodule

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 th
releasing lever. {\

\ View from above onto the 1/3 size
draw-out module

with releasing lever

L 4

Figure 7. id 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 presentiin, the
device even after disconnection gf the sup-
ply voltage or after removal of the/module
from the housing (storage capacitors)!

m Caution!

Electrostatic dischargesWia the component
connections, the/PCBftracks or the con-
necting pins of ‘thegmodules must be
avoided undgr all circumstances by pre-
viously tuching an earthed metal surface.
This appliestequally for the replacement of
rem@vabl€ components, such as EPROM
or EEPROM/chips. For transport and re-
turning“ef, individual modules electrostatic
protective packing material must be used.

Components and modules are not endangered as
longiastthey 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 ihydry
and clean rooms. The limit temperature range for
storage of the relays or associated sparewnpafts is
—25°C to +55 °C (refer Section 3.1.4 under the
Technical data), corresponding to —12 °E to 130 °F.

The relative humidity must be withimlimits such that
neither condensation nor ice,forms.

It is recommended to redugcejthe storage tempera-
tureto the range +10 2C'ta +35 °C (50 °Fto 95 °F);
this prevents from early ‘ageing of the electrolytic ca-
pacitors which are contained in the power supply.

For very long 'sterage periods, it is recommended
that the relay“should be connected to the auxiliary
voltage,source farone or two days every other year,
in order te, regenerate the electrolytic capacitors.
The same isvalid before the relay is finally installed.
In extreme climatic conditions (tropics) pre-warming
wouldthus 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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General diagrams
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B Connection diagrams

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 1] 2F1, MT — . 4A8%,. |10
P 2, 2F2 2 I ;
I3 3. 1F1 I . @
) ) S
al 1p2 1 I 7SD502 Z
) ) E
5 2E1" !
6| 2E2, 3 I 4A4 |9
] |_ = = = = = = _I ]
L. ) ) : - ) ) i

L1 L2 L3

Figure B.1  Standard connection L1—-L3—E, forallsystems suitable

1\ Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+ ers.
L— Surfaceymounting 49
I_ Elush mounting 7C3 _I
50 7C4!_ _!
1| JoF1 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
S S
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
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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| 7cC4 I_ _I
I 1] 2F1, MT — 4A3  [1e
I 2, 2F2 2 I X
I3 3. 1F1 I ' @
1 L .§
4l 1p2 1 I 7SD502 =
) ) E
[ 51 2E1! !
E 6| 2E2, 3 I , 4A4 9
] |_ = = = = - = _I ]
L. ] ] ] . \ ] i

L1 L2 L3

Figure B.3  Connection L1 —-L3—E with increased earth currentisensitivity, preferably for systems with
low—resistance earthed star point

1\ Caution!

Pilot wires must not be earthed
nor provided with surge arrest-

L+ ers.
Surface mounting 49
I_ Flusymounting 703 _I
€0 B
2K , MT ) , 4A3 10
b 2F2 2I |
v 1F1 ' 3
) ) -E
1F2 1 I 7SD502 5
7 ' =
2E1! !
ez, 8 I l4rs_ |9
S S
L1 [2 L3 L. _ _ _ _ _ _ _ _|

Eigure B.4  Matching of unequal primary rated currents, example with standard connection L1 -L3—E

152 C53000—-G1176—C95



7SD502 V3 Appendix

1\ Caution!

Pilot wires must not e earthed

L+ nor provided with surgesaftrest-
ers.
L— Su_rface moEmting ) ) 49 ) ) ) )
I_ Flush mounting 703 _I
50 704!_ _I
I 1] 2F1, MT — L 4Ac%,| 10
2, 2F2 2 I X
Ii3 3. 1F1 I , ®
o
al 1F2 1 I 7SD502 E
T [ 2
=
5| 2E1' !
6| 2E2 3 I 4A4 |9
] |_ = = = = = = _I ]
L. ] ] : ) ] ] .

L1 L2 L3

Figure B.5  Connection to two current transformers L1—L3, only for systems with isolated or arc com-
pensated star point

px Caution!

Pilot wires must not be earthed nor
provided with surge arresters.

7SD502 I
earth M2! earth M2!

M2+ Do not Do not | M2 M1 7SD502
L2 K1 10'4A3 !

' 4A4

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 arrestersy
50| 7C4, ,
1| 2F1, MT (4A3 |10
7] =
2 2F2, ,4c29,| 32
3 ' 1F1 I I 4G4 1 31 (7] m
Oc
al 1r2) 1 I ' =5
T 7SD502 ' Sw
oo
5 2E1! |
6| 2E2, 3 I 4A4 |9
' I_ = = = < = —I '
L. ] ] y _ ] i
L+
Surface maunting 49
I_ Flush meunting 7C3 _I
50| 7C4 !_ _!
17 2F 1 MT — 4A3 10
' 2 '
2 \2F2 I
L1 L2 L3 ; 401 |31
3, “F1 I I 4c2 32 82
=0
Al 1r2 1 I ' 2 ©
- 7SD502 : 2%
oo
5 2E1! !
6| 2E2, 3 I JAA4 |9
' I_ = = = = = —I '
L. ] ] ] ] ] i

Figure B.7%,"€onnection 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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Tables

ANnuNCIations for LSA . ... o 01 56

Table C.1
Table C.2 Annunciations for PC, LC—display, and binary inputs/outputs ................... ’ ..... 158
<
Table C.3 Reference table for functional parameters (address blocks 11 to 39& ............ 161
Table C.4 Tests and commissioning aids (address blocks 40 to 49) . .. 0 .................. 166
Table C.5 Annunciations, measured values, etc. (address bIocks@Q ..................... 167
Table C.6 Reference table for configuration parameters (addr cks60t079) ................ 168
Table C.7 Operational device control facilities (addr&& 80t089) ........ 174
{0

NOTE: The following tables list all data whi available in the maximum complement of the device. Depen-
dent on the ordered model, only those data e present which are valid for the individual version.

N

NOTE: The actual tables aO&d to the purchased relay.

Q>®
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Annunciations 73D502 for LSA (DIN 19244 and according VDEW/ZVETI)

O

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
v : 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 "Functi e")
Inf - Information number
/ZVEI
FNo Meaning Typ|Inf
11|{>User defined annunciation 1 pl| 27
12|>User defined annunciation 2 pl 28
13|>User defined annunciation 3 p| 29
14|>User defined annunciation 4 p| 30
51 |Device operative / healthy 135| 81
52 |Any protection operative pl 18
55|Re-start of processor system P 4
56|Initial start of processor system o) 5
59|Real time response to LSA
60 |LED Reset CA el 19
61|Logging and measuring functions bl CA|GI pl 20
62 |Test mode CA|GI pl 21
63 |PC operation via system interf@ CG 135| 83
95| Parameters are being set CG 97(CA|GI pl 22
96 |Parameter set A is active CG 26|CA|GI p| 23
97 |Parameter set B is active \ CG 27|(CA|GI p| 24
98 | Parameter set C is active CG 28 |CA|GI pl 25
99| Parameter set D is active CG 29|CA|GI pl 26
110 |Annunciations lost (buff flow) C 195 135]130
112 |Annunciations for LSA 1lgst C 196 135(131
113|Fault tag lost 1 4 BT|135|136
140 |General internal fai 3\38 device CG CA|GI pl| 47
142 |Failure of internal \Y power supply|CG 83 GI 135|162
143 |Failure of intern 1 DC power supply|CG 90 GI 135|163
144 |Failure of inter C power supply [CG 89 GI 135|164
145|Failure of interfial DC power supply [CG 84 GI 135|165
150 |Failure in I/0 medu CG 91 GI 135(170
151|Failure in I/ e 1 CG 92 GI 135|166
154 |Failure i tn@ module CG 80|CA|GI pl 36
160 |Common ala CG CA|GI pl| 46
161 |Measured val supervision of currents |CG CA|GI pl 32
162 |Failurg: rrent summation supervision |CG 104 GI 135(182
204 |Fault rding initiated via bin.input 86 BT|135(204
205 |Fault re ng 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. evént w. consecutive no. C 135|232
354 |> aux. contact:3poles closed (series) |CG 40 GI 150 4
501 al fault detection of device 140 BT|150(151
50 al drop-off of device C (240 150152
5 ral trip of device C |141 BT|150|161
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Ann. |LSA VDEW/ZVEI

FNo. | Meaning Op|Ft|No.|CA|GI|BT

561 |Circuit breaker manually closed (pulse) |(C 18

605 |[Operat. meas. station 1 in % M

006 |Operat. meas. station 2 in % M 134
607 [Operat. meas. station 3 in % M 134
608 [Operat. meas. diff. current in % M 234
609 |[Operat. meas. restr. current in % M 134
1174 |Circuit breaker test in progress CG 21 151
1185|Circuit breaker test: Trip 3pole CG 14 151
1513 |Thermal overload protection is active CG 167
1515 |Thermal overload prot.: Current warning|CG 167
1516 |Thermal overload prot.: Thermal warning|CG 167
1517 | Thermal overload prot.: Pick-up thermal [CG GI 167
1521 |Thermal overload protection trip BT|167
2306 |>Block I>> stage of back-up overcurrent GI 62
2307 |>Block I>/Ip stage of back-up overcurr. GI 62
2403 |Back-up overcurrent prot. is active GI 62
2411 |Back-up overcurrent: Gen. fault det. 210 BT| 62
2421 |Back-up overcurrent: Fault det. I>> 246 62
2422 |Back-up overcurrent: Fault det. I> C |247 62
2441 |Back-up overcurrent: Time TI>> expi C |217 62
2442 |Back-up overcurrent: Time TI>/T Xp. Cc |218 62
2451 |Back-up overcurrent: General tri C [251 BT| 62
3017 |Differential protection is act CG 151 GI 92
3022 |Diff. prot.: General fault det CG 3|CA BT o)
3024 |Diff. prot.: Blocked by exter 1t 153 BT| 92
3027 |Differential prot.: Trip by C [231|ca BT o)
3306 |>Transfer trip signal inpu CG 39
3311 |Trans. trip transmittergis ed off|[CG 57 GI 93
3316 |Transfer trip transmi S al CG 157 GI 93
3341 |Trip receiver is swit€@hedfoff CG 58 GI 93
3343 |Trip receiver is ac e CG 159 GI 93
3346 |Trip receiver: Gene52¥§§i;'t detection CG|160 BT| 93
3347 |Trip receiver: Gene ip CG| 59 BT| 93
3371 |Pilot wire monitor (i itched off CG 162 GI 93
3376 |Pilot wire monitosms ure detected CG 95 GI 93
4506 |>External trip CG 51
4511 |External trip’ isWswiftched off CG 53 GI 51
4513 |External tri &Q ive CG 166 GI 51
4516 |External tri General fault detection 167 BT| 51
4517 |External :WEeneral trip CG| 52 BT| 51

111
113
116
117

Q>®
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Annunciations 73D502 for PC, LC-display and binary inputs/outputs

C/CG: Coming/Coming and Going annunciation

FNo. - Function number of annunciation O
Op/Ft - Operation/Fault annunciation

M : Measurand
E - Earth fault annunciation
I0T - I: can be marshalled to binary input e
O: can be marshalled to binary output (LED, signal relay)
T: can be marshalled to trip relay %
FNo. |Abbreviation Meaning o] I0T
3|>Time Synchro|>Time synchronization IO
4|>Start FltRec|>Start fault recording I0
5(>LED reset >Reset LED indicators I0
7|>ParamSelec.l|>Parameter set selection 1 (with No 10
8 |>ParamSelec.2|>Parameter set selection 2 (with N ) 10
11|(>Annunc. 1 >User defined annunciation 1 CG I0T
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 I0T
51|Dev.operative|Device operative / health CG o)
56|Initial start|Initial start of processo C
60|LED reset LED Reset C
95| Param.running|Parameters are being set CG o)
96 |Param. Set A |[Parameter set A is acti CG 0
97| Param. Set B |[Parameter set B 1is actd CG 0
98| Param. Set C |[Parameter set C 1is adti CG 0
99| Param. Set D |Parameter set D i CG 0
100 |Wrong SW-vers|Wrong software-y on C

101 |Wrong dev. ID|Wrong device id fication C
110 |Annunc. lost |Annunciations €. (buffer overflow) C
111 |Annu. PC lost|Annunciations lost C

115|Flt.Buff.Over|Fault annunci uffer overflow C
120|Oper.Ann. Inva|Operationa ciations invalid CG
121 |Flt.Ann.Inval|Fault %Pn ciations invalid CG
123|Stat.Buff.Inv|Statis "\ig unciation buffer invalid CG
124 |LED Buff.Inva|LED,a nciation buffer invalid CG
129 |VDEW-StateInv|VDE t invalid CG
135|Chs Error Err heck sum CG
136|Chs.A Error Erfor dn check sum for parameter set A |CG
137|Chs.B Error Er¥or An check sum for parameter set B |CG
138|Chs.C Error or in check sum for parameter set C [CG
139|Chs.D Err ror in check sum for parameter set D |CG

ure of internal 18 VDC power supply|CG
143 |Failure ailure of internal 15 VDC power supply|CG oT
144 |Failur, ailure of internal 5 VDC power supply |[CG oT

145|Failur Failure of internal 0 VDC power supply |CG oT

150|Failure Failure in I/0O 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

le6l upervision|Measured value supervision of currents 0

162 i dure T Failure: Current summation supervision |CG oT

20 “RecDatDel |Fault recording data deleted C
.Rec.viaBI|Fault recording initiated via bin.input|C
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FNo. |Abbreviation Meaning Op|Ft 0oT

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 tri®

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. curreat, 1M % M

609 |IR[%]= Operat. meas. restr. curfenthin % M

655(I1= Operat. meas. stationWl In A M

656(I2= Operat. meas. station WWn“A M

657 [1I3= Operat. meas. statdéon 3\ i A M

658 | ID= Operat. meas. diff{cClmrent in A M

659 | IR= Operat. meas. reStxr. eurrent in A M

801l |®/0trip = Temperat. rise ferWwarning and trip M
1000 |Trip No = Number of trip @ommands issued M
1007 (yI/In= Accumulated ingerrupted curr. I/In M
1156 |>CB Test >CB test stant I0T
1174 |CB in Test Circuit bmeakery test in progress CG oT
1185|CB Test 3p Circuit Preaker®test: Trip 3pole CG oT
1503|>0/L block >Block €henmal overload protection IOT
1504 |>0/L alarm >Thermal O/L protection: alarm only IO0T
1505(>0/L blo Trip|>Block thip“signal of thermal O/L prot. I0T
1511({0/L Prot. off|Thermaypoverload prot. is switched off [CG oT
1512 (0/L blocked Thermald owerload protection is blocked |[CG oT
1513(0/L active Thesmmal overload protection is active CG oT
1515(0/L Warn I Thiermall overload prot.: Current warning|CG oT
1516(0/L Warn @ Thermal overload prot.: Thermal warning|CG oT
1517(0/L pickup © gThermal overload prot.: Pick-up thermal [CG oT
1521|0/L Trip The¥mal overload protection trip CG oT
2303 |>Backup bleck|[3Block back-up overcurrent time prot. IO0T
2304 |>Back bloTxipy>»Block trip signal of back-up overcurr. I0T
2306 |>I>> blo¢k >Block I>> stage of back-up overcurrent|CG I0T
2307 |(>I>/1Ip bleck/|>Block I>/Ip stage of back-up overcurr. [CG IOT
2401 |Backupfoff Back-up overcurr. prot. is switched off|CG oT
2402 |Backup Hlock |[Back-up overcurrent prot. is blocked CG oT
2403 |Backupiaetive |[Back-up overcurrent prot. is active CG oT
2411 Back Gen. Flt|Back-up overcurrent: Gen. fault det. CG oT
242¥|Backup I>> Back-up overcurrent: Fault det. I>> C oT
24229Backup I>/Ip |[Back-up overcurrent: Fault det. I>/Ip C oT
2441 |Baekup 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|E]|IOT
3021 |Diff> T start|Diff. prot.: IDIFF> time delay started
3022 |Diff Gen. Flt|Diff. prot.: General fault detection
3024 |Block sat Diff. prot.: Blocked by external fault
3026 |Block Harm Diff. prot.: Blocked by harmonics
3027 |Diff> TRIP Differential prot.: Trip by IDIFF>
3028 |Diff Intertr.|Diff. prot.: Intertrip send signal
3029 |dirDif>Trip Direct Trip IDIFF> without O/C release
3303 |>TrTrip block|>Block transfer trip transmitter
3306 |>Trans.Trip >Transfer trip signal input
3311 |TransTrip off|Trans. trip transmitter is switched off
3312 |TransTrip blo|Transfer trip transmitter is blocked
3316 |TrTrip Send Transfer trip transmission signal
3333 |>Recv. block |>Block of trip receiver
3335 |>Recv.bloTrip|>Block the trip relay of trip receive IOT
3341 |Receiver off |[Trip receiver is switched off oT
3342 |Receive block|Trip receiver is blocked oT
3343 |Recv. active |Trip receiver 1is active G oT
3346|Recv. Gen.Flt|Trip receiver: General fault det CG oT
3347 |Receiver Trip|Trip receiver: General trip C oT
3348 |Receive recv. |Trip receiver: Trip signal r CG oT
3363 |>P.W.M. block|>Block pilot wire monitor IOT
3367 |>P.W.M. 3.end|>P.wire failure det. by p vice IO0T
3371 |P.W.M. off Pilot wire monitor is swi CG oT
3372 |P.W.M. block |Pilot wire monitor is bl CG oT
3376 |Pilot w. fail|Pilot wire monitor: Fail ected CG oT
3377 |Block to 3end|Pilot wire failure to paxall device CG oT
4503 |>Ext block >Block external trip I0T
4505 |>Ext blo Trip|>Block trip signal o rnal trip I0T
4506 |>Ext Trip >External trip I0T
4511 |Ext off External trip i off CG oT
4512 |Ext blocked External trip i CG oT
4513 |Ext active External trip4is ¢ i CG oT
4516 |Ext Gen.Fault|External trip%l fault detection CG oT
4517 |Ext Gen. Trip|External tri eneral trip C oT
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Reference Table for Functional Parameters 7SD502

1000 PARAMETERS CO

1100 POWERSYSTEM DATA

L
1101 IN LINE Nominal current of line/cable
min. 1 A
max. 100000 — \
1102 IN CT PRIM Primary rated current of C
min. 1 A
max. 100000 _—
1131 Rx Pilot wire loop resista o 2nd line end
min. O Q
max. 2000 e
1132 Ry Pilot wire loop rg€si nce to 3rd line end
min. O Q
max. 2000 e
1133 Cx Pilot wire pacitance to 2nd line end
min. 0 nF
max. 2000 e
1134 Cy Pilot '&oop capacitance to 3rd line end

min. O

nkF
max. 2000 _—
1141 T TRIP um trip command duration
min. 0.01
max. 32.00 —_—

1500 PILOT WIRE DI’FF. PR CTION

1501 DIFF PROT. ‘\\» State of the differential protection
OFF ] off
] on
]

Block trip relay

1503 I DIFF> Pick-up value of differential current

min. @ I/Inln

Slope 1 of tripping characteristic

ON
BLOCK TRIC

1506

1508 Slope 2 of tripping characteristic
min. 0.25
dmax. 0.95 _—
10 2nd HARMON State of 2nd harmonic restraint
OFF [ 1 off
ON [ 1 on
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1511 2nd HARMON 2nd harmonic contend in the different. current
min. 10 %
max. 80 _—

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 E—

1525 T-DELAY Time delay of differential protectio\':
min. 0.00 s %
ted

max. 60.00/e _

1527 T-RESET Reset delay after trip has been gdni
min. 0.00 S

max. 60.00 —_—
1535 MAN.CLOSE Trip reaction after manual o g of CB
INEFFECTIVE [ ] Ineffective
UNDELAYED [ ] Undelayed
1541 INTERTRIP State of the intertnip s unction
OFF [ 1 off
ON [ ] on
1542 T-SEND-PRO Send signal proloﬁl for intertrip

min. 0.00 s
max. 60.00 _
1600 PILOT WIRE MONITORING \
1601 PILOT MON State m t wire monitor function

OFF [ ]
ON [ 1] on
1602 STATION &g@udentification
st

SLAVE [

MASTER [
1603 DIFF BLOCK ch. diff. funct. during pilot wire failure
ON ] n
OFF ff

1604 T-PILOT Time delay for blocking the diff. function
min. 2 s
max. 60 —
1605 LEVEL P. Min. receive level of pilot wire monitoring
min. 1.0 %
max. 100.0 e
L 4
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2100 EXTERNAL TRIP FUNCTION

2101 EXT.TRIP State of external trip function O
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ ] Block trip relay

2102 T-DELAY Time delay of external trip function
min. 0.02 s @
max. 60.00 E—

2103 T-RESET Reset delay after trip has b %iated
min. 0.00 S
max. 60.00 e

2200 TRANSFER TRIP

2201 TRIP SEND State of transfer t send function
OFF [ 1 off
ON [ ] on

2202 T-SEND-DEL Send signal de transfer trip
min. 0.00 S
max. 60.00 —_—

2203 T-SEND-PRO Send sign ongation for transfer trip
min. 0.00 S
max. 60.00 —_—

2300 TRIP RECEIVER Q®

2301 TRIP RECV. \ of transfer trip receiver
OFF [
ON [
BLOCK TRIP REL ] ck trip relay

2302 T-RECV-DEL @ Receive signal delay for transfer trip
min. 0.00 S
max. 60.0 Q“~

2303 T-RECV-PR Receive signal prol. for transf. trip receiver
min. 0.0 S
max. 60. —_—

2600 CK- OVERCURRENT PROT

260 CK o/C State of back-up overcurrent protection
¢) [ 1 off
ON [ 1 on
BLOCK TRIP REL [ ] Block trip relay
L 4

603 I>> Pick-up value for high current stage I>>

min. 0.10 I/InLn
max. 30.00 A
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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 _—

2613 T-I> Delay time for I> TI>
min. 0.00 s
max. 32.00/« _—
2614 Ip Pick-up value of overcurrent age Ip

min. 0.10 I/InLn
max. 20.00 _—
2615 T-Ip Time multiplier for Ip 'n@time IDMT) Tp
min. 0.50 s
max. 32.00 _—
2616 RMS FORMAT Method of RMS calc € for IDMT
WITHOUT HARMON. [ ] Without harmonics
WITH HARMONICS [ ] With harmonics
2621 MAN.CLOSE Effective stag r manual closing of CB
INEFFECTIVE Ineffective

[
I>> UNDELAYED [ ] I>> undel
I>/Ip UNDELAYED [ ] I>/Ip und

2700 THERMAL OVERLOAD PROT. @
2701 THERMAL OL Sta@ hermal overload protection

OFF

[ ] Ofx

ON [ ]

ALARM ONLY [,] % only
[ B

BLOCK TRIP REL k trip relay

2702 K-FACTOR xactor for thermal overload protection
min. 0.10
max. 4.00
2703 T-CONSTAN ‘--~ Time constant for thermal overload protection

min. 1.0 min
max. 999.9 —_—
2704 © WARN Thermal warning stage
min. 50 3
max. 100 —_—
4
2705 T N Current warning stage

I/InLn
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2900 MEAS.VALUE SUPERVISION

2901 M.V.SUPERV State of measured values supervision O
ON [ 1] on
OFF [ 1 off

2905 SUM.Ithres Summation threshold for current monitoring
min. 0.05 I/In
max. 2.00 _ @

2906 SUM.Fact.I Factor for current summation moni ing
min. 0.00
max. 0.95 E—
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Tests and Commissioning Aids 7SD502

4000 TESTS OO

4100 COMMISSION TESTS

4101 MEAS. Cx Measuring the pilot wire capacitance ¢
4102 MEAS. Rx Measuring of the pilot wire resistan\%
4110 MEAS. Il Measuring the local current Il @

4120 MEAS. Il1,1I2 Meas. local Il, remote I2, and an , 12

4121 MEAS. I1,1I3 Meas. local I1, remote I3, and a@l, I3
4130 LEVEL P.M Meas. of receive level (pilo iré’monitor)

4400 CB TEST LIVE TRIP %

4404 CB TRIP Circuit breaker tri pole

4900 TEST FAULT RECORDING

4901 FAULT REC. InltlatloQ@recordlng

>
\\\O
O

<<>Q’

L 4
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Annunciations,

Measured Values etc. 7SD502

5000 ANNUNCIATIONS CO
5100 OPERATIONAL ANNUNCIATIONS
L 4
5200 LAST FAULT %
5300 2nd TO LAST FAULT :
5400 3rd TO LAST FAULT Q
5600 CB OPERAT. STATISTICS t
5601 Trip No = Number of t ands issued
5602 SI/In= Accumulatai‘:h' rrupted curr. I/In
5700 OPERATIONAL MEASURED VALUE K
5701 I1[%]= as. station 1 in %
5702 I2[%]= meas. station 2 in %
5703 I3[%]= meas. station 3 in %
5704 ID[%]= meas. diff. current in %
5705 IR[%]= meas. restr. current in %
5711 I1= meas. station 1 in A
5712 I2= meas. station 2 in A
5713 I3= meas. station 3 in A
5714 1ID= meas. diff. current in A
5715 meas. restr. current in A

5900

5904

%

IR= g
OVERLOAD @ ED VALUES

@/@tr@

Temperat. rise for warning and trip
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Reference Table for Configuration Parameters 7SD502

6000

O

6100

6101

6102

6103

6104

MARSHALLING 0

MARSHALLING BINARY INPUTS

BINARY INPUT 1 Binary input 1

L 4
BINARY INPUT 2 Binary input 2 < ;
BINARY INPUT 3 Binary input 3 \§

BINARY INPUT 4 Binary 1

.(ﬁb_

6200

6201

6202

MARSHALLING STGNAL @

SIGNAL RELAY 1 ignal relay 1

SIGNAL RE Signal relay 2

R
N
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6203 SIGNAL RELAY 3 Signal relay 3

6204 SIGNAL RELAY 4 Signal relay 4 . g
6205 SIGNAL RELAY 5 Ssignal relay 5 0

6300 MARSHALLING LED INDICATORS \;

6301 LED 1 LED 1 \

6302 LED 2 @

6303 LED 3 :\K LED 3

630 LED 4
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6305 LED 5 LED 5
6306 LED 6 LED 6
6400 0

6401

6402

6403

6404

MARSHALLING TRIP RELAYS
TRIP RELAY 1 Trip relay 1

T
&

TRIP RELAY 2 Trip relay 2
TRIP RELAY 3 Trip r
\p\b relay 4

TRIP RELAY 4 O

7000

OP. SYSTEM NFIGURATION

L 4

170
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7100 INTEGRATED OPERATION
7101 LANGUAGE Language O
DEUTSCH [ 1] German
ENGLISH [ ] English ‘ )
7102 DATE FORMAT Date format
DD.MM.YYYY [ ] dd.mm.yyyy
MM/DD/YYYY [ 1 mm/dd/yyyy *
7105 OPER. 1st L Operational message for 1lst di line
7106 OPER. 2nd L Operational message for 2n ay line
7107 FAULT 1st L Fault message for 1s ay line
7108 FAULT 2nd L Fault message display line
7110 FAULT INDIC LED and LCD

WITH FAULT DETEC [
WITH TRIP COMM. [

Fault ind t :
] With faul tion
] With tripy.co nd

7200
7201 DEVICE ADD.
min. 1
max. 254
7202 FEEDER ADD.
min. 1
max. 254

7203

7208
min.

max. 254
FUNCT. T@

7211

PC INTERF'.
DIGSI V3 [
@sCII [

PC/SYSTEM INTERFACES t
K e address

mder address
O
SUBST. ADD. Substation address
min. 1

Function type in accordance with VDEW/ZVEI

Device type

Data format for PC-interface
] DIGSI V3
] ASCII

C53000—-G1176—-C95
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7215 PC BAUDRATE Transmission baud rate for PC-interface
9600 BAUD [ ] 9600 Baud
19200 BAUD [ ] 19200 Baud
1200 BAUD [ ] 1200 Baud
2400 BAUD [ ] 2400 Baud
4800 BAUD [ ] 4800 Baud
7216 PC PARITY Parity and stop-bits for PC-interface

DIGSI V3 [ 1] DIGSI V3
NO 2 STOP [ ] No parity,2 stopbits
NO 1 STOP [ ] No parity,1 stopbit

L 4
7221 SYS INTERF. Data format for system-interface \t

VDEW COMPATIBLE VDEW compatible

[
VDEW EXTENDED [ ] VDEW extended

[

[

DIGSI V3 DIGSI V3 @
LSA LSA
7222 SYS MEASUR. Measurement format for system ace
VDEW COMPATIBLE [ ] VDEW compatible
VDEW EXTENDED [ 1 VDEW extended
7225 SYS BAUDR. Transmission baud rate r em-interface
9600 BAUD [ 1 9600 Baud
19200 BAUD [ 1] 19200 Baud
1200 BAUD [ ] 1200 Baud
2400 BAUD [ 1] 2400 Baud
4800 BAUD [ 1 4800 Baud
7226 SYS PARITY Parity and stop= &for system-interface
VDEW/DIGSIV3/LSA [ ] VDEW/DIGSI V3/
NO 2 STOP [ ] No parity,
NO 1 STOP [ ] No parity P
7235 SYS PARAMET Paramete&ni via system-interface
NO [ ] no
YES [ 1 yes
7400 FAULT RECORDINGS N

tion of data storage

7402 INITIATION :!!h
STORAGE BY FD. [ S age by fault det
STORAGE BY TRIP rage by trip
1

START WITH TRIP tart with trip
7410 T-MAX aximum time period of a fault recording
min. 0.30 S
max. 5.00 .--.
7411 T-PRE Pre-trigger time for fault recording
min. O. S
max. 0.50 _—
7412 T-POST Post-fault time for fault recording
min. 0.0% s
ma 0.50 E—
7431, T RY IN Storage time by initiation via binary input
0.10 s
ax. 5.00/e« —
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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 [ 1] 660 values fix
<=3000 VAL. VAR [ ] <=3000 val. var
. 4
7800 SCOPE OF FUNCTIONS %
7815 DIFF PROT. Differential protection ‘--~
EXIST [ 1] Existent
NON-EXIST [ ] Non-existent
7816 PILOT MON Pilot wire monitor
NON-EXIST [ ] Non-existent
EXIST [ 1] Existent
7821 EXT. TRIP External trip funcgd
NON-EXIST [ ] Non-existent
EXIST [ 1] Existent
7822 TRANSF.TRIP Transfer t
NON-EXIST [ ] Non-existen
EXIST [ ] Existent
7823 TRIP RECV Trip receélver
NON-EXIST [ 1] Non-exi e
EXIST [ ] Existent
7826 BACK-UP O/C o] ercurrent protection
NON-EXIST [ ] Xistent
EXIST [ ]Xent
7827 THERMAL OL al overload protection
NON-EXIST [ existent
EXIST ] istent
7885 PARAM. C/0 @ Parameter change-over
NON-EXIST \ Non-existent
EXIST K ] Existent
7899 FREQUENCY\ Rated system frequency
fN 50 Hz [ ] £fN 50 Hz
fN 60 Hz [ ] £fN 60 Hz
7900 \Y CONFIGURATION
790 OBF'ENDS Number of line terminals
ERMINALS [ 1] Two terminals
THREE TERMINALS [ ] Three terminals

L 4
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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 (b
8104 DIFF. TIME Setting difference time ::
8200 RESET Q
8201 RESET Reset of LED memories
8202 RESET Reset of operational an 1ation buffer
8203 RESET Reset of fault annu i buffer
8204 RESET Reset of CB operatN nters
8205 RESET Reset of the to & interrupted currents
8300 SYS-VDEW ANNUNC.-MEAS.VAL
8301 SYS TEST Testing v sy¥istem-interface

OFF [ 1 off

ON [ 1 on 1‘]:,&

O

8500

PARAMETER CHANGE-OVER \
8501 ACTIV PARAM &al active parameter

I,‘-! set
8503 ACTIVATING ctivation of parameter set

SET A et a

SET B Set b

SET C V] Set c

SET D ] Set d

SET BY BIN.IN [ ] Set via binary input

SET BY A L£ON [ 1] Set by lsa control
8510 COPY Copy original parameter set to set
8511 COPY Copy original parameter set to set

4

8512 CO Copy original parameter set to set
8513 ,.C Copy original parameter set to set
8544 "€OPY Copy parameter set A to set B

174
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8515 COPY Copy parameter set A to set C

8516 COPY Copy parameter set A to set D O
8517 COPY Copy parameter set B to set A O

8518 COPY Copy parameter set B to set C

8519 COPY Copy parameter set B to set D L
8520 COPY Copy parameter set C to set %
8521 COPY Copy parameter set C to set

8522 COPY Copy parameter set C to se

8523 COPY Copy parameter set D to,se

8524 COPY Copy parameter set D et B

8525 COPY Copy parameter se set C
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7SD502 V3.1 Corrections/Suggestions
To From
SIEMENS AKTIENGESELLSCHAFT Name O
Dept. EV S SUP 2 0
D—-13623 BERLIN Company/Dept.
Germany V'S

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.

NS
N

Telephone no.

Corrections/Suggestions
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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)
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