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The following does not represent a complete list of all
the safety measures required for the operation of the
equipment (device, module) as certain operating
conditions may necessitate further measures.

A

Warning

During the operation of electric equip-
ment, certain parts of the equipment will
always be subject to dangerous voltages.
Improper use can cause serious personal
injury or material damage.

® Before setting up any electrical con-
nections, the PE terminal of the
equipment must be correctly earthed.

® All parts of the circuit linked to the
power supply may be subject to dans
gerous voltages.

® Equipment (capacitor storagéhean
still be subject to dangerous voltages
even after the supply voltage has
been disconnected.

® QOpen operation of current trans-
former circuits is notfpermitted.

® The threshold yaldes specified in this
manual, i.e. operatingiimstructions,
must not be gx€eedéd; this also
applies to testing and commissioning.

® Only coppetent persons are per-
mitted tayoperate this equipment. In
ofder tovensure the trouble-free and
safefSperation of this equipment, it is
esSential that it is properly trans-
ported, as well as correctly stored,
assembled, operated and maintained.

These instructions cannot provide detailedsinformation
on all product types or cover every,conceivable
method of assembly, operation ©r afd@intenance.

If you require any further informatian’ or if you experi-
ence any problems not dealtWwithin detail in the sys-
tem manual, please contagtgourlocal Siemens dealer
for assistance.

Competent persons,are persons who are familiar
with the installatiofpassembly, commissioning and
operation of ghe/preduct and who have the relevant
qualificatiens, such as, e.g.

® Trainingyoripstruction, i.e. authorization to switch
electrie,Circuits and devices/systems on and off, as
wWell'as disconnect, earth and mark said equip-
meRtin accordance with standard safety require-
ments.

@\ Iraining or instruction in the maintenance and im-
plementation of appropriate safety equipment in
accordance with standard safety requirements.

® First Aid training.

CE Declaration of Conformity

The product is herewith confirmed to comply with the
requirements set out in the Council Directive on the
Approximation of the Laws of the Member States
relating to Electromagnetic Compatibility
(89/336/EEC) and the use of electrical equipment
within certain voltage limits (the Low Voltage Direc-
tive 73/23/EEC).

This conformity has been tested by SIEMENS AG in
accordance with article 10 of the Directive which
complies with the basic specifications of EN 50081
and EN 50082 for the EMC Directive and the basic
specifications of EN 60255-6 for the Low Voltage Di-
rective.

The device has been developed and manufactured for
industrial use to EMC standards.

The evaluation has been carried out in accordance
with the international standards of the IEC 60255
series and the national standards DIN 57 435 / Part
303 (corresponds to VDE 0435 / Part 303).
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1 Introduction

11 Application

The numerical line differential protection 7SD600 is a
fast and discriminative short-circuit protection for ca-
bles and overhead lines of all voltage levels, irrespec-
tive of the method of neutral-point connection.

For example, it is particularly suited for short lines
where the reach of a distance protection cannot be
set small enough, or for meshed industrial and reticu-
lation networks. It can be implemented no matter
how short the line. A current transformer, but not a
voltage transformer, is required at each end of the
line.

A significant advantage of the differential protecti
that, in the event of a short circuit, it trips and j
diately disconnects, no matter where the short
occurs within the protected zone. The curren n
formers at both ends define the protected i
this strict zone definition which produces the
discrimination typical of the differential prote

principle. It also means that it is ngt n@y to de-
lay the trip command as is usually t ith time-
graded protection systems.

device and a
er ach end of the
devices to work toge-

The complete setup requires a
4AM4930 summation transf
protected line. In order for t
ther, a symmetrical pilot i

the two stations.
'M n properly, the pilot wires
his reason, we always recom-

mend pilot wir g. This can disable the diffe-
rential protection nal) if a fault is detected on
the transmission link and outputs a corresponding
indication. P

For the protecti
must be healt

7SD600
Station 1

Pilot
wire pair

max. 12 km

4AM4930
O——{ &

Figure 1.1 Line differential protection 7SD600 for operation with

two pilot wires, block diagram

In cases where a transformer is connected directly to
a cable or overhead ling, i.e. without a circuit-breaker,
current transformers should be installed at the trans-
former terminal, and the 7SD600 connected solely as
a line protection. The integrated stabilization with the
second harmonic in the differential current implies
that, that a transformer may, in principle, be included
in the protected zone of the 7SD600, however, it
does not offer the level of sensitivity provided by a
transformer differential protection.

In addition, this arrangement causes a delay of the
tripping time for the 7SD600.

Siemens AG - October 2002



Introduction

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069-A4

During a system fault (short-circuit in the protected
zone), the instantaneous values of the measured si-
gnals are stored in the device for a maximum period
of 5 s and are subsequently available for fault analy-
sis. For this purpose, the 7SD600 is equipped with an
RS485 interface with bus-capability so that, with the
DIGSI 3 operating program, user-friendly operation as
well as convenient and clear fault recording and eva-
luation is possible. The interface is also suited for
operation through a modem connection.

1.2 Features

® Numerical device with powerful 16-bit micropro-
cessor system;

® Complete numerical measured value processin
and control, from the sampling and digitizatio
measured variables through to the trip deci S
for the circuit-breaker;

® Complete galvanic and interference-free is@la
of the internal processing circuits from u-
ring, control and supply circuits ofghe @and

the pilot wires by means of screen red
value transducers, binary in and ut'modules

and DC converters;
® Self-contained measuring unitfor line end,;
® | ow demands on the curren former,
® Comprehensive ad itio@tions (see section
1.3);

e Continuous caléulatién and display of operational
measured val theffront of the device;

or 7SD502 but must always
The previously used sum i
can continue to be usediif the
a 7SD24.

O

Both hardware and software are constantly monitored
in the device so that faults are dete

d and indicated

immediately. This ensures an extr igh level of
reliability and availability.
The device cannot operate in junction with 7SD24

mented in pairs.
nsformer 4AM49
vice used to replace

Y
O

imple operation via integrated keypad and display
| or via connected PC with DIGSI 3;

rage of fault events and instantaneous values
for disturbance recording;

Data exchange with remote station via a symmetri-
cal pilot wire pair; thus enabling implementation of
existing pilot wires;

Communication with central control and storage
device via serial interface;

Connection to fiber optic cable via external
RS485/opt. module

Continuous monitoring of signal path and measu-
red signals, as well as all device hardware and
software;

Simple installation and commissioning, integral
commissioning aids;

Low maintenance.
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1.3

Functional scope

The numerical line differential protection 7SD600 of-
fers the following functions:

Differential protection

Absolutely discriminative protection for all kinds of
short circuits in earthed, isolated-neutral or reso-
nant-earthed systems,

Stabilization against current transformer transfor-
mation errors in the event of external short-cir-
cuits,

Additional dynamic stabilization in the event of dif-
ferent degrees of current transformer saturation,

Stabilization with second harmonic is possible,
thus enabling incorporation of a transformer or
compensation reactor,

In the event of single-end infeed, optional discon-

pair of pilot wires,

Compensation of pilot wire resstances%

tational adaptation of sensitivity
ire@a modu-
r %ip com-
selis possible,

rip gommand can be
et ¥la a binary input or
on).

nection of only the infeed line end or, via the trans
fer trip function, also at the non-infeed line g
Measured value transmission via a symmet

Continuous monitoring of pilot
lated AF signal (optional)

Combination of differential
mand with an overcurrent

The differential protectio
maintained until manual
local operation (Lock

%

Emergency overcurren

O

L 4

an external si-

Remote tripping
Tripping at the remote line
gnal, e.g. from a circui erfailure protection

(version with pilot wir ring).

otection

on becomes inactive due
the relay has as an option an
urrent function. It includes one
rrent trip stage and can be de-

If the differential
to a pilot wire
emergency o
definite ti

laye

scope also includes the following
s monitoring of the internal measuring
e auxiliary power supply, as well as all

Rt
@ on hardware and software; thus increased
reliability,

asuring and test routines during normal load
peration, measurement of operational, differential
and stabilizing current,

Event storage for the last eight system faults (sy-
stem disturbances), with real-time tag,

Data storage for disturbance recording:
thus fast fault analysis, detailed fault logging,

Commissioning aids, such as connection check,
pilot wire resistance,

Monitoring of differential current below the diffe-
rential protection pick-up value in order to detect
any interruptions in the current transformer cir-
cuits.
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2 Design

21 Models

All protection functions, including the converter, are
installed on a p.c.b. in double-height Eurocard format.
This p.c.b., combined with a locating plate (guide rail),
a connector (on the board) and a front panel, consti-
tute the device's plug-in module. This is installed in a
7XP20 housing. The studs on the locating plate, the
spacers on the p.c.b. and the shape of the connector
all serve to ensure that the plug-in module is correctly
guided in the housing. The interior of the housing is
un-lacquered and the electrical properties of the hou-
sing material are such that it can carry out discharging
and shielding functions. The module is linked to the
housing interior by means of contact springs with*a
large contact area which establishes an earth gontact
before the plug connecetion is made. An unlacquefed
contact point is available on the housing, for theyat-
tachment of a copper band using two earthggrewsito
establish a low-resistance large area contagt.

The housing has protection class IP51, gthe terminals
have I1P21.

Three different housing models arg curreptly available.

® 7SDB00x-kBxkx- in housingiZXP20ywith terminals
on the side of the housing™6r pan€el surface moun-
ting
The housing consistsfof & sheet-metal tube and a
connector with feur Reles on the rear plate for at-
tachment to the control panel.

All externalisignals lead to this connector on the
housing whichilatches onto the rear panel of the
housing and is directly connected to the screw
terminals (i.e. without intermediate wiring). Each
electrical conhection has a screw terminal able to
accommodate a maximum of two ring-lugs. If pre-
feft@a,bup to two wires (different cross-sections
permitted) can be secured directly to the terminal
without ring-lugs. Only copper wires should be
used.

For dimensions, see Figure 2.1.

7SDB00k-*DrkA=in Aiadsing 7XP20 with terminals
on top and bgttomer panel surface mounting

The housip@eonsists of a sheet-metal tube, a rear
plate,and twio mietal brackets for attachment to the
contralpaneher in the cubicle.

Allexternal'signals lead to two-tier screw termi-
nalg,whieh are located below and above on the
perforated covers. The terminals are consecutively
numbeéred from left to right on each tier.

For dimensions, see Figure 2.2.

7SDB00%-*xExxk- in housing 7XP20 with terminals
at the rear for panel flush mounting or cubicle
mounting

The housing consists of a sheet-metal tube, a rear
plate and two metal brackets for attachment to the
control panel or in the cubicle.

All external signals lead to the connector (on the
housing) which latches into an opening on the rear
plate of the housing. Each electrical connection is
equipped with a screw terminal able to accommo-
date a maximum of two ring-lugs, and parallel to
that, a plug-in connection (crimp snap-on connec-
tor). Use of the screw terminals for the wiring is
recommended, as the plug-in connectors require
special tools. Only use copper wires.

For housing dimensions, see Figure 2.3.
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2.2 Dimensions

4
Figures 2.1 to 2.4 show the dimensions of the diffe- 7SDB00x-%xBxkx Housing for e%e
rent models. mounting 7XP20 with terminals on,the sides.

Rec. minimum distance to adjacent device
180 77 260

s

Fany
D

Pary

haY

L

31

300
280

Y,

WS JRL NNy NNy NNy Ny My Ny Ny Ny NE Ry RN )

rh rh rh rh rh th rh rh th th rh rh th

O O O 000000000000

1o 0 @ 990000 O ]

[ 1

100

A A & errent inputs (terminals 1 to 6):

\ nsulated ring-lugs: for 8 mm studs
Vie maximum outer diameter 13 mm
Type: e.g. PIDG from AMP

for conductor cross-sections from 2.7 to 6.6 mm?.

Connecting point AWG 12 to 10
for earth

&
€
]

Stripped conductor directly: Cross-sections from 2.5 to 4.0 mm?:
AWG 13to 11
cable lugs required if using stranded wire
Max. stud torque: 3.5 Nm

Control terminals for stranded wire (terminals 7 to 31):
Insulated ring-ugs: for 4 mm stud
maximum outer diameter 9 mm
P Type: e.g. PIDG from AMP
for conductor cross-sections from 1.0 to 2.6 mmZ2.
AWG 17 1013

Stripped conductor: Cross-sections from 0.5 to 2.6 mm?:
AWG 20 to 13
cable lugs required if using stranded wire,
Max. stud torque: 1.8 Nm

e 2.1 Dimensioned drawing of 7XP20 for panel surface mounting with terminals on the sides (dimensions in mm)
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O

7SDB00x-xDxxx in housing for panel surface mounting 7XP20 with terminals at top and bottom S

17 24 %
29

l 32
)’ o R
]
39
000 || 98 8 5
000
Q00 I
Reset and

scroll keys

‘ 70 29.5
%55 J’ Q\Q 261.5 -
Max. 32 terminalswith @ connecting cable cross-section of max. 7 mm?2.

The ho N@ mounted on the control panel using studs or M6 bolts.
ds a

ready present (e.g. if replacing a device), use slot nuts.

Figure 2.2 Dimensi@ned drawing of 7XP20 for panel surface mounting with terminals at top and bottom
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7SDB00%-xEx*xx housing for panel flush mounting or cubicle mounting 7XP20

29.5 172 37

/

Mounting plate
| gp

266
244

Screw terminal {ring-lug):

Current inputs (terminals 1 to 6):
for 6 mr’

Parallel to this double flat-spring
crimp contact:

Max. stud torque:

Control termin
Screw terminal (ring-u

L 4

ble flat-spring

Terminals

ol

\ Section of control panel

>

maximum’o jameter 13 mm
ty DG from AMP
for ctoreross-sections from 2.7 to 6.6 mm?

conductor cross-sections from 2.5 to 4.0 mm?
G13to 1

3.5 Nm
als 7 to 31):
for 4 mm studs
maximum outer diameter 9 mm
type: e.g. PIDG from AMP

for conductor cross-sections of 1.0 to 2.6 mm?
AWG 17 to 13

for conductor cross-sections of 0.5 to 2.5 mm?
AWG 20 to 13
1.8 Nm

L 4
Connecting
point for the
RS485 shield
Connecting
points for
earthing
&k\ N .
NN N\
@5 or M4
™
S
b %
S 2
N N
06
jl
Lo
S l
LN \Q *
73 56.5 +/-0.3
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O

2.21 Summation transformer 4AM4930

The summation transformer 4AM4930 is equipped

4
with screw terminals max. 4 mm? and parallel 6.3 %
mm double flat spring contacts. 2 brackets are provi- @
21

ded for mounting.
110 | e

>

@
X

O,
90

ru";j

L
62

703 .

63.5

100

63.5
110

L 4
Figure 2. imensioned drawing of the 4AM4930

&
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2.3 Order data

Table 2.1 Selection and order data

Numerical line differential protection

Nominal current; nominal frequency

20 mA; 50/60 Hz (without external summation transformer)

1 A 50/60 Hz; with external summation transformer 4AM4930-7DB00-0AN2
5 A 50/60 Hz; with external summation transformer 4AM4930-6DB00-0AN2

Order no.

=]
@
o
=

] o
>
o
oK
1
O=
>
o

1
75D600

o1 4 o—p[

Nominal auxiliary supply voltage
24, 48 V-

60, 110, 125 V

220/250 V-/115 V~, 50/60 Hz

aanv— e

Constructional details

in housing for panel surface mounting with terminals at the side

in housing for panel surface mounting with terminals at the top/bottom
in housing for panel flush mounting/cubicle mounting

mOm

Operating language
English - can be changed to German

Functional scope

Differential protection

Differential protection, harmonic restraint

Differential protection, pilot wire monitoring, transfer tripping

Differential protection, pilot wire monitoring, transfer tripping, harmonic restraint

WN=O

Accessories

e Copper connection cable
between PC (9-pin socket) and converteg/protection device
o Converter RS232 - RS485
with 2.5 m connection cable, PC adaptérwith®plug-in power supply unit 110/220 V-
e Converter full-duplex fiber optic cable - RS485
with 2.5 m connection cable, withlauxiliary supply voltage 24 to 250 V- and 110/220
\ ~
® Protection operating software DIGSI
Parameterization and dperating software (English)
Min. requirements: MMS WINDOWS V3.1, WINDOWS 95 or WINDOWS NT 4.0
e Graphic evaluatiopfprogram DIGRA
for visualization 6fyfault recording in connection with DIGSI (English);
Min. requirements: MS WINDOWS V3.1, WINDOWS 95 or WINDOWS NT 4.0 and
DIGSI

7XV5100-2

7XV5700-0AA00

7XV5650-0AA00

7XS5120-1AA0

7XS5130-1AA0

e Summation transformer 1 A, type 4AM4930-7DB00-0AN2 4AM4930-7DB

® Summation transformer 5 A, type 4AM4930-6DB0O0-0AN2 4AM4930-6DB

® Barrier transformer b kV for galvanic isolation of the relay from the pilot wires 7XR9514

® Barrier trangformer 20 kV for galvanic isolation of the relay from the pilot wires 7XR9513
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3 Technical Data

Table 3.1

General device data

Current input circuits

Nominal current Iy

Nominal frequency fy

Thermal rating of current circuit
continuous
for 10 s
for1s

Auxiliary supply
voltage

Auxiliary power supply
with integral converter

Nominal auxiliary DC volt;

Permissible voltage ra

Superimposed a.c. voltage,
peak-to-peak

Power consumption quiesce
picked-*
Bridging time in the event of power

failure/short-circuit of the auxilia o) ge

Command contacts
(Trip)

20 mA withou
1 or 5 A wit

50/60 Hz sett

ion transformer
summation transformer

2 X

3 V- 60/110/125 V-
48 to 150 V-

220/250 V-
176 to 300 V-

=12 % at nominal voltage
=6 % at the voltage range limits

approx. 2 W
approx. 4 W

=50 ms (for Uy =110 V)
=20 ms (for Uy =24 V)

M5V~
8810 133V~

No. of relays

Contacts per relay

>

2 (marshallable)

2 or 1 make contact(s)

Switching capacity make 1000 WNA
. break 30 WNA
Switching volt \ 250V
permissible€urrent continuous B5A
\ 05s 30 A
Signaling contact No. o VS 3 (2 marshallable)
Conta er relay 1 CO contact
ing capacity make 1000 WNA
break 30 WNA
itching voltage AC/DC 250 V
rmissible current B5A

Binary inputs

Nominal voltage range

Power consumption, picked-up

Operating points

for nominal voltages 24/48/60 V- Urising
Utalling
for nominal voltage 110/125/220/250 V- Uyising
Utalling

3 (marshallable)
24 to 250 V-

approx. 2.5 mA,
depending on operating voltage

adjustable via pluggable links
=17 V-
<8 V-

=74 V-
<45 V-
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Table 3.1

General device data

Serial interface

Standard
Test voltage

Connections

Transmission speed

isolated

3.5 kV-

via conductor to h
for data, 1 earthi for connection of a
PC or similar devicgylines must be shielded,
shield must arthed.

minals, two lines

Pre-se 9600 baud
mi 0 d; max. 9600 Baud

Table 3.2

Mechanical details

Mechanical details

Housing
Dimensions

Weight
in housing for panel surface mounting
in housing for control panel/cubicle

Protection class to EN 60529

20; see section 2.1

ee section 2.2

approx. 4.5 kg
approx. 4 kg

IP 51
IP 21

N4
N

O
Q>Q)

L 4
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31 Standards

Table 3.3

and Directives

Electrical tests

CE conformity,
regulations

The product is herewith confirmed to comply with the
requirements set out in the Council Directive on the
Approximation of the Laws of the Member States rela-
ting to Electromagnetic Compatibility (89/336/EEC) and
the Use within Certain Voltage Limits (73/23/EEC). The
evaluation has been carried out in accordance with the
international standards of the

IEC 60255 series and the national standard DIN 57
435/Part 303.

The device has been developed and manufactured fer
industrial use to EMC standards.

This conformity jsathe résult of a test carried
out by SIEMENS AGtimaccordance with article
10 of the Digectivg which complies with the
basic specifications‘of EN 50081 and EN 50082
for the EMC Direétive and EN 60255-6 for the
Low VeltageBirective.

Insulation Tests
Standards: IEC 60255-5;
ANSI/IEEE C37.90.0

Voltage test (routine test), all circuits except auxiliary
supply voltage and RS485

Voltage test (routine test),
only auxiliary supply voltage and RS485

Surge voltage test (type test), all circuits,Clasg,lll

25 kV (r.m.s. value), 50 Hz

3.5 kV-

5 kV (peak value), 1.2/50 us, 0.5 J, 3 positive
and 3 negative impulses at intervals of 5 s

EMC Tests for
Interference Immunity
(type tests)

|IEC 60255-6, IEC
60255-22

(International Product
Standards)

EN 50082-2 (Basic Specifi-
cation)

DIN 57435 Part 303 (Ger-
man Product Standard for
Protection Devices)

High Frequency Disturbance Tgst
IEC 60255-22-1, VDE 0435 Part 303; Class |l

Static Electricity Dischargé
IEC 60255-22-2; IEC 61000-4-2; Class IlI

Radiated HF Field Interférenge, Amplitude-Modulated
IEC 61000-4-3; Class llIJIEC 60255-22-3; Class IlI

Radiated HF Field Ifiterference, Pulse-Modulated
|IEC 61000-4-3/ENVIBE0204; Class |l

Fast Transientdlnterference/Burst
|IEC 60255-224; |IEC 61000-4-4; Class |lI

Condugted High*Frequency, Amplitude-Modulated
IEC 61000-4-6; Class IlI

Magnetic Field with Power Engineering Frequency
IEC£1000-4-8; Class IV; IEC 60255-6;

2.5 kV (peak); 1 MHz; = = 15 ps; 400 impulses
per s; test duration 2 s

4/6 kV contact discharge; 8 kV air discharge;
both polarities; 150 pF; A = 330 Q

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

1 kHz

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

2 kHz; 5/50 ns; 5 kHz, burst duration = 15 ms;
repetition rate 300 ms; both polarities;
A = 50 Q, test duration 1 min

10V; 160 kHz to 80 MHz; 80 % AM; 1 kHz

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

Further EMC Testsfor
Interference Immiinity,
(type tests)

©scillatory Surge Withstand Capability
ANSI/IEEE C37.90.1

Fast Transient Surge Withstand Capability
ANSI/IEEE C37.90.1

Radiated Electromagnetic Interference
ANSI/IEEE C37.90.2

Damped Vibration
similar to IEC 61000-4-12

2.5 to 3 kV (peak); 1 to 1,56 MHz, damped wave;
B0 impulses per s; duration 2 s;
Ri = 150 to 200 Q

4 to 5 kV, 10/150 ns; 50 impulses per s; both
polarities; duration 2 s; Rj = 80 Q

3.5V/m; 25 to 1000 MHz;

2.5 kV (peak, alternating polarities);

100 kHz, 1, 10 and 50 MHz, damped wave;
Ri=50Q

EMC Testson

Emitted Interference

EN 50081-* (Basic Specifi-
eation)

Radio Interference Voltages on Lines, only auxiliary
supply voltage, EN 55022, DIN VDE 0878 Part 22, IEC
CISPR 22

Interference Field Strength
EN 55011, DIN VDE 0875 Part 11, IEC CISPR 11

150 kHz to 30 MHz, Limit Class B

30 to 1000 MHz, Limit Class A
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Table 3.4

Mechanical tests

Vibration and Shock
Stress during
Stationary Use

IEC 60255-21-1, IEC
60068-2

Vibration
|IEC 60255-21-1, Class Il
|IEC 60068-2-6

Shock
IEC 60255-21-2, Class |

Vibration during Earthquake
IEC 60255-21-3, Class 1

Sinusoidal

10 to 60 Hz, +0.076 mmyamplitude; 60 to 150
Hz; 0.5 g accelerationf; frequency sweep 1 oc-
tave/min; 20 cycles ini@sé@xes vertical to one an-
other

Semi-sinuseidal
Accelegation 54g, duration 11 ms, per 3 shocks
in both ditections of the 3 axes

Sinusoidal

IEC 60068-3-3 hor. axis Wto 8'WZ: +3.5 mm amplitude
8 t0'8b Hz: 1 g acceleration
vert. axis Tto 8 Hz: +1.5 mm amplitude
8 to 35 Hz: 0.5 g acceleration
Frequency sweep 1 octave/min
1 cycle in 3 axes, vertical to one another
Vibration and Shock Vibration Sinusoidal
Stress during Transport IEC 60255-21-1, Class |l 5 to 8 Hz: +7.5 mm amplitude; 8to 150 Hz: 2 g
IEC 60255-21, IEC IEC 60068-2-6 acceleration; frequency sweep 1 octave/min:
60068-2 20 cycles in 3 axes, vertical to one another
Shock Semi-sinusoidal
IEC 60255-21-2, Class 1 15 gacceleration, duration 11 ms, per 3 shocks
IEC 60068-2-27 in both directions of the 3 axes
Bump Semi-sinusoidal
IEC 60255-21-27 Classy] 10 g acceleration, duration 16 ms, per
IEC 60068-2-29 1000 shocks in both directions of the 3 axes
Table 3.5 Climatic Stress
Climatic Stress Limit temperature during operation 20to +70 °C
EN 60255-6 (recommended) -5 to +55 °C (Readability of display
IEC 60255-6 . ) o may be impaired
VDE 0435 Part 303 during storage 2510 +55 °C upwards of 55 °C)
during transport 25to +70 °C

Storage and transport with works packaging!

Hufnidity stress during operation

Yearly mean =75 % relative humidity, on
56 days in the year up to 95 % relative humi-
dity, moisture condensation not permissible

We recommend that the devices are installed so that they are not subject to direct sunlight and strong fluctuations in temperature
which could lead to moisture condensation.
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3.2 Operating conditions IS
The protection device is designed for industrial use, ® Never remove or plug in i@nodules when
i.e. for installation in conventional relay rooms and live. Once removed, some i are still electro-
stations so that, if correctly installed, electromagne- static sensitive; pleaseg&nsure compliance with
tic compatibility (EMC) is ensured. The following is ESD regulations (for ele @ fatic sensitive devi-
also recommended: ces) when handling. e%s no danger when the

e Contactors and relays which operate within the devices are prop insilled.

same cabinet or on the same relay board as the
digital protection equipment must always be fitted
with suitable suppression filters. ing

® In the case of switchgear > 110 kV, external con-
necting leads should be used with a shielding device is not designed for imple-
which is earthed on both sides and has a current entation in residential buildings as de-
carrying capacity. As a rule, no special measures fined in the Standard EN 50081.

are required for medium-voltage switchgear. K\

® The shield of the RS485 line must be linked with

earth potential. @

3
O
&

L 4
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3.3 Line differential

Table 3.6 Line differe

protection

ntial protection

Setting ranges

Current threshold |y (trip release with local cur-

rent) I/IN line 0.00 to 1.50 (step 040M

Differential current IpirEs/INline | 0.50 to 2.50 (step 0:01)

Delay time T_DLY 0.00 to 60M0 s (step 0.01 s)
Response characteristics see Figureg.1

Stabilization with 2nd harmonic PENUEN 10 to 80,%

Resetting ratio

approxn0.7 + pick-up value (lstap = 0)

All current values refer to symmet

rical current with standard connection.

Operating times

Pick-up time for two-sided infeed
with 4 x setting value

Reset time

approx. 20 to 28 ms without stabilization by
2 harm

approx. 32 to 42 ms with stabilization by
2 harm

approx. 36 ms

Tolerances with pre-settings un-
der reference conditions

Local current threshold

Differential current

+3 % of set value, min 0.02 - Iy

+5 % of set value, min 0.02 - Iy

Influencing variables Auxiliary supply volta@e,in range =1 %
0.8'= UH/UHN =-115 =1 %/10K
Temperature in range 0°C = Oamp = 40 °C 4%
Frequency in range 0.9 < f/fy = 11
Pilot wires (1 pilot pair) Number 2

Asymmetry of pilot wire pair at 800 Hz
Maximum loop resistance

Rermissible induced longitudinal voltages
for direct connection with pilot wire

for connection via isolating transformer

Setting range and delivery of resistance Ry

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

max. 103
1200 Q
=1.2 kV, but max. 60 % of the test voltage of

the pilot wires

=1.2 kV, but max. 60 % of the test voltage of
the pilot wires and max. 60 % of the test vol-
tage of the isolating transformer

see appendix A.2

Pilot wire monitoring and
transfer tripping (ordep option)

Monitoring signal
Delay of alarm signal
Operating time of transfer tripping

Prolongation of transfer trip signal

2000 Hz, pulse code modulation
0.2to0 60 s (step 0.1 s)

approx. 80 ms

0.00t0 5.00 s (step 0.01 s)
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T Slope 2/5 {Fixed)
N Tripping \
3 - Slope /5 (Fixed) @

2 =1 Setting Ipjres

] /
= Additional
- s

— e stabilization
= -
T T T T T T T
1 2 3 4 5 6 7 8
2.5 fixed
fixed
loirr = |11 + 12}
Istag = 11|+ 12|

Current at local line end, positive when flowing into line
Current at remote end, positive when flowing into lin
INline = Nominal current of line

N
Il

Figure 3.1 Stabilization characteristic of the differential prote sho r pre-settings)
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3.4 Transfer trip function

Table 3.7 Transfer trip function

Tripping of the remote line end only available for devices with pilot wire monitoring

Setting ranges Prolongation time for transmission to remote

station

Delay time of the received signal from remote
station

Prolongation time of the received signal from
remote station

Tolerances Delay time/reset delay time

Operating time Transmission time without delay

35 Lockout function

Table 3.8 Lockout function

Hold trip command for differential protection

until resetting

Reset via binary input and/o

3.6 Emercency overcurrent proteeti

Table 3.9 Emergency overcurr

N[ection

Setting ranges T1/INline

Ove e
im T I1>

0.10to 15 (step 0.1)
0.00 to 60.00 s (step 0.01)

Table 3.10 unctions

O
37  Addition h\gl
ition

Operational measured v Operating currents
Measuring range

¢ Tolerance (Iy)

117 1; Ipisf. Istab
0to 240 % Iy

3 % of nominal value or of
measured value

ing Storage of last 8 faults

Resolution for operational events

fault events

Max. time deviation

1s
Tms

0.01 %
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Fault analog value storage
max. 8 faults

Storage time (from start or trip command)

O

Max. of overall 5 s, preffand post
fault settab

Max. length per recording Trmax 0.304¢0 5, 0.01s)
Pre-fault time Tore 0.05 to' B0 p 0.01 s)
Post-fault time Tpost 0.0 . (step 0.01 s)
Sampling rate at 50 Hz 1 inst ous value per 1.66 ms
Sampling rate at 60 Hz ins eous value per 1.39 ms
Circuit-breaker test by test tripping

3.8 Summation transformer 4AM4930

i

Figure 3.2 Summation transformew@&

Q>®

Power consumption in the current
circuit for standard connection
L1-L3-E (Figure 5.3) relating to
through fault nominal current
(device 7SD600 is in operation)

In phase (VA)
I, L1 L2 |L3
Single-phase, approx. 22 |13 |17
1A
Three-phase symmetrical, approx. 06 | 0.2 [0.35

Single-phase, approx. 35 |16 |22

v .

Three-phase symmetrical, approx. 0.7 |02 |05

&
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Table 3.12 Summation transformer 4AM4930 P
Connections 4AM4930 - 7DB0O0 - 0AN2 4AMA4930 - 6D, - 0AN2
Nominal current AtoM TA B5A
Number of turns
® Primary windings A-B 5 |
cD 10 2
GH 30
1K 30 6
K-L 30
L-M 60
e Secondary windings Y-Z 1736 1736
Thermal rating nominal | conti- | for 1 nominal | conti- | for10s |for1s
nuous nuous
e Continuous current in amperes A-B 4.5 20
CD 4.5 20
E-F 4.5 20
G-H 4.5 20 *12 *10 * 30
I-K 1.2 6.5
K-L 1.2 6.5
L-M 1.2 6.5
Y-Z 0, 0.2
Nominal current, secondary YL 20 mA
for standard connection in accor-
dance with Figure 5.3 and with
3-phase symmetrical current

L 4

Q
&
&

L 4
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4 Method of Operation

41 Overall function

The numerical line differential protection 7SD600 is
equipped with a powerful 16-bit microprocessor
which enables full digital processing of all tasks, from
the acquisition of measured values through to trip

command initiation to the circuit-breaker.

Figure 4.1 shows the basic structure of the device.

O

-
>

ominal current flow, the
4930 outputs a single-

In the case of symmetric
summation transform

phase current of rom the currents coming
from the curren nsformer. Due to the unbalanced

number of t

input windings, with the ratio

e of fault produces a defined sin-

nt which decisively influences the
ions of the device.

L1 L2 L3 4AM4930
i L
' 2 I !
Pilot wire link to
1 the remote end
| |
o g ' -0
=1 =1 E] ! LCD display
HIH E (2x8 characters)
g_FauIt ,
L Fail signal
ﬁ Operation L— (not marshallable)
L Vo
| 2 indications
— (marshallable)
_| I_ —
_ _ IE. 4 LEDs
Setting via ' (marshallable)
control pa 4 E D —|ﬂ—
v | N %
) | I E
lfcl 2 trip commands
|:| (marshallable)
' |
3 hinary inpug —
marshallable)
L | |Isolated serialinterface | PC
RS485
ower supply —_— - '

igure 4.1 Hardware structure of the line differential protection 7SD600

Siemens AG - October 2002



Method of Operation

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual Order no. E50417-G1176-C069-A4

O

The transformers of the measurement input group Ml Binary inputs and outputs from and to the processor

transform the currents |1 (summation current of local are controlled by the input/output modules. This is
line end) and |, (pilot wire current) and match them to  where the processor gets informa the sta-
the internal processing level of the device. As well as tion (e.g. remote resetting) or evices. The
the transformers providing complete galvanic and main outputs are trip comma to%the circuit-brea-
low-capacitance isolation, filters are installed for the kers, indications for the remate ji tion of impor-
suppression of interference. These filters are optimi- tant events and states, asavell ptical displays

zed for measured value processing in terms of band- (LED) and an alphanumeric ay panel on the front.

width and processing speed. The modified analog

) . Communication with iCe is via an integrated
signals are passed to the analog input Al. keypad and alphanutheri D display panel which
The analog input Al contains input amplifiers sample enables the inpu ata required for operating,
and hold elements for each input, multiplexers, ana- such as setting yal tation data, etc. These para-
log/digital converters, as well as memory for the meters ca 0 d out here, and after a system

transfer of data to the microprocessor. disturbance,
off. A
tion i

vant data for analysis can be read

5 Interface also enables communica-

The micro processor system not only controls and

monitors the measured signals, but also processes

the actual protection functions. These, in particular, A suitab ed power supply feeds the described

include the following: fun&?odules with the necessary +5 V. Short-time

i ns of the supply voltage of up to 50 ms in

e of Uy = 110 V=, which can occur in the

® Continuous calculation of values relevant for pr e of short-circuits in the station’s DC supply sy-
tection starting, stem, are bridged by a DC buffer.

e Calculation of tripping and stabilization curren

® Filtering and conditioning of measured signals,

® Frequency analysis of the measured signal diff
rential, recognition of current transformer sa @

tion and sequential faults,
® Checking of pilot wires (devices wﬁ e
monitoring),

® Interrogation of thresholds anmxequences,
® Decision on trip commands,
® Storage and output of ev isturbance re-

cord data for fault analy;

%

4 -2 Siemens AG - October 2002



Method of Operation

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069=A4

4.2 Summation transformer 4AM4930

The summation transformer 4AM4930 summates the
secondary currents of the main current transformer
and transforms them to a secondary nominal current

L1 L2 L3

of 20 mA. Figure 4.2 showsithe'standard connection
of the 4AM4930.

£ » Iy

oMol oo o (>

to 7SD600

4
Tw @

Figure 4.2 Standard connection of summation transfarmer4AM4930

The connection shown in Figure 42 results in a win-
ding factor W for the various types ofyfatliswith a ratio
relative to a three-phase symmetrical fatilt according
to table 4.1. The primary currentfl; reguired to pro-
duce the 20 mA secondary cugrentywhich is derived
from the reciprocal value of MV is élso shown. Multi-
plying the setting values by theseffactors will give you
the actual pick-up value/

It is clear from the table thatfthe line differential pro-
tection 7SD600Q#Is mere ‘Sensitive to single or double
earth faults tham, tafshomt-circuits without earth. This
increased sensitiVity, is'because the winding Ig (see
Figure 4.2), of the summation transformer, located in
the neutral conductor has the largest number of turns
so that the the éarth current is input with the winding
factor 3.

|

K

L

60 M
Table 4.1 Types of faults and winding factors
for standard connection L1-L3-E

Fault W W/ /3 I for Iy = 20 mA
L1-L2-L3 (sym.) 3 1.00 1.00 x Iy
L1-L2 2 115 0.87 x Iy
[2-L3 1 0.58 173 x Iy
L3-L1 1 0.58 173 x Iy
L1-E 5 2.89 0.35x Iy
L2-E 3 173 0.58 x Iy
L3-E 4 2.31 0.43 x Iy

Due to the difference in the number of primary turns
and the various taps on the winding, different connec-
tion are possible. Connections for double earth fault
preference, earth fault sensitivity, transformation ratio
matching, different summation ratios and other main
CT terminations (e.g. two-phase connection may be
selected).
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O

If the connection is changed so that it no longer com-  Figure 4.3 shows connection of the 4AI\/I493Qto
plies with Figure 4.2, it must be noted that the same 2-current transformers (only for isolated-neutral or
connection must be used at both line ends, and that resonant-earthed system).

it is essential to ensure compliance with the technical
data of the 7SD600 (e.g. thermal rating).

L1 L2 L3

to 7SD600

N

Figure 4.3 Connection of summation transformer 4AMA493 - nt transformers
in isolated-neutral systems or systems which are ectively earthed.

3
O
&

L 4
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4.3 Line differential protection

The line differential protection 7SD600 operates ac-
cording to the current comparison principle. To
achieve this, a device must be installed at each end of
the protected line. The two 7SD600 devices must be
linked to one another by pilot wires. Thus, the diffe-
rential protection system comprises the two 7SD600
devices installed at each line end, a summation trans-
former and the pilot wires linking the devices.

4.3.1 Principle of differential protection
Differential protection is based on a current compari-
son which is why it is also known as current compari-
son protection. This utilizes the fact that, in the un-
faulted state, a line L (see Figure 4.4) carries the
same current I (dotted line) at both ends. The current
flows in at one side of the zone under consideration
and leaves again at the other side. A current diffe-
rence is a definite sign of a fault within the line. Prgvi-
ding they have the same ratio, the secondary wins-
dings of the current transformers W1 and \W2jat the
line ends can be linked to produce a closed electric
circuit with the secondary current i sucht that,%if an
unfaulted state, a measuring element M, in the cross
connection link carries no current. lnthe event of a
fault in the area defined by the cufrent transformers,
the measuring element carriesaacurreépt iy + ipwhich
is proportional to the fault cusrents®P+ I, flowing in
from both sides.

The simple configuration shQwntirFigure 4.4 there-
fore ensures reliable operation‘ef, the protection in the
event of a short-circuit in the protected zone if the
fault current flowing is suffigient to pick-up the mea-
suring element M.

4.3.2 Stabilized\differential protection

If exterfayfaults result in large currents flowing
through the‘Protected zone, any transformation diffe-
renCesuin, the saturation region of current transformers
WEL andyV2 will cause a differential current to flow in
thé measuring element M which could cause tripping.
Stabilization prevents this type of protection malfunc-
tion:

In the case of differential protection for protected
plants with two ends, stabilization is achieved by
using the sum of the magnitudes |I;| + |I|. This requi-
res the formation of

a geometrical sum at each line end and the formation
of the sum of the magnitudes of the currents flowing
at the two ends. This serves to define:

a tripping or differential current

Ipiss in the tripping sense, while Ity Opposes this.
The processing of these currents is described in sec-
tion 4.3.4.

i I [ [ [ i
Station 1 - & 1 L 2 » Station2
Li+L % - \V2
I i
S —
iy Io

ipiff = i1 + I2

$h+k

Figufe 4.4 Basic principle of differential protection

Siemens AG - October 2002



Method of Operation

4

| Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069-A4

4.3.3 Formation of measured values for line
differential protection with two pilot

wires

Figure 4.5 shows the differential current measure-
ment with two pilot wires and measurement of three
currents at each end

I is the local line current,
L, is the current flowing through the pilot wire
loop.

The tripping and stabilizing quantities are determined

as follows from the measured currents by taking into

account the device-internal resistances R, and Ry and
the loop resistance of the pilot wires Ry (set as a pa-

rameter in the relay):

The voltage drops in the dotted loop are summated

as follows
(I1 -La) - Rp - Ly - (RW/2 + Ry) +
(I-1I))-Rpy-L;- (R/2 + Ry) =0

A_, Station 1

S

For the sake of simplicity, the following shall @ply:
R = R

(refere esistance)

Ry/2 + Ry=x-R (I i@esistance)
This results in the following Io&wn

(l1la)'R2'la'X-R+@-RO
Cancelation of R and rearrangi roduces

L +I)-2-1-(1

L+bh=2. 1y

urrent. In order to determine

ent, the current at the remote line

the stabilizi

end is e following applies
12 L )“11: (1+X)I —11
Thug, all quantities required for the differential
pretection are available:
=L+ =12-01+x L]
ab =L+ | = [LI+12-(0+x L -]

Station 2 ._Ii

Figure 4.5 Differential ith two pilot wires - flow chart

w2
—
is
R,/2
Ra
______________ \\ Rb
I
I
)
________________ — I I
Ry/2 = (=
— p—— p——
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4.3.4 Measured value processing 3. Internal short-circuit, infeed from one spe only:
. . I . The following then applies 1
The differential and stabilizing current are determined 9 PRIeS 2
: Ipiff = |L1 + Lo| = |Ly + O]
from the sampled values of the currents. The differen- I _ _
stab = [I1] +[I2| = [I1] + 0 =

tial current is filtered to pass the fundamental wave in

order to suppress DC components and higher harmo- Tripping quantity (Ipjs) ilizing quantity

nics. The fundamental frequency component of the (Istab) are of equal i and correspond to

differential current and the r.m.s. value of the stabili- the single-end throug current.

zing current are calculated for the evaluation. Thus, in the case N nal fault; it = Isgap. The

To explain the method of operation, three important curve for internal faultsyin the tripping diagram (see

states with ideal measured values are looked at: Figure 4.6) is 1. nted by a straight line with a 45°
inclination. Figu shows the overall stabilization

1. Through-current with healthy line or external fault: 7SD600. The "a” segment of the

esents the sensitivity threshold of
rotection. Segment “b” considers
rtional measuring errors resulting from
ion errors in the current transformers,
n CTs and input CTs of the device. In the
urrent range, where current transformer satura-

"o

ay occur, segment “c” provides more stabiliza-

I, flows out of the line, i.e. I» = -Iy;
and |Io| = |14 th
Ipitt = [I1 + I = [ - 14| = O

Istap = [I1| + |Lof = [L4] +[I4] = 2 - [L4]

No tripping quantity (lgi = 0); the stabilization
(Istab) corresponds to double the through-current.

2. Internal short-circuit, infeed from both sides wwi . A further, special method of handling current
e.g. equal currents: ransformer saturation (additional stabilization) is des-
I, = I; then applies; as well as |I| = |Li| cribed in section 4.3.5.
Ipiff = |1 + Io| = |L + I4| = 2 - |Ly]| The differential protection locates the determined cur-
Istap = 1| +[I2| = [L4] +[It1] = 2 - |I4] @ rents Ipit and Isiap in the stabilization characteristic as
shown in Figure 4.6. If these guantities correspond to

Tripping quantity (Ipif) and stabilizin a _ s -1 I :
(Istap) are of equal magnitude and c@rresgond to a point within the tripping zone, tripping occurs if the
the overall through fault currenf” local current exceeds a minimum value (local current

&\ threshold, see section 4.3.7).

ternal Slope 2/4 < Slope /5
It fault .
| Blocking \\
c
. Tripping
Para zone
\ Additional stabilization

1 =
t .
-~ - (CT saturation detector operates) \
| | | | | | | | | | | | | |
1 2 3 4 5 6 7 8 9 10 11 12 13 14— Iseb
2.5 fixed IN Tine
fixed

.6 Characteristic of the differential protection

S
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4.35 Additional stabilization in the case of

current transformer saturation

The saturation of the current transformer in the case
of high fault currents and/or long system time con-
stants is of practically no significance for an internal
short-circuit (on the line to be protected), as the error
in the measured value affects the differential current
and the stabilizing current in equal measure. The fault
characteristic in Figure 4.6 in general, also applies
here. Naturally, the secondary current must at least
exceed the pick-up threshold of the 10IDIFF> para-
meter (segment “a” in Figure 4.6), as well as the cur-
rent threshold (in accordance with section 4.3.6).

In the event of an external fault causing a high pas-
sing fault current, current transformer saturation, par-
ticularly when of different levels at the two line ends,
can simulate a significant differential current which, if
the operating point Ipi#/lstap is in the tripping area of
the stabilization characteristic (Figure 4.6), would lead
to false tripping unless special measures are taken,

7SD600 is equipped with a saturation detector and
initializes corresponding stabilizing measures. The
saturation detector functions dynamically in the_area
designated "“Additional stabilization” in Figure/.6,

Current transformer saturation during extepmal fauls,
is recognized by the fact that initially g large stabilizing
current is present, which is located in the, areardesi-
gnated as "Additional stabilization” in‘Figur&y4.6. On
the other hand, the operating pointdimmediately fol-
lows the fault characteristic duringy,antinternal fault, as
the stabilizing current hardly exg€eedsithe differential
current. The saturation detector feaghes its decision
within a quarter period. Th¢'indication “BLOCK.S"
(Fno. 3024) is then generated which indicates high-
current external faults.

If an external faultiis récogniized, the differential pro-
tection is blocked forigymaximum of 1 second when
the differential current subsequently moves into the
tripping area. However, this blocking is canceled as
soon as the operatifig point of the currents is in a
steady-statefposition, i.e. for more than two periods,
close to thesfault characteristic. This enables fast re-
cognitiomefisequential faults on the line to be protec-
ted.

4.3.6 Local current threshold

The line differential protection 7SD@00gas a local cur-
rent threshold. This represents ap,additional criterion
for tripping and combines the differéntial protection
trip command with an overcurrentieriterion.

The current threshold is independént of the threshold
for the differential current (segment “a” in Figure 4.6)
and can also be set indepehdéntly (parameter
"10I1REL.”). If onlythe differential protection criteria
must be used, theg,thréshold must be set to “"0”.

The local current threshold may cause single-ended
tripping at theyinfeed’end in the event of internal
short-circuits;ywhen there is not infeed from both
ends. Howewerhthe 7SD600 also enables both-sided
disconrfection via the intertrip function (see section
4.4) gprovided that the device is equipped with this
functien (see section 2.3 order data).

4.3.7 In rush stabilization with second

harmonic

In cases where a transformer is directly connected to
aling, it is possible to select an in rush stabilization
with the second harmonic (parameter “10HARM2").
The amount of second harmonic required to activate
the stabilization can be set under parameter “10
HARM2". The ratio between the second harmonic
and the fundamental component of the differential
current is compared with the set parameter value.

If the limit is exceeded, the differential protection is
blocked (the indication “BLOCK.H” (Fno. 3026) is
generated).

This blocking is canceled as soon as the differential
current exceeds a threshold value (parameter “10
HARM2I1"”). The stage”10IHARM2"” only works in this
context and is not a tripping stage.

If the in rush stabilization function is activated, the
differential protection is delayed by approx. 15 to 20
ms to enable evaluation of the stabilization with the
2nd harmonic and to generate the blocking indication.
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4.3.8 Starting, blocking and tripping logic

As soon as the fundamental component of the diffe-
rential current reaches 85 % of the set value (parame-
ter "10IDIFF>") and the local current threshold (para-
meter “10I1REL")is exceeded, protection start is
recognized (indication “FTdet”, Fno. 501, "DIF.flt",
Fno. 3022).

In special applications, it may be desirable to slightly
delay the protection trip command. To this, an additio-
nal delay can be set (parameter “10T-DLY"”).

A blocking function is provided by the differential
current monitoring "Spill Current”. There is a mo-
nitoring threshold (parameter "10I-SpC”) for the
differential current which is typically set smaller than
the rated line current. If this threshold is exceeded
for a set time (settable in the range from 5 to 60 s),
(parameter “10-Spc”), an indication “B.DIF D” Fno.
3030 is output and the differential protection is blok-
ked (starting is suppressed). The blocking is canceled
as soon as the differential current drops below this
threshold. A hysteresis of b percent is providedyThé
“Spill Current” function can be disabled by segting
the monitoring threshold “10I-SpC” to infinity (“e”).

This monitoring detects circuit-interruptions, (broken
conductor) between the summation trapsformer and
the main CT during normal operation, and prevents an

unwanted trip if the test switch is accidengally ope-
ned at only one end of the line.

The device is fitted with a Leckouffunction that can
be enabled via parameter “0TROut”. With this func-
tion, the trip command issdedhby ‘one of the protec-
tion functions (diff. protection, intertrip, remote trip),
does not reset when theytripidrops off or after a delay
time, but is stored permanehntly.

Failure of the auxiliampsupply voltage also leads to a
renewal of the TRIP command. This lockout state is
signaled and ganybe'tnarshalled to the LED (indication
"Lockout” Fno:. 3031).

It can beteset Via the "Reset LED" key or via a bi-
nanylimput programmed to this effect >Res.LO, (Fno.
3008)\Vhether this function is carried out via keypad
and/er binary input can be set as a parameter
Z201L.O'Re”.

Bhe differential protection function may be switched
tojthe states "on”, "off” or "ALARM only”, depen-
ding on parameters and binary inputs.

Furthermore, the actual state of the differential pro-
tection is alarmed (parameter “10DIF.PR").

Figure 4.7 shows the logic diagram of the differential
protection, including the associated binary input and
output functions.
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(P _To0weR N

on - off - alarm only

3003

>Dif. bl Co>—m Control logic

Dif.act

| P| 01L.0ut | | P| 01L.O.Re | to pilot wire
‘ ff ‘ KEY: BI: KEY BI monitoring function
3008 on-o Sk 3031

Co>— Lockout functon

Ipitt
Ipg =l +I|] | Istab

IStab =
[T1] +1l2]

3027

Dif. TRP

| Current
calculation,
Filtering

—™1 Tt Toiff, Tswab | 14
3022

( Dif flt )

P o]
g

3024
Block.S

0 : T

s
—
2th harmonics
HARM?2

on-off 3026

Pl o | & (__BlockH )

IHARM2 —

P TorARv2
[ o | 7| orse |

3030
Spill current . ( B.DIED )

4.7 Simplified logic diagram of the differential protection
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4.4 Pilot wire monitoring (optional), transfer tripping, intertripping

441 Pilot wire monitoring

The pilot wire connection is an integral part of the
differential protection system and the system will only
operate properly if it is in perfect condition. Pilot wire
failure prevents the functional reliability of the protec-
tion. Underground pilot wires laid over great distan-
ces are just as prone to mechanical failure as power
cables. For this reason, it is important to monitor that
the pilot wires are healthy.

Pilot wire monitoring is fitted on a separate p.c.b.
(processor-aided pilot wire monitoring) that also con-
tains the transfer tripping and intertripping functions
(version 7SD600-—kkkkk2(3)xkx).

Pilot wire monitoring contains a transmitter and recei-
ver in each of the coupled devices (Figure 4.8) and
operates with an impulse code modulated onto an
injected 2000 Hz current. The monitoring code igfal=
ternately transmitted from one device and recgived
by the other and vice versa. In order to ensuse a“défi-
ned startup of this handshake operation, one deévice
is specified as the "master” (higher-level), theyether
as the "slave” (subordinate) (parameter
"11STATN"). The "master” device alwaVys starts the
signal traffic, the "slave” device responds.

A pilot wire fault is recognized at b@th*ends of the
line. In the event of pilot wire interruption, the diffe-
rential protection no longer trips‘as the’differential
current can no longer flow.

In the event of a pilot wire shortseircuit and through
fault current (external fault), tripping*may occur. This
can be prevented by blocking the differential protec-
tion once a pilot wire faultthas been recognized (setta-
ble) (parameter “11DIF.BL”,*11T-PLT.")

Because pilot wire mohitoring is a slow function, it
cannot prevent the differential protection responding
to a through fault'eurrent which occurs at the same
time as a pilof'Wike short-circuit; however, this is ra-
ther unlikely ‘asfthere is no connection between pilot
wire short=GircUits and external line short-circuits.

Thelpilet,wixe monitoring function can be disabled
(parameter “11PL.MON") or externally blocked
(marshalling of binary input “>PWM.bl” (Fno.
8363)). The alarms”PWM off” (Fno. 3371) or "PWM
blk*\(Fno. 3372) are generated.

If pifot wire monitoring picks up, the alarm "PW.fail”
(Fno. 3376) is generated.

If the pilot wire monitoring function is not available
("11PL.MON" off), the transfer tripping and remote
tripping are also disabled.

During a fault, the pilot wire monitoring function is
idle as the line-frequency comparison current then
has priority. It is also not possible to monitor the pilot
wires during transmission of a transfer trip signal (see
section 4.4.3) as only one pilot wire pair and one car-
rier frequency are available.
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Station 1 S&tion 2
r—" —
| MT 1 2

1
1

L

Legend:

MT - Summation transformer

T - Transmitter (current source)
R - Receiver

Cc - Coupling capacitor

Figure 4.8 Coupling of pilot wire monitoring

442 Intertrip function Transfer trip function

In the event of single-ended infeed, the line is only %D(SOO line differential protection version with

tripped at the infeed end following a short-circuit pilot wire monitoring also has an integrated transfer

the line, as the local line current may be used n tripping function. This can be implemented for sen-

additional criterion for tripping (see section 4.3& ding a transfer trip to the other line end via a signal
generated outside the 7SD600, e.g. by a circuit-brea-

If it is desired to also trip the non-infeeding e
intertrip function can be enabled (paramete
INT.TR"). This operates with a pulsed to
via the pilot wires and is therefore onﬁ

ker failure protection.
ncy  The command is then fed to the device via a binary

% in input (marshalling”>Tr.TRP” (Fno. 3306)). This can
devices with tone frequency generat Nused for be prolonged when it is transmitted to the other line
pilot wire monitoring). \ end via the pilot wires, so that even a very short con-
The intertrip signal can be prolo Netting trol pulse”is reliably r(?’ceived at the other line end (pa-
"10S.PROL”. The alarm "IntTep” (Fho. 3028) is ge-  'ameter “12 S.PROL™).
nerated. The prolongation s igher than the By marshalling the binary input with the “>TT.blk”
operating time of the brea%e infeed side. (Fno. 3303) function, the transfer trip function can be

blocked.

\ The transfer trip function generates the following
alarms:
e "TT.blkd” (Fno. 3312) - function blocked
e "TT.send” (Fno. 3316) - signal is transmitted

P Similarly, the incoming signal can be delayed and/or
prolonged at the receiving line end so that, even in
the case of a very short signal, the circuit-breaker can
be reliably switched.
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The function “Tripping by transfer trip” with the para-
meters “13 TR.REC” (off-on) “13TR.DLY" (delay
time) is provided for this purpose. This function can
be externally blocked (marshalling function
">Re.blk”, Fno. 3333).

Transfer tripping must not be confused with the inter-
trip function which is an integral part of the differential
protection function (see section 4.4.2).

Only one pilot wire pair and one carrier frequency
(2000 Hz) are available for pilot wire monitoring, inter-
tripping and transfer tripping. For this reason it is es-
sential to differentiate via impulse code, whether a
pilot wire monitoring signal or a trip signal is to be
transmitted. Pilot wire monitoring is halted during

10

\&\(’
O

<<>Q’

L 4

O

transmission of a trip signal (intertripping el transfer

tripping).

At the receiving end, no disti c@nade between
intertrip or transfer, as the im de is the same.
The reaction of the devicegi o the same: tripping
via receiving signal.

The transfer tripping should,only be used in one direc-
tion, because in the c@incidental event of simulta-
neous transmissi directions, overlapping of
the two signals Id occur. In this case, the condi-
tions for the | seteode would no longer be fulfil-

als would not initialize a tripping.

the logic diagram of the functions
ilot wire monitoring.

\Q‘D
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ﬂ 11 DIFBL o
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PWM.blk

.
3303 3312
STTblk Co>—] TTblkd
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>
>

i

3341
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i
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i
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i

3333

>Re.blk

3346
Trip by remote station Rec.flt

3347
Rec. TRP

3348
E 10INT.TR on
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i

L 4

3028
Intertrip IntTrip

ure 4.9 Logic diagram of the functions related to the pilot wire monitoring
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45 Emergency overcurrent function

An emergency overcurrent protection can be activa-
ted “14 E.O/C”, if the differential function is inactive,
that means “Dif.act G” (Fno. 3017) is in a raising/go-
ing state. There are a few reasons which may inacti-
vate the differential protection. One is to switch off
the function “10 DIF.PR=OFF" or blocking the func-
tion via a binary input “>Dif.bl” (Fno. 3003). One
cause is the detection of a spill current higher than
the setting in 10 I-SpC”. The alarm indicating a spill
current is “B.Dif. D” (Fno. 3030). This only may occur
if the supervision is not set to infinity.

Another reason is a pilot wire failure, detected by the
relay. This causes the alarm “3376 PW.fail” (Fno.
3376) and leads to a blocking of the differential func-
tion if “11 DIF.BL"” is set to ON. These alarm

"14 E.O/C=FIt.PMW" can be set as one reason for
activating the emergency overcurrent protection.

If the relay is in the emergency overcurrent modege
signal “EME.act” (Fno. 2053) is generated. T
gnal can be marshalled to a contact or LED indiéa

&

Calculated

O

L 4

If the function "14 E.O/C" | e%F (factory set-
ting) the emergency overcu& ction doesn't
operate.

The overcurrent function
I (RMS-value) calculat
summation transfor
pick-up value “14
load current, to
the pilot monj
function_be

e summated current
e relay behind the
figure 4.5). Itis set to a
higher than the symetrical
ip during normal operation, if
tes a failure or the differential
imactive for another reason. A cur-
the pick-up threshold is indicated
EME.fIt” (Fno. 2061). After the de-

er than the setting in “14 11>EME".
tripping time can be delayed by the parameter
11”. That allows during an external fault other

ential protection relays to clear the fault, before
relays in the “Emergency overcurrent mode” trip

the breakers of there line.

OFF by remote station

sample iq(t) RMS-value d ] 1
Z\' t zl Differential trip 5
() 21
Differential —
function — 501

Differential pick-up
1703

21 —(__Frdet )

5% Hysteresis

a

Pl 14T
2141
—t ( EMETrp )

azb

2061

{ EME.FIt )

Diff. function
not active
Pilot-wire

B
]

2053

failure
0

Figure 4. ogical diagram of the emergency overcurrent function

{ EME.act )
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46 Additional functions

The 7SD600 has the following additional functions
® Processing of events,

® Disturbance recording,

® Measurement of operational values,

® Monitoring functions.

4.6.1 Processing of events

After a fault in the power system, information regar-
ding the reaction of the protection and the measured
signals is required for a close analysis of the nature of
the system fault. For this purpose, the device can pro-
cess the events in three distinct manners.

4.6.1.1 Display and binary outputs (signal relay)
Important events and states are shown via optical
displays (LED) on the front panel. Over and albove
this, the device contains signal relays for indieation
Signal relays, trip relays and displays can e madtshal-
led, i.e. the factory settings can be charigedhlnfsec-
tion 5.5 the factory pre-settings and maarshalling op-
tions are discussed. Signal relay SR1 has,a fixed
marshalling "Protection ready”.

The signal relays are not memorized and are reset
once the initiating condition@dreps'eff. The LEDs can
be operated in the memorized off non-memorized
state (settable).

The display memafies gan be’reset

® |ocally, by pressing,thefreset pushbutton on the
device (key "N”),

® remotely via a binary input for remote resetting,

® via the Operator interface, with the PC prohram
DIGS!

® automatically at the beginning of each new fault
detection.

Seme,displays and relays signal states; these should
not be'stored. They can also not be reset until the
eriterion to be signaled has been canceled. This parti-

cularly applies to failure indicatiens'sdch as “Failure -
pilot wire monitoring” etc.

A green LED indicates the healthyistate (”"Opera-
tion”). It cannot be reset and lights' up when the mi-
croprocessor is fully functionahand no device faults
have been signaled. It extinguishes when the self-
checking function of ghemicroprocessor recognizes a
fault or no auxiliary supply Voltage is available.

If the auxiliary stipplyavoltage is available but there is
an internaldevice(fault, the red LED lights up
("Fault”); theydewice is blocked.

4.64.2 Information via display panel or PC
Events,and states are indicated in the display panel
onthe front of the device. The information can also
be transmitted to, e.g. a PC, connected to the opera-
tor interface. The interface also permits transmission
of data via a modem connection.

In a rest state, i.e. as long as there are no system
faults, the display panel shows the operational mea-
sured values of the currents I and Ipj (Ip). In the
event of a system fault, information on the fault will
be displayed instead. The first display line contains
starting indications and the second line shows trip
indications of the differential protection. As soon as
these fault events are acknowledged, the rest state
information is displayed again. Acknowledgement is
identical to resetting the memorized LED displays as
described in section 4.6.1.1.

The device also has several event buffers, e.g. for
operational events,(see section 6.4). If the auxiliary
supply voltage fails, the event buffers are cleared.

The operational events, and all available operational
measured values, can be transferred to the display
panel at any time via the operator keypad or transfer-
red to the PC via the operator interface.

After a system fault, for example, important informa-
tion on its characteristic can be read out, such as star-
ting and tripping. The start of the fault is tagged with
the real time of the internal system clock. The course
of the fault is indicated with relative time, which is
referenced to the instant of fault detection, allowing

4-16
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the duration up to tripping and resetting of the trip
command to be recognized. The resolution of the real
time is 1 ms.

Using the PC and the protection data processing pro-
gram DIGSI®, events can also be read out, thus offe-
ring convenient screen visualization and menu-assi-
sted operation. The data can be either printed out or
stored in a file.

The protection device stores the events of maximum
the previous eight system faults; in the event of a
ninth fault, the oldest event in the fault memory is
deleted and overwritten.

A system fault starts with the protection function
fault pick-up , and ends with the fault detector reset
of the last fault. A system fault can also comprise
more than one incident (from fault detection pick-up
to fault detection drop-off).

4.6.2 Disturbance recording
The instantaneous values of measured or calctlated
signals

i1, IDiff, istab

are sampled at an interval of 1.66 ms (at 50 #z) or
1.38 ms (at 60 Hz) and stored in a cyelichudfer. In the
event of a fault, the data is stored,for a'sgttable pe-
riod, but maximally 5 secondsip 168 fault records
can be stored. The fault record_ memery is automati-
cally updated in the event offa new incident, so that
acknowledgement is not necessatry. If the auxiliary
supply voltage fails, thefault’ record memory is clea-
red.

Data can be read fropn a'RC via the operator interface
and processed using thg protection data processing
program DIGSI®&raphical representation of the cur-
rents is possible. In‘addition, signals are logged as
binary markers (tags), e.g. "starting” and “tripping”.

4.6.3 Measurement of operational values

The r.m.s. values of the currentg 11 I, Ig are per-
manently available and may be,retrieved as long as
there is no trip pending.

I; - Local current (measured)
I, - Calculated remote current
Ip - Diff. current (calculated)

Ig - Restraint / Stabilization current (calculated)

4.6.4 State interrogation

78D600allows the interrogation of the switching sta-
te$ ofyall binary inputs and outputs. The start of the
ifAterrogation is initiated from the operator keypad or
via the operator interface.

Fallowing the start of the state interrogation, the cur-
rent switching states of all binary inputs, all signal and
command relays and all LEDs can displayed consecu-
tively.

4.6.5 Monitoring functions

7SD600 is equipped with comprehensive monitoring
functions which cover device hardware as well as
software.

4.6.5.1 Hardware monitoring

The device is monitored from measurement inputs
through to the command relays. Monitoring circuits
and processor check the hardware for faults and non-
permissible conditions. These include the following

® Auxiliary and reference voltages:

Power failure or disconnection of the supply vol-
tage shuts down the device; an indication may be
issued by means of the idle state of a suitably
marshalled relay. Short-time interruptions (<50 ms)
of the auxiliary supply voltage do not influence the
operation of the device (for nominal auxiliary sup-
ply voltage = 110 V).

Siemens AG - October 2002
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e Command relay circuits

The command relays for operation of the trip and
and close coils of the circuit-breaker are switched
with two command channels and an additional
release channel. As long as there is no start pen-
ding, the processor cyclically checks that each
channel is functioning correctly by switching each
one individually and checking its response. In the
event that the check reveals a fault in a channel or
a fault in the command relay coil, the command
output is immediately blocked and an alarm is-
sued.

® Memory chips

During device startup (i.e. after the auxiliary sup-
ply voltage has been applied) a data pattern is
written into the working memory (RAM) read out
again and compared.

The remaining memory chips are checked periodi-
cally for faults by

- generating a check sum for the program m
mory (EPROM) and comparing with the sto
check sum,

- generating a check sum for the parame e-
mory (EEPROM) and comparing with the @
e C

determined check sum generated
parameterization process. L 4

S

4.6.5.2 Software monitoring S

For continuous monitoring of the s e of pro-

gram execution, a time monitor{wa ) is provi-
ded. If the processor fails, or ram sequence
is disrupted, the watchdog timne ires and resets

the processor. Further int ibility checks du-
ring the program execution re that any faults are

detected, thus initiatin set and restart of the pro-
cessor.
In the event that a,faulyis not eliminated by the re-

is attempted. After three unsuc-
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5 Preparation Instructions

Warning

and instructions in the system manual.

rable material damage.

5.1 Packing and unpacking the de\Q !

The devices are factory-packed to comply w\

requirements set out in IEC 60255-21.

The device is to be unpacked with due , g
suitable tools and without employing unnec&ssary

force. Carry out an immediate visu the de-
vices to ensure that there is no physic mage.
ain if the de-

storage packa-
suited for trans-

The transport packaging can b e
vice has to be transported a )
ging of the individual devices,is n

In order to ensure the trouble-free and safe operation of this
ted and correctly stored, assembled, operated and maintain

Please note in particular the General Installation an
Power Installations (e.g. DIN VDE). Noncompliance

O

4
Qust be properly transpor-

in compliance with the warnings

flations for Working on Electrical
> death, personal injury or conside-

If using any other packaging, it must be ensured that
this complies with the shock stress requirements as

set out in IEC 60255-21-1 Class 2 and |IEC 60255-21-2
Class 1.

Before connecting the device to the power supply for
the first time, it should be left to stand in the opera-
ting area for at least two hours in order to allow the
temperature to adjust and to prevent humidity and
moisture condensation.
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5.2 Preparing for operation

Please observe the operation requirements as set out
in VDE 0100/ 5.73 and VDE 0105 Part 1/7.83.

A

Caution

The modules of digital protection equip-
ment contain CMOS circuits. Never re-
move or plug in individual modules
when live. Always handle modules in
such a manner that there is no risk of
damage as a result of static discharges.
Always observe the ESD regulations
(for Electrostatic SensitiveDevices)
when handling individual modules.

There is no risk when the devices are already instal-
led.

5.2.1 Assembly and connection

Models 7SD600x-xBxxx and -xDxxx for
panel surface mounting

5.2.1.1

® Secure the device to the control panel™with 4
screws. In the case of model #Bx*x, ensure that
it has sufficient spacing to the adfacent devices.
For dimensioned drawing, sge Figure 2.1
(on page 2 - 2).

® Affix sturdy, low-resistaficefaid low-inductance
system earthing to the battem earthing surface
with at least ong’'M4 screw. Earthing strips to
DIN 72333 Fofm Afe.g order no. 15284 from the
company Druseldgin Remscheid, Germany are
suited for this purpose.

® \When establishing the connections via the screw
terminals, observe the designation of the indivi-
dual connections, the permissible cross-sections
and stud¥erques (see section 2.2). Only use cop-
per, Wires)

o The,shield of the serial RS485 interface must be
eanrthed.

5.2.1.2 Model 7SD600x-xEx*x for'panel flush
mounting or cubicle mounting

® Push the top and bottom eoyers of the front cover
back to gain access to four slets located in the
bracket.

® Push the device intothe control panel cutout or
cabinet frame andysecure with the four fastening
screws. For dimensioned drawing, see Figure 2.3
(on pagg,2 -'4),

o Affix sturdy,lew-resistance and low-inductance
systémearthing to the rear earthing surface with
oneoftthe tWo M4 screws. Earthing strips to
DIN72333%orm A, e.g. order no. 15284 from the
eompany Druseidt in Remscheid, Germany are
suited for this purpose.

® (Establish connections using the plug-in or screw
términals of the connector module on the housing.
Always observe the designation of the individual
connections, the permissible cross-sections and
stud torques (see section2.2). Only use copper
wires! Where possible, screw terminals should be
used; the plug-in terminals require special tools
and can only be used for the system wiring if a
reliable strain relief is installed.

® The shield of the serial RS485 interface must be
earthed (if used).

5.2.2 Checking the specified ratings

It must be checked that the specified ratings of the
device match the system data. This particularly ap-
plies to the nominal auxiliary supply voltage and the
nominal currents of summation transformer
4AM4930.
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5.2.2.1 Auxiliary supply

The auxiliary supply voltage has three input voltage
ranges (see section 2.3 and chapter 3). If, in exceptio-
nal cases, the rated device supply must be changed
to match the station requirements, it must be noted
that the models for 60/110/125 V- and 220/250 V- are
interchangeable by means of adjustment with plugga-
ble links. The allocation of these pluggable links to the
nominal voltage ranges, as well as their physical ar-
rangement on the p.c.b., is shown in Figure 5.1. The
220/250-V model is also suited for the supply of 115V
a.c. voltage. On delivery of the device all the plugga-
ble links are correctly set in accordance with the spe-
cifications on the rating plate and do not need to be
changed.

5.2.2.2 Control voltage for binary input

On delivery, the binary inputs are set so that t
voltages in the entire operating range of 17 V

can be used to control the binary inputs. In a
of large station control voltages (z110 V), it
sensible to increase the pick-up threshold j-

nary inputs, to allow for an increased stati n
against interference signals. This prevents t 0SSi-
bility of an erroneous response as% any exi-
sting interference voltages such a &arth fault

monitoring equipment working,i llel.
In order to equip a binary in increased

o
operating point of approx. 7@ respective plugga-

Q>®

O

ble links must be changed. The allocation @f these
pluggable links to the binary inputs,and their physical
arrangement is shown in Fi ure%

® Push the top and bottom

back; underneath each£
to a central screw. Loose

r the front hood
u will have access
SCrews.

e Pull the module out b
on a surface suitable fo
vices (ESD);

® Secure the de
screws. Hor

e front cover and place it
lectrostatic sensitive de-

to the control panel with 4
sioned drawing, see Figure 2.3.

aution

Electrostatic discharges via the termi-
nals of the module, p.c.b.s and plugga-
ble links must be avoided by first ma-
king physical contact with earthed metal
parts.

® Check pluggable links in accordance with Figures
5.1 and 5.2,

® [nsert module in the housing;

® Secure the module in the housing by tightening
both screws.

® Replace covers.
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O

L Pluggable links Auxiliary nominal voltage
60 V- 220V -
110 V- 250V -
125 115V~
g X111 - X11.2
X111 - X11.2 FlE
e X11.2 - X11.3 X
X11.2 -X11.3 =5
ole X121 -X12.2 X
X12.2 -X12.3 X
X29.2 -X29.3 X
X291 -X29.2
X
X30.3 - X30.4
X
X301 -X30.2 X
X

X121 -X12.2 \
X12.2 -X1
tegrated power supply

Figure 5.1 Check set nominal volt;

N
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J Binary inputs 1

Binary inputs 2

Binary inputs 3

%

O A K N

SERIA|

i} o
Fl A
ez m
=
vee V74 &

X8

FENME ZH

T

Nominal voltages 24/48/60 V-: The pluggable links X*2 - X*3 mu
Nominal voltages 110/125/220/250 V- The pluggable links X*1 - X*2 can

Figure 5.2 Check of selected control voltages of binary in, 3on the p.c.b.
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N
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5.2.3

A

Checking the connections

Warning

Some of the following check steps in-
volve exposure to dangerous voltages.
All checks must therefore be carried out
by competent persons in accordance
with the relevant safety requirements
and precautions.

Before connecting the device to the power supply for
the first time, it should be left to stand in the opera-
ting area for at least two hours in order to allow the
temperature to adjust and to prevent humidity and
moisture condensation.

® The circuit-breaker of the DC-voltage supply must
be switched off.

® The CT-connection must be checked in accor-
dance with the plant and connection diagram;

- Is the current transformer correctly earthed?

- Correct phase allocation of the current transfor-
mer?

- Uniform polarity of the current transfermer ter-
minations?

® | oop the DC-amp-meter into the auxiliary supply
voltage supply ling; range appiex. ®byto 3 A.

® Switch on mcb for battery veltagel (supply protec-
tion). The power consumption MUst correspond
(after a short pointer swing dle to the charging
current rush of the stérageseapacitors) to the no-
minal no-load péwergconsumption (approx. 2 W).

e Switch off mcb¥ef dire¢t supply voltage.

® Remove DC-amp-meéter; re-establish normal auxi-
liary supply voltage connection.

® Switch an circuit-breaker of the DC-voltage supply.
After maaximum 0.5 seconds, the green LED in the
front panelimust light up and the red “fault” indi-
cation"must extinguish after max. 7 seconds.

e Switch off mcb for direct supply voltage.

® Check trip wires to the circuit-brgaker.

® Check control wires to and ffrem ethef devices.
® Check signaling wires.

® Switch mcb back on

5.24 Connection circuits

The connection(cirguitistandard connection) is repre-
sented in thehappendix A.1 . The three input windings
of the summationytransformer permit connection to
the cufrertatransformer in a number of different ways;
The mast'é@mmon types of connection are described
below. Ttis imperative, however, that the connection
typ&is the same at both line ends. The marshalling
optienstfor the binary inputs and outputs are descri-
bed in'section 5.5.

5.2.4.1 Standard connection L1-L3-E

The standard connection is suitable for all systems,
irrespective of the earthing of the system’s neutral
point. Figure 5.3 shows the current transformer con-
nections. In comparison to the symmetrical three-
phase current, the sensitivity for Ph-Ph short-circuits
varies with a factor between 0.58 and 1.15, and those
for earth faults or double earth faults are more sensi-
tive with a factor of 1.73 to 2.89. In isolated-neutral or
resonant-earthed systems, the phases can also be
changed cyclically or acyclically in order to adjust the
device to the double earth fault preference which pre-
vails in the system. To this end, the preferred phase is
connected to the first winding with the factor 2 while
the non-preferred phase is not directly connected to
the device.

The connection circuit shown in Figure 5.3 therefore
corresponds to the double earth fault preference L1
before L3 before L2. In an electrically connected sy-
stem, the connection type must be the same at both
ends of the line.
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[ 7" 5.2.4.3 Connection for increased
e MT Y earth-fault sensitivity L1-L3-E
Hoo 2 I If the sensitivity to single-phase earthifaults must be
' ' higher than that achieved with the,standard connec-
A 8 tion, for instance in systems with,low resistance eart-
8 hed star points, this may belpartially achieved by con-
'F ! - nection of a matching transformer MT, as shown in
e Figure 5.5. Consideringythe loading of the current
L . transformer, this ¢ircuiit. can be used to approximately
double the currentyin the neutral conductor. The earth
l MoS z fault sensitivity isyincreased to a factor in the range of

| , Pluggable links D-G

L1 L2 L3

Figure 5.3 Standard connection L1-L3-E

5.2.4.2 Connection for reduced
earth-fault sensitivity L1-L2-L3

In earthed systems with particularly low zerg se=
guence impedance, the fault current for a single-
phase earth fault may be greater than the faulg,curs
rent for a two-phase short-circuit. In such ¢asgs,
taking into account the thermal stress ofsthe measu-
ring circuit, the current transformer is ¢onnetted as
shown in Figure 5.4. The sensitivity éemparéd to the
symmetric three-phase current is between 0.58 and
1.73 for all types of short-circuits”

Q& MT Yo

H 2I

1 1
o

A S
©

| ?

1

IF h
o
-

L

T 1

M 3I z

Lt L2 L3

Figure 5.4 Connection L1-L2-L3 with
reduced earth-fault sensitivity

3.46 to b.77 Vinfrelation to the symmetrical three-
phase current. fafthe case of Ph-Ph short-circuits, the
same, sensitivity applies as for a standard connection.

, C MT Yo
Ho 2 I
1 1
o
A o
©
__— I ' 9,
~
o
-
L
MT '
Mo z
| , Pluggable links D-G
(I ]

L1 L2 L3

Figure 5.5 Connection L1-L3-E with
increased earth-fault sensitivity
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5.2.4.4 Different primary nominal currents

If the current transformers of the two line ends have
different primary nominal currents, the currents need
to be matched via the matching transformer. Mat-
ching is carried out at the line end with the lower pri-
mary nominal current.

As current inputs are galvanically isolated in the
4AM4930, the matching transformers can be inserted
in an auto-transformer mode. This makes better use
of the rating of the matching transformer and enables
implementation of a lower-rating type, such as the
4AMb51 70-7AA. Figure 5.6 shows a sample connec-
tion.

The actual transformation ratio of the matching trans-
former is determined as follows:

I\ primary fOT higher rated current

rminimum = minimum| or ] 3
N primary fOT lowver rated current

This means that the turn ratio is

IN primary fOT lower rated current

N

1 Lo Lo
~—minimum = minimum .
N, I\ primary fOT higher rated current

with

N1 - relative number of turns of the side facingithe
main current transformer,

No - relative number of turns of the side,faéifg the

summation transformer.

Example:

Current transformer at line end(:
Current transformer at line end g

500 A/1T A
400 A/T A

Matching is carried out at linefend 11:

N, I\ primary fOr lowerrated cligent
N, ~ I primary fOT igher rated cugrent
Ni _ 400A

— = ——— = 0, 8 corresponds to e.g. 40/50 turns

If the earthé&fault sensitivity is to be increased in accor-
dance with section 5.2.4.3, the matching transformer
inserted IRthelearth current path, as shown in Figure
5.6, can alsoybe used for this purpose.

MT o —_— - —
ﬂ !_C MT :I

No I
E— H 2
1 1
_N1| A
No
1
] E 1
L
" 1
N2 1 Pluggable links D-G  +

B-E
L3 L. .=

Figure®®6 Maiching unequal primary currents

to 7SD600

L1 gu L2

5.2.45 " Two-phase connection

If a"system without an earthed neutral only has two
current transformers, the phase on the device without
a current transformer remains free (Figure 5.7). In the
case of a double earth fault, the fault is not detected
by the protection. This must conform to the double
earth fault preference in the whole of the electrically
connected system. Please note that the same phase
must also be free at the other line end, even if it is
fitted with three current transformers.

to 7SD600

| ' Pluggable links D-G

L. .t

L1 L2 L3

Figure 5.7 Two-phase connection L1-L3

Siemens AG - October 2002



Preparation Instructions

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069=A4

5.2.4.6 Connection of the pilot wires

In case of equal current transformer polarity at both
line ends, the pilot wires are connected crossed over
to the terminals (see figure 4.8). In case of unequal
current transformer polarity at both line ends, it is ne-
cessary to connect the pilot wires 1:1. That means to
connect the terminals with equal terminal number at
both ends.

5.25 Demands on the current transformer
Very large short-circuit currents flowing through the
protected zone in particular may cause larger transfor-
mation errors due to the current transformers satura-
ting. Due to the stabilization of the differential protec-
tion, differences

in the transformation by the current transformers can
to a large degree be tolerated by the differential cu-
rent measurement. Nevertheless, the current tigns-
formers must have a minimum degree of conformity
at the largest short-circuit arising in the application:

If the differential protection is connected togifiearized
current transformers at both line ends, it is egsential
to ensure that the overall connected load¥is netsgrea-
ter than the rated burden of the transfermer)if a clo-
sed iron core transformer is connected, itis"nheces-
sary to determine the operationald@ccuraey limit
factors in order to check that thére iswsufficient con-
formity at the highest fault cumrentsydhe values speci-
fied on the rating plate for the acduracy limit factor n
are minimum values.

The operational accuracy limit factor n” can be calcula-
ted from the datayof the clirfent transformer and the
connected loadfusing the¥ollowing equation:

Py +

nr = n N PE

whereby:

n" = Operational accuracy limit factor

n ="A8euracy limiting factor

Pn'=wRated burden of the current transformer
Pe “& Internal burden of the current transformer
Py =)Connected burden

The’internal burden Pg is not specified on the rating
plate of the current transformer. It can be determined

by measuring the resistance of the secondary win-
ding. The internal burden cannot be calculated from
the rated burden. Current transform@éts with rated
burden equal to or greater thap the connected burden
and with a sufficiently largegacctracy limiting factor
should be used for the 7SD600!

Implementation of sets“ef, tram&formers with widely
varying limiting factors,is n@bpermitted, e.g. a lineari-
zed transformer atgone ‘end of a line and a closed iron
core transformegat thenether end.

The line differghitial protection 7SD600 makes the fol-
lowing demands orvthe current transformer:

1. The clrent transformers may not saturate due to
theymaximum steady-state through fault current:

lkd max

ny=
ler
kg max = Maximum steady-state through fault cur-
rent
INpr = Primary rated current of the current trans-
former

2. Any deviation of current transformer data (opera-
tional accuracy limit factors) at both ends must be
within the following range (assuming the same
primary currents):

34 < n' [ ny < 4/3

For detailed determination of current transformer re-
quirements, see appendix A.4.

5.2.6 Demands on the pilot wires

The measuring principle of the 7SD600 requires a
symmetrical pilot wire pair between the two stations.
The rated voltage must correspond to the voltages
that may be induced by faults. It must be at least 500
V. The symmetry of the pilot wires must comply with
Post Office requirements for telephone operation
(symmetrical wire/wire at 800 Hz: 103).

Pilot wires as cable connections must always be
checked for high-voltage interference. The wires of
the protection cable must be able to cope, not only
with the load of the currents to be transmitted and
their fault-induced voltage peaks, but also with any
external stresses.
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The greatest electrical danger for pilot wires cables
occurs in high-voltage systems during a short-circuit
with earthing. The fault current induces a longitudinal
voltage in the pilot wires running parallel to the high-
voltage line.

The induced voltage in the pilot wires can be preven-
ted by using highly conductive cable sheaths and spe-
cial armor (minimum possible reduction factor for
both high-voltage cables and protective cable). In ad-
dition, the lines can be isolated via transformers,
which serves to sectionalize the longitudinal voltage.

The induced voltage can be calculated using the follo-
wing formula:

U|=2ﬂ:f'|\/|-1k1'|'l'1'l'2

with
U, = Induced longitudinal voltage in V,
f = Nominal frequency in Hz,

M = Mutual inductance between power lines and
pilot wire in mH/km,

Ix1 = Maximum single-phase fault current in kA,

| = Length of parallel section between power
lines and pilot wires in km,

r1 = Reduction factor of power cable

(1 for overhead lines),

Reduction factor of pilot wire cable.

2

Only half of the calculated induced valtagejneeds to
be taken into account as it builds up atbath ends of
the isolated-neutral pilot wires.

The external electric circuits of the” 7§D600 are desi-
gned for 2 kV rated voltage. Pilgt wirgs with max. 2
kV rated voltage can therefore be,directly connected.

7SD600

LN

2

L.— .1
7XR9513 20 kV
7XR9514 5 kV

Figure 5.8 Connection of isolating transformer 7XR9513 or 7XR9514

A

Warning

The longitudinal #oltage in the pilot wires
(induced by the ‘earthfault current) must
not exceed a max. 60 % of the rated
voltage.

This means that if 1.2%V is exceeded, the devices
must be electrically isolated from the pilot wires by
isolating transformers, The rated voltage of the pilot
wires may make,a flrther sectionalization necessary.
Even ifgisclating transformers are used, the voltage
must notiexceed either 60 % of the rated voltage of
the iselating®ransformer or 60 % of the rated voltage
of the pilotWire!

s, isolation up to 5 kV can be achieved using the
isolating transformer 7XR9514, up to 20 kV using the
isalating transformer 7XR9513 (Figure 5.8). The center
tap T1 on the side facing the relay must be earthed to
eliminate the risk of electrical shocks. On the pilot
wire side, the center tap T2 must not be earthed.

Caution

The pilot wires must not be earthed or
fitted with surge arrestors.

ST 71
- 4 K2 Ly 2 '
T2 must not 2 1 | ' 75D600 '
be earthed!
JLZ K1 1
L. . .
7XR9513
7XR9514

5-10
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5.3 Setting the operator and memory functions IS
5.3.1 Operating conditions In the menu items which r ir%e word, the

and general information device is informed of the im esetting altera-

tion by pressing either th r¥-" key. "CW "

Most of the operator functions require input of a then appears on the displ ompt input of the
"code word”. This is a preset key sequence which code word. The code itself consists of the
must be input before entries via the operator keypad key sequence "- + ¥4, Th keys must be pressed
or system interface, which relate to the protection in the indicated s n nd confirmed with E. If
functions of the device, such as the code word beem entered correctly the display

e Configuration parameters for operating language, shows “CW ‘
interface and device configuration, By pressi y again the display returns to its
® Marshalling of trip relays, indications, binary inputs original time with the l?St _character underli-
and LEDs ne ates that the device is now ready for

t. Use the "+" or "-" key to change the
® Setting of function parameters (threshold values, p t or numerical value. A flashing cursor ap-
functions), rs\Wwith the first alteration and indicates that the

ice is now operating in “Change Settings” mode
) o ) ) ) il the new value is accepted by pressing the enter
As proof of identification and as security against inad- . The Change Settings mode is also ended when
vertent changes, input of a code word is neces u quit the setting level or when the monitoring time

has expired.

a The characters entered are not shown on the display.
0\ Instead, an @ is displayed. As soon as the input is

confirmed by pressing E, CW OK_ is displayed if the
code word was correct. Continue with E.

® Triggering of test sequences.

® N
® 5

CW WRONG is displayed if the input was wrong.
CW WRQN Press the + or - key repeatedly to enter a new code
word.

R
&
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The operator interface comprises a hierarchically
structured menu tree which can be navigated using
the scrolling keys <« p>; A and ¥, thus providing ac-
cess to each operating object. A complete overview
can be found in appendix C. Figure 5.9 shows the
steps required to reach configuration.

If the device is ready to run and in its initial state,
start by pressing the Y key: "Parameter settings”
(PARAME.), the first main menu item in the first ope-

S

rating level of the menu tree appears. Pressim >
leads to the 2nd level starting with the programming
block (00 CONF). Repeated pressi e V¥ key
takes you through the tree up toWelo . The A and
< keys take you to the previo or previous
operating level.

Next to the block number,
"Integrated operation” ig,sho
(INT. OP):

ing of the block
in abbreviated form

<

)

[7100]
Beginni

Address blocks 71 to 74 are provided for the configu-
ration of the range of functions. This is where all s
tings are carried out which deal with the operati

the device, communication with external opera
and evaluation devices via the serial interface and

As an alternative to local operation, the devi @

fault value storage.

also be set with the protection opera‘ing ogr.

Q
o
&

L 4

| via the serial interface. This requires a conver-
t t carries out conversion from the RS485 inter-
face on the device to the RS232 interface.

For this device see “order data” in chapter 2.3 under
“Accessories”.

5-12
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7SD6 00O ¢

PARAME. _IIIJ'O 0 CONF.
X B2 Q
| 01 POWER
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SYST. DAT @

71 LANGUA
ENGLTISH

7 2 DEVICE

P key*to switch to the 3rd level and the 5.9). The second display line shows the text or value
uration block. From here, you can return to of the parameter. Use the "+" or ”-" key to change
ating level with the ¢ key and from the preset text or numerical value. If operation is car-
the Y key to the next operating block 72, ried out via a PC and the operating program DIGSI®,
each setting parameter is identified by a 4-digit ad-

dress number.

splay shows the 2-digit block number and the
ficance of the requested parameter (see Figure
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In the following Figures this is shown in brackets next
to the explanations.

For text parameters the next text then appears which
is entered in the box attached to the display box, etc.
The selected alternative is confirmed by pressing
the enter key E. \When the last possible alternative
has been reached using the “+" key, any further
pressing of the key will have no effect. This also ap-
plies when the first alternative is reached using the
"-" key.

Settings which require a numerical value can be chan-
ged, starting from the preset value, using the “+” key
(for a higher value) or the "-" key (for a lower value)
and confirmed with the E key. Continuous pressing of
the “+" or "-" key acts as a repeat key function, si-
mulating repeated entries. The longer the key is pres-
sed, the faster the pace of the repeated key strokes.
In this manner, settings across a large setting range
can be carried out rapidly and conveniently with a
small setting step.

If you attempt to scroll forward to another operating
object or page to another operating level using the
arrow keys without first confirming an alteration Wigh
the E key, the following prompt appears: "Chanp@e
parameter ?”. Confirm with the "Yes” key Y/Jitolap-=

ply the new setting. The new value or text is shown.
However, if you press the "No” key N, the change
entered since the E key was last presséais canceled
and the old value or text is displayed. [his enables
you to cancel any erroneous changes., To continue to
scroll forward, you must now préssythe relevant arrow
key again.

When the configuration4ef a configuration parameter
is terminated by pressing thefenter key E, the asso-
ciated data are permanently saved and protected
against power faildre TyEEPROMSs.

5.3.2 Settings for integrated operation

ablock 71

Bloek 71 allows you to change the operating lan-
guage:

On'delivery of the device, the display outputs instruc-
tions"and designations in English. From block 71

(see above) you can switch to the D 3rd operating
level where the operating language can be changed.
The currently available operating languages are shown
in the boxes below.

[
H
n Z

H
Z
@

+|DEUTSCH |

|ESPANOL |

[7101]

The available languages can be called up on screen by
repeatedly pressing the + or - key; each language is
displayed in its native tongue. The required language
is then selected by pressing the enter key E.

5-14
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5.3.3 Settings for the serial interface -

block 72

The device is equipped with one serial RS485 inter-
face which enables the connection of several devices
in series via an electric bus. An RS485/RS232 conver-
ter is required for conversion to a PC interface. Com-
munication via this interface requires certain declara-
tions with regard to device identification, transmission
format and transmission speed.

For this purpose, certain settings need to be made in
block 72, whereby the code word must be entered
(see section 5.3.1). The entered data must match the
devices to be connected.

A setting for the serial transmission GAP only needs
to be set if the device is required to communicate via
modem. The GAP is set to the maximum permissible
time duration of the GAP during transmission of a

message. Transmission gaps arise when using mo-
dems with data compression, error correction and
differences in baud rate. If the tfansmission quality
between modems is good, the setting 1.0 is recom-
mended. In the event of a bad cémnection, this value
needs to be increased. Plgase fiete that the GAP set-
ting must be smaller than the value "Response time
protective device” in the Pretection operator software
DIGSI® V3. Recommeéhded value:

"Respesettime protective device”
2

GAP =

High,values fom” Response time protective device”
slowsdoWwmgommunication in the event of transmis-
siomerrors, If connection is directly to a PC, the GAP
can beyset to 0.0 s.

All 7 2 INTER >

V/i|FACE
72 DEVTICE

|, ‘v
72 FEEDWER

|, ‘v
) SUBSTA

< ‘v

[7200]
Beginning of the "PC interface” block

[7201]

Identification number of the device within the station.
The number is arbitrary but must be unique within the
substation system.

Lowest setting:
Highest setting: ................. 254

[7202]
Number of the branch within the station
(field address).

Lowest setting:
Highest setting: ................. 254

[7203]
|[dentification number of the station, in case more
than one station can be operated.

Lowest setting:
Highest setting: ................. 254

Siemens AG - October 2002
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[7208] ¢
7 2 F-TYPE Function type of the d_evice in accc with [EC
4,5, V¥ 60870-5-103; 192 applies for tHedifftential protec-
tion. This address is mainly for ation and should
not be changed.
[7211]
7 2 PC-INT Data format for the seridhinterface format for the Sie-
< DIGSTI V3 V¥V  mens protection dat ng program DIGSI®

version V3. (recommendedrsetting for PC operation)

Y

patible format (IEC 60870-5-103) for

con% a station control system
[72&'7
7 2 GAPS [ message gap permitted during transmis-
< 1.0 s i modem
Lowest setting: ................ 0.0s
\ Highest setting: ................ 50s

ASCI| for

[7215]
7 2 P C BAUD The transmission speed for the serialllin:t,erfa’(,:e"can be
<4 9600 B A changed by repeatedly pressing the "+" or ”-" key;
input is confirmed by pressing the enter key E.
+ 1200 BD \ |
2400 BD && |
las800 BD ‘ ’ |
[7216]
7 2 P A BRI Parity of transmission messages can be modified:
<4 DIGS A for DIGSR version V3 with even parity and one stop
bit. Also applies to IEC 60870-5-103.
+ | 8 0 1 | to transmission devices which require ODD parity and

1 STOP bit

| 8 | to transmission devices which require NO parity and
2 STOP bits
1 | to transmission devices which require NO parity and
1 STOP bit
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5.34 Settings for fault detection - block 74
The differential protection is equipped with fault data
storage (see section 4.6.2). A distinction is made bet-
ween the reference time and the storage criterion. As
a rule, the reference time is the device trip (SRTwitTP)
which also serves as the storage criterion. Alternati-
vely, fault detection can also be selected as reference
time (see section 4.3.8), whereby the storage crite-
rion can also be the fault detection (RECbyFT) or the
device trip command (RECbyTP).

A fault begins with the tripping by the differential pro-
tection function or the remote tripping and ends with

the drop off of the last fault detection. Forghe
7SD600 this is also the extent of g fault record.

The actual recording time beginsp@ithipre-fault time
T-PRE before the reference timig afd’ends with the
post-fault time T-POS aftepfthe,recording criterion
has disappeared. The maxinaum permissible overall
recording time per faulttecordfis set as T- MAX.
Overall, a total of maximum' s is available for

fault recording. Thisgperiad allows for recording of up
to 8 fault records.

All 7 4 FAULT >
VI/[RECORDER
7 4 REGi1ini
<SRTwitTP \4
+|REbeFT l
|REbeTP |
7 4 T - MAX
< 2 00 S ‘v
7 4 TP ROE
4o.20 % ‘V
7 4 T - P O S
< 0 10 ] ‘A

[7400]
Begianing of “Fault recorder” block

[7402]
Fault data recording is activated:

® Trip command as reference time and trip com-
mand as recording criterion

® General fault detection as reference time and ge-
neral fault detection as recording criterion

® General fault detection as reference time and trip
command as recording criterion

[7410]

Maximum time available for fault value recording
Lowest setting: ............... 0.30 s
Highest setting: ............... 5.00 s

[7411]

Period before starting time (reference time according
to the selected event for fault recording activation), at
which the fault value recording should begin

Lowest setting:
Highest setting: ............... 0.50 s

[7412]
Period after drop off of the recording criterion after
which recording of the fault values should end

Lowest setting:
Highest setting: ............... 0.50 s

Siemens AG - October 2002
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5.4 Configuring the protective functions

5.4.1 Introduction

The device 7SD600 provides a range of protective
and additional functions, which can be enabled or di-
sabled through configuration such as, e.g. the pilot
wire monitoring function.

The configuration parameters are input via the inte-
grated control panel at the front of the device or by
means of a PC via the serial operator interface. Hand-
ling of the control panel is explained in further detail

75 D600
vi3.l

L 4

in section 6.2. Alterations to t %ion para-
meters require input of the COBGX. ee section
5.3.1). Without the code word, settings can be
read out but not changed.

The operating block 00 is provided for configuration.
This can be reached fro itial state of the de-

vice in level 1 by scrolli ith the Y keys (forwards)
and subsequently switching to the 2nd operating level

by means of the nextlevel). Block 00 CONFigura-
tion appears,(see @ e 5.10).

00 PL.
llEx1zsr

MON

1st operating level

Within block 00 you can swi e 3rd operating
th A or scroll back

level with P and scrollgfor
with A. Each additiopal action leads to a furt-
her operating objecét fogset a configuration para-

meter. In the foll sections each operating object
is shown in a box an ained. The top line of the
display panel, behind the block number, shows the
device function being configured. The second line
contains thg associdted text (e.g. "EXIST"). If this
text is corre6t, you can use the arrow keys W or A to
scroll to t operating object. If the text needs to
you will need to enter the code word
"+" or "-" keys to call up an

ucan use the "+" or
text on the display (e.g. “non EXIST”).
ay be several alternatives which can be dis-
ed on the display panel by repeatedly pressing

K\nd operating level
Figure 5.10Excerpt from the menu tree&onﬁguranon block for the protective functions

3rd operating level

"o

the "+" or keys. When the last possible alterna-
tive has been reached using the "+” key, any further
pressing of the key will have no effect. This also ap-
plies when the first alternative is reached using the
"-" key. The correct alternative can be confirmed by
pressing the enter key E!

If operation is carried out via a PC using the operating
program DIGSI®, each setting parameter is identified
by a 4-digit address number. In the following Figures

this is shown in brackets next to the explanations.

If you attempt to scroll on without confirming an alte-
ration with the enter key E, the following prompt will
appear: "SAVE NEW SETTING ?". Confirm with the
"Yes” key YN to apply the new settings. The new
value or text is shown. However, if you press the

5-18
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"No” key N, the change entered since the E key was  5.4.2 Configuring the functional scope of the
last pressed is canceled and the old value or text is device - block 00
displayed. This enables you to cancel any erroneous
changes. To continue to scroll forward, you must now  The available protective and add

press the relevant arrow key again. be configured as EXISTent 0 ISTent. It is even
When the setting of a configuration parameter is ter- ff:igf;o select more t}%alternatlve for some
minated by pressing the enter key E, the associated '

data are permanently saved and protected against Functions which have,been'eonfigured as

power failure in EEPROMSs. non EXISTent will cessed in the 7SD600.

There will be nodnhdicatiens and the associated set-
ting parameters, (
be queried duri

Using the  keys (back one level), you can switch

back to the 2nd operating level and move to the next
operating block with Y (forwards) or, by pressing the
< key again, you can switch to the first operating le-

tions, threshold values) will not

ting (see section 6.3). In con-
off of a function means that the

rocessed, that indications will be

vel. . ... switched off”), but that the func-
ot'affect the overall protection system (e.g.
mand)
following boxes show the options for maximum
uration of the device. In practice, functions
h are not available will not be displayed.
[7800]
4|00 conF. Beginning of the block ”Configuring functional scope”
v >
Pilot wire monitoring: \
[7816]
< v available

| not available
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5.5 Marshalling of binary inputs, binary outputs and displays

5.5.1 Introduction

The definition of the binary inputs and outputs shown
in the general plans (appendix A) relate to the factory
settings of the device on delivery. However, allocation
of the inputs and outputs to the relevant functions
can be altered and thus adapted to the particular local
conditions.

Marshalling of the inputs, outputs and displays is car-
ried out by means of the control panel on the front
panel or via the operator interface. Handling of the
control panel is explained in further detail in section
6.2. Marshalling begins at block 60.

Marshalling requires input of the code word (see sec-
tion 5.3.1). Without the code word, the settings can
be read out but not changed. A flashing cursor on the
display indicates that the device is now in alteration
mode, starting with the first alteration after input of.
the code word and continuing until the end of the
marshalling process.

While the programs are running in the 7SD600, spee€i-
fic logical functions arise which are assigned 10 speei-
fic physical inputs and outputs.

Example: A pick up is detected by ong of ithe integra-
ted protective functions. This event is geperated in
the device as an "indication” (logicaldunction). The
indication must be made available¥t specific device
terminals as make contacts. Sinceyspecific device
terminals are hard-wired to ong specific signal relay
(physical), e.g. signal relay 2, the'device must be in-
formed that the logical indi€ationg'FT det” must be
sent to signal relay 2. Thus tWo operator statements
are of particular imgortanceyduring marshalling: Which
protection-generated (l6gical) indication signal should
be transmitted to whiich (physical) signal relay? Seve-
ral (up to 20) indication'signals can be transmitted to
a single (physical) signal relay.

A similar situation applies to bifiary“imputs. In this
case, external information is transmittéd to the device
(e.g. "Dif.blk”) via a (physical)finput module in order
to initiate the (logical) functiom @f blocking the |>>
differential protection. The relevafit question to the
operator is therefore: Which sighal of a (physical) bi-
nary input should triggegwhi€h reaction in the protec-
tion device? A single binaryinput can trigger up to 10
(logical) functionss

The command relays of the device can also be mars-
halled to different fufctions. Each command relay can
be controlledby cemmand functions.

Signal funetions’can also be used in a variety of ways.
For example,“a signal function can actuate several
signal relays, trip several command relays, as well as
beadisplayed on the LEDs and controlled by binary
Inputs:

Thesmarshalling process is structured such that each
physical input/output module (binary input, signal re-
lay, LED and command relay) will be queried with re-
gard to the assignment of (logical) functions.

The available logical functions are listed in the follo-
wing sections.

The marshalling parameter blocks are reached by
scrolling with the keys Y (forwards) or A (back-
wards), p (next level) and « (previous level). If the
device is ready to run and in its initial state in level 1,
you can reach the start of the marshalling blocks as
follows (see Figure 5.11):

® Press the Y key (forwards),

® use the P key (next level) to switch to the second
operating level,

e scroll with the Y key until block 60 appears on the
display:

600 MARSH

[6000]
Beginning of the marshalling blocks
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CONF. "

v A ¥ .2

s |[l161 BIL 1 "

>Tr.TRP

o 1
' ' ° '
] ° 1
A
N ' :
6 0 MARSH . 6 1 MARSH
-4 BIN.INP
voA v

1st operating

level e level

Figure 5.11Excerptifrom ghe

The P key takes y the next marshalling block
(e.g. 61, marshalling of binary inputs) or the« key
takes you back tg the 1st operating level (settings).

Within ayblock, you can go to the next level with the

P ke e you can scroll forwards with the Y key
an ds with the A key. Each further scrolling
leads e display and interrogation of an additional

output or display. The name of the input or out-
dule appears in the display as heading.

z CED

6 1 B1 10
not a 1 1.

1

6 1 BI2 1
> Dif.bl

O .
°
2 .4
.6 1 B2 1 0"
not a 1 1.

1

6 1  MARSH |[

6 1 BI3 1
BI3

>PWM. be

A

5th operating

level level

u tree: Example for selecting marshalling of binary inputs

Switching to the next level with the P key takes you
to the actual selection level for the allocated logical
functions. The top line of the display contains the phy-
sical input/output module followed by a 1 to 2-digit
index number. The 2nd display line contains the cur-
rently assigned logical function.

In this 5th level, the "+" key lets you call up all mars-
hallable input/output functions on the display once
you have entered the code word. You can also scroll
backwards with the ”-" key.
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The required function is confirmed with the enter key
E. Additional functions (under further index numbers)
can then be selected for the same physical module
using the Y key. Each selection must be confirmed
with the E key. If the particular input of a physical mo
dule is not assigned, the "not all.” function (not
allocated) is selected.

To exit the selection level, press 4. The previous ope
rating level appears on the display. You can now
switch to the next physical input/output module by
pressing the WY key or to the previous module with
the A key where you can then proceed as before.

The following sections specify the marshalling for the
binary inputs, binary outputs and displays. The arrow
keysW A or p  next to the display boxes indicate
the method of scrolling from operating level to opera-
ting level as well as within the block or selection level.
The arrow keys which lead to the next operating ob-
ject in accordance with the logical sequence of the
marshalling process are indicated in bold Figures.

You will find full details of the available function dgf
signations in appendix C. If operation is carried gutia
a PC and the operating program DIGSI®, each setting
parameter is identified by a 4-digit address nupnber. In
the following Figures this is shown in brackets ngxt|te
the explanations.

If you attempt to scroll on without cof¥firming asmars-
halling with the enter key E , the followingyrompt will
appear: "SAVE NEW SETTING ?'.. Confirm with the
"Yes” key J/Y to confirm and applyithe new setting.
The new text is displayed. HowgVer, if You press the
"No” key N, the change entered singe the E key was
last pressed is canceled angfthe oldtext is displayed.
This enables you to cancel'any effoneous changes. To
continue to scroll fopwardyyousmust now press the
relevant arrow keygagain:

When the marshalliag’is tgrminated by pressing the
enter key E the allocations are immediately applied
and permanently saved and protected against power
failure in EEPROMs.

5.5.2 Marshalling of the binary inputs

- block 61

The device has 3 binary inputs Which arg'designated
Bl 1 to Bl 3. They can be marshalledhin block 61. You
can reach the block from thefinitiaistate of the device
in level 1 as follows: Pressghe W Key (forwards),
switch to the 2nd operating léwel with the P key (next
level), scroll with the W Key until block 60 appears on
the display. Use the P key t0 switch to operating le-
vel 3 —: Marshallingbinary'inputs, see Figure 5.11).

Selection is carried/out as described in section 5.5.1.

A choice is‘availablegfor each binary input function as
to whether the activated voltage is applied, or whe-
ther it Isyiemeved, whereby:

® ()activated with voltage:
The input acts corresponding to a make contact,
i.ethe control voltage at the input terminals acti-
vates the function;

® \(N) activated with voltage reset:
The input acts as a break contact, i.e. the control
voltage at the input terminals resets the function.
If there is no control voltage, the function is active.

When scrolling with the "+" or "-" key, each input
function is displayed either without a status indication
(activated with voltage) or with the status indication
"N” (activated with voltage reset). The selected func-
tion must be confirmed with the enter key E.

Table 5.1 shows a list of all the input functions with
their respective function numbers Fno. Input func-
tions have no effect if the relevant protective function
of the device has been configured so that it is not
available (see section 5.4.2).

The general diagrams in appendix A show the assign-
ment of the binary inputs on delivery. The following
boxes show an example assignment for binary input
1. Table 5.2 shows all presettings.
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|51
VvliB1I

[6

™

61 BI
< 1 1.

No fu

O

[6100] ¢
Beginning of the block “Marshallin binary inputs”
> \
o N
Assignment of hinary iAputs 1
>

Y

cki ifferential function input, FNo. 3003

ted with voltage: if input is activated, the diff.
on is blocked

[6103]

rther functions are activated by input 1.

The "+" key lets you call up all m@rsh@nput

functions on the display once you h ed the
code word. The ”-" key also lets
through the list of alternatives§the

is confirmed with the enter k : Itional func-
tions under further index nu‘berlﬁ to 10) can then

be selected for binary inp ing the Y key. Each

Nble binary input functions

Table 5.1

| backwards

selection must be confirmed with the E key. If the
slot of a physical module is not assigned, the “not
all.” function (not allocated) is selected.

You can exit the selection level of binary input 1 with
the o key. The Y key takes you to the next binary
input.

FNo. Sho

Logical function

(display )
1 not all. Not allocated
5 >LEDr. >Reset LED indicators
1157 >CBclé” >Circuit breaker closed
3003 >Dif.bl >Block differential protection

>Re.blk
>PWM.bl

>Lockout reset

>Block transfer trip transmitter
>Transfer trip signal input
>Block of trip receiver

>Block pilot wire monitor
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An overview of the factory settings for the binary in-
puts is provided in table 5.2.

Table 5.2 Factory set binary inputs
4th operating level Bth operating level FNo. Comment
MARSHALLING BINARY INPUTS Block heading
61 MARSH BI 1 6 1 BI1 1 3003 >Block differential protectien
>Dif .bl
61 MARSH Bl 2 6 1 BI2 1 3008 >Lockout Reset
>Res .LO
61 MARSH BI 3 6 1 BIS3 1 0005 >Reset LEB,indieators
>LEDT.
5.5.3 Marshalling of signal relay - block 62 Table 538 shows a list of all the signal functions with

The device has 3 signal outputs (signal relays). As-
signment of signal relay SIG.RE1 is fixed with the in-
dication "Protection ready”. This indication appears
when the self-monitoring of the device has not detec-
ted any faults.

The other signal relays SIG.RE2 and SIG.RES3 can be
marshalled in block 62. You can reach the block Trom
the initial state of the device in level 1 as followst
Press the W key (forwards), switch to the 2nd opéra-
ting level with the P key (next level), €crolljwithithe
V¥V key until block 60 appears on the display. Switch to
operating level 3 with the P key and‘seroll t6 block 62
with the Y key —: Marshalling signal relay. Selection
is carried out as described in se¢tion 5%871. Multiple
indications are permitted, i.e. allogical indication can
be transmitted to several sigmahrelays (see section
5.5.1).

theirrespeetive function numbers Fno. Signal func-
tions Wave no effect if the relevant protective function
of theydevice is not available or has been configured
sathat it is not available.

The general diagrams in appendix A show the assign-
ment of the signal relays on delivery. The following
boxes show some examples of these. Table 5.4 con-
tains a complete list of all presettings.

Notes regarding table 5.3. The indications starting
with ">" are direct feedback information of the bi-
nary input and have identical status to the binary in-
put. They appear as long as the relevant binary input
is actuated.

For further information on the indications, see section
6.4.

4|6 2 M AR S'H >
V/i|[sIG.REL

Use the ppkeyhto go to the first signal relay:

o |6 2 MARGSH >
Y| SIG.RE 2

[6200]
Beginning of the block “Marshalling of signal relays”

[6222]
Marshalling for signal relay 2:
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Switch to the selection level with the ppkey:

6 2 SIG2 1
<PW.fail ‘v
|

62 SIG2 2 A
<

not a 1l 1. \ 4

The "+" key lets you call up all marshallable output
functions on the display once you have entered the
code word. The "-" key also lets you scroll backwards
through the list of alternatives. Confirm the required
function with the enter key E. Additional functions
under further index numbers (1 to 20) can then be

[6223]
Signal relay 2 has the followingyfactery setting:
Pilot wire monitor: Failure detected

[6224]
No further signal fi@fgtions for signal relay 2

selectedforsignal relay 1 using the Y key. Each se-
lection,must be confirmed with the E key. If the slot
of a physicalPmodule is not assigned, the “not
alldy” fUnction (not allocated) is selected.

EXxit the selection level of signal relay 1 with <. Scroll

to the next signal relay with the Y key.

Table 5.3 Marshallable binary output fun€tions
Fno. Short text Logical function
(display on LCD)
1 not all. Not allogated
5 >LEDr. >Reset(LED indicator
B2 operat. Any jgretection operative
501 FT det General fault detection of device
511 DEV.Trp General tilp of device
1157 >CBclo >Cicuit breaker closed
1174 CBtest Circuittbreaker test in progress
1185 CBtpTST Circuit-breaker test: Trip 3-pole
3003 >Dif.bl >Block differential protection
3008 >Res.LO >Lockout Reset
3015 Dif.off Differential protection is switched off
3016 Dif.blk Differential protection is blocked
3017 Dif.act Differential protection is active
3021 Dly.st Differential protection: IDIFF> time deley started
3022 Dif.flt Differential protection: General fault detection
3024 Block'S Differential protection:Blocked by external fault
3026 Block™H Differential protection:Blocked by harmonics
3027 Dif. TRP Differential protection: Trip by IDIFF>
3028 IntTrp. Differential protection: Intertrip send signal
3030 B.Dif D Differential protection: Blocked by IDIFF supervis.
3031 Lockout Trip-Lockout is in progress
3303 >TTblk >Block transfer trip transmitter
3306 >Tr. TRP >Transfer trip signal input
3312 TTblkd Transfer trip transmitter is blocked
33db TT.Send Transfer trip transmission signal
3338 >Re.blk >Block of trip receiver
3341 Rec.off Trip receiver is switched off
3342 Rec.blk Trip receiver is blocked
3343 Rec.act Trip receiver is active

Siemens AG - October 2002



Preparation Instructions

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069-A4

Table 5.3 Marshallable binary output functions
Fno. Short text Logical function
(display on LCD)
3346 Rec.flt Trip receiver: General fault detection
3347 Rec. TRP Trip receiver: General trip
3348 Rec.rec Trip receiver: Trip signal received
3363 >PWM.bl >Blocking of pilot wire monitoring
3371 PWM.off Pilot wire monitor is switched off
3372 PWM.blk Pilot wire monitor is blocked
3376 PW.fail Pilot wire monitor: Failure detected
Table 5.4 Factory set indications on signal relay
4th operating level Bth operating level FNo. Comment
MARSHALLING Signal relay Bloekeheading
62 MARSH 6 2 SIG2 1 0001
SIG.RE 2 PW.fail Piletwire monitor: Failure detected
62 MARSH 6 2 SIG3 1 3034 Arip-Lockout is in progress
SIG.RE 3 LockOut
554 Marshalling of the LEDs - block 63 In addition to the logical function itself, it may also be

The device has 6 LEDs for optical display, 4 of ywhich
can be marshalled. These are designated LED!1 g0
LED 4 and can be marshalled in block 63. e block
may be reached from the initial state of the device in
level 1 as follows: Press the Y key (forwards)=Switch
to the 2nd operating level with the pmkey (fiext level),
scroll with the 'Y key until block 8@’appears on the
display. Switch to operating level3, withthe P key
and scroll forwards to block 63 Wwith the Y key —:
MARSHalling LED. Selection_is Cagrigd out as descri-
bed in section 5.5.1. Multiple jndications are permit-
ted, i.e. a logical indicatien €an be transmitted to se-
veral LEDs (see segtion 5.5u).

selected whether each LED is to operate as memori-
zed or not memorized. When scrolling with the “+"
key, each signal function for the LED is displayed ei-
ther without a status indication (not memorized) or
with the index “m” (m = memorized).

The marshallable signal functions are the same as
those listed in table 5.3. Signal functions have no ef-
fect if the relevant protective function in the device
has been configured so that it is non existent.

The selected function must be confirmed with the
enter key E.

The front view of the device (Figure 6.1) shows the
assignment of the LED on delivery. The following bo-
xes show an example assignment for binary input 1.
Table 5.5 shows all factory settings.

Siemens AG - October 2002



Preparation Instructions

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069=A4

E o
H w
o

o w

H ‘

zZ =~

<4
\4

Use the P key to go to the first marshallable LED:

E o
H w
o
-

<4
\4

6 3 LEDI1 1

<Locko t ‘
6 3 LEDI1 2

< not all

>

<4p

[6300]
Beginning of the blocks “Marshalling of the LEDs”

[6301]
Marshalling for LEDg]

[6302]
LED, Tis factory set as follows:

1¢ Loekout FNo. 3031

[6303]
2. No further signal functions for LED 1

The "+" key lets you call up all marshallable,e@tput
functions on the display once youtaveentered the
code word. The ”-"
through the list of alternatives, Th&irequired function
is confirmed with the enter key E. Additional func-

tions under further index nugiBers {#to 20) can then

key also lets yau seroll"backwards

be selected for LED 1 using the Y key. Each selec-
tion must be confirmed with the E key. If the slot of a
physical module is not assigned, the “not all.”
function (not allocated) is selected.

You can exit the selection level of LED 1 with the «
key. Scroll to the next LED with the Y key.

Table 5.5 Factory'set’ LEDs

4th operating level bith operating level Fno. Comment

MARSHALLING LEDs Block heading

63 MARSH 63 LEDI1 1

LED 1 Lockout 3031 Trip-lockout is in progress

63 MARSH 63 LED?2 1

LED 2 DEV.Trp 511 General trip of device

63 MARSH 63 LEDS3 1

LEB3 PW.fail 1 Pilot wire monitor: Failure detected

63 MARSH 63 LEDA4 1

WD Block.S 3024 Diff.prot.: Blocked by external fault
Block.H 3026 Diff.prot.: Blocked by harmonics
B.Dif.D 3030 Diff.prot.: Blocked by IDIFF supervis.
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5.5.5 Marshalling of the command relays -

block 64

The device has 2 command relays with trip duty, desi-
gnated as CMD.RE 1 and CMD.RE 2. They can be
marshalled in block 64. You can reach the block from
the initial state of the device in level 1 as follows:
Press the ¥ key (forwards), switch to the 2nd opera-
ting level with the P key (next level), scroll with the
V¥V key until block 60 appears on the display. Switch to
operating level 3 with the P key and scroll to block 64
with the ¥ key —: Marshalling command relay. Selec-
tion is carried out as described in section 5.5.1. Multi-
ple commands are permitted, i.e. a logical indication
can be transmitted to several command relays (see
section 5.5.1).

S

All indications shown in table 5.3 can be marshalled
to command relays. Command functiens have no ef-
fect if the relevant protective function.imfthe device is
not available, switched off or h nfigured so
that it is not available or is par ized as indication
only.

The general diagrams in a
ment of the command relays
wing boxes show some,e
relay 1.

Table 5.6 shows ctory settings.
If several i nctions are to trip the same
circuit brea erelevant command relay must be

relevant command function.

show the assign-
delivery. The follo-
les for command

B n

4A
Q o
=2 e
o

x>
= o
e

A
Q o
=2 e
o

Switch to the selection level Wi@&@y:

6 4 CMD Ej
4ipev. o p v
|

6 4 C 2
<4/ A

R 1
no;ll.’ \ 4

Use the P key to go to the first command rela \
. ’ >

0
ing of the block
’ halling of command relays”

[6401]
Marshalling for command relay 1

[6402]
Command relay 1 is factory set as follows:

1. General trip of device; FNo. 511.

[6403]

2. No further command functions for command relay
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The "+" key lets you display all marshallable output
functions once the code word has been entered. The
"-" key also lets you scroll backwards through the list
of alternatives. The required function is confirmed
with the enter key E. Additional functions under furt-
her index numbers (1 to 20) can then be selected for

O

command relay 1 using the Y key. Each sglection
must be confirmed with the E key, If the slot of a phy-
sical module is not assigned, th all.” func-
tion (not allocated) is select

Exit the selection level of and relay 1 with <.
Scroll to the next comma with the Y key.

”

Table 5.6 Factory set command functions
4th operating level Bth operating level FNo. Comment
MARSHALLING COMMAND RELAY Block headl
64 MARSH 6 4 CMD1 511 Gener
CMD.RE 1 Dev. Tr
64 MARSH 6 4 CMD2 511 Ge
CMD.RE 2 Dev. Tr

L 4

Q
o
&

L 4

>
N
N
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6 Operating Instructions

6.1 Safety measures

A Warning

commissioning.

Operating the device on a battery charger wit
high voltages and to destruction of the d%

6.2  Operating the device \Z

A Caution 5\8'

O

% 4
o
Q

The safety regulations applicable to working in powe Ia@t be observed for testing and

battery connected can lead to unacceptably
also table 3.1 under Technical data.

erarchically structured operating menu tree. The

ces are operated with dialog between the operator individual keys have the following meanings:

and tlhe dtiVICfe V'? t?ihlmsgr?tedA ha . Keys for changing numerical values and alternative
panel on the front of the device. % rameters text values:

Digital protection devices as well as au@@/ the hi

necessary for operation can b all information

Increase the values,
starting from the default value

Decrease the values,
starting from the default value

o keys

Yes key: The operator answers the
question in the display with yes

can be read out. Operation wit also possible
through the serial interface fér ex le. +
6.2.1 Membrane /Display panel Yes/N
Figure 6.1 sho t view of the device.

. . . . Y/J
A two-line LCD with®@ characters per line (display pa- /
nel) is available as a display. Each character is dis-
played in a 5x8 dot matrix. The numerics, letters and N
a numbeéy, of special characters are displayed.

No key: The operator answers the
question in the display with no; this key

control panel consists of 9 keys with Yes/No and
rol keys with which it is possible to move through

also serves to delete stored displays
(LEDs and fault events)
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Keys for scrolling in the display

v

Scroll forwards: the next operating posi-
tion in the same operating level appears
in the display

Scroll backwards: the previous operating
position in the same operating level ap-
pears in the display

A

Scroll forwards to the next operating
level: the corresponding operating object
of the next operating level appears in the
display

Scroll backwards to the previous operat-
ing level: the corresponding operating
object of the previous operating level ap-
pears in the display

<

Confirmation key

Enter key may also be used to a
edge a faulty reaction of the
this case, the entry must,be fepeated

and re-confirmed with th x :

The spontaneous system disturb rmation in
the display can be acknowledged ing the
"No” key N and the quiescent ata called up
again. During the reset, the ma le LEDs on the
front are illuminated so tha can be checked.

N

firmed with the Enter key; only th(—;\
the device register the changes.
ic

Enter key: All changes in the display b
E means of entered numbers or chan
via the "Yes/No"” keys must be co
|

S

6.2.2 Operation with a PC S
A PC (with MS WINDOWS operati

DIGSI® operating program e e
ting of test sequences and retgi
integrated keypad and display.

lows for the convenience
and menu-guided execution.

em) and the

setting, star-

a data, as do the
ver, the PC al-

i ation on a monitor

All data can be save
disks (e.g. for para

In addition, all d

ter

printed out on a printer.

In the cas n with a PC, the applicable ma-
nuals must ed. The DIGSI® software is sui-
table f cessing of all protection data. An

ating programs and accessories (con-
tc.) suitable for 7SD600 can be found
Ordering data.

6.2. Prerequisites for operation

A code word entry is required for most operation
functions. This applies to all entries via keypad or ope-
rator interface which affect the functions in the device
such as :

® Seftting of function parameters (threshold values,
functions),

® Marshalling of trip relays, signals, binary inputs,
LEDs,

® Configuring of parameters for operating language,
interface and device configuration,

® Starting of test sequences.

Code word entry is not required to read out signals,
operational data, failure data or for the retrieval of set-
ting parameters.

The entry of the code word as well as adaptation of
the PC interface is described in the preparation in-
structions under section 5.3.
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6.2.4 Front view of the device

4
| ~ <
SIEMENS \
. In service indication (gree @
Service/
Operationd ' O\ 0

Fault indication (red)

Blocked/ (§ 5, O
Fault
3 O
4 O
indi 'ed), marshallable
[ _} ing table 5.5)

(:\
\—/
®
\—/
r:\
—

Keypad with control and function keys

@E
=)
WE
) =~/
GE
\_J%/

SIEM
Line Differential Protectiol Q ﬁ

Power differential n

Default value of the marshallable LEDs:

1 Lockout state of the trip command

2 Protection device {general) trip

3 Fault in the pilot wire monitoring

4 - Blocking by saturation in the differential current
- Blocking by differential current monitoring
- Blocking by harmonics

.1 Front view of 7SD600 with control panel and displays
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6.3 Setting of function parameters
6.3.1 Introduction
6.3.1.1 Procedure for parameterization

The operator interface consists of a hierarchically
structured menu tree which can be moved through
with the scroll keys «, p>, A and ¥ to reach every
desired operating object. A general overview is given
in the appendix A.1.

The initial position in the relay which is switched on

and in service, can be left to reach the parameteriza-
tion area by pressing the key Y. The "PARAMEter

settings” item appears, which contains all parameter
blocks. With the P key the next operating level is re-
ached. Initially the operating block for the configura-
tion appears. This was dealt with in sections 5.3 and
5.4,

L 4

key. Block 01 with the "PQO Tem DATa” ap-
pears first.

The parameter blocks are r@ressing the ¥

fter repeated pres-
appropriate functions
d these have been confi-

Other parameter blockséfollo
sing of the Y key prowidin
are available in the
gured as AVAILa

Press the
which the
thresh
takes

If fom
0 §O\
|

to the next operating level in
eterization, i.e. the setting of
selection of offered alternatives

, the P key is pressed, starting at block
SYSTem DATa"), the 3rd operating level

1
i individual power system data may be re-
c ee Figure 6.2):

f )

00 CONF. |t[>--

< -

“
&

1st operating level

e 6.2 Selection of parameters for the system and station data

=~z AN

L 1 r .
||o1 POWER “.'-01 FREQ ||
SYST.DAT 50 Hz
(ESERIYC vl
A4 PAN \v4 A

01 IN LN
1000 A

¥ A
01 IctPRI
1000 A
01 Rx
0 Q

v Z

2nd operating level 3rd operating level

Siemens AG - October 2002



Operating Instructions

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069=A4

The code word must be entered to set the function
parameters (see 5.3.1). Without the code word, the
settings can be read but not changed.

Parameterization can begin when the code word has
been accepted. In the following sections every ad-
dress is shown and explained in a box. There are
three types of displays:

® Setting addresses without operating prompt

A displayed text forms the header for an operating
block. The parameter block number (two-digit
number in the left of the display) appears. No input
is expected. The previous or next operating block
without an operating prompt (header) is reached
by pressing the A or Y keys. Switch to the next
operating level with the p» key.

® Setting addresses with numeric input

The display shows a two-digit block number in the
top left of the line. After this the meaning of the
requested parameter is displayed in abbreviated
form. The second display line contains the parame-
ter value. A default value is set at the factorydprior
to delivery. This is specified in the followingsec=
tions. No other inputs are necessary if theadefault
value is to be retained. You can scroll tathé next
(or previous) parameter in the block amthe next (or
previous) operating level. If the, valug is t@\be chan-
ged, this can be done with the "4 Ome=" keys.
These are used to increase or decrease the value
starting at the default valueylf one,of the keys "+"
or "-" is pressed continuously,%his acts as a re-
peat key function. The repeat key function beco-
mes faster, the longer thetkeyds kept pressed. In
this way, changes cafl be 'made over a wide set-
ting range in finéystages but still quickly and com-
fortably. The gossible,setting range is specified
next to thegepresentation of the box. When the
maximum valu€ is réached with “+", further pres-
sing of this key Will be ignored. The same applies
on reaching the minimum value and pressing the
"-" key. Then the input must be confirmed
withithe Enter key E! The value accepted by the
dewvicethen appears. This becomes effective im-
mediately after pressing the Enter key E.

® Setting addresses with text parameters

The display shows the two-digit block number and
meaning of the requested parameter. The second
display line contains the parameter text. A default

text is set at the factory prior to delivery, This is
specified in the following sections. No other inputs
are necessary if the default t€xigd8tto be retained.
You can scroll to the nextYer previous) parameter
in the block or the next (er préxious) operating le-
vel. The default text cah be‘¢hanged by pressing
the “+" or "-" key. The next'text then appears
which is appended to the bottom of the display
box in the followingWepresentations etc. The alter-
native to be selected Is confirmed with the Enter
key E. Furtherpressing of this key is ignored when
the last alternative’ suggestion is reached with the
"+" key. Thé same applies when the first alterna-
tive suggestion is reached by pressing the “-" key.

Thelparameterization of all setting values is explained
inythe fellowing sections. The arrows W A or p 4
nextito the display box provide directions on reaching
the next'named operating object. If the meaning of a
parampeter is unclear, the default parameter is usually
thewpbest option. Unoccupied operating blocks are
skipped.

Every setting parameter is identified by a four-digit
address number when operating a device by means
of a PC and the operating program DIGSI®. This is
specified in square brackets in the explanation text in
the following representations.

If you attempt to scroll forwards with the arrow keys
without confirming a started change by pressing the
Enter key E, a question appears: "SAVE NEW SET-
TING?”. Press the "Yes” key Y/J to confirm that the
new setting is valid as of now. The new value or text
is displayed. If, on the other hand, you press the
"No” key N, the change made since last pressing the
Enter key E is rejected and the old value or text is
displayed. In this way, an accidental change can be
pre-empted. To actually scroll, the arropriate arrow
key must be pressed again.

If you terminate the change to an operating parame-
ter by pressing the Enter key E the appropriate data
immediately become valid and are permanently sto-
red in non-volatile EEPROMs.

Siemens AG - October 2002



6 Operating Instructions

| Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual Order no. E50417-G1176-C069-A4 6
6.3.1.2 Setting date and time No code word is necessary to change the dat@ and

tion device has been connected to the auxiliary sup- setting must be confirmed wit key E. The
ply voltage at its final operating site, because a failure ~ same applies accordingly for t and minutes

time. The day, month and year are set by pressing the
The date and time should not be set until the protec- "+" and "-" starting from the & e. Then the
of the auxiliary supply voltage will reset the time. of the time.

The appropriate operating block may be reached from
the initial position of the device as follows: By pres-
sing the Y key three times the block "ADDITION No

FUNCTION" is reached. With the P key you change
to the next operating level (Block "TIME SETTING"). Wh ntering the day, a maximum
By changing the level again with P the date and time nu%m days is assumed so that
can be readout initially. The operating blocks for set- is can be selected in all cases.
ting date and time are called up by scrolling with W evice only recognizes whether the
as displayed below. ut is plausible after the month and
ear (leap year or not) have been ent-
red. After pressing the Enter key E au-
tomatic limiting to a real date takes
place.

After the device starts up 01.01.98 initially appears as
the date and the time being a relative time since the
system processor last started (connection of the auxi-

liary supply voltage). @

[8100]
Start of block "TIME SETTING”

TIME
4’ SETTING

| |

L 4
[8101]
01.01.909 First the “current” date (DD. MM.YY) and the current

< 01 :15:06 V¥V time (HH:MM:SS)are displayed. The actual setting

I O blocks are reached with Y.

Q>®
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DATE

427 .10.90 H
| !
TIME

@13:44:27

[8102]
A new date can now be entered. Ihis is done in the
order: day, month, year DD p» MM pRYY

Starting at the default value, the,days increased to
the current date by pressip@the “*" key. The p key
is pressed to reach the month. BY pressing the "+”
key, the month is increased Umtil the current month is
reached. Thereafter, 4he yearis selected with P and
increased with thegit "“key until the current year is
reached. The valdes can,be decreased with “-". Fi-
nally the wholg,datgyinput is confirmed by pressing
the Enter key E.

[8103]

To Switehsfrom the data setting to the time setting, W
isYeressed. A new time can now be entered. This
takesWplace in the order: hours, minutes: HH p» MM

Stagting from the default value first, the hour is increa-
sed to the current hour by pressing the “+" key. Then
change to the minutes by pressing the p key and
increase the hour to the current value with “+”. The
values can be decreased with the “-" key.

There is no need to set the seconds. The seconds are
automatically set to zero when the time input is con-
firmed.

The complete time input is confirmed and becomes
active on pressing the Enter key E.

6.3.2 Initial display

After switching on, the protection device logs in with
a type designatiop, the se=called MLFB (German for
MachineReadable MakeBenomination) and the ver-
sion of the implemeénted,firmware. About 30 s after

switching on, the display switches over and the qui-
escent state indications (currents Iy and Ip) are dis-
played. The initial display can be recalled from this
state by pressing the Y key and then pressing the A
key.

< 3

hhe setting parameters start at block 01. These are

reached from the initial display by pressing the Y key

(seée also Figure 6.2).

The device logs in with the type designation. The ver-
sion of the implemented firmware is displayed in the
second line.
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6.3.3 System and station data - Block 01

The device requires some power system data.

01
Ysvsr. H’
| !

The rated frequency of the system is the first setting
in this block. The default value 50 Hz need only be
changed if the system frequency is 60 Hz.

01 FREQ
< 50 H z ‘ v
+ 6 0 H z |
The primary rated current of the protected plant

(addr. 01 IN LN.)and the primary rated currentfof the
current transformer (addr. 01 IctPRl)can be sét to the
same value in most cases. The correct setfing of*the
rated current of the transformer is a prerequisitg for
calculating and displaying the primary gneasured cur-
rent values (see also section 6.4.4). Specification of
the rated current of the protected, plant allows
optimum adaptation of the characteristic of the
differential protection to the \protected plant be-
cause the pick-up thresholds,and’shape of the
characteristic are related tofthis rated current
when set correctly.

The two rated cunentséIpri”/ InLn Should not differ
by more than a facter’4.

[1100]
Start of the block "POWER"'SYST.DAT”

[1101]
Ratedifrequency of the system 50 or 60 Hz

Example:

Rated current of the protected plant: 1000 A
Current transformer rated current: 2000 A

The device then refers pick-up thresholds and shape
of characteristic to a current which corresponds to
1000 A primary. The characteristic refers to 1000 A
primary as a result.

Both parameters must be set to the same at both
ends of the line. If the primary transformer rated cur-
rents are different, they must be made equal by con-
necting interposing at the end of the line with the lo-
wer rated current. See section 5.2.4.4 for details.
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ot

g
o
<

It is not necessary to balance the pilot wire resi-
stances by additional resistors in 7SD600 because
the device provides internal matching automatically by
calculation. However, the wire resistance must be
entered to enable it to do this (addr. 01 Rx). In addi-
tion to the loop resistance of the pilot wires a resi-
stance of 80 Q must be added for the pilot wire moni-
toring (if installed). A further 60 Q must be addedsfer
every isolating transformer 7XR95. The device gan
measure the wire resistance itself during commmissio-

01 R x A
4 o ‘V
01 T-TRP A
Yo .20 = HV
| |
01 L .%4dt A
4dQlorr ‘V

[1102]
Primary rated current of the protected plant (of the
line)

smallest setting value: ..... 0. 4@ 1A
largest setting value: .. .. 4" 1000000 A
[1103]

Primary current of théyeurrent transformer
smallest setting Valuefy, . ......... 1A
largest setting value: . ... ... 100 000 A

ning (see\seetiof6.6) . It's recommended to use this
funetion tovarchieve optimal setting conditions.

IM@addr01 T-TRP the minimum trip command dura-

tign1§,set.’It applies to all protective functions which
éan initiate tripping and is maintained even if the cir-

cuithreaker has switched off the short-circuit current
earlier.

A addr. 01.L.Out and 01L.O.Re the possibility of
switching the Lockout function on and off and of se-
lecting the type of Reset is given.

[1131]

Loop resistance of the pilot wire pair
smallest setting value: ........... 0Q
largest setting value: ......... 2000 Q
[1134]

Minimum duration of the trip command
smallest setting value: ......... 0.01s
largest setting value: .......... 60.00 s
[1135]

Switch off the Lockout function

Switch on the Lockout function
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[1136] S
< 01 L.O.Re A Rgsettlng the Lockout func’gon:
button with LED acknowledge key;
|

via binary input; @

with LED acknowledge orbinary input

O

ning

6.3.4 Settings for the
line differential protection

The differential protection can be switched active
(ON-) or inactive (OFF-); in addition the trip command

may be blocked if the protective function is active. K

e differential protection is selected to
e ON state when delivered, but the
protection may not be operated without
at least the loop resistances being set
correctly first (see addr. 01 Rx in section
6.3.3). The device could react unexpec-
tedly without these settings (e.g. trip)!

[1500]
I R . Start of the block "Line differential protection”
s >
T
[1501]
< 10 DIF.PR v ON selection of the differential protection function

ON
| OF F | OFF selection of the differential protection function
| ALRMonly | Differential protection is active, signals events,

but the trip command is blocked.
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I DIFF> (addr. 10 IDIFF>) is the pick-up threshold for
the differential current. This is the total current mea-
sured during a short-circuit in the protected zone, ir-
respective of its distribution on the respective line
ends. The operating value is related to the rated line
current set under addr.01 IN LN. (see section 6.3.3).
An upper threshold value for the setting is given by
consideration of the smallest currents which may oc-
cur for the different types of short-circuit and the re-
spective sensitivity of the selected type of connec-
tion.

The lower limit of the permissible setting range is de-
termined by the constant differences between the

secondary currents of the summation transformer

arising during unfaulted operation with load and char-
ging currents. These differences are based on capaci-
tive primary currents in the protected zone. Large ca-
pacitive currents, which may endanger the stability of

the protection, practically only occur in cables. Cur-
rent differences (i.e. apparent fault,currents) may oc-
cur on the secondary side of thé summation transfor-
mers due to charging current§,of thesables.

To allow for the even highef'capacitive currents during
transients, a larger currentsetting must be applied.
From experience, a setting valde for the lower limit,
with normal sensitivity, connection of the summation
transformers (Figuieyd.4mshould be approximately
equal to five timgs thelsteady state charging current
flowing in eachyconductor of the unfaulted system. In
circuits with/an gvien higher earth-fault sensitivity, the
limit of €¢he, lower setting range must be increased
accordingly.“"Summation CT circuits with reduced
eartfi=fault Sensitivity reduce the limit especially in
earthedynetworks. In this case, the setting from ap-
proxa4 times the charging current of every conductor
is sufficient.

Slope 2/4
T m Tripping zone
5 - b
2 - Blocking zone
Parameter
10IDIFF>
1 //, //
- “<
- //
I I |} I | I I I I | I I I I |
1 2 3 4 5 6 7 8 9 10 17 12 13 14 Steb_
s INLine
fixed

Figure 6.3 Trip characteristic0f the 7SD600

The trip characteristic consists of two other segments
(a and b) (Figure,6.3).

Segmenty’a” (the origin is the zero point) takes cur-
rent-propertional error currents into account. These
are®mainly the transformation errors of the main cur-
rentytransformers and the summation transformers
below the saturation level.

Segment "b” leads to a higher stabilization in the
range of higher currents at which current transformer
saturation may occur. Its origin is at 2.5 times the ra-
ted current of the line.

Siemens AG - October 2002
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In cases in which a transformer is directly connected
to a line, i.e. without current transformer and circuit-
breaker, an in-rush stabilization with the second har-
monic can be selected (addr. 10 HARM2). The per-
centage component of the second harmonic required
for stabilization can be parameterized under addr. 10
HARM2%. A ratio logn/len Of 20 % is factory set. This
is sufficient in most cases. A smaller value leads to
greater stabilization, a higher value to lower stabiliza-
tion.

Excceding the limit leads to blocking of the differential
protection.

This block can be removed immediately when the
differential current exceeds a set'@urrént threshold
(addr. 10 HARM21I).

A prerequisite for this, however, is/that the device is
equipped with the 2nd harm@nic option (model
7SDBOQ*-*****_1 7SDEOQX -*F* **-3).

10 T-DLY A
<

0.00 s v

10 HARM?2 A
<OFF v

< 10 HARM?2 A
2 002 v

[1503]

Pick-up_valueyforidifferential current during three-
phase ‘symmettical current flows referred to the rated
line cuprent

smallest seitting value: ...... 0.50 Iy jine
largestysetting value: ........ 2.50 Iy jine

[1623]

Local current threshold for releasing tripping of the
differential protection related to rated line current

smallest setting value: ...... 0.00 Iy jine
largest setting value: ........ 1.50 Iy jine
[1525]

Delay of trip command

smallest setting value: ......... 0.00 s
largest setting value: .......... 60.00 s
[1510]

The in-rush stabilization with the second harmonic
restraint is

switched OFF or

switched ON

[1511]

Component of 2nd harmonic in the differential current
which only just leads to blocking in % of the funda-
mental frequency component of the differential cur-
rent

smallest setting value: .......... 10 %
largest setting value: ............ 80 %

6-12
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[1512] ¢
< 10 IHARM?2 A Differential current _threshold for resetting the blocking
5 .00 v by the 2nd harmonic
' smallest setting value: .. \ line
largest setting value: . . .. IN line

i

The differential protection has a local current thres- Tripping of the line ans even during weak

hold 11 RELEASE. (addr. 10 IT1REL.) which monitors infeed conditions
the locally flowing current and provides an additional - Q

d by setting "0".

In special applic
the trip com

s it'may be of advantage to delay
oftthe protection slightly (e.g. for
. An additional time delay can be
0 T-DLY).
set to 0.

trip criterion. This setting value also refers to the rated
current of the line as set under addr. 01 IN LN. (see
section 6.3.3).

intertrip function. Since this information must be , the intertrip function is recommended to switch
transferred through the pilot-wire connection, itj oth ends of the line.

coupled to the version with pilot wire monitori A received intertrio si P
p signal may lead to tripping or only
(75DBO0- -2, 75DB00A- ) to signaling (LED or signal relay depending on the

If the local current threshold (addr. 101“:“% marshalling). See section 6.3.7 for details.

The line differential protection may have an integrated weak infeed or weak loading conditions. In this
b

greater than "0", single-ended tripping m

ﬁ

or intertrip signal is transmitted
[1542]
Prolongation of the intertrip signal after drop off of the
< differential protection
i L 0.00 s

smallest setting value:

largest setting value: ........... 5.00 s
Siemens AG - October 2002 6-13
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A current threshold can be set for blocking by the dif-
ferential current monitoring function (" Spill current”)
(addr. 10 I-SpC) with the settable delay (addr. 10
T-Spc).

Due to the capacitance of the pilot wires, the protec-
tion detects a differential current which is dependent
on the line length and the load current. A reference

value for this differential current can be calculated
with the following equation:

Lyitr (%) = 0.025 Igperation (%0) ek (Kma)*forf = 50 Hz,
Lyifr (%) = 0.033 Igperation (%0) x L{kn)4fér f = 60 Hz.

The parameter 10 I-SpC must bg Set greater than this
value.

[1550]
10 I-SpcC A Cur_rent threshold foRdifferential current monitoring
< 0 40 InlL v (Spill Currefit)
l ' smallest settingValue: ...... 0.10 Iy jine
largestisettimg Value: . ....... 1.00 I\ jine
and feo¥ Tolinductive
[1551]
< 10 T-Spec ‘ A Delay, for differential current monitoring
5 s smallest setting value: ............ 5s
largest setting value: ............. 60 s
6.3.5 Settings for the pilot wire monitoring and the other as "Slave”. The "Master” device al-

The device can be equipped with a pilot wire monito-
ring to monitor the healthy state of the,pilot Wires.
This is available in the versions 7SD6Q0x-*x**xx-2 and
7SDB00K-*x*xxx-3. A further precondition,for this
function (see Section 5.4.2) is thaty addi®00PL.MON
= Existent was set when configurindithe device func-
tions. The pilot wire monitoriag,cansalso be switched
OFF and ON under addr. 11P.MON.

The pilot wire monitgringteperates with a pulse code
which is modulated onte an"AF signal (2000 Hz). The
signals can only beytransmitted in one direction at a
time. The direction altegnates in order to be able to
create defined start conditions when switching on the
devices or after an auxiliary supply failure, one of the
two connegted devices must be appointed “"Master”

ways starts the signal traffic, the “Slave” device sim-
ply replies. The appropriate ID is set under addr.
11STATN.

If a fault in the pilot wire connection is detected, this
can either be reported only or the differential protec-
tion is blocked additionally (addr. 11DIF.BL). If the
pilot wire is interrupted, the differential protection
cannot trip anyway; in the event of a pilot wire short-
circuit, on the other hand, the device would also trip
in the event of an external short-circuit. Reporting of
the wire fault and blocking if necessary are delayed
by the time (addr. 11T-PLT.).

The pilot wire monitoring does not operate as long as
there is a fault or a transfer trip or intertrip command
being transmitted.

6-14
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[1600]
< 11 PILOT > Start of the block "Pilot wire monitoring”
WIRE MON.
| |
[1601]
Pilot wire monitoring
11 P L M ON
<4 0N ‘ V¥ switched ON
OFF | switched OFF
[1602]
< 11 STATN A Station IDyforidata traffic
SLAVE v SLAVEwmslave transmitter (answers only)
MASTER | MASTER - master transmitter (starts with data traffic)
[1603]
11 DIF B L A Blockir_wg of_the Iir_1e dif_‘ferential protection after
<4 0N 4 detecting pilot wire failure
switched ON
OF F | switched OFF
[1604]
< 11 T - PL T A Delay o_f the message after a fault detected by the
5 s pilot wire monitoring
smallest setting value: .......... 02s
largest setting value: ............. 60 s
6.3.6 Settings for the transfer tripping It is a precondition that during configuring of the de-

The line differential praotection has an integrated trans-
fer trip function in thé'version 7SDB00x-kk*xx-2 and
7SDB00Kk-HArkk-3 (with pilot wire monitoring, transfer
tripping and intestripping). This can be used for trip-
ping thetether end of the line by a signal generated
outsidexsthe, 7SD600, e.g. by a circuit-breaker failure
pratection. The trip command is then fed to the de-
vice,by abinary input to which the message 3306
>Tr.TRP is to be marshalled.

vice scope (section 5.4.2) in addr. 00OPL.MON=Exi-
stent is configured.

The parameters for processing the received signal are
set in block 13 (see section 6.3.7).

The transfer trip should not be confused with the in-
tertripping which is an integral part of the differential
protection function.

The transfer tripping operates with the same AF si-
gnal (2000 Hz) as the pilot wire monitoring, but with a
different pulse code. The signals can only be transmit-
ted in one direction at the same time.

Siemens AG - October 2002
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[2200]
< 1 2 TRANS v Start of the block "Transfer trip by binary input”
FER TRTIP
| |
[2203]
1 2 S PROL Prolongation time for sending, thestransfer trip signal
<4 0 0 0 s A 10 the remote station
smallest setting valug™ . ... . .. 0.00 s
largest setting valuéty,. .. .7 . ... 60.00 s
6.3.7 Settings for tripping on The prereduisite for tripping when receiving a com-

receiving a remote command

It is not possible for the receiving device to distin-
guish whether the other device has sent a transfer
trip signal or an intertrip signal. The parameters for
the reaction of the device on receiving a remote com-
mand are therefore the same in both cases. They are
set in address block 23.

mand is that'thexdevice is equipped with the supple-
ment foEpilet Wire monitoring, transfer tripping and
intertripping, (7SDB00x-*xkxx%-2) and that the address
(see geetion 5.4.2) 00PL.MON has been set during
configuration.

Under addr. 2301 this function can be switched ON or
OFF

[2300]
Start of block "Tripping by a received command signal
from the remote station”

[2301]

Receive function: for command from the
remote station:

switched ON

switched OFF

[2302]

Delay time for the received trip signal from the
remote station

smallest setting value: ......... 0.00 s
largest setting value: .......... 60.00 s
[2303]

Prolongation time for the received trip signal from the
remote station

smallest setting value: ......... 0.00 s
largest setting value: .......... 60.00 s

6-16
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6.3.8 Settings for the emergency overcurrent

protection

If the differential protection becomes inactive or du-
ring a polit-wire failure the relay can activate a defini-
te-time overcurrent protection function.

|Flt.PWM |

14 I1>EME
42 00 InlL
0\
14 T I1>
4O 1 s
L 4

>

>

O

4
g:y overcurrent protec-

ctivating the “Emergency ocercurrent”

[1700]
Start of the block ¢
tion”

[1701]
Ca o)

switched off and doesn’t work

ion is activated only with a pilot wire failure

tion is activated if the differential protection func-
becomes inactive

A

[1702]
Current pick-up threshold for the definite time over-
current function

smallest setting value: ........... 0.10
largest setting value: ........... 15.00
[1703]

Trip delay time of the overcurrent function
smallest setting value: ......... 0.00 s
largest setting value: .......... 60.00 s

Siemens AG - October 2002



Operating Instructions

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 — System Manual

Order no. E50417-G1176-C069-A4

6.4 Events (alarms)

6.4.1 Introduction

Following system disturbances, the recorded events
provide an important source of information regarding
the disturbance, and the functionality of the device.
Furthermore, they serve to check the sequence of
events in the device during testing and commissio-
ning. They also provide information about the states
of operational measuring data and the device itself
during operation.

No code word need be entered for retrieving messa-
ges.

The user may access information in different ways:

® Display by LEDs on the front panel of the device
(Figure 6.1),

® Binary outputs (signal relay) via the device termi-
nals,

® |[ndications on the front panel display or on the
screen of a PC via the interface,

Most messages can be marshalled to the LEDgrand
binary outputs (see section 5.5). Multiple and(graup
messages are also possible.

To display messages on the control panel,\the keys
<4 P A and ¥ can be used to scrolthreugh the
menu tree to the "MESSAGE"” block&(see Figure 6.3).
From the initial position, in a deviceithat's in service,
this block is reached by pressingrthe WKey twice.

With the P key, the next operdting‘level may be re-
ached and all message blocks can¥e accessed there
one after the other.

When operating via a PC and the @perating program
DIGSI® the message addresses are identified by a
four-digit address numberylhis is shown in square
brackets with the explanation text in the following
representations.

The messages are gategorized as follows:

e Block 81
Operational events; these are indications which
may“@cclimduring operation of the device: Informa-
tionfabout the state of the device functions, mea-
s@ringhdata etc.

o_.Block 82
Events of the last 8 network faults; starting, trip-
ping, time processes, or similar. By definition, a
network fault starts with the first fault detection of
a protective function and ends with the reset of
the last fault detection.

e Block 84
Display of operational measured values (currents).

The events and measured values are stored in lists.
After selecting the desired event block, the section of
the list visible on the display is shifted using the ar-
row keys Y and A as shown in Figure 6.4.

<<

INDTICAA THI OW >

[5000]
Start of the event blocks

A full list ofgall the event and output functions genera-
ted in thg,device with the corresponding function
number FNo"€an be found in the appendix A.1.

It is also specified for every indication to where it can
be signaled.

6-18
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[ -D" (single events)
L4 -l

)

' 1 T 1
) .

' ! 2 i v i ; h |‘ -D || (single events) |
) - -

B N 4 |
)

(single

measured values)

.D..
4. -

erating level 3rd operating level 4th operating level

Display

[~ Event list

e 6.5 Example for displaying events in the display
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6.4.2 Operational annunciations/events -
block 81

Operational events are information which the device
generates while in service, regarding its operation.
They can be displayed in block 81. Important events
and state changes are listed there in chronological
order and with time stamps. Up to 30 operational
events are stored. If there are more operational
events, the eldest indication is overwritten.

Primary system faults are only specified with ” Fault”

and the consecutive fault number. Details about the

4|81 OPER
Vi|lANNUNC

Allo4.01.9)9
V|09 :45:34

The buffer section shown in the display is C
line by line with the arrow keys W an@‘:

N

Allo09:
V/[LED

have not yet been

If the date and time of‘the i
set (see also section 6.5. e date 01.01.98 appears,

a relative time since the last

O

fault can be found in the indication block "Fa@
events”, see section 6.4.3.

It is not necessary to enter thegeo . After se-
lecting block 81 the operational t pear. All the
available operational events agé displayed below. Of

course only the relevant events @
for the concrete case.

p€ar in the display

The abbreviations are explained next to the box. It is
also specified whet ent is only coming (C for
events) or coming @ (C/G for states). For the
first event, displaf®inestand the event text with co-
ming tag ingthe thi is specified as an example.

Starl& ock "Operational events”

1stline: Date of the event or state changes

2nd line: Time of the event or state changes

1stline:  Date of the event or state changes

2nd line:  Event text, in the example with coming tag
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General operational events S

| ANNILOS t (0110)| Annunciations lost (buffer o@ (C)

| PCannlLT (0111)| Annunciations for PC Iost@ ()
| TAGlost (0113)| Fault tag lost 0

(0203 )| Fault record%Qeeted (C)

(0301 )| Fa@er system (C)

| FAULT (0302 )| \&W consecutive no. (C)
Operational events of the CB-test function Q@

| >CBclo (1&
Circuit breaker test in progress (CG)

| CBtest 1
| CBtpTST &\(1185)| Circuit breaker test : Trip 3pole (CG)

Operational events of the bxrential function

o)
=
Q
[o})
[0}

=

n
<
]
=
=
o

>Circuit breaker closed (CG)

(3003 )| >Block differential protection (CG)

(3015 )| Differential protection is switched off (CG)

(3016 )| Differential protection is blocked (CG)

.act (3017)| Differential protection is active (CG)

Iois.
Dif b (3030)| Dlﬁe_re_nUaI protection : Blocked by spill current su-
pervision (CG)
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Operational events of the transfer trip function

|>77.b1% (3303)]

EEX R EY: (3306))|
lrr.b1xka (3312)]
|t7.sena (3316)]
re.bix 23
|Rec.oft (3341
|[Rec.b1k (3342)
|[Rec.act (334
[Rec.rec 334

Operational events of the piloK

|>PWM.bl (3363)|
|PWM.off\® (3371)|
|PWM . k@ (3372)|
lpw.faf1 (3376))|

Ope events of the Lockout function
R e s L O (3008)

}toring

>Block transfer trip transmitter\
>Transfer trip signal input @

Transfer trip transmitter.is ed

Transfer trip tra ion signal

>Bloc celver

Trip@s switched off
ce

T iver is blocked

Trip receiver is active

Trip receiver : Trip signal received

>Block pilot wire monitor
Pilot wire monitor is switched off
Pilot wire monitor is blocked

Pilot wire monitor : Failure detected

> Lockout Reset

L 4
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Operational events of the emergency overcurrent function e

EME . act (2053)

6.4.3 Fault events/annunciations - block 82
The events of the last 8 system faults can be read
out. These are located in the sub-level of block 82 in
order from most to least recent. When a ninth fault
occurs the data of the least recent fault are erased.
Each of the eight fault buffers can hold up to 30 single
indications. If more indications occur, the 30th indica-
tion will alarm that a buffer overflow has occured.

It is not necessary to enter a code word.

The FAULT Annunciation block can be reached from
the initial position when the device is in service by
pressing the Y key twice. With the P key the next
operating level can be reached where block 82
accessed with the Y key. The last fault indica

reached by changing to the sub-level with t .
With the WY you can scroll to the less recent fa [

(C/G)

Emergency O/C protection\@

A fault annunciation is d such that a primary

system fault is treatedhas a single system disturbance
up to its ultimate nce. Several faults may occur
within a system#ault (from the first fault detection of
a protective f, iomwuntil drop off of the last fault de-
tection)

e of the device have not yet been
section 6.3.1.2), the date 01.01.98 ap-

e that appears is a relative time since

rt of the system processor. This is follo-

e fault events in chronological order of their
tion with a relative time referring to the time the
egan.

available fault events are specified below. Of
course only the relevant events appear in the display
in the case at hand.

First, a few typical examples of fault events of a sy-
stem fault with explanations of the display lines are
shown.

this level. @
L 4
4|8 2 FAULT >
V/I|ANNUNC C,
8 2 1 L AS T
FAU >

N
&

[5200]
Start of the block "Fault events”

[5210]
Start of the block “last fault events”
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The buffer section shown in the display is selected

L 4
line by line with the arrow keys W and A:
[5211] \%
¥/|]03.11.938 1stline: Date of last fault
Vi|22:009: 4686 2nd line:  Time of the last faul
(hours, minutes; s
A
Al . 810 ms and inm
V/i|Fault Fault withicoming tag
v @
A 2 Tst lin number
¢ 0 m s 2nd K{a of the relative time
A 0 m s @relative time
¢ Dev.Act. E that started the relative time
General fault events of the device \
| ANNov £ 1 01186) Fault annunciation buffer overflow (C)
| Sys.F1lt XOU Fault in the power system (C)
| FAUTLT (0302) Flt. event w. consecutive no. (C)
F T d e (0501)| General fault detection of device (C/G)
DEV.Tr (0511)| General trip of device (C)
s .
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Fault events of the differential function

Interrupted current : |1

\% (C)
| Dly.st (3021)| Differential protection : I@ne delay -
| Dif. f1t (3022)| Differential protecti éﬁral fault detection (C/QG)
| Block.SsS (3024)| Differential % . Blocked by external fault (C/G)
| Block.H (3026)| Di ial\protection : Blocked by harmonics  (C/G)
| Dif.TRP (3027)| @al protection : Trip by IDIFF> (C)
| IntTrop (30 erential protection : Intertrip send signal (C/G)

Fault events of the intertrip/transfer trip N
| Rec.f1lt 3 Trip receiver : General fault detection (C/G)

L 4

| Rec.TRTP \(3347) Trip receiver : General trip (C)

Fault events of the emerg@ rcurrent protection
| EME . F i ts !’ (2061)| Emerg. O/C prot.: General fault detection (C/G)
| EME ‘T EP (2141)| Emerg. O/C prot.: General trip (C)

L 4
S
S
>
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Other entries V'S

| Tab.empty | means that no fault is stored y\%
| Tab.full | means that other fault data @ rred but the
memory is full
;:!r

y is used, “Tab.End”

| If not all event recordi

Tab.End o
| a n is given as the last gntry

The third operating level is reached with the < key. ting level
The last but one system disturbance is reached by possible ev
pressing the arrow key Y. The individual fault events distur

can be selected with the P key in the fourth opera- \

by means of W and A The
e same as in the last system

\{

H

] oo
(YN
a
=]

[52
h > m e block “last but one system disturbance”

The third last to eighth last system disturbanc
reached in the same way. The possible events t
same as in the last system disturbance. @
L £ \< ’

L 4
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6.4.4 Reading out operational measured

values - block 84

Operational measured values can be displayed in
block 84. From the initial position of a relay that is in
service, the block MEASURED VALUES is reached by
pressing the Y key twice. With the P key the next
operating level is reached and from here , by scrolling
with the Y key block 82 can be reached. The indivi-
dual measured values can be found by changing to

the sub-evel with the pprkey. There is no nged to en-
ter a code word.

The values are displayed ing@ercent ofi the rated varia-
bles. The prerequisite for correet display is that the
specified ratings in block @04seesection 6.3.3) have
been correctly parameterized. Theé values are not up-
dated during read-out. The curfent values are dis-
played after scrollingawith Wror A within the block.

The values given ifi the boxes below are examples.
The current valugs,actually appear here.

= =

AD>
c =

4>

N
o° I

d4rr AdOP> AOO> > O>
B

[5700]
StartStart ofythemblock “Operational measured va-
luesy:

fhe extract of the buffer shown in the display is selec-
tedlline by line with the arrow keys W and A:

Therpercentages specified for 11 and I, refer to the
primary or secondary rated current of the current
transformer.

The percentages specified for Ip and Iy refer to the
rated current of the line.

I4: Local measured current

Io:  Remote calculated current

Ip:  Calculated differential current

Ig: Calculated stabilization/restraint current
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6.5 Operational control capabilities

During operation of the device, interventions are pos-
sible with which individual functions and indications
can be influenced. This includes above all the correc-
tion of date and time, as well as the switching on and
off of sub-functions for operational reasons.

Switching on and off of sub-functions on the control
panel or through the operator interface or by binary
inputs is described at the beginning of each of the
sections 6.3.4 to 6.3.7.

A prerequisite for control by binary inputs is that the
appropriate control functions are marshalled and con-

nected to binary inputs when the device s installed
(cf. section 5.5.2 Marshalling the Biparyinputs).

The block "ADDITION FUNCTION®is available for
controlling with the controlypangl ar the operator inter-
face. This block can be reached from the initial posi-
tion in a device that is in Service by pressing the W
key three times.

When operating via a RC and the operating program
DIGSI® the confrol/addresses are identified by a four-
digit addressjpumpersThis is indicated in square brak-
kets with theyeXplanation text in the following repre-
sentations:

[9000]
N ADDITTION > Start of,the block “Additional functions”
FUNCTTION
6.5.1 Setting date and time

With the P key the next operating level (Block 4TTME
SETTING") can be reached. By changing, the,level
again with pp the date and time can bgreadout in-
itially. By scrolling with Y the operating,blocks for
setting the date and time are calledas shéwn below.

After the device starts up the date 0101.98 appears
initially if it has not already been‘Gemected and the
time as a relative time sinc€ the {ast system proces-
sor start.

There is no need tg'enter a cede word to change the
date and time. Staxting frogh the default setting the
day, month and year are g€t by pressing the "+" or
"-" keys.

A\

Note

When entering the day, a maximum
number of 31 days is assumed so that
this value can be selected in all cases.
The device only recognizes whether the
input is plausible after the month and
year (leap year or not) have been ent-
ered. After pressing the Enter key E au-
tomatic limiting to a valid date takes
place.

[8100]
< T ToMeg Start of the block "TIME SETTING”
S EaILT I NG
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[8101]

; <
01 . . First the "current” date (DD. M Y) and the curernt
<4, . . time (HH:MM:SS)are displayed tual setting
[ blocks may be reached witK
[8102]
A new date can now beyent . This is done in the
| order: day, month, year D MM p YY
. 0.99
Starting at the de % the day is increased to

the current dat pressing the “+" key. The p key

is pressed to month. By pressing the “+”
key, the month 4 reased until the current month is
n ear is selected with the P key,

"o

and incre ith the “+" key until the current year

e values can be decreased with .
ole date input is confirmed by pressing

itch from the date setting to the time setting, W
4 : 2 7 ressed. A new time can now be entered. This is
done in the order: hours, minutes: HH p MM
\ Starting from the default value first the hour is increa-

= O

(62 ]
o
[e)JNe]
<

N O
~

H
— =

=

w H
=
=

AT

sed to the current hour by pressing the “+" key. Then

change to the minutes by pressing the p key and
increase the minute to the current value with "+"”.

The values can be decreased with .

O
\ There is no need to set the seconds. The seconds are

automatically set to zero when the time input is con-

The complete time input is confirmed and becomes
active on pressing the Enter key E.
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6.6 Testing and commissioning

6.6.1 General

Before commissioning, the preparations for putting
the device into service as stipulated in chapter 5 must
be completed.

A

Warning

During service, some parts of electrical
devices are inevitably under dangerous
voltage. This may cause serious perso-
nal injury or material damage to equip-
ment if not handled professionally.

Only gqualified personnel should work
on this device. This personnel must be
familiar with the pertinent safety regula-
tions and the warnings in this manual.

Above all it should be observed:

® The device must be earthed at the
PE terminal before making anygeen-
nections.

® Dangerous voltages may gccur infall
circuit parts connected with the
power supply and with the measu-
ring and test circuits?

® Dangerous voltages may, still exist in
the device even aftegit has been di-
sconnected fromythe 'supply voltage
(charged cdpagiters).

® The permissiblefthreshold values
specified UAder Technical data may
not bgfexcegeded even during service
testing apd commissioning.

When testing the dgvice with secondary test equip-
ment, make, sure that no other signal sources are con-
nected and the trip commands to the circuit-breakers
are interrupted:

A\

Danger

The secondary connections of the
current transformers must be short-
circuited before the CT secondary
connectingycables to the device can
be disconnected!

If thereyis atest switch which automati-
cally short circuits the current transfor-
Mer seéondary connection, it is suffi-
clent¥to turn this to the "Test” position
providing that this CT short-circuit has
been tested beforehand (section 5.2.4).

lwisyrecommended to test the device with the current
settings applied. If these are not (yet) available, the
default values should be used for testing. The
following description of the test sequences assumes
that the default settings are being used.

A symmetrical power source with individually control-
lable currents is assumed for the function test. A sin-
gle-phase test current source is sufficient for the pick
up test.

A\

Note

The measuring accuracy which can be
achieved depends on the electrical data
of the test sources used. The accura-
cies specified in the technical data can
only be expected if there is compliance
with the reference conditions according
to VDE 0435/part 303 or IEC 60255,
and use of precision measuring instru-
ments. Tests with secondary test
equipment are therefore generally con-
sidered as pure function tests.
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It is important for all tests that the appropriate indica-
tions are given by the LEDs and by the signal relays
for remote signaling.

Following tests which initiate indications via the
LEDs, these should be reset via the reset pushbutton
on the front panel (button N) and via binary input for
remote resetting (if this is marshalled). Once via bi-
nary input and once via pushbutton is sufficient. After
the reset functions have been checked, the displays
need not be reset after every test because they are
reset automatically with every protection activation
and replaced by the new indication state.

6.6.2 Checking the line differential protection
To test the differential protection function, it must be
activated, i.e. DIFFPROTECTION (addr. 10 DIF.PR) to
ON. The pilot wire monitoring must be switched off
(addr. 1601 11 PL.MON = OFF).

To test the local threshold of 10 DIFF> the pilotdwvires
are shortcuted behind the relay. Be shure, thati@1Rx
the pilot wire loop resistance is set to zero in‘the relay
for this test condition.

Better is to test the configuration togetherfwith the
pilot pair. When testing a pair of devicegsthe Rilot wi-
res of both devices are connectedgto each other with
swapped polarity. Please check, if tHe,parameter
01Rx is set according the pilot wirg resistance (s.
6.7.2). Both devices must be cnhected to auxiliary
supply voltage. In this case theyse€end device can run
without a test current (corresponds to the simulation
of a single-end fed line short-Gikcuit), or the test cur-
rent is fed through bothfdeyices, in phase (internal
short-circuit) or revetsedphase (external short-circuit).

When evaluating theycurrents, note that the current
processed by‘the differghtial protection is dependent
on the connectionief the summation transformer and
the parameters 01 IN LN. and 01 IctPRI. For the test
current injection, an “ideal” current source must be
used.

The fallowing applies:

Ip & Nwy - Npar - N

wwith

N - 1 for 1 A device, 5 for 5 A device
Ip - test current,

lhy - setpoint to the relay

Nmw - transformation factor summation transformer,
Npsr - transformation factor of the parameters.
IN LN./IctPRI

Symmetrical three-phase test'@urrént and standard

connection of the summatiémitransformer according
to Figure 5.3 Ny = 1; atidefault setting of the de-

vice N pgr = 1 also.

For testing with single¥phase current, table 6.1 speci-
fies the factors Nnwidepending on the winding on
which the curreftiis injected.

Table 6.1 €urrent factors for summation
transformers
Winding (fack Summation | bridged termi- Nmw
tor) transformer nals
connection
1 A-F B-E 173
2 C-H D-G 0.87
3 L-M - 0.58
6 A-M B-C
(all in series) D-E
FG 0.29
H-L

The parameter factor results from
I

NPar — INlme
N.,CT
with
INjine - primary rated current of the ling, as
parameterized under addr. 01 IN LN..
IN, cT - primary rated current of the current

transformers, as parameterized under
addr. 01 IctPRI.

Example:

Rated current of the device N=1 A; parameter
10IDIFF> = 0.5 I, = Ijy; current factor for summation
transformer Ny = 0.87 (Table 6.1 - Summation
transformer connection C-H, bridged terminals D-G);
rated current of the line (parameter 01 IN LN.) - 500
A; primary rated current of the main current transfor-
mer (parameter 01 IctPRI) - 1000 A.
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Test current I, at the summation transformer input
terminal C-H for testing the parameter 10 IDIFF>:

I, = Iy Ny Npoy - N = 0,5 0,87 - 200 -1 = 0,2175 A \%

A

When using single-p nt injection, and a win-
ding factor which is,greatés,than 1, the thermally per-
- missible current is.reduced by the factor Ny (Table
Cautlon 6.1). If, on the o and, a winding factor of 1 ap-

e

6 rmissible current is not increa-
Tests with currents above four times sed!
the device rated current lead to overloa-
ding of the input circuits and may only
be applied for short periods (see Techni-
cal data, chapter 3). Then a pause to
allow the device to cool down must be
allowed!

1.2 times the setting value 10 I11REL;
ust be exceeded. A trip signal is output.

lay time is parameterized for the trip (addr. 10

T-
The thermal load capacity limit applies both for th

ly.
individual input windings of the summation transfer- 9y
mer and for the output current of the summati

), the trip command appears delayed accordin-

i
transformer. %

O
N

O
Q>®

L 4
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6.7 Commissioning with primary measured signals

Before the line is energized, all secondary testing
equipment must be removed. The preparations for
putting the device into service as described in section
5.2 must be completed. The line must be energized
for the primary tests.

A

Warning

Primary tests may only be performed
by qualified personnel who are familiar
with the commissioning of protection
systems, operation of the network and
the safety rules and regulations (swit-
ching, earthing, etc.).

Rapid commissioning without instrumentation is pos-
sible using the integrated measuring functions and
commissioning tools in the device.

The line is initially open and earthed at both ehds at
the beginning of the measurements for the commis-
sioning.

Initially, the differential protection is switéhedte’AL-
Ronly (addr. 10DIF.PR)or the trip gommandis inter-
rupted; the pilot wire monitoring (if Availabie) is swit-
ched OFF (addr. 11PL.MON). ThegUnctiom tripping by
remote station (addr. 13TR.REC)is also initially swit-
ched off.

The differential protection can generally be activated
in two ways.

® Protective function ALRérly The protective func-
tion operates and outputs indications. The trip
command is blocked hgwever.

® Protective function @N: The/protective function
operates and outputs Adications. The trip com-
mand goes to the tfig relay which has been mars-
halled with the prétective function according to
section 5.5.5."No tripping takes place if the protec-
tive function’is,not marshalled to any trip relay.

6.7.1 Checking the switching states

of the binary inputs/outputs

The, differential protection 7SD600 contains a test pro-
gram*with which the switching states of all binary
Inputs and outputs can be polled and shown in the
display.

Tests are available from block 40. The ADDITIONAL
FUNCTIONS block can be reached from the initial po-
sition of a device in service by pressing the ¥ key
three times. The DATE/TIME block can be reached by
changing to the next level with p. The Tests block
can be reached with Y.

When operating via a PC and the operating program

DIGSI® the test addresses are identified by a four-di-
git address number. This is indicated in square brak-

kets with the explanation text in the following exam-

ples.

> =
H =
o w
n 4

[4000]
Start of the block "Tests”
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O

Changing to the next block with P leads to the block Changing again with > leads to testing the switching
Testing the switching states of the inputs/outputs. states of the binary inputs.

[4100] \%
I /0 STAT Block "Testing the switching@

P of the inputs/outputs”

&

[4101]
BI-STAT Block "Testing the switching states
| E ofthe binary m%
After pressing the Enter key Ethe operator is asked test is,ea ed and the next test item may be selec-

whether the status enquiry is to be performed for the  ted
binary inputs. In the case of a negative response, the

sing the Y/Jkey the switching state of the
Yes /No? thré€ binary inputs (Bl) is displayed in the form of a

matrix. The definitions are as follows:

1: Bl 1 is activated (voltage applied)
2: Bl 2 is activated (voltage applied)
3: Bl 3 is activated (voltage applied)

BI-STAT -: The corresponding Bl is not activated
1 2 — . In this example, the binary inputs 1 and 2 are activa-
ted, Bl 3 is not under voltage.
Displ

BI1 BI2 BI3 K
With ¥ you change to testi itching states of
the indication and com& S:

L 4
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[4102]

A RE-STAT E Block "Testing the switching states of the.relays"
After confirming with the Enter question is
asked which can be answe& s or No. On

pressing the Y/J key the ingrstate of the 2 si-
gnal relays and the 2 trip rel displayed in the

Yes /No: Y/J form of a matrix. The [ are as follows:

i
1: Indication of signal*felay /"is energized

2: Indication of tri Is energized
-: The correspo relay is not energized

In this example signal relay SR1 and the com-
RE-STAT mand r closed, indication relays SR2,
_ _ _ v SR3 and thi y TR1 are not energized.
s1 T 2

SR1 SR2 SR3 TR1 TR2

With Y testing the switching states of the LEDsi @
reached:

[4103]
LED STATUS Block "Test LED status”

‘ ‘ ‘ ‘ ‘ Display of K\

After confirming with the Enter key E a question is
asked which can be answered with Yes or No. On

¢ pressing the Y/Jkey the switching state of the 4 LEDs
is shown in the form of a matrix. The meanings are as
Yes/No? Y/J follows:

1: LED 1 light on
2: LED 2 light on
3: LED 3 light on
4: LED 4 light on

\@ - The corresponding LED light is off

In this example, LED 2 and LED 4 are on and LED 1
and LED 3 are off.

N

LED2 LED3 LED4

‘ Display of
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6.7.2 Measuring and setting the

pilot wire resistance

RESET

ADDITION
FUNCTION

R X

1st operatingdev@d operating level 3rd operating level 4th operating level

Figure 6.6 Measuring of the pilot wire res:stag\

For this measurement the differenti
10 DIF.PR=OFF and the pilot wire

11 PL.MON=OFF Otherwise theyrel
trips and don't allow the

ion
nitor
picks-up and

ment for that.

In the two-wire differenti tion the operating
principle requires s of the resistance ratio
between the pil irgfresistance R, and the shunt
connected resistor lay Ry, installed in the de-
vice. In the 7SD600, external resistances to adapt the
pilot wire resistances are not required, as the device
provides internally éemputed adaptation. To do this it

must kno e pilot wire resistance (addr. 01 Rx).
The loop nce of the pilot wires can be calcula-
ted fr specification data of the pilot wire or

sh etter be measured by the device itself.
the pilot wire resistance measurement,
7SD600 relays must be connected to the pi-
wire pair at their respective line ends.

To make the measurement, a current corresponding
to at least 2 x the device rated current is injected in at
one end. The current can be fed into the summation
transformer as a secondary current. The connection
type of the measuring current at the summation
transformer must be taken into account when asses-
sing the current value. The current must remain con-
stant during the measurement.

The resistance measurement can be requested under
addr. MEAS.Rx. The device-internal resistors in the
pilot wire path (Figure 4.1, Figure A.1): Ra = Rb =

220 Q.
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O

I/0 STAT

% 4
o
Q

[4200]
C oM s . Start of the Blo ommissioning tests”
A IEE T > %
24
. ﬂ e block “"Measuring the pilot wire resi-
o

After you have reached the 4th operating level, by
Yes/No? pressing the enter key E and confirming the question
Yes/No mit Y/J the measuring is of Ry is initiated. The
device determines the loop resistance from the vol-
tage generated by the measuring current at the shunt

resistance and the current flowing through the pilot
0\ wires.

H =
n H

The jumper has to be plugged according to the mea-

sured value, see Appendix A.2.
\ The resistance is usually output immediately after
tripping the resistance measurement. However, if

O there is already a fault detector picked up, the resi-
stance measurement cannot be made and an indica-

@ tion to this effect appears on the display. At low cur-
rent the indication "I too sm"” appears.

Display of the measured pilot wire resistance

MERAS % ? (resolution 1 Q, e.g. 566 Q)
R x = 576 6 Q
L 4
@ LT
$ t oo s m

| Pick up condition

| The injected measuring current or the pilot wire cur-

rent | is not sufficient to determine the pilot wire re-
sistance. Make sure that the pilot wires are connec-
ted at both ends.
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The measurement is terminated automatically when
the resistance is calculated by the relay.

The determined pilot wire resistance must be set in
addr. 01Rx as Rx, see Chapter 6.3.3 [1131]. The resi-
stance of a pilot wire monitoring, if it exists, is inclu-

6.7.3 Checking the

current transformer termination

The current transformer termination is checked with
primary measured signals. A load current of at least
25 % of the rated line current is necessary for this.

This check cannot replace the visual check of the
correct current transformer termination because
the result of the measurement with the summation
CT current does not always uniquely identify the
cause of the error. For instance, a connection with
incorrect phase rotation due to swapped phase or
with incorrect phase allocation but still maintaining
the correct phase rotation cannot be detected! Safe
connection error at both line ends The checks acéer-
ding to section 5.2.5 are therefore a precondition.

Secondary test equipment connected for the pravious
tests and measurements must be removed™Theisim-
mation transformer must be connected to the current
transformer.

Before switching on the line, make sure, that'a short-
circuit protection is available at both¥ends¥of the line.

The differential protection functions remain switched
to ALRonly (addr. 10 DIF.PR).

® Open earth switches ofithé line. Connect line both
ends. It must be gnstiredthat at least 25 % of the
rated line current flows thgough the line.If neces-
sary, changes‘n,thé system configuration must be
implemented. Thewdirgction of the current is irrele-
vant.

® The summation gransformer secondary current can
be measured in the operational measured values
undegaddr 84 MEAS.VALUES. If connected cor-
rectly this Value corresponds to the current flowing
thfeughrthe line, in relation to the rated current of
the device or the primary rated current in A.

[fmatehing transformers are connected, their actual
transformation ratio must be taken into account.

ded in the displayed value and speciakallowance does
not need to be made for this. The settifghmust be
made at both ends of the line. Measurement from
one end of the line is sufficients

Current transformer terminations may still be swap-
ped. Table 6.2 shows the Maeasured current in relation
to the expected cairentyfor polarity errors in the cur-
rent transformef cannection:

® |[solate andtearthrline.
o Coréetycurtent transformer connections.

o Repeattest.

Table®.2 Measured currents with incorrect
CT connection
measured possible correction error

1 /lexoected

4,36 Transformer L2, incorrect polarity or
Transformer L1 and L3, incorrect polarity
4,73 Transformer L3, incorrect polarity or
Transformer L1 and L2, incorrect polarity
493 Transformer L1, incorrect polarity or
Transformer L2 and L3, incorrect polarity
1.00 All transformers have incorrect polarity

or
incorrect phase rotation or

incorrect phase allocation by correct
phase rotation or

right connection

On the one hand the table shows that the measured
deviations only differ slightly in the case of reverse
polarity of single phases which is why all connections
must be checked again carefully in any case. On the
other hand, swapped phases are not detected at all.
This is basically irrelevant for the function of the diffe-
rential protection provided that only the connections
at both ends of the line are identical.

However, a uniform phase allocation is important for
the sensitivity of the protection in the case of double
earth faults in the non-earthed network.

Finally, switch off the line again.
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The correct polarity of the earth current path (in stan- S
dard connection according to Figure 5.3) is checked e L

when current I 5 is missing (Figure 6.7): : %
A Caution

Work on the current transformers requi-
res the greatest caution! Short circuit
current before disconnecting any CT
connections to the device!

7SD600

Current transformer phase | is short-circuited at the L1
CT and the connection cable to the summation trans- L2
former is disconnected. The previous load current
test is repeated.

The current value |1 read out is now about 2.65 times
the current value in the symmetrical test. T .7 Checking the earth current path
If the measured current practically does not cha

relation to the symmetrical test, the earth curr
connection on the device has incorrect polarit

At other values there may be swapped phas\
® |solate and earth line. @
e Correct current transformer connections.

® Repeat test. L 4 0

Finally, switch off the line again. &he current
transformer connection agzx

repeat the tests at the other e line.

For further checking of the ent'transformer and
pilot wire connections th line ends, the main

current transformers,of se .2 are short circuited
and disconnected’in tions, in this case, the
stabilizing curr, creases in the operational mea-

Iffegential current Ip must remain
small. A reference e for this differential current
can be calculated with the equation given at the end

of chapter 6.3.4.

in
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6.7.4 Trip test with the circuit-breaker
The pilot wire protection 7SD600 allows simple te-
sting of the circuit-breaker.

The block for testing this is located under the ADDI-
TIONAL FUNCTIONS in the TESTS block. The TESTS
block is reached as described in section 6.7.1. The I/O
STAT block is reached by changing to the next level
with p. From here the circuit-breaker test is reached
by pressing the Y key twice.

When operating via a PC and the operating program

DIGSI® the test addresses are identified by a four-di-
git address number. This is indicated in square brak-

kets with the explanation text in the following exam-

ples.

To test the trip circuits, the circuit-breaker may be
operated by the 7SD600 irrespective of whether an
automatic reclosure ensues or not. This test can also
be performed with an external automatic switch on.

If the circuit-breaker auxiliary contact sends the pogsi-
tion of the breaker to the device by a binary input{ithe
trip test can only be activated if the circuit-breaker is
closed. The input must be marshalled with

“CBclo”(F.no.1157). You should not ignore this ad-
ded safety factor if an external autoreclosure is availa-
ble.

You go to the operating block forthe aetual circuit-
breaker tripping by changing 16 the next operating
level with p.

A\

Danger

A s@iccessfully started test cycle can
lead to switching on of the circuit-brea-
ker, if'af external autoreclosure on is
cennected!

Precendition for starting the test is that no protective
funétion of'the device has picked up. A code word
nlist alse be entered. The tripping by the circuit-brea-
kertest 1185 CBtpTST must be programmed for the
trip€lay to be tested!

The device shows the respective state of the test
routine in the second display line.

If there is no reasof¥for its prevention, the circuit-
breaker testitakes place immediately.

CB-TEST
ATRIP ‘
CB-TEST

E
ATRIP? ‘

[4400]
Block "Circuit-breaker test tripping”

[4404]

With the key p the following dialogue appears. Af-
ter confirming with the Enter key E a prompt to enter
the code word appears. After entering the code word
(- + - key) and re-confirming with E a check is made
whether a circuit-breaker test is allowed at present or
whether this is prevented by one of the reasons men-
tioned above.
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6.7.5 Checking the transfer tripping (if availa-

ble)

If transfer tripping by binary input is used, these func-
tions must also be checked.

In the transfer tripping, activation of the appropriately
marshalled binary input “>Tr.TRP” Fno.3306 leads to
transmission of a trip command to the remote end of
the line. At the receiving end ON must be selected
under addr 13 TR.REC. After activating the appro-
priate binary input, tripping takes place at the other
end of the line with the delay (addr. 13 TR.DLY) plus
the transmission time.

6.7.6 Checking the emergency overcurrent

protection

This function must be checked, if 14 E.O/C is not set
to OFF.

The value of the test current Ip to check the piék-up
threshold of 14 I1>EME is calculated according chap-
ter 6.6.2. The test current depends on three-phase
test injection or single phase injection. For sifgle
phase injection table 6.1 shows the terminalsfand
bridges at the summation transformer wheretig’inject
the test-current and also the transformation factor
Nmwy- Three phase test injection is r8eommended.
Before injecting a test current, diseonneét the pilot
wire connection to the remotet€lay.fhe differential

IpzN'IM 'NMW'NPEI=5'1'O5.1'5.1'

function becomes inactiv, if 11 DIF.BL (Block differen-
tial function during pilot wire failure) is set to ON (fac-
tory setting). Also a pilot wire failuresis, detected indi-
cated with LED3 (factory setting). Both functions
therefore must switched ongfor this test (10
DIEPR=0ON and 11PL.MON=ON).

This allows to check thétthreshold of 14 I1T>EME ei-
ther if 14 E.O/C is setyto FIPWM (activ with pilot
wire failure) or DIEinact¥activ, if differential function
is inactive).

Inject a test clifrentTp , which exceeds the 14
11>EME,threshold about 5%. An emergency overcur-
rent tripisiindicatéd at the trip relays and shown as
"DEV.Trp% Fne. 511 at LED2 (in the standard mars-
halling). ‘Nete, that the trip may by delayed with the
timée setiin 14 T 11>. Switch of test current Ip . The
allowed, time to inject the test current refers to table
392. Inject a test current Ip , which is about 95% of
14 IMSEME threshold. The relay should not trip.

Example: Rated current of the summation transfor-
mer N= 5 A; parameter Iy, = 14 T>EME=1.5 of nomi-
nal current of the line; current factor for summation
transformer Nypw=1 because of symmetrical test cur-
rent injection in the standard connection; rated cur-
rent of the line 01IN LN.=500 A; primary rated cur-
rent of the CT 01lctPRI=1000 A;

The symmetrical test current Ip at the summation
transformers terminals for testing the function is:

500A _
1000A 3.94A

In this case a test current of 3.56 A, which is 95% of
threshold do not lead to a trip.
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6.7.7 Resetting the Lockout state if the parameter 01L.0O.Re. is set to Bl (reset@y bi-
nary input).
nen thg rockout ffr:“t’ﬁorl‘('s SV‘QtCheqtﬁ”bltg'Sslf“”C‘ From the TESTS block, the L @SET block
lon can be reset wi © keypad orwi even can be reached by changing to t evel with Y.

[4300] 0
Block “Lock Out Reset’
K oOuTrT
A : >

Prompt @

After confirming with the Enter key E the operator is \\

asked whether he wants to perform the function.
ssing the Y/J key the Lockout function is reset.

Yes/No?

ol
= O
n Q

H

<

ol
= O
n Q

(e1

H
(@)

v G
=]

O
N

O
Q>®

L 4
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6.8 Putting the protection into service

Check that the module is inserted properly and scre-
wed in tightly. The green LED "Operation” must be
lit, the red LED "Fault” may not be lit.

All terminal screws - even those not used - must be
tight.

If a test switch is available, this must be switched to
the service position.

The protection is now ready for operation.

L 4

N
>
$

N
&
&

L 4

O

L 4

The setting values should e%d if they were

changed during the test. be& ially whether all
protection and additional ions’are set correctly in
the configuration parameter tion 5.4, address

blocks 00 and 01) and a d functions are swit-

ched ON.
The displays on t t panel are cleared by pres-
sing the "N” ke that these only provide informa-

tion about regl fault future. When this key is pres-
sed thegmarsh; @- e LEDs on the front panel light up

so that is also conducted.

&

Q‘b
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] Maintenance and Troubleshooting

Digital protection equipment has no special mainte-
nance requirements. All measuring and signal proces-
sing circuits are provided by static circuits with no
moving parts. All input modules are also static; the
output relays have protective covers.

Since the device is largely self-monitoring, hardware
and software errors are signaled automatically. This
guarantees the high availability of the protection.
Maintenance checks at short intervals are therefore
unnecessary.

The device blocks automatically when it detects hard-
ware errors; the relay "Protection in service” (if pro-

11 Routine checks

Routine checking of characteristics or pick-up values
is unnecessary because these are part of the ¢entinus
ously monitored firmware programs. The mainte-
nance intervals planned for inspection and (mainte=
nance of the plant can be used to perfosmy operational
tests on the protection equipment, This resdlts from
the fact that maintenance serves abéye alltd check
the device interfaces, i.e. the link \with the system.
The following procedure is recorhmended:

® Read out the operational gA€asured values (Block
84) and compare them with thg actual values to
check the analog intesfages:

® Simulate a shortsgircuit' with 4 times Iy to check
the analog inplt at'high Currents.

grammed) drops out and signals thes€rror with its
NCC.

Detected software errors ihitiate a processor reset
and restart. If such an erfer is*not eliminated by the
restart, another restartattempt is made. The protec-
tion is automaticaliyatakemout of service after three
unsuccessful restart attempts. This is indicated by
the red "Fault#akbEDwen the front panel; the signal re-
lay “Device feadydrops out and signals the fault
with its'NEC.

Thegerror reactions can be accessed under block 81
for erter diagnostics in chronological order as opera-
tional events (see section 6.4.2).

A

Warning

Dangerous voltages may occur in all cir-
cuit components connected to the
power supply and the measuring and
test signals.

A

Caution

Tests with currents greater than 4 times
the rated device current lead to overloa-
ding of the input circuits and may only
be conducted for brief periods (see
Technical data, section 3.1.1). Subse-
quently, a break for cooling should be
made!

® The trip circuits for the circuit-breaker are checked
by tripping the circuit breaker under load. See sec-
tion 6.7.4 for information.
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12 Troubleshooting

If the device reports a failure, the following procedure
is recommended.

If none of the LEDs on the device's front panel light
up, check:

® |s the module inserted correctly and secured
tightly?

® |s the auxiliary supply voltage high enough and
connected to the correct terminals with the cor-
rect polarity (overview diagrams in appendix A)?

® |s the fuse in the module’s power supply unit un-
damaged (see Figure 7.1)? Replace the fuse as
described in section 72.1 if necessary.

If the red fault LED lights up and the green standby
LED is dark, try to initialize the protection by turning
the auxiliary supply off and back on.

However, in this case, parameter values which have
not been saved during a parameterization process
may be lost. The date and time must also be updated
(see section 6.5.1).

7.21 Changing the fuse

® Keep spare fuse b x 20 mm as shown imkiglre 7.1
at the ready. Make sure it has the €orreet rating,
speed (T) and code letter.

® Prepare the working surface g@reatefa conductive
surface to place the moduleion.

® Push back the two cover§lgeated at the top and
bottom of the frontecovergthis/gives access to two
centrally located gcrews. '66sen these two
SCrews.

A

Warning

Dangerousgoltages may still be present
in the device(eharged capacitors) even
after disconnecting the power supply or
remoyingythe module!

o Hold theymedulegdy the front cover, pull it out and
place it onytheseonductive surface;

A

Caution

It is absolutely essential to avoid elec-
trostatic discharge through the compo-
nent terminals, conductors and plug
pins by touching earthed metal parts
beforehand.

® Remove the defective fuse from the holder
(Figure 71).

® [nsert new fuse in the holder as shown in
Figure 71.

® [nsert module in the housing;

® Secure the module in the housing by tightening
the two screws in the front cover

Switch the device back on. If auxiliary supply failure is
still signaled, there is an error or short-circuit in the
internal power supply. The device should be sent
back to the factory (see chapter 8).
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Fuse of the power supply; P
time lag
Rated current/
at Upn/V Code letter
_ o 24/48 V- 1.6/ 250 G ront with
View of the circuit board of 60/110/125 V- 1.0/250 G fastening screw
the module removed from 220/250 V- 1.0/ 250
the housing; rear top corner 115 Vo 10/ 250 \
]_I [Boselo il efaerd] U %
9 0S¢/9'LL 15:]
300
S —:l—ﬂ —

Figure 7.1 Fuse of the power supply Q
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8 Repairs

It is strongly recommend not to repair defective devi-
ces or modules because specially selected electronic
components are used which must be handled in ac-
cordance with the directives for ESD (Electrostatically
Sensitive Devices). Special manufacturing techniques
are also necessary for working on the circuit boards
to avoid damaging the wave-soldered multilayer bo-
ards, the sensitive components and the protective
coating.

Therefore, if a defect cannot be eliminated by opera-
ting measures as described in chapter 7, it is advisa-
ble to return the whole device to the manufacturer.
Use the original transport packaging if possible. If
other packaging is used, it must comply with the
shock-proofing requirements according to IEC
60255-21-1 Class 2 and IEC 60255-21-2 Class 1.

If replacement of individual modules is unavoid
the ESD regulations must be observed (handlifg

trostatically sensitive devices). \
L 2

Dangerous voltages y&occur in

the device (char%itors) even

after disconnecting t wer supply
or removing th@le!

Q>®

Warning

Caut
Itis ab tely'essential to avoid electro-
staticgdiscC e through the component

ter Jeonductors and plug pins by
t earthed metal parts before-
his also applies when replacing

a
c nents in sockets such as EPROM
PROM components. Use electro-
statically protected packaging to return
\ o the factory.

&odules are not at risk when they have been in-
(& in the device.

mplete re-parameterization may be necessary after
replacing devices or modules. Information about this
can be found in the chapters 5 and 6.
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9 Storage

The devices must be stored in dry, clean rooms. The
temperature range 25 to +55 °C (see chapter 3 un-
der Technical data) applies for storing the device or its
spare modules.

The relative humidity may not cause condensation or
ice.

It is recommended to maintain a restricted tempera-
ture range between +10 and +35 °C to prevent pre-
mature ageing of the electrolytic capacitors used in
the power supply.

Approximately every two years, it is recommended to
connect the device to an auxiliary supply for 1 or 2

L 4

N
>
$

N
&
&

L 4

O

L 4

days to format the electroly@rs used in the

power supply. This should one when it is
planned to use the device. T, o has the effect of
"warming up” the deviég a oiding moisture con-
densation under extr, ipnatic conditions (tropi-
cal).

Before connecting, the
the first time 4i
for at least
avoid r

&

vice to the power supply for
be placed in the control room
balance the temperature and
condensation.

Q‘b
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A.2  Jumper position of Ry .
(Setting of the sensitivity of the pilot wire monitor) \%

= |=| = |7 |
S I N N O N e
NEEEEEEEE

Figure A.2 Position of i

In delivery the jum plugged on position 6. | determined umper

After you have determined the pilot wire resistance pilot wire resistance Ry

Ry according to chapter 6.7.2 and have entered it <200 Q 1

aclcording c_:hapt h6.3.?l;,| pl_ug r’:he jumper in both 200 Q ... 400 Q 9

relays acco to the table In the margin.

v 9 9 400 Q ... 600 Q 3

600 Q2 ... 800 Q 4
800 Q ... 1000 Q 5
1000 L2 ... 1300 6
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A.3 Connection diagrams

m Caution!

Theygilot Wires may neither
benearthéd nor equipped
with surge arresters. L+

) ) S 'S ) il
. . 7SD600 -

13 14

. Summation transformer , , )
C 4AM4930 % 6 1

’ -
R ZI‘ . T — !

] PWM

Pilot wires

A,
F_“I
[ T

L
-

Bridgedyterminals: D-G; B-E: ' '
Le ] ] - L. ) ] -

L1 L2 L3

Figure A.3 Standard connection L1-L3-E, sditable for all networks
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m Caution!

The pilot wires,mayseither
be earthed nor equipped
with surge afresters: L+

_! !_ ZSDB00 _I

13 14

Summation transformer , '
L C 4AM4930 Y 6 ]

ST 0l

Lo

Ho 2
1

Pilot wires

A,
]
[ T

L
llE M 3'

i

Bridged terminalsy D-Gp B-E: ' '
L. ] . - L. ] ] .

L1 L2 L3

Figure A.4 Connection L1-L2-L3 with reduced earth-fgult sensitivity,
preferable for effectively earthed networks withparticularly low zero sequence impedance
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/!\ Caution!

The pilot wire§ maYneither

be earthed"nor equipped

with surgesarresters.

L+
) ) T ) \ ) T
) I_ 78D600 )
13 14
. Summation transformer , ,
c| 4AMA4930 é 1
Lo H 2 I ' | '
IL3 A, ' ' ' 8
el I I: PWM s
‘ 1 ) [} L} 9
=
L
MT . .
I ‘ 3 I [I—
' = M S —— 2
Bridged termipalsR-G; B-E: ' '
L1 L2 L3 L. 4 - - L. ) -
Figure A.5 Connection L1-L3-E with increased eafth-fault'sénsitivity, preferable for low resistance earthed networks
A-b5
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A Caution!

The pilot wires maygfeither
be earthed nopequipped
with surge arresters.

L+
) ) T [ ] i T
' ' ZSDBO0 '
13 14
Summation transformer , '
4AM4930 % 6 1
' 2 I ] ) | I ]
(]
' 1 ' g_.)
] IR
[ ' ] ) 9
=
3| ' ' e |
| Z 5 —— 2

'Bridged terminalsy D-GyB-E! ' '
(. _

L1 L2 L3

Figure A.6 Adaptation of unequal primary currents, eXamplewith standard connection L1-L3-E
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m Caution!

The pilot wiresyaiay neither
be earthed nég.eduipped

with surge apresters. L+
) ) S [ \ ) S
13 780600 14
. Summation transformer , .
L c| 4AMA5 . il ol !
' 2 I [ ' H [
H
lL3 Al ' ' ' 8
el I I:] PWM s
‘ 1 ) ] L} 9
=
L
N 3 ( N ]
M Z 5 |—|- 2
i - .
Bridged terminals:B-G; B-E: ' '
L. ] ) . L. ] ] .

L1 L2 L3

Figure A.7 Connection to two current transformefs L1-L3Wonly for insulated or resonant-earthed networks

/!\ Caution!

The pilot wires may neither
be earthed nor equipped
with surge arresters.

B A A e 1l >
| 750600 4y pu le Do not Donot  (vefflwil . | 7SD600
' + earth M2! earth M2! '
! ' 2 | L1 ke JL2 KiL 1! '
d xmesia) Vxmesiad I
|7XR2614 | |7XR3514 |

Figure A'8, Connection example for two isolating transformers 7XR9513 or 7XR9514
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Reference Table for Functional Parameters 7SD600 rs
PARAME. - PARAMETER SETTINGS %
00 CONF. - SCOPE OF FUNCTIONS \
00 PL..MON
nonEXIST Pilot wire monitor
EXIST [ 1] Non-existent
[ ] Existent

01 POWER SYST.DAT - POWER SYSTEM DATA

01 FREQ Rated system freq
50 Hz fN 50 Hz
60 Hz fN 60 Hz

01 IN LN. Nominal cur line/cable
min. 1 A

max. 100000 ———
01 IctPRI Primary r d current of CT

min. 1 A
max. 100000 —_———

01 Rx '4"!
min. 0

—_ —
[ gy —

wire loop resistance to 2nd line end

max. 2000 _—— \

01 T-TRP @ um trip command duration
min 0.01
max. 60.00 ———

01L.out L 4 Ostate of Lockout function

OFF

\ of f

on

[@]
ON
01L.O.Re Reset of Lockout
button 0 via LED-quit button

bin.inp. via binary input

]
but.o.BI @ [ 1] via but. or bin.inp.

10 PL.WIR F.P - PILOT WIRE DIFFERENTIAL PROTECTION
10 DIF State of the differential protection
ON [ ] on
OFF [ ] of f
ALRMonly [ 1] Alarm only
1 IDIFf! Pick-up value of differential current
in. 0.50 InL
x. 2.50 -——
1REL. Min. local current Il to release trip by DIFF
min. 0.00 InL

max. 1.50 -
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O

10 T-DLY. Time delay of differential protection.
min. 0.00 ]
max. 60.00 — %

10 HARM2 State of 2nd harmonic rest:&
OFF

— —
[R R —

ON

off

on
10 HARM2 2nd harmonic contend in e ff. current
min. 10 %
max. 80 -——

10 IHARM2 Max. diff current 2 harmonic restraint
min. 1.00 InL
max. 10.00 —_——
10 INT.TR State of the e ip send function
OFF [ ] of f
ON [ ] on
10 S.PROL Send si\ longation for intertrip
min. 0.00 S
max. 5.00 —_——
10 I-SpC Dif nt threshold for Spill Current sup.
min. 0.10
max.l.00/c -——
10 T-Spc e delay for Spill Current supervision
min. 5
max. 60 ———

11 PILOT WIRE MON - P;LO'@ MONITORING
11 PL.MON State of pilot wire monitor function

ON [\ on
OFF \ ] off

11 STATN. Station identification
SLAVE [ 1] Slave
MASTER [ ] Master

11 DIF. Block. diff. funct. during pilot wire failure
ON [ ] on
0 [ ] off

11T- . Time delay for blocking the diff. function
min. s
max. 60 —_——

______________ ._________________________________________________________________________________
1 RANSFER TRIP - DIRECT REMOTE TRIP

S.PROL Send signal prolongation for transfer trip
min. 0.00 S
max. 60.00 ———
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13 TRIP RECEIVER - TRIP RECEIVER 7S

13 TR.REC State of transfer trip receiver
ON on ‘:E:,
OFF off \

13 TR.DLY Receive signal delay for tr rip
min. 0.00 s
max. 60.00 ———

13 TR.PRO Receive signal prol. fo ansf. trip

receiver

min. 0.00 s
max. 60.00 ———-

— —
[ R R —

14E.0/C State of e vercurrent protection

OFF [ ] off
Flt.PWM [ 1] act.w.pil
DIFinact [ 1 act.w.di in iv
14 I1>EME Thresh I of emergency 0/C

min. 0.10

InL
max. 15.00 -——
14T I1> delay time of emergency 0O/C
min. 0.00
max. 60.00 —_—— ?
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Reference Table for Configuration Parameters 7SD600

60 MARSH - MARSHALLING %
61 MARSH BIN.INP - MARSHALLING BINARY INPUTS \

61 MARSH BI 1 - MARSHALLING OF BINARY INPUT 1

61BI1 1 BINARY INPUT 1 1lst FUNCTIO

61BI1 2 BINARY INPUT 1 2nd FU

FUNCTION

FUNCTION

619¥ MARSH BI 2 - MARSHALLING OF BINARY INPUT 2

61BI2 1 BINARY INPUT 2 1lst FUNCTION
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3rd FUNCTION r's

61BI2 3 BINARY INPUT
e
o
o
I

isizs  moasr mevr 2 )

imzs  monr gk )
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61BI3 7 BINARY INPUT 3 7th FUNCTION 'S

62 MARSH SIG.REL - MARSHALLING SIGNAL

62 MARSH SIG.RE 2 - MARSHALLING O I RELAY 2

62SIG2 1 Signal RELA lst CONDITION

S 62 SIG2 8 Signal RELAY 2 8th CONDITION
62 SIG2 9 Signal RELAY 2 9th CONDITION
62 SIG210 Signal RELAY 2 10th CONDITION
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62 SIG211 Signal RELAY 2 1lth CONDITION V'S

62 SIG212 Signal RELAY
o s e S
o
S
st signan nmar 2

62 MARSH .RE 3 - MARSHALLING OF SIGNAL RELAY 3

Signal RELAY 3 1lst CONDITION

L 4
62 SIG3 3 Signal RELAY 3 3rd CONDITION
62 SIG3 4 Signal RELAY 3 4th CONDITION
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62 SIG3 5

Signal RELAY 3 5th CONDITION V'S

Signal

Signal

CONDITION

CONDITION

CONDITION
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62 SIG320 Signal RELAY 3 20th CONDITION V'S

63 MARSH LED IND - MARSHALLING LED INDICATORS \
63 MARSH LED 1 - MARSHALLING OF LED INDICATOR 1
63LEDL 1 LED 1 1st CONDITION
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63 LED114

LED 1 14th CONDITION r's
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63 LED2 8 LED 2 8th CONDITION r's

63 LED212 LED 2 12th
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63 MARSH LED 3 - MARSHALLING OF LED INDICATOR 3 'S

63LED3 1 LED 3 1lst CONDITION

63 LED3 2 LED 3 2nd CONDITION
63 LED3 3 LED 3 3rd CONDITION
63 LED3 CONDITION
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63 LED315 LED 3 15th CONDITION

63 LED319 LED 3

63 LED320 LED 3

63 MARSH LED 4 - MARSHALL L INDICATOR 4

63LED4 1 LED ONDITION
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63 LED4 9 LED 4 9th CONDITION V'S

CONDITION

CONDITION

64 MA%SH CMD.REL - MARSHALLING TRIP RELAYS
64 MARSH CMD.RE 1 - MARSHALLING OF COMMAND RELAY 1

64 CMD1 1 COMMAND RELAY 1 1lst CONDITION
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64 CMD1 3 COMMAND RELAY 1 3rd CONDITION 'S

64 CMD1 7 COMMAND RELAY

64 CMD1 8 COMMAND RELAY

. __________________________________________________________________________
64 CMD116 COMMAND RELAY 1 16th CONDITION
64 CMD117 COMMAND RELAY 1 17th CONDITION
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64 CMD118

64 MARSH CMD.RE 2 -

64 CMD2 1

COMMAND RELAY 1 18th CONDITION 'S

ION
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64 CMD212

COMMAND

COMMAND

RELAY 2 12th CONDITION S

RELAY

RELAY

71 INT.OP - INTEGRAT

71 LANGUA
ENGLISH

]
DEUTSCH [ ]
ESPANOL\ [ ]

min. 1

max. 354 _——
7 EEDER
in. 1

X. 254 _——
UBSTA
min. 1

max. 254 —_———

Language
English
German
Spanish

C AND SYSTEM INTERFACES

Device address

Feeder address

Substation address
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O

72 F-TYPE Function type in accordance with VDEW‘ZVEI
min. 1
max. 254 _—— %
72 PC-INT Data format for PC—interfac\
DIGSI V3 [ 1] DIGSI V3
ASCII [ ] ASCII
VDEW-com [ 1] VDEW compatible
72 GAPS Transmission gaps for4RC-interface
min. 0.0 S
max. 5.0 -—— Q
72 PCBAUD Transmission ba a for PC-interface
9600BAUD [ ] 9600 baud
1200BAUD [ ] 1200 baud
2400BAUD [ ] 2400 bau
4800BAUD [ ] 4800 ba
72 PARITY Parity -bits for PC-interface
DIGSI V3 DIGSI V
801 0dd par ;1 stopbit
8N2 No ;2 stopbits

8N1 ;1 stopbit
74 FAULT RECORDER - FAULT RE GS
74 RECini nitiation of data storage

SRTwitTP art with trip
RECbLyFT torage by fault det
RECbyTP Storage by trip

74 T-MAX ¢ Maximum time period of a fault recording
min. 0.30 \ s
max. 5.00 ———

74 T-PRE Pre-trigger time for fault recording
min. 0.05 s
max. 0.50 ———=

74 T-POS Post-fault time for fault recording
min s
max. 0. -——

95 SYST G - OPERATING SYSTEM SETTINGS
95 TEST Activating internal test

NO [ ] none
withREPO [ 1] With report
BUF-OVFL [ 1] Err.buf.owerfl=moni
MODUL Number of tested module
min. 0
max. 100 ———
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Annunciations 7SD600 for PC, LC-display and binary inputs/outputs

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

C/CG: Coming/Coming and Going annunciation

M : Measurand
I: can be marshalled to binary input
0: can be marshalled to binary output (LED, signal/trip relay)
T S Y & D) T —— +
|FNo. | Text | Meaning |op|Ft|I|O]
U S — Ry ———_ O - + -4 -t
| 1| not all. | Not allocated | | |z|o|
| 5|>LED r. | >Reset LED indicators | | |zI|o]
| 51|Dev.OK | Device operative / healthy I I
| 52]|operat. | Any protection operative lce| | |of
| 60|LED res | LED Reset lc | | | |
| 83|sigTest | For internal use only || | |
| 110|ANNlost | Annunciations lost (buffer overflow) lc | | |
| 111|PCannLT | Annunciations for PCgl@st lc | | |
| 113|Taglost | Fault tag lost I
| 115|ANNovfl | Fault annunciatdon buff€r overflow | jc | | |
| 203|REC del | Fault recordin@ydata deleted lc | | |
| 301|sys.Flt | Fault in the ‘powern, system lc |c | | |
| 302| FAULT | F1t. event w._comsecutive no. lc |c | |
| 501|FT det | General fault detection of device | |cc| |o|
| 511|Dev.TRP | General trip Of /device | |c | |o]
| 525|1I1= | Interruptled qurrent: Il | Jc | | |
| 605|1I1= | Operat. meas. station 1 in % | M| | | |
| 606]|1I2= | Operath meas. station 2 in % | M| | |
| 608]|ID= | Operaty, meas. diff. current in % | M| | | |
| 609|IR= | Operat. meas. restr. current in % | M| | | |
| 655|1I1= | operat ¥ meas. station 1 in A | M| | | |
| 656|1I2= | Operat. meas. station 2 in A | M| | | |
| 658]|1ID= 'operat. meas. diff. current in A | M| | | |
| 659|IR= [/Operat. meas. restr. current in A | M| | | |
|1157 | >CBclo sCircuit breaker closed lce| |I|o]
|1174| CBtest pCircuit breaker test in progress lce| | |o]
|1185| CBtpTST | Circuit breaker test: Trip 3pole lce| | |o]
| 2053 | EME. act | Emergency O/C protection is active lcc| | |o]
|2061|EME.F1t | Emerg. 0/C prot.: General fault detect. | |ce| |of
|2141| EME.Trp | Emerg. 0/C protection: General Trip | |c | |o]
3003 |>Dif.bl | >Block differential protection lce| |1I]o]|
|3008 | >Res.LO | >Lockout Reset | | |zI|o]
|3015| Difwoff | Differential protection is switched off lce| | |o]
| 3016 ['Dif. b1k | Differential protection is blocked lcc| | |o]
|3017|\Dif.act | Differential protection is active lcc| | |o]
|3021Dly.st. | Diff. prot.: IDIFF> time delay started | |cc| |o|
[3022)| Dif.flt | Diff. prot.: General fault detection | |ce| |o]
[3024 | Block.S | Diff. prot.: Blocked by external fault | |ce| |of
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T 4
|FNo. | Text | Meaning |oplEt|I]|O]
U S — o m oo e o e oo + 4+ - R +

|3026 | Block.H | Diff. prot.: Blocked by harmonics . 1CGl |O]|
|3027 | Dif.TRP | Differential prot.: Trip by IDIFF> L N¢ | |o]
|3028 | IntTrp | Diff. prot.: Intertrip send signal ["Wlcc| |o]
|3030|B.Dif D | Diff. prot.: Blocked by IDIFF supervis, (|GG| | |O]|
|3031 | Lockout | Trip-Lockout is in progress [ce| | |o|
|3303|>TT.blk | >Block transfer trip transmitter | | |1]o]
|3306 | >Tr.TRP | >Transfer trip signal input | | |z]o]|
|3312| TT.blkd | Transfer trip transmitter is blocked lcc| | |o|
|3316 | TT.send | Transfer trip transmission sigfiak lce| | |o|
|3333|>Re.blk | >Block of trip receiver | | |I]o]
|3341|Rec.off | Trip receiver is switched off lce| | |o|
|3342 | Rec.blk | Trip receiver is blocked lce| | |o]
|3343|Rec.act | Trip receiver is active lce| | |o]
|3346 | Rec.flt | Trip receiver: Generall)ffaulf detection | |cGc| |o]
|3347 | Rec.TRP | Trip receiver: General trip | |c | |o|
|3348 | Rec.rec | Trip receiver: Trip signal received lce| | |o]
|3363 | >PWM.bl | >Block pilot wire gnomitor | | |1]o]
|3371| PWM.off | Pilot wire mondstor” is Jswitched off lce| | |o]
|3372| PWM.blk | Pilot wire mgnhitor 1S blocked lce| | |o]
|3376 | PW.fail | Pilot wire monifor: Failure detected lcc| | |o]
T N +

Indications of the 7SD600 for _thel LSA
(according to DIN 19244 / according to IEC 60870-5-103)
FNo. - function number of the event
Op/Flt -operational/fault“event
K/KG: coming/céming ‘and going event
\Y% : event wWith numerical value
MV : measured value
LSA No.-number ofgthe indication for LSA (acc. to DIN 19244) acc. to
IEC60870-54103:

CI - compatible imdication

GR - inddcationWfor general request

MI -maxk dndi¢ation for fault value buffer

Type - function’ type (p: according to the parameter ”“function type”)

Inf - information number
o +

| Type|LSA| IEC 60870-5-103 |

| FNo' . Jeaning |Op|Ft|No. |CI|GR|MI|Type|Inf|

B Rl R e I I el
| 511|protection (gen.) general tripping | |k |141| | |MI|192 |161]
[L%605 | operational measured value current Il in % |Mv| | | | | 134 |130]
(3876 | fault in the pilot wire connection |[KG| | 95| |GR| 192 | 76|
L T T T T L L LT +
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A5 Detailed calculation of the current transformer requirements

Both conditions 1. and 2. (see section 5.2.5) must be
satisfied.

A further condition 3 may be additionally used for di-
mensioning the current transformers if condition 2
cannot be satisfied because the current transformers
are too different.

The device can recognize an external short-circuit if
the current transformers at both ends of the line
transform the short circuit current without saturation
for a minimum period. The device then operates with
an increased stabilization and prevents overfunction-
ing even when the differential current temporarily ex-

ceeds the tripping value according,to the stabilization
characteristic. The pick-up time®ef theysaturation de-
tector depends on the value @f the external fault cur-
rent. The following table sHews th€ relationship be-
tween the value of the fault clrrent and the pick-up
time of the detector. Sincewthe fault current in table
A.9.1 relates to the ratedVline current, the accuracy
limiting factor must bgmultiplied by the ratio of trans-
former rated cuprentito rated line current to obtain the
pick-up tim&yin the table. Usually this factor = 1, so
that direct use'ef the accuracy limiting factor k' can
be made:

Table A.9.1 Pick-up time of the saturation detector depepdifig,on‘the maximum through fault current
relative to the rated line current

Fault current relative to the rated line current 2.5 4 5 75 10 15 20

Pick-up time of the saturation detector t,, (ms) 12 10 9 7 5 5 5

The accuracy limiting factor is the ratio of the
maximum fault current to the rated current of the
transformer. It is calculated according to condition 1
from the maximum through fault current an@®the
transformer rated current. If this factag is multiplied
by the overdimensioning factor Y, the negessary
accuracy limiting factor kn' is obtained at which the
saturation-free transmission time ‘@f.the%eurrent
transformer is reached accordinggste table A.9.1.
Factor Y considers the DC componefit of external
short-circuits.

From the saturation-free timeft,,,the CT transformer
time constant t,, andtheteircitfrequency w (2*m*f)
must be calculated’using thewollowing equation:

Example 1: CT. time constant t,, = 5 s, saturation-free
time t, = 0.005 s, f = 50 Hz = w = 314 1/s, system
time constant t, = 0.1 s. Y calculated with formula =
2.53.

3.1 Necessary operational accuracy limiting factor at
line end 1 for the saturation-free time according to
the table:

knq1" = 2.53%Ikg, max/INpr

3.2Necessary operational accuracy limiting factor at
line end 2 for the saturation-free time according to
the table:

knz" = 2.53%Ikg, max/INpr

The advantage is that conditions 3.1 and 3.2 are inde-

o *t, ¥y, (£ ~tm —tm pendent of the respective CT burdens. On the other
Y =14 ﬁ(e T 8w ) hand, it leads to approx. 2-3 times higher require-
ments of the operational accuracy limiting factor than
given by the steady-state dimensioning rules accor-
ding to 1 and 2.
A-34
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The operational accuracy limiting factor for the re-
spective line end must be calculated with formula 1.
The protection is stable when the operational accu-
racy limiting factor for line end 1 is greater than the
necessary operational accuracy limiting factor kny’
calculated with condition 3.1. The same applies for
line end 2 with kny".

3.3The condition for stability is therefore:
nq" > kny"and ny’ > kny'
Example 2 explains the situation:

Maximum through fault current
lkd, max = 8000 A

Line end 1:

Current transformer 10P20, 10 VA

Rated accuracy limiting factor n1 = 20
Rated burden of the current transformer
Pn = 10 VA

Internal burden of the current transformer
Pe = 1.5 VA

Connected burden (summation transfoer
+ connecting cable) Py, = 4 VA

Primary rated current of the transformer \
Inpr = 800 A

With (1) the operational accuracy lim ris

calculated at n1’ = 41.8
1 ’\

Line end 2:
Current transformer 10P40
Rated accuracy limiting fac =40
Rated burden of the ansformer

&

O

Internal burden of the current transforrger
Pe =3 VA

Connected burden (summati sformer
+ connecting cable) Py, =
Primary rated current of sformer

INpr = 800 A

With (1) the operati
calculated at ny’ 02

racy limiting factor is

accuracy limiting factors

The ratio of the o i
ny'/ny' = 2.4 violates condition 2 because the current
transformers ooWifferent. Condition 1 is satisfied,

i.e. the '@eady-state fault current k4" = 10 is
transmi i t saturation. In the classic

dim no statement could be made about the
sta protection layout under transient

ndi 3.3 must be checked additionally to obtain
ement on the stability of the protection layout.

k2" = lkd, max/Inpr = 8000 A/800 A = 10

ith table A.9.1 the necessary operational accuracy
limiting factor is given for the saturation-free time and
10 times the CT rated current flowing for line end 1
and line end 2. With the CT data of example 1 and
the network time constant of 0.1 s the factor Y =
2.53:

kni' = kny' = 2.53%10 = 25.3

The calculated operational accuracy limiting factors
ny" = 41 for line end 1 and ny' = 102 are respectively
above the necessary accuracy limit overcurrent factor
so that the differential protection layout can provide
stable operation despite very different current trans-
formers during external short-circuits, because a satu-
ration-free time of 5 ms is fulfilled on both line ends.
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additional functions, 4 - 16
binary outputs, 4 - 16
display, 4 - 16
Disturbance recording, 4 - 17
hardware monitoring, 4 - 17
info display panel, 4 - 16
info PC, 4 - 16

measurement of operational values, 4 - 17

monitoring functions, 4 - 17
processing of events, 4 - 16
software monitoring, 4 - 18
state interrogation, 4 - 17
Annunciations, for PC, A - 32
Annunciations events - Block 81, 6 - 20
Application, 1-1
assembly, 5-2
assembly and connection
cubicle mounting model , 5 -2
panel flush mounting model , 5 - 2
panel surface mounting model , 5 - 2
auxiliary supply voltage, 5 -3

B

binary inputs, 5 - 20
binary outputs, 5 - 20
blocking, 4 -9

C

CB-test function, 6 - 21
Changing the fuse, 7 -2

Check switch states, binary inputs/outputs, 6 -88
Checking, Line differential protectiom,6,- 31

checking

connections, 5 -6

specified ratings, 5 -2
Circuit-breaker trip test, 6 - 40
Climatic Stress, 3-4
command relay, b - 28
Commissioning

general, 6 - 30

with primary mgasure@ signals, 6 - 33
configuration, sc@pe of functiens, 5 - 19
configuring, introduetien, 5618

configuring the protectivig function, 5 - 18

connection, 5-2

connection circuit
reduced earth-fadlt sensitivity, 5 -7
standafd,L1-L3-E, 5-6

connegtion Gircuits, 5 - 6
increasedwearth-fault sensitivity, 5 -7
tWe=phase, 5-8,5-9

Conhection’diagrams, A - 3

Cennections

Adaptation of unequal primary currents, A - 6
standard, suitable for all networks, A -3

Two current transformers, A -7
Two isolating transformers, A -7

with increased earth-fault sepsitivity#A -5
with reduced earth-fault sensitiity, A4
Control capabilities, 6 - 28
control voltage for binary inputs, 5%&,3
cubicle mounting, 5 -2
current threshold, 4 - 8
current transformer, 5 -9
Current transformer reqlirements, Detailed calculation, A - 34
current transformergsaturation, additional stabilization, 4 - 8
current transformer termimals, Checking the current transfor-
mer terminals, 6 -'38
Current transfeffer tetmination, 6 - 38

D

Datené,- 6
datene, - 28
defmands
cumsent transformer, 5 -9
pilot'wires, 5 -9
Design, 2 -1
Dimensions, 2 -2
Models, 2 -1
Detailed calculation, Current transformer requirements, A - 34
Different primary nominal currents, 5 -8
differential function, 6 - 25
Dimensions, 2 -2
panel flush mounting, 2 -4
panel surface mounting, 2 - 2
Directives, 3 -3
Display panel, 6 -1
displays, 5 - 20
disturbance recording, 4 - 17

E

Electrical tests, 3-3

electromagnetic compatibility (EMC), 3 -5
Emergency overcurrent function, 3-8, 4 - 15, 6 - 23
emergency overcurrent protection, 6 - 41

Events (alarms), Introduction, 6 - 18

Events (alarms), 6 - 18

F

fault detection, 5 - 17
Fault events, 6 - 23
Emergency overcurrent protection, 6 - 25
general, 6 -24
Line differential protection, 6 - 25
other, 6 - 26
Remote TRIP function, 6 - 25
Features, 1-2
formation of measured values with 2 pilot wires, 4 -6
Front view, 6 -3
functional scope, 1-3
differential protection, 1-3
Emergency overcurrent protection, 1 -3
other, 1-3
remote tripping, 1-3

Siemens AG - October 2002



INDEX

Numerical Line Differential Protection SIPROTEC 7SD600 V3.1 System Manual  Order no. E50417-G1176-C069-A4

General device data, 3 - 1 nominal currents, primary, 5 -8 \

H o
hardware monitoring, 4 - 17 Operating conditions, 3 - 50
General information, 5 -
Operating instructions,
| Operation, 6 - 1
o ) ) Prerequisites, 6 - 2
In rush stabilization, with 2nd harmonic, 4 - 8

Initial display, 6 - 7
Integrated operation, 5 - 14
intertrip function, 4 - 12
intertrip receiver, 6 - 25
Introduction, 1-1
Application, 1 -1

K

Keys
Change numerical values, 6 - 1
Change text values, 6 - 1
Confirmation, 6 - 2
Scrolling in the display, 6 - 2

Yes/No, 6 -1 P
L panel flush mounting, 2 -4, 5 -2
LEDs & - 26 panel surface mounting, 2 - 2

Pilot wire monitoring, 4 - 11, 6 - 14
pilot wire resistance, Measuring, Setting, 6 - 36
pilot wires, 5 -9

Line differential function, 6 - 21
Line differential protection, 4 -5, 6 - 10, 6 - 3?

Principle, 4 -5

Stabilized, 4 -5

Technical data, 3 -6
Lockout function, 3-8, 6 -22

& Packing and unpacking, 5 - 1
\ Preparation instructions, 5 -1
Preparing for operation, 5 - 2

preparing for operation, assembly and connection, 5 -2

O Primary measured signalscommissioning, 6 - 33

Procedure - Parameterization, 6 - 4
processing of events, 4 - 16

M protective function, configuring, 5 - 18
Maintenance, Troubleshooting, Putting the protection into service, 6 - 43
marshalling

binary inputs, 5 - 20,
binary outputs, Intr;
command relay, 5
displays, introduction,
general, 5-20
LED, 5-26
signal relay, 5 - 24
measured value proces8ing, 4 - 7

R

Reading out operational measured values, 6 - 27
Reference Table
for configuration parameters, A - 17
for functional parameters, A - 14
Remote command reception, 6 - 16
Repairs, 8- 1
Reset Lockout, 6 - 42
Routine checks, 7 - 1

n,5-1 S

peration, 4 - 1 Safety measures, 6 - 1
function, 4 - 1 Selection, 2 -6
dels, 2 -1 Serial interface, 5 - 15
itoring functions, 4 - 17 Setting, Pilot wire resistance, 6 - 36
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Setting
Memory function, 5 - 11

operator function, 5 - 11 \
Setting date/time, 6 - 28
Settings

Date/Time, 6 -6 0

Emergency overcurrent protection, 6 - 17
Fault detection, b - 17

Function parameters, 6 -4

Integrated operation, 5 - 14

Introduction, 6 - 4

Line differential protection, 6 - 10

Pilot wire monitoring, 6 - 14

Remote tripping, 6 - 15
Serial interface, 5 - 15
Tripping on receiving the remote command, 6 - 16
signal relay, 5 - 24
software monitoring, 4 - 18
stabilization characteristic, 3 -7
Standards, 3-3
starting, 4 -9
state interrogation, 4 - 17

Station Data, 6 - 8

Storage, 9 - 1 @
Summation transformer 4AM4930, 2 -5, 4 - 3

Technical data, 3 -9
System data, 6 -8 \

T
Tables, A -8
Technical data, 3 -1
Additional functions, 3 -8 &
general, 3-1
Mechanical details, 3 - 2 \
Summation transformer 4AM493 -
Testing, general, 6 - 30
the device, 5 -1
Time, 6 -6, 6-28
Transfer trip function, 3-8, 4 - 12,56, - 22
Transfer trip receiver, 6 - 22,

Transfer tripping, 6 - 15, 6 -
Trip characteristic, 6 -
Trip test, with circuitébrea

tripping logic, 4 -
Troubleshooting;
Troubleshooting, intenapee, 7-1,7-2
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