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NOTE:

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

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

The contents of this instruction manual shall not be-
come part nor modify any prior or existing agree-
ment, commitment or relationship. The sales con-
tract contains the entire obligations of Siemens. The
warranty contained in the contract between th& par-
ties is the sole warranty of Siemens. atements

contained herein do not createtne rranties nor
modify the existing warranty.
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Introduction

1 Introduction

1.1 Application

Numerical distance protection relay SIPROTEC
7SA510 provides fast, reliable and selective clear-
ance of all kinds of ground and phase faults in single
and/or multiple fed overhead lines and cables in ra-
dial, ring or any type of meshed networks. The sys-
tem starpoint may be isolated, compensated (arc
suppressed by Petersen coil), solidly earthed or low
resistance earthed. The scope of functions is opti-
mized for use on high voltage lines. Principally, how-
ever, it can be used for any system voltage.

It contains all the vital functions for the protection of a
high voltage feeder circuit and is thus universally
applicable. It can also be used as a time-graded
back-up protection for differential protection sys-
tems of all kinds for lines, transformers, generators,
motors and busbars.

Its fundamental function is determination of the dis-
tance of the short circuit by impedance measure-
ment. This can be supplemented by a series of op-
tional function modules which provide power swing
supplement, teleprotection interface (for 100 %rap-
id clearance), thermal overload protection (for
cables), earth fault detection (for isolated ‘or,com-
pensated networks), highly sensitive earthfaultpro-
tection (for high-resistance earth fault in earthed,net-
works), automatic reclosure (for overheadylines),
fault location (for speedy location of the/damaged
area). External accessories are therefore normally
not required.

Throughout a fault in the network,the magnitudes of
the instantaneous values are'storedfor a period of at
most 5 seconds and arefavailable for subsequent
fault analysis.

Continuous mopitoringfof the measured values per-
mits rapid annunciatiomefany fault in the measuring
transformer g€ircuits.“€ontinuous plausibility moni-
toring of the intefnal measured value processing cir-
cuits and monitoring of the auxiliary voltages to en-
sure that they remain within tolerance are obviously
inherent features.

Serialinterfaces allow comprehensive communica-
tiohwwith other digital control and storage devices.
Fordatatransmission a standardized protocol in ac-
cordance with VDEW/ZVEI and IEC 60870— 5—103
iSiused. The device can therefore be incorporated in
Localized Substation Automation networks (LSA).
The system interface is suited to communication via
a modem link.

1.2 Features

— Processor system with powerful 16-bit micropro-
cessor;

— complete digital measured(valge,processing and
control from data acquisition and digitizing of the
measured values up te, theytrip and close deci-
sions for the circuit breaker;

— complete galvanic and reliable separation of the
internal processing_circuits from the measure-
ment, control and supply circuits of the system,
with analogtinput transducers, binary input and
output modules’and d.c./d.c. converter;

— scope'ef fuhctions required for the protection of a
high voltage feeder circuit;

~overeurrent fault detection — optionally voltage
controlled (U/l) or phase-angle dependent im-
pedance fault detection;

— polygonal tripping characteristic with indepen-
dent setting of reach along the R— and X-axis
with separate R—setting for earth faults;

— directional determination using sound phase po-
larization and voltage memory, giving unlimited
directional sensitivity;

— supplementary functions can be ordered as an
option;

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

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

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

— communication with central control and storage
devices via serial interfaces is possible with con-
nection of optical fibre (optional);

— continuous monitoring of the measured values
and the hardware and software of the relay.

C53000-G1176-C115
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1.3 Implemented functions

7SA510 contains the following functions:

Distance protection with

— phase selective overcurrent fault detection;

— optional voltage controlled (U/I) fault detection or
impedance fault detection with polygonally
shaped angle-dependent characteristic;

— five distance zones can be set to operate either in
the forward direction or in the reverse direction or
non-directional, one of them can be used as
graded overreach zones;

— seven time stages;

— polygonal tripping characteristic with indepen-
dent setting of reach along the R— and X-axis,
separate R—setting for phase and earth faults;

— directional determination using sound phase po-
larization and voltage memory, thus suitable for

use with capacitive voltage transformers and giv-
ing unlimited directional sensitivity.

Power swing supplement (optional with impeds
ance fault detection)
— power swing detection by dR/dt measurément;

— avoids unwanted trip occurrences duking‘power
swings in the system;

— for use of power swing blocking ‘orfout-of-step
tripping.

Universal teleprotection, interface
programmableffor different schemes of

— permissive underreach transfer tripping (PUTT);

— permissive overréach transfer tripping (POTT).

Dead-fault\protection

— provides high speed operation at either line end
when switching manually onto a bolted fault.

Emergency overcurrent function

with two-stage definite time overcurrent charac-
teristic and separate earth current stage,

— for "emergency operation” if voltage transférmer
miniature circuit bbreaker trips or

— for "emergency operation” in“gasé”of voltage
transformer secondary fusesfailure:
Thermal overload protection

— provides thermalfreplica of the current heat
losses;

— true rm.symeasurement of all three conductor
currents;

— adjustable warning stages.

Earth fault detection (optional)
for,compensated or isolated networks with
— phase selective fault detection;

— sensitive directional determination.

Highly sensitive earth fault protection (optional)

— for high-resistive earth faults in networks with
earthed starpoint;

— with two-stage earth current pick-up;

— directional determination using zero sequence
components of currents and voltages;

— optionally with directional comparison via com-
munication link (e.g. PLC or optical fibre);

— back-up function in case of voltage failure using
definite time earth current protection;

— alternatively non-directional inverse time earth
current protection with three selectable charac-
teristics (not in conjunction with directional earth
fault protection).

10
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Automatic reclose function (optional)
— single- or multi-shot (e.g. RAR and DAR);
— with separately allocated action times and dead

times for RAR (rapid AR for first shot) and DAR
(delayed AR for further shots).

Distance-to-fault location

— can be started by fault detection or trip command
or by external command;

— calculation of the fault distance;

— output of fault distance in ohms (primary and sec-
ondary), kilometers and % line length.

The standard functions also include:

— two logical functions with time stages which can
be defined by the user in order to combine, delay
or process external signals;

— continuous self-monitoring right from the d.c. cir-
cuits, through the current and voltage transformer;
inputs to the tripping relays, thus achieving maxis

mum availability and a more corrective than pre-
ventive maintenance strategy;

— measurement and test routines under, ‘normal
load conditions:
measurement of load currents and operating volt-
ages,
measurement of power and frequency,
output of measured impedances, directional and
phase sequence check;

— annunciation storage andtransmission of the last
four network faults, with realtime clock;

— storage of data of the.lastthree earth faults in iso-
lated or arc compensated systems;

— data storage and¥ransmission for fault records
giving
rapid fault/analysis,
detailed faulf records;

<. Counting of tripping commands as well as record-
ingyof fault data and accumulative addition of the
interrupted fault currents;

—jeommissioning aids such as directional verifica-
tion and circuit breaker live test.

C53000-G1176-C115
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2

Design

2.1  Arrangements

All

protection functions including d.c./d.c. converter

are accommodated on one plug-in module of
Double Europa Format. This module is installed in a
housing 7XP20. Two different types of housings can
be delivered:

7SA510x--xBxxx- in housing 7XP2030—-1 for
panel surface mounting

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

Plastic guide rails are built in for the support of
plug-in modules. Next to the guide rail at the bot-
tom on the left-hand side of the module, a contact
area which is electrically connected to the hous-
ing is installed to mate with the earthing spring of
the module. Connection to earth is made before
the plugs make contact. Earthing screws have
been provided on the left hand side of the hous-
ing. Additionally, terminal 16 is connected to the
case.

All external signals are connected to 60 screwed
terminals which are arranged over cut-outs gn the
top and bottom covers. The terminals are num:
bered consecutively from left to right at the &0t-
tom and top.

The heavy duty current plug cenneciors provide
automatic shorting of the c.t. Cir€uits Whenever
the modules are withdrawn. This dees not release
from the care to be taken whenc.t4secondary cir-
cuits are concerned.

For the optional ipterfaceto a central control and
storage unit, afi’ additional coupling facility has
been provided. Faf optical fibre connection (mod-
el 7SA510x—xkxxx=2%C), two F—SMA connec-
tors have been provided.

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

— 7SA510%x—-xCxxx— in housing 7XP2030-2 for

panel flush mounting or 7SA510%—*Exxx-- for
cubicle installation

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

Plastic guide rails are builtiin for the support of
plug-in modules. Next teithe guide rail at the bot-
tom on the left-hand side.of the module, a contact
area which is electrically connected to the hous-
ing is installeddo mate*with the earthing spring of
the module. Connection to earth is made before
the plugstWmake“eontact. Earthing screws have
beengprovided on the rear wall of the housing.

All 'externalysignals are connected to connector
madulesywhich are mounted on the rear cover
overeut-outs. For each electrical connection, one
screwed terminal and one parallel snap-in termi-
fnal /are provided. For field wiring, the use of the
screwed terminals is recommended; snap-in con-
nection requires special tools.

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

For the optional interface to a central control and
storage unit (7SA510x—*xkxx—xC) a module
with 2 F—=SMA connectors is provided.

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

Degree of protection for the housing is IP51 (for
cubicle installation IP 30), for the terminals 1P21.
For dimensions please refer to Figure 2.3.

12
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Figure 2.1 Connec::?m (rear view) — housing for flush mounting — example
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7SA510v3 Design

2.2 Dimensions

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

O

7SA510 Housing for panel surface mounting 7XP2030— 1
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optical fibre connectors
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with ceramic post,
L 4 e.g for glass fibre 62.5/125 ,um
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igure’2.2  Dimensions for housing 7XP2030—1 for panel surface mounting
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7SA510 v3 Design

7SA510 Housing for panel flush mounting or cubicle installation 7XP2030-2
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Heavy current connectors:
Screwed terminal for max. 4 mm?2.
25 Twin spring crimp connector in parallel for
& max. 2.5 mm2.
\ Further connectors:

Screwed terminal for max. 1.5 mm2.

E e Twin spring crimp connector in parallel for
Q2 Py max. 1.5 mmZ2.
o anel cut-out o
& Optical fibre connectors:
integrated F—SMA connector,
with ceramic post,
e.g for glass fibre 62.5/125 ;um
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igure 2.3  Dimensions for housing 7XP2030-2 for panel flush mounting or cubicle installation
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7SA510v3 Design

2.3 Ordering data

Numerical distance protection 7. 8. 9. 10. 11. 12. 13. 14. 15. 16!
relay 7SA510 - Al 7 -1

A A A y y y
Rated current; rated frequency T
1A;50/B60HzZ ... 1

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

24/4BNV AC ... 2
B60/110/125V dC ... .o 4

220/250 V AC oo 5
Construction

in housing 7XP2030—-1 for panel surface mounting ............. B
in housing 7XP2030-2 for panel flush mounting ............... c

in housing 7XP2030 -2 for cubicle installation
(without glass front) . ... i s E

Fault detection systems

Overcurrent fault detectors ....... ... ... . i M. Wi 1
Overcurrent and voltage controlled underimpedaneey(U/1) |

and polygonal impedance fault detectors ... 4. . .. 5. ... ... 2
Overcurrent and underimpedance (U/I) fault detecters ...................... 3

Serial interface for coupling to a control centre

without serial interface ... U h A

with serial interface for optical fibre gonnectiom (820 nm) ................ e C
Supplements 1

WItNOUL . . e B D
with automatic reclosure (thrée-pole) . ... ... F
Supplements 2

WIthOUL . . .o . A 0
With power swing option M . . ... o 1

with highly sensitive,earth fault detection for isolated or compensated systems
and high-resistance earth fault protection for earthed systems (selectable) .................... 2

with power swing option and 1)
with highly sensitive earth fault detection for isolated or compensated systems
and high-resistance earth fault protection for earthed systems (selectable) .................... 3

1) onlyawith polygonal impedance fault detectors (12th figure of ordering code = 2)

16 C53000-G1176-C115



7SA510V3 Technical data

3  Technical data

3.1 General data C)O

3.1.1 Inputs/outputs

L 4
Measuring circuits \%
Rated current Iy 1Aor5A @

Rated voltage Uy 80 Vto 125V (séttab

Rated frequency fy 50 Hz or 6 ble)

Burden c.t. circuits per phase

—atly=1A appr
—atly=5A A
Burden in residual current path at 1 A a .05 VA
Burden: v.t. circuits

— at100V \\; 1 VA

Overload capability c.t. circuits, phases
— thermal (rm.s.) 100 x|y for 1 second

@ 30 XxInfor 10 seconds
4  Xxlycontinuous
— dynamic (impulse) \ 250 x Iy (half cycle)

Overload capability c.t. circuit residual
— thermal (rms) 300 A for 1 second

100 A for 10 seconds

L 4 O 15 A continuous
Overload capability v.t. circuit \
— thermal (rm.s.) 170 V continuous

Auxiliary DC supply

Auxiliary dc volﬁ@ via integrated dc/dc converter
e

Auxiliary vol | 24/48 V dc | 60/110/125 V dc | 220/250 V dc

Operating es | 19to 56 V dc | 48to 144V dc |1 76to 288 V dc

Superimposed ac voltage,

peak-to-peals, <12 %
P onsumption quiescent approx 10 W
picked up approx 13 W

idging time during failure/short-circuit
of auxiliary dc voltage >50msatU>110Vdc

C53000-G1176-C115 17



7SA510 v3

Technical data

Heavy duty (trip) contacts

Trip relays, number
Contacts per relay

Switching capacityMAKE
BREAK

Switching voltage
Permissible current

2

2NO

1000 W/VA

30 W/NVA

250 V

5 A continuous

30 Afor0.5s

Signal contacts

Signal relays 5
Contacts per relay 1 CO
Switching capacity = MAKE/BREAK 20 W/VA
Switching voltage 250 V
Permissible current 1 A
Binary inputs, number 4

Voltage range
for rated control voltage
pick-up value, approx.

Max. control voltage
Current consumption

reconnectable24%ex250 V dc in 4 ranges:
24/48 Vdc 1060 Vdc | 110/125Vdc | 220/250 Vdc
16 Vdc 44'Vdc 80 Vdc 160 Vdc

288 Vdc
approx 1.7aA independent of operating voltage

Serial interfaces

Operator terminal interface
— Connection

— Transmission speed

nen-isolated

at/the front, 25-pole subminiature connector according
ISO 2110 for connection of a personal computer or similar

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

Interface for data transfer to a coftrol'eéhtre (optional)

— Standards
— Transmission speed

— Transmission sgcurity
— Connection optieal fibre

Opticahwave length
Permissibleline attenuation
Transmission distance
Normal signal position

Protocol according to IEC 60870—-5—103 and VDEW/ZVEI

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

Hamming distance d = 4

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

e.g. glass fibre 62.5/125 um

for flush mounted housing: at the rear

for surface mounted housing: on the bottom cover
820 nm

max. 8 dB

max. 1.5 km

reconnectable; factory setting: “light off”

18
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Technical data

3.1.2 Electrical tests

Insulation tests

Standards:

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

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

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

IEC 60255-5

2 kV (rms); 50 Hz

2.8 kV dc

5 kV (peak); 1.2/50 us;,0.5 §; 3'positive
and 3 negative shots at'iatervals of 5 s

EMC tests; immunity (type tests)

Standards:

— High frequency
IEC 60255—-22—-1, class 111

— Electrostatic discharge
IEC 60255—-22-2 class 111
and IEC 61000—4-2, class 111

— Radio-frequency electromagnetic field,

IEC 60255—-6#EC60255—22 (product standards)
EN 50082-2 (generic standard)
VDE 0435/part 303

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

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

10 V/m; 27 MHz to 500 MHz

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

— Radio-frequency electromagnetic fields
amplitude modulated; IEC 61000—4/~3; class II1

— Radio-frequency electromagneti¢ field) pulse

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

10 V/m; 900 MHz; repetition frequency 200 Hz;

modulated; IEC 61000—4—-3/ENVA50204, class 111 duty cycle 50 %

— Fast transients

IEC 60255—22—4 and IEC61000—-4—4, class IIT 2 kV; 5/50 ns; 5 kHz; burst length 15 ms;

— Conducted disturbances induced by
radio-frequencyfieldsgamplitude modulated

IEC 61000—4 =6, ¢lass 111

— Power frequency ' magnetic field
IEC 61000—4=8, class IV
IEC 60255—-6

repetition rate 300 ms; both polarities; R; = 50 Q;
duration 1 min

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

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

EMCitests; emission (type tests)

Standard:

—Conducted interference voltage, aux. voltage

CISPR 22, EN 55022, class B
— Interference field strength
CISPR 11, EN 55011, class A

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

30 MHz to 1000 MHz

C53000-G1176-C115
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Technical data

3.1.3 Mechanical stress tests

Vibration and shock during operation

Standards:

— Vibration
IEC 60255—-21—-1, class 1
IEC 60068—-2—-6

— Shock
IEC 60255—-21-2, class 1

— Seismic vibration
IEC 60255—-21-3, class 1
IEC 60068—-3—-3

IEC 60255—-21
and IEC 60068-2

sinusoidal

10 Hzto 60 Hz: 4+ 0.035 mm amplitudes
60 Hz to 150 Hz: 0.5 g acceleration
sweep rate 1 octave/min

20 cycles in 3 orthogonal axes

half sine
acceleration 5 g, duration Tyms,'3 shocks in
each direction of 3 orthgg6énal axes

sinusoidal

1 Hz to 8 Hz: =+ 8.5imm amplitude (hor. axis)
1 Hz to 8 Hz: +1.5 mm amplitude (vert. axis)
8 Hz to 35 Hz: 1,9 acceleration (hor. axis)

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

sweep rate 1ectave/min
1 cycle in'@orthégonal axes

Vibration and shock during transport

Standards:

— Vibration
IEC 60255—-21—1, class 2
IEC 60068—2—-6

— Shock
IEC 60255—-21-2, class 1
IEC 60068—-2-27

— Continuous shock
IEC 60255—-21—-2, classgt
IEC 60068—-2-29

IEC 60255—-21
and IEC 60068-2

sipusoidal

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

20 cycles in 3 orthogonal axes

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

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

3.1.4 Climatic stress tests

— recommended temperature during service

— pefmissible temperature during service

permissible temperature during storage
permissible temperature during transport

-5°C to+55°C (> 55 °C decreased
-20 °C to +70 °c  display contrast)

-25°C to+55°C
-25°C to+70 °C

Storage and transport with standard works packaging!

20

C53000-G1176-C115



7SA510V3

Technical data

— Permissible humidity

mean value per year << 75 % relative humidity;
on 30 days per year 95 % relative humidity;
Condensation not permissible!

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

3.1.5 Service conditions

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

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

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

normally necessaryfer sub-stations of lower volt-
ages.

— Itis not permissible to withdraw or insert individu-
al modulesunder voltage. In the withdrawn condi-
tion, same components are electrostatically en-
dangered;wduring handling the standards for
electrostatically endangered components must
be“ebserved. The modules are not endangered
when plugged in.

WARNING! The relay is not designed for use in resi-
dential, commercial or light-industrial environment
as defined in EN 50081.

3.1.6 Design

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

— in housing fogsurfa¢e mounting
— in housinggfor fléish mounting

Degree of pretéction acc. to EN 60529
— Housing
— Terminals

approx. 8.8 kg
approx. 5.5 kg

IP 51 %)
IP 21

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

C53000-G1176-C115
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Technical data

3.2 Distance protection

Earth impedance matching
Re/RL
Xe/XL

—7.00 to +7.00 (steps 0.01)
—7.00 to +7.00 (steps 0.01)

Phase preferences

for double earth faults
in solidly earthed systems

for double earth faults
in isolated or
arc compensated systems

phase to phase or
leading phase to earth or
lagging phase to earth

L3 (L1) or L1 (L3) acycligyor
L2 (L1) or L1 (L2) acyclic or
L3 (L2) or L2 (L3) acyclie,or

B L3 (L1) or L1 (L3)/cyclie
Displacement voltage pick-up Ug> (= /3 Ug)

in isolated or arc compensated systems 10 V to 100 V/(steps™ V)

Fault detection

Overcurrent fault detection, general fault detection parameters

Phase currents lpn>>/Iy 0.25t0400 (steps 0.01)
Earth current Ig>/ly _ 041010,1.00 (steps 0.01)
Displacement voltage pick-up Ug> (= /3 Ug)

in solidly earthed systems 2 V1o 100 V (steps 1V); oo
Drop-off ratios approx. 0.95
Measuring tolerances according VDE 0435 part 303 (5%
Voltage controlled current fault detection (under<impedance fault detection) (optional)
Characteristic two-stage with settable inclination
Voltage control by Uph—e Or Uph_ph (selectable)
Setting ranges:
— minimum current pick-up lpn> 0.10t0 1.00 - Iy  (steps 0.01 - Iy)
— Undervoltage pick-up Uph—e< 20Vto70V (steps 1V)

Uph—ph< 40Vto 130V (steps 1 V)

Drop-off ratios:
= lph> approx. 0.95
— Uph—e<, Uph—ph< approx. 1.05
Measuring tolerances according VDE 0435 part 303 * 5%
Impedance fault detections(fix-impedance) (optional)
Characteristic polygonal, phase angle dependent R—section
Setting values (based omiy =stA*):
X+A = forwards seach, (forall faults) 0.10 Q10 200.00 Q  (steps 0.01 Q)
X—A = reverse feach (forall faults) 0.10 Q10 200.00 Q (steps 0.01 Q)
RA, = resistancetolerance (phase-phase, gsc > @a) 0.10 Q10 200.00 Q  (steps 0.01 Q)
RA; = resistance tolefance (phase-phase, gpsc < @a) 0.10 Qto0 100.00 Q (steps 0.01 Q)
@a = limit angle between RA; and RA, 30.0° to 80.0° (steps 0.1°)
RA-e = resistancegolerance (phase-earth, osc > @ag) 0.10 Q10 200.00 Q  (steps 0.01 Q)
RA1e = reSistance tolerance (phase-earth, osc < @ag) 0.10 Q10 200.00 Q  (steps 0.01 Q)
pag  =dimittangle between RA4g and RASE 30.0° to 80.0° (steps 0.1°)
lph> = minimum operating phase current 0.10 10 4.00 - Iy (steps 0.01 - Iy)

Drop-off,ratios:
— foR Ry X approx. 1.06
& fordpn> approx. 0.95 (for | > Iy)

*hSecondary values are related on Iy = 1 A; for Iy = 5 A the values are to be divided by 5.
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Measuring tolerances according VDEO0435 part 303
with sinusoidal quantities

X < 5% for30° < ¢ < 90°

IA

A

A < 5% for0® < ¢4 < 60°

Distance measurement
Characteristic

Setting values (based on Iy = 1A*%)

X = forwards reach (for all faults)

R resistance tolerance (phase-phase)
Re resistance tolerance (phase-earth)

Measuring tolerances according VDE0435 part 303
with sinusoidal quantities

polygonal, 3 independent + 1 contrelled stages

0.05 Q to 130.00 Q (steps 004 Q)
0.05 Q t0 65.00 Q (steps'0,01 Q)
0.05 Q to 130.00 &\(steps-0.01 Q)

X
}%R\ < 5% for0 “=o,, < 60°

KX < 5% for30"%, e < 90°

*) Secondary values are related on Iy = 1 A; for Iy = 5 A the values are to be divided by5.

Directional determination
For all types of faults

Sensitivity

with ‘quadrature voltages and
veltage memory
dynamically unlimited

Times

Shortest tripping time
Drop-off time

Time stages:
Setting ranges
for all stages

Time expiry tolerances

approx. 22 ms
approx. 40 ms

0.00st032.00s (steps 0.01 s)
or oo (i.e. stage ineffective)

<1% of set value or 10 ms

All stages can be set to operate in forward or reverse direction or non-directional. The set times are pure delay times.

Overcurrent emergencygprotection

with measured voltagesfailure] e.g. VT secondary mcb trip or detected fuse failure

High-set phase overcurrent 1> >/ly
Definite timefdelay Ty

Phase overcutentdpn>/In
Definite time delay Tipn >

Earth overcurrent Ig>/Iy

Definite time delay T

Drop-off ratios
=—for | > Iy
— forl1 > 0.25 x In

Measuring tolerances according VDE 0435 part 303

0.50 t0 9.99 (steps 0.01)
0.00st032.00s (steps 0.01 s)
or oo (i.e. stage ineffective)

0.10 to 4.00 (steps 0.01)
0.00st032.00s (steps 0.01 s);
or oo (i.e. stage ineffective)

0.10 to 4.00 (steps 0.01)
0.00st032.00s (steps 0.01 s)
or oo (i.e. stage ineffective)

approx. 0.95
approx. 0.90

+ 5%

C53000-G1176-C115

23



7SA510 V3 Technical data

3.3 Power swing supplement (optional — only with impedance fault de-

tection)

Power swing detection rate of change of the impedance vector
between "power swing polygon” and
"fault detection polygon”

Setting the difference AR between the polygons 0.10 Qto0 50.00 Q (steps 0.01 Q)

(secondary based on Iy = 1A *)

Setting rate of change dR/dT 0 Q/s to 200 Q/s (steps 1 QJs)

Programs block first distance zone ‘only,

block all zones but first,zong,
block all distance zenes,
out-of-step tripping

Action time 0.01 s to 32.00 s (sieps 0.01 s)
or oo (i.e{until"drop-off of the power swing

polygon)

*) Secondary values are related on Iy = 1 A; for Iy = 5 A the values are to be divided by 5!

3.4 Teleprotection interface

Teleprotection modes (selectable)

— Permissive underreach transfer trip zone acceleration (special zone Z1B)
fault detection acceleration

Transmit signal prolongation 0.01 st0 32.00 s (steps 0.01 s)
Transmit signal delay 0.00 s t0 32.00 s (steps 0.01 s)
Received signal prolongation 0.00 s to 32.00 s (steps 0.01 s)
— Permissive overreach transfenitrip release overreaching zone Z1B

release fault detection zone directional
unblocking zone Z1B

unblocking fault detection zone directional
blocking zone Z1B

Transmit signal prolen@ation 0.01 st0 32.00 s (steps 0.01 s)
Transmit signal delay 0.00 s t0 32.00 s (steps 0.01 s)
Echo delay time 0.01 st0 32.00 s (steps 0.01 s); oo
Echo pulse duration 0.02 s t0 32.00 s (steps 0.01 s)
Echo bloek duration 0.01 st0 32.00 s (steps 0.01 s)
Transientblocking time 0.01 s t0 32.00 s (steps 0.01 s)
Waiting, time for transient blocking 0.01 s t0 32.00 s (steps 0.01 s); o
— Qverreaching transfer via pilot wires NC link with DC control cable and supplementary

auxiliary relay

=,Reverse interlocking with NO or NC interlock loop

24 C53000-G1176-C115
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3.5 User definable logic functions

Number 2

logical inputs via binary input Start and Stop

logical outputs for binary outputs time expired

operating time approx. 30 ms

delay 0.00 s to 32.00 s (steps@.01=s)
time tolerance 1 % of set value ori10/ms

3.6 Thermal overload protection

Setting ranges/steps

Factor k according to IEC 60255-8 0.10 to 4.00 (steps 0.01)
Time constant t 1.0t0999.9 min (steps 0.1 min)
Thermal warning stage Owarn /Btrip 50 % to 100 % referred to trip
temperature rise  (steps 1 %)
Current warning stage lwarn/IN 0.10t0 4.00 (steps 0.01)

1/ - 10) = (le/(k - 1))
(1/(k - 1)) — 1

trip time

thermal time constant

load current
preload current

Trip time characteristic

t=1-In

—_——_—a —~+

e
=
]

k factor according to IEC 60255-8
refer also to Figures 3.1 and 3.2
Drop-off ratios
O /Oyip approx. 0.99
® /Owarn approx. 0.99
I/lwarn approx. 0.99
Tolerances
—geferring to k- Iy *+10%
— referring to trip time *10% = 2s
Influence variables referred to k-ly
— Auxiliary dc voltage in range 0.8 < Uy/Upny < 1.15 <1%
— Temperature in range =5 °C < Uymp < +40 °C <0.5%/10K
— Frequency in range 0.95 < f/fy < 1.05 <1%

C53000-G1176-C115 25
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t/min r
100 Parameter:
setting value
time constant
\ T/min
50 \ \
X \\ \ \
20
\\ \1 000
107
\ \ 500

\ 200

\100

-

\Lso

/////////////

0.50 -
0.30 1 \ \
0.20 -
\ N0
0.10 7 \
\ s
1 2
0.05 T T T T T T 1 —
1 2 3 4 5 678910 12
I/k - Iy
2
I/(k - |
LN /0 )
(I/(k - 1y) = 1
Rigure'3.1  Trip time characteristic of overload

protection — without preload —

t/ min v
100~ Parameter:
setting value
time constant
\ T/min

50

A\

_—

7
e

N\
\

=
] 70
g

BRI
0.30 - \ \ 100
0.20 ~
_ \ s
0.10
\ 2
1 2 5 10
0.05 T T T T T T T 1 |
1 2 3 4 5 678910 12
I/k - Iy
2 2
I/(k -1 — (lye/(k - |
PN /)l )
(/- 1y)) =1
for 90 % preload
Figure 3.2  Trip time characteristic of overload

protection — with 90 % preload —
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3.7 Earth fault detection in non-earthed systems (optional)

Detection C g

Displacement voltage Ug> 10Vto 100V (steps 1V)

Delay approx. 1 s (settable up to 320 s) ¢
(optional trip) %
Measuring tolerance according VDE 0435 part 303 << 5 % of set value

Faulted phase determination

Measuring principle voltage measéirement phase to earth
U< (faulted phase) 10Vto 100V (steps 1 V)

U> (unfaulted phases) 10Vt 0 teps 1V)

Measuring tolerance according VDE 0435 part 303 % value

Directional determination

Measuring principle &asurement of active and reactive power
Pick-up value Io> (active or reactive component @ 3 mA to 1000 mA (steps 1 mA)
CT angle error correction 0.0° t0 5.0° (steps 0.1°) for 2 operating points

of the CT characteristic

Measuring tolerance according VDE 04?& << 10 % of set value
for tan @ << 20 (with active component)
L 4 \< ’

Q
o
&

L 4
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3.8 High-resistance earth fault protection in solidly earthed systems

(optional)

Fault detection

Earth current pick-up Ig>/ly (for trip)

Lower pick-up value (for measurement release)
Displacement voltage Ug>

Drop-off ratio

Measuring tolerance according VDE 0435 part 303

0.10 to 4.00 (steps 0.01)
0.75 Ig>/In

1.0V to 10.0 V (steps 0.1 V)
approx. 0.95

<5 % of set value

Directional determination
Measuring principle

Forwards angle

Measuring tolerances at Uy and Iy

with sinusoidal quantities

Directional comparison

with Ig (= 3- 1) and¥g (=1/3 -Uy)

approx. —14° 40, +166°
< 5°

release mede

Times

Shortest tripping time
Re-orientation time after change of direction

Trip delay time

Back-up time T directional
Back-up time T non-directional
Echo delay time

Echo pulse duration

Echo block duration

Transient blocking time

Waiting time for transient blocking

Time expiry tolerances

approx. 50 ms
apprex. 50 ms

0400 s t0 32.00 s (steps 0.01 s); oo
0.00 s t0 32.00 s (steps 0.01 s); oo
0.00 s t0 32.00 s (steps 0.01 s); oo
0.01 st0 32.00 s (steps 0.01 s); oo
0.02 s t0 32.00 s (steps 0.01 s)
0.01 st0 32.00 s (steps 0.01 s)
0.01 s t0 32.00 s (steps 0.01 s)
0.01 s t0 32.00 s (steps 0.01 s); o

<1% or10 ms

Inverse time earth fault back-up,protection

can be used instead of the earthyfault protection as described before

Characteristics

Pick-up value Ig>/ly
Time setting Tig-
correspondsito TM factor

Measurifigitolerances
— earthycurrent pick-up value
— time expiry

normal inverse or

very inverse or

extremely inverse

(type A or B or C) according IEC 60255-3
or BS142; refer to Figure 3.3

0.10 to 4.00 (steps 0.01)
0.00 s to 32.00 s (steps 0.01 s); o
0.000 to 3.200 (steps 0.001); co

+5%1to +15%
<5%+15msfor 2 <I/lg <20and
1<Te/s <20
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3.9 Automatic reclosure (optional)

Max. number of possible shots 1 RAR (first shot)

up to 9 DAR (further shots)
Auto-reclose mode three-pole
Action times 0.01st0320.00s (steps 0.01 s)
RAR dead time 0.01st0320.00s (steps 0.01 s)
DAR dead times 0.01 sto 1800.00 s (steps 0.01 s)
Reclaim time 0.50 510 320.00 s (steps 0.0ys)
Lock-out time 0.50 st0320.00s (steps 0.01/S)neo
Reclaim time after manual close 0.50 s10 320.00 s (steps,0.01 s)
Duration of RECLOSE command 0.01st032.00 s (steps 001 s)

3.10 Distance-to-fault location

Output of fault distance ingQ primary
in Q'%secondary
in km, line length 1)
in percent line length 1)

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

Setting reactance per unit line length (secondary*) 0.010 Q/km to 5.000 Q/km (steps 0.001 Q/km)
Measuring tolerances according VDE,0435 part 303 < 2.5 % of line length (without intermediate
sinusoidal quantities infeed)

for 30° < Psc < 90° and Usc/UN < 01

*) Secondary values are related on Iy =4sA; Tof)= 5 A the values are to be divided by 5.
1) Output of fault distance in km or milgs or pércents only for homogeneous lines! When setting related reactance in £2/mile,
the output is to be read in miles.
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3.11 Ancillary functions

Output of measured values
Operational values of currents
— range

— tolerance

Operational values of voltages

— range
— tolerance

Operational values of voltages

— range
— tolerance

Operational values of powers
— range

— tolerance

Operational value of frequency

— range
— tolerance

Operational values of overload protection
Earth fault measured values in nén-earthed systems
(models with sensitive residual‘ current input)

All indications 1 digit displayitolerance

L1, IL2, Iis

in A primary and in % Iy

0 % to 240 % I

2% of Iyforl < Iy

2 % of meas. value for le> Iy

UL1-g, Ulo—g, Uis-e A
in kV primary and in % Un//3
0 % to 120 % Un/+/3

2 % of Uy

UL1-12, Uoals, U1

in kV primary and in % Uy
0 % to 120 % Wy

2 %©fHUN

PznB; (active and reactive power)
in‘ MW orMVAr primary and

g S (= v/3- Un-In)

0 %%0 120 % SN

5% of SN

f
in % fy

96 % to 104 % fy
0.5 % of fy

calculated temperature rise related on
trip temperature rise

lea, ler (active and reactive earth current)
in A primary and mA at relay input

Measured values plausibility checks

— Sum of currents

phases and earth

Steady-state measured value supervision
Current unbalance

Voltage unbalance

(phasesto-phase and phase-to-earth)
\oltage failure (three-phase)

Voltage failure (single-phase)

Phase sequence

Imax/!min > Symmetry factor
aslong as | > ljm;t

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

|U]| < limitvoltage as long as |Imax| > limit current
Ue> and Ig<

clockwise phase rotation

C53000-G1176-C115
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Fault event data storage

Storage of annunciations of the last four fault events; the three last can be read out locally

Real time clock

Resolution for operational annunciations
Resolution for fault event annunciations
Resolution fo earth fault annunciations

Max time deviation
Buffer battery

1 min (1ms with personal computer)
1ms
1ms

0.01 %
Lithium—Battery 3 V/1 Ah, Typé CR 1/2 AA
Self-discharge time > 10 years

Data storage for fault recording

Storage period (fault detection or trip command = 0 ms),

max.

Sampling rate

5 s, selectableyprestrigger and post-fault time

1 instantan@oeus, value per ms at 50 Hz
1 instafitaneous value per 0.83 ms at 60 Hz

Circuit breaker operation log
Number of stored trip events caused by 7SA510

Number of stored reclose events

Total of tripped currents

upte 9 decimal digits

up to 9 decimal digits;
separate for RAR and DAR

up to 7 decimal digits plus 1 after decimal point
pole segregated

Trip command and annunciations Via binary input
— 1 user definable trip command

— 4 user definable annunciations

for annunciation processing and direct local trip

for annunciation processing

Commissioning aids
Phase sequence andidirectional check
Circuit breaker test

Storage of aytest record

with or without auto-reclosure

32
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4  Method of operation

4.1 Operation of complete unit

The numerical distance protection SIPROTEC
7SA510 is equipped with a powerful and proven
16-bit microprocessor. This provides fully digital pro-
cessing of all functions from data acquisition of mea-
sured values to the trip command for the circuit
breaker.

Figure 4.1 shows the base structure of the unit.

The transducers of the measured value input sec-
tion ME transformthe currents and voltages from the
measurement transformers of the swit€h-gear and
match them to the internal pré€essing level of the
unit. Apart from the galvanic and low-capacitive iso-
lation provided by the inputtsansformers, filters are
provided for the suppression ofinterference. The fil-
ters have been optimizediwith regard to bandwidth

L1 L2 L3 ME AE
M = — — .-
! N HI|H ! LCD display
oo (2x16
&5 --- E characters)
' T 4@— Fault '
1L ﬂ— Ready '
SHIHANTT— =4
' ][ ' ! ' 5 signals
‘ ' X (can be mar-
! \ shalled)
o A 1L ' .
= N
1L -«
’_I , uG— P> ! |
][ : 6 LED (can be
J ' marshalled)
1L — 5
! -~ LED- I:l, I: J,_‘
cw| 7/ 8 | ¢ Q ' _, Reset , : 2 x 2 trip com-
Rl 4 l%.]6 ! T é : \ mands (can be
Operator Fla|f2] s — - . | ! |__' : marshalied)
| I 1
panel oAl [c0 {} |_,VL _[l I
Y sy | N |+/H E . !
Serial
; Control centre
4 binary | / :Qéel;z%e " (optional)
inputs (can be !
marshalled) / Serial Personal
! interface ~ computer
Power -/
supply —|— [ '
. ] ] — ] — -
Figure 4.1 Hardware structure of distance protection relay 7SA510
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and processing speed to suit the measured value
processing. The matched analog values are then
passed to the analog input section AE.

The analog input section AE contains input amplifi-
ers, sample and hold elements for each input, ana-
log-to-digital converters and memory circuits for the
data transfer to the microprocessor.

Apart from control and supervision of the measured
values, the microprocessor processes the actual
protective functions. These include in particular:

— filtering and formation of the measured quantities,

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

— determination of the faulted phases in case of a
fault,

— scanning of limit values and time sequences,

— controlling of signals and sequences for telepro-
tection etc.,

— decision about trip commands,

— storage of instantaneous current and voltage val-
ues during a fault for analysis.

Binary inputs and outputs to and from the processon
are channelled via the input/output elements. Fram
these the processor receives information from.he
switch-gear (e.g. remote resetting) or from (other
equipment (e.g. blocking signals). Outputs_include;

in particular, trip commands to the circuit breaker,
signals for remote signalling of important events and
conditions as well as visual indicators (LEDs) and an
alphanumerical display on the front.

An integrated membrane keyboard in connection
with a built-in alphanumerical LCD display enables
communication with the unit. All operational data
such as setting values, plant data, etc. are entered
into the protection from this panel (fefemto Section
6.3). Using this panel the parameters can be re-
called and the relevant data for thesevaluation of a
fault can be read out after a fadlt has,occurred (refer
to Section 6.4). The dialog with the relay can be car-
ried out alternatively via the%serial interface in the
front plate by means of a%persgnal computer.

Via a second serial ifiterface’ (option), fault data can
be transmitted tofaycentral evaluation unit. During
healthy operation,/measured values can also be
transmitted,\e¥g. load currents. This second inter-
face is suited to thegtransmission by means of optical
fibre links:

A power supply unit provides the auxiliary supply on
the vatious voltage levels to the described functional
unitsy+24 V is used for the relay outputs. The ana-
leglinput requires =15 V whereas the processor and
its iMmediate peripherals are supplied with +5 V.
Transient failures in the supply voltage, up to 50 ms,
which may occur during short-circuits in the d.c.
supply system of the plant are bridged by a dc volt-
age storage element (rated auxiliary voltage >
110 Vdc).

34
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4.2 Distance protection

Distance protection is the main function of the relay.
It is characterized by high measuring accuracy and
flexible adaptation possibilities for the given network
characteristics. It can be extended by a range of
auxiliary functions.

4.2.1 Fault detection

Fault detection has the duty to detect a faulty condi-
tion in the network and to initiate all the necessary
procedures for selective clearance of the fault:

— Start the delay times,

— Selection of the measured values,

— Release of impedance calculation and directional
identification,

— Release of tripping command,

— Initiation of auxiliary functions,

— Indication/output of the faulty conductor(s).

The distance protection relay has a variety of fault
detection functions from which the optimum can be
chosen for the system under consideration (feferto
Section 2.3 Ordering data).

The overcurrent fault detection operates with high
short circuit currents. If there is no significantdiffer-
ence between normal operation (including/ over-
load) and short-circuit, in terms of the current which
will flow — e.g. in networks with highly fluctuating
system impedance or, where short cif€uit current
limiting devices are installed #~"then under-imped-
ance fault detection (voltage‘eontrolled current) or
impedance fault detection must Be used. With these
options comprehensivg” fagilities are possible to
match to the network conditions and the user’s phi-
losophy.

4.2.1.1 Earth fault detection and processing
An impartantelement for all fault detection methods
is the detection of an earth fault since the determina-
tion ofthefaulty line loops (Section 4.2.2) essentially
depends on whether it is an earth fault or not. The
model,7SA510 is equipped with stabilized measure-
ment of the earth current (with delay facility) as well
asidetection of the displacement voltage. Measures
Rave also been provided to suppress fault detection
in the case of single-phase earth faults in isolated or
compensated systems.

\\ | E reset

Figure 4.2

ph max

Earth current detector — pick-up/reset characteristic — example Ig>/Iy set at 0.25
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The earth current detector monitors the fundamen-
tal wave of the total of the phase currents (Ig = 3 - 1)
in comparison with the threshold value. It is stabi-
lized against faulty pick-up caused by asymmetric
operating currents or distorted currents in the sec-
ondary circuit of the current transformers resulting
from different current transformer saturation with
earth-free short-circuits: the actual pick-up value is
automatically increased as the phase currents in-
crease (Figure 4.2: Example for setting 0.25; the hor-
izontal branch is shifted according different set-
tings). The drop-off value is approx. 95 % of the pick-
up value.

The displacement voltage detector monitors the fun-
damental wave of the displacement voltage (Ug=
/3 - Ug) in comparison with the set threshold value.
The drop-off value is approx. 95 % of the pick-up val-
ue.

In systems with an earthed starpoint (solidly earthed
or low-resistance earthed), the pick-up of the earth
current monitor as well as that of the displacement
voltage monitor lead to pick-up of the earth fault de-
tector. Detection of an earth fault on its own does not
lead to general fault detection signal of the distance
protection but only controls the other fault detection
modules. It is not annunciated on its own either.

In non-earthed systems (isolated starpoint or with
arc compensation by means of Petersen coil),.the
displacement voltage monitor is not used for earth
fault detection. A single-phase earth fault is alsesini-
tially assumed in these systems in the event of a
single-phase fault detection and the deteection,is
suppressed to prevent faulty pick-up by the osgéilla-
tion transients on the occurrence of a simples€arth
fault. Pick-up is enabled again following amadjust-

able delay time Tle 1PHASE (address 1801); this is
necessary so that the distance protection is still able
to recognize a cross country double earth fault with
one base point on aspur feeder. If, however, an earth
faultis already present in the system, this is deteCted
by the displacement voltage monitor; the delay is
then not effective: an earth fault which now occurs’in
another phase can only be a double-phase earth
fault.

4.2.1.2 Overcurrent fault detection

The overcurrent fault detection isaphase-dedicated
fault detection procedure. Following numeric filter-
ing, the currents in each phase are monitored in
comparison with a setthreshold value. A pick-up sig-
nalis output for that (th@se) phase(s) in which the set
threshold has been/exceeded.

To enable measured value selection (see Section
4.2.2), the,phase-dedicated fault detection signals
are converied into phase-loop information. This is
carried'out depending on the earth fault detection
accerding'Séction 4.2.1.1 and — in earthed systems
— on the parameter 1PH FAULTS (address 1705) ac-
cording, to Table 4.1. In non-earthed system, the
phase-phase loop is always selected in the case ofa
single-phase fault detection without earth fault de-
tection.

The faulty phases are annunciated. An earth fault is
also annunciated if detected according to Section
4.21.1.

The overcurrent fault detector is reset when 95 % of
the pick-up value is fallen below.

Fault detection Earth fault Parameter Resultant Annunci-
module detection 1PH FAULTS loop ation
L1 no PHASE —PHASE L3-L1 L1

L2 no L1-L2 L2
L3 no L2-L3 L3
L1 no PHASE—EARTH 1) L1-E L1
L2 no L2-E L2
L3 no L3-E L3
L1 yes irrelevant L1-E L1, E
L2 yes L2-E L2, E
L3 yes L3-E L3, E

1) only for earthed system starpoint

Table 4.1
fault detection

Line loops and phase annunciations with single phase overcurrent
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4.2.1.3 Impedance fault detection (fix-impedance) (optional)

Impedance fault detection is a loop-dedicated fault
detection procedure. Either the three phase-phase
loops (without earth fault) or the three phase-earth
loops (with earth fault) are monitored depending on
the result of the earth fault detection (Section
4.2.1.1). A prerequisite for measurement of a loop
impedance is that at least one of the assigned phase
currents as well as the difference current decisive for
the loop have exceeded an adjustable minimum val-
ue lpn>.

Pick-up caused by single-phase earth faults in sys-
tems with a non-earthed starpoint is effectively sup-
pressed by the measures described in Section
4.2.1.1.

The impedances are calculated separately for R and
Xin cyclic time intervals and compared with the set
values. A measured value step change monitor is
used to synchronize the measurement window on
occurrence of a fault. Calculation procedure is the
same as that described for distance measurement
in Section 4.2.3.

An example of the fault detection characteristic in
the complex R/X plane is shown in Figure 4.3mlhe
bold dots identify the setting parameters which de-
termine the geometry of the fault detection pelygon.
The X intersections X+A and X—-A are deeisiveifor
the fault reach in the forward (line) direction ahd in
the reverse (bus-bar) direction. The R interseetions
can be set differently for phase-phase loops (RA1)
and phase-earth loops (RA1E). It lis thus possible
e.g. to permit a larger fault resistancestelerance for
earth faults (bold dotted line in'Figure 4.3).

In order to guarantee unegquivecal criteria for dis-
crimination between load opefation and a short-cir-
cuit — especially in the casefof long, high-loaded
lines — the charactefisti€sican be set dependent on
the phase anglef®the R section RA2 then applies to
phase angles'aboveta settable value @p, the R sec-
tion RA1 belowgpa.

To avoid intermittent pick-up signals near the border
lines of the characteristic, a hysteresis of 6 % is pro-
vided.

Phase hangle dependence can separately be
achieved for earth fault with RA2E and ¢ag but for
teasons of simplification this is not illustrated in Fig-
ure 4.3.

x4
t
X+A
! Forwards |
: direction :
| |
| |
| | L
| | I
|| L
|| ~ o
RATE) | RA1 Nl @) RAT | yRate
1 TrA2 J1~ RAQT 1 =R
| | |
| |l
| |
| ||
| |
Reverse
| direction l
e =l
X—A
Figure 4.3  Impedance fault detection character-

istics

Pick-up results for the measurement loop in which
the impedance vector lies within the fault detection
polygon. If detection occurs in more than one loop
the relay regards as valid all those loops whose im-
pedance is not greater than 150 % of that smallest
impedance. This avoids wrong pick-up signals
which could be caused by the influence of the fault
currents and voltages on the unfaulted line loops —
especially in cases of small source impedances.

The impedance fault detection for phase-earth is
supplemented by an overcurrent stage Ipn>>
where pick-up of the overcurrent stage only leads to
detection if the associated impedance loop has
been eliminated as described in the previous para-
graph. In this manner double faults with high current
are also correctly detected even if a fault loop has
been eliminated by the procedure described above.
Since the overcurrent stage can only re-establish
eliminated loops for pick-up, erroneous fault detec-
tion as a result of an overcurrent is prevented at the
same time if the short-circuit currents in the fault-free
phases can exceed the set overcurrent value on
non-earthed feeding transformers or earthed con-
sumer transformers.

C53000-G1176-C115
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It is additionally possible to use the impedance fault
detection just only for earth faults. In this case, the
phase-earth measurement is enabled by means of
the earth fault detection, it is not effective for phase-
phase faults. Overcurrent detection is effective in-
stead in this case. This detection program is of ad-
vantage in systems with limiters for earth currents
(earthed at low impedance, so-called resistance
earthing) where a short-circuit current sufficient for
the overcurrent stage flows for phase-phase faults
but not for phase-earth faults. Earth-free faults are
thus detected by the overcurrent stage Ipn>>.

4.2.1.4 \Voltage controlled fault detection
(Under-impedance fault detection) (op-
tional)

The voltage controlled fault detection is a phase-
dedicated fault detection procedure which also
takes into consideration loop information. Decisive
is the exceeding of phase currents, where the pick-
up value depends on the magnitude of the loop volt-
ages.

The basic characteristic can be gathered from the
current/voltage characteristic shown in Figure 4.4.
The exceeding of a minimum current lpn> is the first
prerequisite for each phase pick-up. Above this cur;
rent, voltage-controlled overcurrent detection is ef-
fective whose slope is defined by the parameiers
U(l>) and U(I>>). A high-set overcurrent stage
lph>> is superimposed in the case of short-cireUits
of high current. The bold dots in Figure 4.4 identify
the setting parameters which determine thesgeome*
try of the current/voltage characteristic.

Fault detection of a phase is reset when 95% of the
respective current is fallen below ar:105% of the re-
spective voltage is exceeded.

The device has three such fault detection modules,
each of which is controlled(bysthe phase-earth volt-
ages or the phase-phase veltages. Parameters are
used to define whether theyvoltages Upn_g or the
voltages Uph_phé@re decisive, or whether this de-
pends on the earthifault detection as described in
Section 4.2.1.1. This enables highly flexible adapta-
tion to the system conditions. Optimum control
largely depends ongwhether the system starpoint is
not earthedi(isolated or compensated), earthed with
a low impedance (resistance earthed) or solidly
earthed. The position of the starpoint earthing is also
significanti’the latter case. Information on the set-
tingpis,contained in Section 6.3.4.5.

Unv

20 1
0 |
Iph> : Iph>>
0 | | | | | |
0 1 2 33—
/ln
Figure 4,4%,\/oltage controlled fault detectors,

U/l characteristic

Control with Upn_g is characterized by a high sensi-
tivity to earth short-circuits and is therefore particu-
larly advantageous in systems with an earthed star-
point. It is automatically adapted to the existing load
conditions, i.e. it becomes more current-sensitive
during low-load operation, the pick-up threshold is
higher in the case of high load currents. Table 4.2
shows the assignment of the phase currents, loop
voltages and output results with single-phase pick-
up if control with phase-earth voltages is selected.

The measured line loop depends on the earth fault
detection according to Section 4.2.1.1 and - in
earthed systems — on the parameter 1PH FAULTS
(address 1705) according to Table 4.2. In non-
earthed systems, the phase-phase loop is always
selected in the case of single-phase pick-up without
earth fault detection.

The detected phase(s) are annunciated. An earth
fault is also annunciated if detected according to
4.21.1.
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Fault detection | Measured | Measured Earth fault Parameter Resultant| Annunci?

module current voltage detection 1PH FAULTS line loop ation
L1 L1 L1-E no PHASE —PHASE L3-L1 L1
L2 L2 L2-E no L1-L2 L2
L3 L3 L3-E no L2-L3 L3
L1 L1 L1-E no PHASE—-EARTHY| L1-E L1
L2 L2 L2-E no L2-E L2
L3 L3 L3-E no L3-E L3
L1 L1 L1-E yes irrelevant L1 <E L1, E
L2 L2 L2-E yes L 2-E L2, E
L3 L3 L3-E yes 8-—E L3, E

1) only for earthed system starpoint

Table 4.2
fault detection phase-earth

The sensitivity is particularly high in the case of
phase-phase faults when controlling with Upn_pp,.
This control is advantageous with extended com-
pensated systems because its principle excludes
pick-up by single earth faults. It is automatically
adapted to the existing load conditions in the case of
two-phase and three-phase faults; i.e. it becomes
more current-sensitive during low-load operationy
the pick-up threshold is higher in the case of high

Line loops and phase annunciations with single-phase valtage‘eentrolled

load currents. Table 4.3 shows the assignment of the
phase currents, loop voltages and output results in
the case ofipick-up of only one fault detection mod-
ule,if'eentrol with phase-phase voltages is selected.

‘Theymeasured line loop in this case is independent
of the earth fault detection, and this method is there-
fore not suitable for earthed systems.

Fault detection [Measured | Measured Earth fault Parameter Resultant| Annunci-
module current voltage detection 1PH FAULTS line loop ation
L1 L1 L2 irrelevant irrelevant L1-L2 L1
L2 L2 L2=L3 L2-L3 L2
L3 L3 L3—-L1 L3-L1 L3
Table 4.3 Line loops and phase annunciations with single-phase voltage controlled

faulfdetection phase-phase

If the possibility of making the voltage loops depen-
dent on thetearth fault detection is used, the high
sensitivity for phase-earth faults then also applies to
phase-phase faults. This possibility is, in principle,
independent, of the treatment of the system star-

point; it assumes, however, that the earth fault crite-
ria according to Section 4.2.1.1 have been satisfied
safely for all earth faults. Table 4.4 applies to the fault
detection program phase-earth or phase-phase
voltages with single-phase pick-up.

C53000-G1176-C115
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Fault detection| Measured | Measured Earth fault Parameter Resultant| Annunci-
module current voltage detection 1PH FAULTS line loop ation

L1 L1 L1-L2 no irrelevant L1-L2 L1 O
L2 L2 L2-L3 no L2-L3 L2
L3 L3 L3-L1 no L3-L1 L3
L1 L1 L1-E yes irrelevant L1-E L1, E¥
L2 L2 L2-E yes L2-E L2, E
L3 L3 L3-E yes L3-E , E

Table 4.4 Line loops and phase annunciations with single-phase voltage control etec-

tion, voltages phase-earth with earth fault, voltages phase-phase withou fault

Itis finally also possible to only control with the volta-
ge loops Upnh_g when an earth fault has been de-
tected. Detection for phase-phase faults then only
takes place with high-set overcurrent |>>. This is
advantageous in systems with a low-impedance

trolled fault detectio

D

ually even undesirable
that phase-phase -circuits lead to under-im-
pedance fault d‘e&.

The measur

independent of the parameter

earthed starpoint, i.e. with earth fault limiting aids 1PHF, le 4.5 shows the assignment of the
(so-called resistance earthing). In these cases only phas , loop voltages and output results.
earth faults are to be detected by the voltage con- K
Fault detection| Measured| Measured It Parameter Resultant | Annunci-
module current voltage n 1PH FAULTS line loop ation
L1 L1 L1-E irrelevant L1-E L1, E
L2 L2 L2-E L2-E L2, E
L3 L3 L3-E L3-E L3, E
L1 L1 L1-E irrelevant no pick-up and
L2 L2 L2% no annunciation
L3 L3 L3 by Upp_g</I>
Table 4.5

unciations with single-phase voltage controlled fault detec-

Line loops and pN
tion phase-ear@ earth fault detection only overcurrent pick-up
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4.2.2 Determination of the faulted loop

For calculation of the distance to fault, the currents
and voltages of the faulty loop are decisive. The
phase selective fault detector determines the faulted
loop and releases the corresponding measurement
values for impedance calculation.

For calculation of a phase-phase loop, for example,
for a two-phase short circuit L1—-L2 (Figure 4.5) the
following identity applies:

b1 4 —lho 4 =U1-e-Uor
where U, | are (complex) measured val-
ues and
Z = R + jX is the (complex) line imped-
ance.

The line impedance is thus

g Yoe = Ui
Iy = Iz
Ip4 Z
L1
Ui_e Lo ZL
L2
[ il —— 3
Uo e
LR . E
Figure 4.5  Phase-phase shert circuit loop

For the calculation of'a phase-earth loop, for exam-
ple, for a short €ircuitd 3-E (Figure 4.6) it must be
observed that’the“impedance of the earth return
path is not pormally equal with the impedance of the
phase. In theyloop gquation

N

lisZ, —lg-Ze = Us¢

Zg iskeplaced by % - ZL  which gives us
=18
V4
lLS'ZL_lE'ZL'E_EszS—E
=18

from which one obtains the line impedance

;o Use
= lis = ZE/ZL e

whereby the factor Zg/Z, is dependent only uponithe
line constants and not upon the distance to fault.

Iis Z
L3
Us_e
le Ze
E
Figure, 6 “wPhase-earth short circuit loop

Faultleop selection is such that for each type of fault
the'earrect measured values are used for the calcu-
lation. For multiple faults (whereby more than two
phases or earth are involved), one of the possible
fault loops will be given preference.

The selection of valid short-circuit loops varies con-
siderably, dependent upon whether the system star-
point is earthed, isolated or compensated (Petersen
coil). Accordingly, the treatment of the system star-
point has to be known before the device is put into
operation (see Section 6.3.3.1).

4.2.2.1 Loop determination for solidly earthed

systems

In networks with earthed starpoint, each contact ofa
phase with earth is a short circuit which must be in-
terrupted immediately by the nearest protective de-
vice. If all power transformers feeding towards the
short circuit are earthed, then the earth fault element
will respond (4.2.1.1). The earth fault element is
therefore used as an additional criterion for earth
faults.

With double earth faults, pick-up normally occurs in
two phases and earth (with overcurrent detection) or
for two phase-earth loops (impedance detection). In
this case it is possible to set the relay so that only the
phase-phase loop (parameter PHPHE FLTS =
PHASE —PHASE ONLY) or the loop of the leading
phase to earth (PHPHE FLTS = LEADING PH—E) or
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the loop of the lagging phase to earth (PHPHE FLTS
= LAGGING PH—E) will be selected.

Tables 4.6 and 4.7 show the measurement quanti-
ties which will be selected for distance measure-
ment in earthed networks.

Note: In systems with earthed star-point the relay
must be connected to three star connected voltage

transformers U 1_n, ULo_nN, ULs_N with earthed pri-
mary star-point and to three current transformers ILO

ILo, I 3. The relay calculates the earth fault cu
from the sum of the three phase currents, an‘ the)
displacement voltage from the sum of the t
phase-to-earth voltages.

-
>

Fault detection Selected Selected
phases loop setting parameter
L1, E L1-E irrelevant 0
L2, E L2-E
L3, E L3-E
L1, L2 L1-L2 irrelevant
L2, L3 L2-L3
L1, L3 L3-L1
L1, L2, E L1-L2 PHPHE
L2, L3, E L2-L3 PHASE NLY
L1, L3, E L3-L1
L1, L2, E L1-E TS =
L2, L3, E L2-E DING PH-E
L1, L3, E L3-E
L1, L2, E L2-E PHE FLTS =
L2, L3, E L3-E GGING PH-E
L1, L3, E L1-E Q
L1, L2, L, L3- \ 3PH FAULTS =
L1, L2, L3, 3= E/F CONTROL
L1, L2, L3, L3 3PH FAULTS =
L1, L2, L3, 1 PHASE —PHASE ONLY
L1, L2, L3 3-E 3PH FAULTS =
L1, L2, , L3-E PHASE —EARTH ONLY
Table 4.6 Selected measurement quantities in earthed systems, with overcurrent or under-impedance

fault detection
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Fault detection Selected Selected
phase loops loop setting parameter

L1-E L1-E irrelevant
L2-E L2-E
L3-E L3-E
L1-L2 L1-L2 irrelevant
L2-L3 L2-L3
L3-L1 L3-L1
L1-E, L2-E L1-L2 PHPHE FLTS =
L2—-E, L3-E L2-L3 PHASE —PHASE O
L1-E, L3-E L3-L1 Q
L1-E, L2-E L1-E PHPHE FL
L2—-E, L3-E L2-E LEADING
L1-E, L3-E L3-E
L1-E, L2-E L2—-E S =
L2—-E, L3-E L3-E PH-E
L1-E, L3-E L1-E
L1-L2, L2-L3, L1-L2 levant
L2—-L3, L3-L1, L2-L3
L3-L1, L1-L2, L3-L1
L1-E, L2-E, L3-E L3-E 3PH FAULTS =
L1-L2, L2-L3, L3-L1 L3 E/F CONTROL
L1-E, L2-E, L3-E 3-L 3PH FAULTS =
L1-L2, L2-L3, L3-L1 L PHASE —PHASE ONLY
L1-E, L2-E, L3-E 3-E 3PH FAULTS =
L1-L2, L2-L3, LS—E L3—-E PHASE —EARTH ONLY

Table 4.7 N@e

asurement quantities in earthed systems, with impedance fault detection
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4.2.2.2 Loop determination for non-earthed systems

In isolated or compensated networks, no currents
resembling a short circuit are presentin the case ofa
single-phase earth fault. Only a displacement of the
voltage triangle occurs (Figure 4.7). This condition
does not represent any immediate danger for the
operation of the network. In this case the distance
protection must not respond since the phase-to-

a) sound network, without earth fault

Fig. 4.7 Earth fault in a non-earthed network

Onthe occurrence of an earth fault — above all in ex-
tensive, compensated networks — a significant igni-
tion current can flow which can cause the earth cur-
rent detector to pick up or, for the overcurrent ele-
ment, in certain circumstances, even a phase cur-
rent pick-up. 7SA510 has special features to prevent
such faulty reaction (see Section 4.2.1.1).

In the case of a double earth fault in isolated or gom-
pensated networks, it is sufficient to eliminate ohe
fault. The second fault remains in the network as.a
simple earth fault. Which one of the faultsiwill bg in-
terrupted, is dependent upon the double,earthifault
priority which is set to be the same throughout the
whole galvanically connectedW%network. With
7SA510 the following double earth“fault priorities
can be selected:

acyclic L3 before L1 beforefL2;

abbreviated L3(L1) acyclic;
acyclic L1 before L3'beforeyL2,

abbreviated L1(L3) acyclic;
acyclic L2 before [ybefore L3,

abbreviated L2(L1) acyclic;
acyclic L1 before L2 before L3,

abbreviated L1(L2) acyclic;
acyclic L3 Before L2 before L1,

abbreviated L3(L2) acyclic;
acyclig,L.2before L3 before L1,

abbreviated L2(L3) acyclic;
cy6lien 8 before L1 before L2 before L3,

abbreviated L3(L1) cyclic;
cyclic L1 before L3 before L2 before L1,

abbreviated L1(L3) cyclic.

earth voltage of the faulty phase is zero throughout
the whole galvanically interconnected network. This
would lead to a measured impedance equal zeragfor
the faulty phase-earth loop, at each measuring
point. For this reason pick-up of one single phaseio;
earth fault detector is avoided in 7SA510 relay.

b).earth fault in phase L1

One earth faulvwill be cleared in accordance with the
selegted preference; a second (cross-country) fault
wouldfemain on the network and can be detected
by theyearth fault detection facility (see Section 4.8).

For unearthed networks, measuring quantities will
be selected in accordance with Tables 4.8 and 4.9.

Note: Generally it is assumed that three current
transformers 14, ILo, I 3 and three star connected
voltage transformers are provided. If only two cur-
rent transformers and/or two voltage transformers
(in V—connection) are available, reliable detection of
double earth faults in non-earthed networks is not al-
ways possible. For the double earth fault preference,
the preferred phases must always be equipped with
the current transformers if only two current trans-
formers are connected.
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Fault detection Selected Selected
phases loop setting parameter
L1, E L1-E irrelevant
L2, E L2-E
L3, E L3-E
L1, L2 L1-L2 irrelevant
L2, L3 L2-L3
L1, L3 L3-L1
L1, L2, E L1-E PHASE PREF =
L2, L3, E L3-E L3(L1) ACYCLIC
L1, L3, E L3-E
L1, L2, L3 L3-L1
L1, L2, L3, E L3-E
L1, L2, E L1-E PHASE PREF =
L2, L3, E L3-E L1(L3) ACYCLI
L1, L3, E L1-E
L1, L2, L3 L3-L1
L1, L2, L3, E L1-E
L1, L2, E L2-E PHASE =
L2, L3, E L2-E L CLIC
L1, L3, E L1-E
L1, L2, L3 L1-L2
L1, L2, L3, E L2—-E
L1, L2, E L1-E ASE PREF =
L2, L3, E L2-E 1(L2) ACYCLIC
L1, L3, E L1-E
L1, L2, L3 L1-
L1, L2, L3, E L1-E
L1, L2, E L2 PHASE PREF =
L2, L3, E E L3(L2) ACYCLIC
L1, L3, E 3—
L1, L2, L3
L1, L2, L3, E \—E
L1, L2, E 2—-E PHASE PREF =
L2, L3, E L2-E L2(L3) ACYCLIC
L1, L3, E L3-E
L1, L2, L3 L2-L3
L2, 4. L L2—-E
L1-E PHASE PREF =
L2-E L3(L1) CYCLIC
L3-E
L1, L2 L3-L1
L1, L2, L3, E L3-E
L 2
L2, E L2-E PHASE PREF =
L3, E L3-E L1(L3) CYCLIC
L3, E L1-E
L2, L3 L3-L1
L2, L3, E L1-E

able 4.8

Selected measurement quantities in non-earthed systems, with overcurrent fault detection
or under-impedance fault detection
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Fault detection Selected Selected O
phase loops loop setting parameter

L1-E L1-E irrelevant O

L2-E L2-E

L3-E L3-E .

L1-L2 L1-L2 irrelevant

L2-L3 L2-L3 %

L3—L1 L3—L1 \

L1-E, L2-E L1-E PHASE PREF =

L2—-E, L3-E L3-E L3(L1) ACYCLIC

L1-E, L3-E L3-E

L1-E, L2-E, L3-E L3-E

L1-L2, L2-L3 L2-1L3

L2-L3, L3-L1 L3-L1

L3-L1, L1-L2 L3-L1

L1-L2, L2-L3, L3-L1 L3-L1

L1-E, L2-E L1-E PHASE PR

L2—-E, L3-E L3-E L1(L3) ACYC

L1-E, L3-E L1-E

L1-E, L2-E, L3-E L1-E

L1-L2, L2-L3 L1-L2 \

L2—-L3, L3-L1 L3-L1

L3-L1, L1-L2 L3-L1 K

L1-L2, L2-L3, L3-L1 L3-L1

L1-E, L2-E L2-E H PREF =

L2—-E, L3-E L2-E 2(L1) ACYCLIC

L1-E, L3-E L1-E

L1-E, L2-E, L3-E L2-E

L1-L2, L2-L3 L1-L2

L2—-L3, L3-L1 L2-1L3

L3-L1, L1-L2 L1-L

L1-L2, L2-L3, L3-L1 Li—L.

L1-E, L2-E L1 PHASE PREF =

L2—-E, L3-E ﬁ L1(L2) ACYCLIC

L1-E, L3-E —

L1-E, L2-E, L3-E L

L1-L2, L1-L2

L2-L3, —L1

L3-L1, L1-L2

L1-L2, L1-L2

L1-E, L2-E PHASE PREF =

L2—-E, L3-E L3(L2) ACYCLIC

L1-E, L3-E

L1-E, L3-E

L1-L2, L2-1L3

L2-L3, L2-1L3

L3-L L3-L1

L1 —L3, L3-L1 L2-L3

Ta Selected measurement quantities in non-earthed systems, with impedance fault detection

(continued next page)
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Fault detection Selected Selected

phase loops loop setting parameter
L1-E, L2-E L2-E PHASE PREF = 0
L2-E, L3-E L2-E L2(L3) ACYCLIC
L1-E, L3-E L3-E
L1-E, L2-E, L3-E L2-E 4
L1-L2, L2-L3 L2-L3
L2-13, L3-L1 L2-L3 %
L3-L1, L1-L2 L1-L2
L1-L2, L2-L3, L3-L1 L2-L3
L1-E, L2-E L1-E PHASE PREF =
L2-E, L3-E L2-E L3(L1) CYCLIC
L1-E, L3-E L3-E
L1-E, L2-E, L3-E L3-E
L1-L2, L2-L3 L2-L3
L2-L3, L3-L1 L2-L3
L3-L1, L1-L2 L3-L1
L1-L2, L2-L3, L3-L1 L3-L1
L1-E, L2-E L2-E PHAS =
L2-E, L3-E L3-E L LIC
L1-E, L3-E L1-E
L1-E, L2-E, L3-E L1-E \
L1-L2, L2-L3 L1-L2
L2-L3, L3-L1 L3-L1
L3-L1, L1-L2 L3-L1
L1-L2, L2-L3, L3-L1 L3-L1

Table 4.9 Selected measurement quantitie

4

non-earthed systems, with impedance fault detection

N

O
Q>®

L 4
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4.2.3 Faultimpedance calculation

The relay calculates the resistance R and the reac-
tance X of the fault loop separately, using the mea-
sured values determined by the selection described
in Section 4.2.2. As long as a fault detector has
picked up, the calculation is effected continuously.
The algorithm evaluates all the updated instanta-
neous values of current and voltage throughout at
least the last half cycle. With difficult measurement
conditions, e.g. very small measurement voltages or
near the balanced point, the data window and thus
the number of evaluated values is automatically in-
creased.

The calculation is an integration of the line identity:

. di =
L dt+RI u,

and allows, with its ideal filter characteristics, deter-
mination of the R and X (= wL ) components for the
short circuit loop, independent of the setting of the
tripping characteristics.

For calculation of a phase-to-phase loop values con-
forming to the selection given in 4.2.2, for u the in-
stantaneous values of phase-to-phase voltage, and
for i the difference of the phase currents, are used,
e.g. (Figure 4.5)

di di ) .
L- (T? + T?) +R iy — i) =Uq_g— U ¢

For calculation of a phase-to-earth loop (according
to Figure 4.6)

(dis  Xe dig ;o _Am\ Y
L (W )TL ot +R-|is, RLIE = U g
R and L are the required impedance components.

The calculated reactanceiis thesline reactance X_ up
to the point of faultf Thissdeteérmines the distance to
fault. The resistanee galuefon the other hand con-
tains, in addition to theycanductor resistance Ry, the
fault resistance Rg (refer to Figures 4.8 and 4.9).

Note: The factors Rg/R. and Xg/X|_are purely mathe-
matical values and have no physical meaning. They
can be relatively easily calculated from the line data
— withottusing complex forms — from the formulae:

refer to Section 6.3.3.2.

The separate setting facilities #orjthe factors allows
the possible phase difference between earth and
conductor impedance to bestaken into account, in
addition to the relationship Zg/Z,. This difference
can be of significant yalue ine€able networks.

L1

Re
L2

[ e—iii— 3

U e
Yy — - E
Figure 4.8  Phase-phase short circuit loop
L3 RL XL
L3
Uas_E Re
Ie Re Xg
E
Figure 4.9  Phase-earth short circuit loop
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4.2.4 Directional determination

The direction of the flow of fault energy is determined
in a similar way to distance measurement (Section
4.2.3). For the directional determination, however,
sound phase and stored reference voltages are
used. Itisthus ensured that the relay correctly deter-
mines the direction of all types of fault, even when
the short-circuit voltage has collapsed. The stored
voltage (2 a.c. cycles) is only of importance, if the
measuring-circuit voltage is not sufficient for a pre-
cise directional determination.

A\U

Uis Urs
Uio1s

a) Loop phase-earth (L1—-E)

The reference voltage for both a phase-earth logp
and a phase-phase loop is always at right*angles’to
the short circuit voltages (Figure 4.10). {This i§ con-
sidered in the calculation of the directional®ector.
Table 4.10 shows the allocation of measured values
for the calculation of distance and direction to the 6
possible fault loops.

The theoretical directionalline isgshown in Figure
4.11. In practice, the positien ofithe directional char-
acteristic is dependent{uponithe source impedance
as well as the load cutrenteafried by the lineimmedi-
ately before fault inception.

Uio1s

b) Loop phase-phase (L2-L3)

Figure 4.10 Reference'voltages for directional determination

Faulted Measuring current Measuring voltage Measuring voltage
loop (distance/direction) (distance) (direction)
L1-E Iy — ke le Ui_e U3
L2-E lo — ke - Ig Uo e Uis_ L1
L3-E lis —ke-le Uk Ui
L1-L2 Iy = lio Ui U 13— Uia 14
£2-13 lo =13 U3 Ui 11 -YUii_e
L3-L1 Iz = Iy Uis L1 Upi—o—-Yio13

Note: ke = Zg/Z,
Table 4.10

Measured values for distance calculation and directional determination
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dx
inductive
Z forwards
Directional—
characteristic
—» R
reverse
capacitive
Figure 4.11 7SA510, directional characteristics
X
Z +Zs2
Fi
Zs1 —= R
4.12b

Figure 4.12 shows the directional characteristic, tak-
ing into consideration the source impedance, with-
out load current. Since the unfaulted voltage equal$
the generator voltage and does not change after
fault inception, the directional characteristic ifi the
impedance diagram appears to be displaced byithe
source impedance. If the location of the fault is F1
(Figure 4.12a) the short circuit lies in the forward di-
rection, the source impedance in the reverse direc-
tion. All fault locations right up to thé relay location
(c.t.s) are clearly recognized asyforwards” (Figure
4.12b). When the current flows in theyopposite direc-
tion, the directional characterigtic éhanges immedi-
ately (Figure 4.12c). Then_the reversed current,
which is determined by the sourceimpedance Zgo +
Z,, flows through the “measuring point (current
transformer).

Fo

Zs1

4.12c

Figure 4.12 Directional characteristic with source impedance without load transport

If loadds,catried by the line, then this results in a volt-
age drep at'the source impedance (Figure 4.13a).
Sincepatithe measuring point, the voltage U is mea-
stredjnot generator voltage E, the directional char-
acteristic suffers a rotation by the load angle § (Fig-

ures 4.13b and 4.13c). Therefore, the directional
characteristic has a safety distance from the limits of
the first quadrant in the R—X-diagram (Figure
4.11).
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before fault inception

4.13a Voltage vector diagram for earth fault on loaded line

N
Qf&
Q

L 4

Figure 4.13 Directional char\@ with source impedance and load transport

L 4
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4.2.5 Tripping characteristics

The tripping zones of the distance protection relay
7SA510 have a polygonal characteristic. They con-
sist of the directional lines in accordance with Sec-
tion 4.2.4 and, in each case, a reactance and resis-
tance limit. Reactance intersection X and resistance
intersection R can be set separately and indepen-
dently from each other. In addition, the R—intersec-
tions can be set separately for phase-phase faults
and phase-earth faults (RE) so that a higher resis-
tance margin can be obtained for earth faults, if re-
quired.

As shown in Figure 4.14 the relay possesses the fol-
lowing characteristics which can be set indepen-
dently:

— 1st zone (instantaneous zone Z1), with the set-
ting parameters:

X1 Reactance = reach

R1 Resistance phase-phase

R1E Resistance phase-earth

T1 T1 = 0 or delayed, if required, separate
time settings for single-phase and multi-
phase faults.

— 2nd zone (delayed back-up zone Z2) with the set#
ting parameters:

X2 Reactance = reach,

R2 Resistance phase-phase,

R2E Resistance phase-earth,

T2 Delay(separate settings for single-phase
and multi-phase faults).

— 3rd zone (delayed back-up zone Z3)with the set-
ting parameters:

X3 Reactance = reach,

R3 Resistance phasg phase,
R3E Resistance phaseéarth,
T3 Delay.

Besides these independent zones, two controlled
zone is available which can be activated by logieal
conditions:

— Overreach zone Z1B for zone extension, e.g for
teleprotection or controlled via binary input, with
the setting parameters:

X1B Reactance = reach,

R1B Resistance phase-phase;

R1BE Resistance phase-garth;

T1B T1B = 0 or delayged; ifrequired, separate
time settings for single-phase and multi-
phase faults.

— Overreach zone ZiL“activated by multi-shot AR
(2nd and further‘gycles,”so-called DAR)or con-
trolled via binafyinputy with the setting parame-
ters:

X1L ,_ Reactance = reach,

R1L “Resistance phase—phase,
R1BE’Resistance phase—earth,

T1® Tdly= 0 or delayed, if required.

All’ZonesPcan be set to operate either in forward di-
rection, or in reverse direction or non-directional.

Figure 4.14 shows the tripping characteristics. For
an easier clarification, separate R—setting for earth
faults is shown for 1st zone only. Zone Z1L is omitted
for the same reason.

Additionally, a directional and a non-directional final
stage are available. Characteristic and reach of
these are determined by the selected fault detection
option (refer to Section 4.2.1). For models with im-
pedance fault detection (4.2.1.3), fault detection
zone ZA is provided, as shown in Figure 4.3. The
reaches of the other types of fault detection are de-
pendent on the infeed characteristics (e.g. system
impedance ratio), so that they have no fixed shapein
the R—X-plane.
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()O

Fault detection
X3 T4 (—); T5 L 2

F
{0

; X1B (§

igure 4.14  Tripping characteristics
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4.2.6 Tripping logic

When the relay has detected a fault (see Section
4.2.1), the delay times are started. The impedance
ofthe selected fault loop, according to Section 4.2.2,
are compared with the threshold of the set zones.
Tripping occurs when the impedance is within a
zone whose corresponding time stage has expired
and the fault direction complies with the direction as
set for that zone. For zone Z1 (and Z1B) the delay
time can equal zero, i.e. tripping occurs as soon as it
has been confirmed that the fault lies within the
zone. An automatic repetition of the measurement
becomes effective near to the balanced point in or-
derto prevent any transient overreach. This can lead
to a slight increase in the reaction time.

External binary inputs can be used to release the
overreach zones Z1B and/or Z1L.

Figure 4.15 illustrates the block diagram of the trip-
ping logic.

The integrated switch-onto-fault logic (Section
4.2.7) can be set to activate either zone Z1B (direc-
tional or non-directional) or fault detection (non-di-
rectional and non-delayed). Figure 4.15 shows both
possibilities.

For the issue of tripping command to the circuit
breaker, appropriately powerful tripping relays,are
provided, each with two closing contacts. The trips
ping relays are automatically reset, when the fault
detector resets and the fault current has (beén
switched off (reset of minimum currentgmonitor
0.1ly). Up to that point, the tripping circuit must be
broken by an auxiliary contact on the ciréuit breaker.

4.2.7 Switch-onto-fault protection

If one switches a dead but short circuited line onto a
live bus-bar it is essential, in general, that this line“oe
immediately disconnected. Using distance protec-
tion alone, however, disconnection for faults closette
either line end is not always possible: for a three-
phase fault at the location of a relay an accurate
measured voltage for correct directional determina-
tion will not necessarily be available; when the volt-
age transformers are connectedyon the'line side,
even stored voltage values argmot available. If the
fault is at the opposite line end, distance protection
will operate only after a time,delay

For close-up faults the distance protection will de-
cide on "forwards” after connection of the line when
the voltage signal is missing. Thus, instantaneous
trip by the first zone is,possible.

To be sure ofanimmediate disconnection under any
conditiomand especially when switching onto bolted
fault, the'manual close command from the discrep-
ancy switch ‘eéan be repeated, via a binary input to
cause an immediate trip signal when a fault is de-
tectedwithin an adjustable time (Figure 4.16). The
faultisycleared either with pick-up of overreaching
zone Z1B (directional), as illustrated in Figure 4.16,
or pick-up of the fault detector (selectable) without
delay.

The integrated switch-onto-fault logic of 7SA510 au-
tomatically distinguishes between an external con-
trol command and an automatic reclose command
by means of the internal auto-reclose circuits, so
that the binary input "manual close” can be con-
nected directly to the control circuit of the closing
coil of the circuit breaker. If, however, external clos-
ing commands are possible, which the switch-onto-
fault protection shall not operate (e.g. external auto-
reclose devices), the binary input "manual close”
must be triggered by a separate auxiliary contact on
the discrepancy switch.
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igure 4.15 Schematic block diagram of the tripping logic of the distance protection
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Figure 4.16 Functional diagram of the switch-onto-fault protection

4.2.8 Definite time overcurrent and emergency protection

7SA510 provides an overcurrent protection.” This
feature may, for example, be useful whefi, durifng
first commissioning, voltage transforier ‘output is
not available.

The overcurrent function may alse‘comevautomati-
cally into operation when the m@asured voltage is
not available, e.g. during short-Gircuit/or an interrup-
tion in the VT circuits.

Overcurrent protection backswup the distance pro-
tection when failurg of the measured voltages is de-
tected by any onée'ef the following conditions: opera-
tion of the fuse failure 4monitor (refer to Section
4.13.4.3) or the signal "VT mcb tripped” is applied to

an input relay.

If either of these factors occurs, distance protection
is immediately blocked and emergency overcurrent
protection may become operative (selectable).

Under this condition, selectivity can only be
achieved by time delay, just as for all types of over-
current protection scheme.

As soon as the device recognizes that the measured
voltages have reappeared, the system switches
back to distance protection.

For further details refer to Section 4.6.
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4.3 Measures to be taken in the case of power swings (optional with

impedance fault detection)

After dynamic occurrences, such as load fluctua-
tions, short circuits, auto-reclosures or switching op-
erations, the generators may have to adjust to the
new load conditions in the network. The distance
protection registers the high equalizing currents and
— in particular in the electrical centre — reduced volt-
ages during power swings (Figure 4.17). Small volt-
ages with simultaneously high currents simulate ap-
parently small impedances, which can lead to trip-
ping. In extensive networks which carry high loads,
even the stability of the energy transfer can be en-
dangered by such power swings.

§1 _Ez

]~ at measuring point M

Figure 4.17 Power swing

In order to prevent uncontrolled’tripping, the dis-
tance protection devices are provided with power
swing blocking deviges;, In=€ertain strategic loca-
tions within the network{ olt-of-step tripping devices
are installed, so that thefnetwork can be split into
part network§ in the case of loss of synchronism due
to strong (Unstable) power swings.

In models with impedance fault detector, the dis-
tance protection relay 7SA510 can be equipped with
a paowerful power swing supplementary function
(dependent of the ordered model), which prevents
tripping\by the distance protection during power
swings (power swing blocking), but also allows trip-
ping at predetermined locations in the case of unsta-
ble power swings (out-of-step tripping).

4.3.1 Detection of power swings

Power swings are three-phase symmetrical occur-
rences. The first prerequisite is therefore the ab-
sence of any earth fault and he symmetry of the
measured impedances. /As long as the earth fault
detection has picked up (see,Seetion 4.2.1.1) or the
three impedances phasé:phase differ from each
other by more than 25 %,4gower swings are not de-
tected. Asymmetrical,shert” circuits (i.e. all one-
phase and two-phase short circuits) can therefore
not result in picksupteffthe power swing blocking
function. Evenwhema power swing has been recog-
nized, the following asymmetrical short circuit cur-
rents lead(to fast release of the power swing block-
ing fdnetionfand render possible tripping by the dis-
tance protection.

In order to'detect a power swing, the rate of change
ofithe impedance vector is measured. Because of
the symmetry conditions, it is sufficient to limit the
pewer swing detection to one loop (L1-L2). The
measurement commences when the impedance
vector moves into the power swing polygon PPOL
(see Figure 4.18). In the case of a three-phase short
circuit (1), the impedance vector immediately moves
into the fault detection polygon APOL. However, in
the case of a power swing, the apparent impedance
vector first moves into the power swing polygon
PPOL and later into the fault detection polygon
APOL (2). ltis also possible for the impedance vector
to enter and leave the power swing polygon without
moving into the fault detection polygon (3). If the im-
pedance vector moves through the whole area rep-
resented by the power swing polygon, then parts of
the network, seen from the protective device, have
become asynchronous (4): the transfer of energy
has become unstable.

If the rate of change of the impedance vector is
smaller than a (selectable) value dR/dt, a power
swing is recognized. The measuring time of the
power swing detector is coordinated with the dis-
tance between power swing polygon PPOL and fault
detection polygon APOL, so that the power swing is
detected before the vector moves into the fault de-
tection polygon.
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Figure 4.18 Pick-up characteristic for the detection of pgWwer, swings

4.3.2 Power swing blocking

When the criteria for power swing detection fave
been met, then the following reactions are possible
(settable) for power swing blocking:

— Blocking of the first stage only:
The first stage of the distance protection{Z1 and
Z1B) cannot trip. Faults from the seeend stage
onwards (T2 expired) are tripped aftentheir delay
time.

— Blocking of all stages but the first:
Only the first stage ofithe'distance protection (Z1
or Z1B) is available. Higher stages are not avail-
able.

— Blocking of all stages:
The distance protection is blocked with all of its
stages.

The selettedyreaction remains effective until the
measured\impedance vector leaves the power
swingypolygon PPOL or when, due to earth fault
pick-up.er asymmetry, the power swing criteria are
noeylonger met. The action time of the power swing
blocking device can also be limited by a selectable
time P/S T-ACT.

4.3.3 Out-of-step tripping

When the criteria for power swing detection are met,
and when out-of-step tripping is selected, then the
distance protection with all of its stages is blocked,
in order to prevent tripping by the distance protec-
tion.

When the impedance vector leaves the power swing
polygon, the vector is checked by its R—compon-
ent. Ifthe R—component still has the same sign as at
the point of entry, then the power swing is in the pro-
cess of stabilizing. Otherwise the vector has passed
through the polygon (loss of synchronism, case (4)
in Figure 4.18). The device issues a tripping com-
mand of adjustable duration. The out-of-step trip is
announced. The impedance vector must have
passed through the power swing polygon within an
active time which is identical with P/S T—ACT.
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4.4 Universal teleprotection interface

Short circuits on the protected line which lie beyond
the first distance zone can be selectively cleared by
distance protection only after a delay time. For line
lengths which are shorter than the shortest reason-
able distance setting, short circuits can equally not
be selectively cleared instantaneously.

Thus, to achieve instantaneous clearance of all
faults for 100 % of line length, 7SA510 can exchange
and process information from the opposite end sta-
tion by the use of an incorporated teleprotection in-
terface. For this purpose, the relay has transmitter
output and receiver input.

Distinction is made between permissive underreach
transfer trip modes (PUTT) and permissive over-
reach (comparison) transfer modes (POTT).

For underreach transfer tripping, the relay is set with
normal discrimination steps. If a tripping command
is given in the first zone, this is transmitted to the oth-
er line end through a teleprotection system. There,
the received signal will cause intertripping, as long
as the relay at that end has picked up or has recog-
nized a fault in its overreaching zone. 7SA510 per;
mits:

— underreach transfer trip via fault detection zone
(FD non-directional),

— underreach transfer trip via overreach zone Z1B
acceleration (directional).

For the comparison (overreach) transfergmodes the
relay will already incorporate a fast'‘everreach zone.
This can, however, give a trip.sighal only when a fault
is also detected at the otheriine.endin an overreach
zone. Either a release of a blecking signal can be
transmitted.

Distinction is made between

Release mades;

— Permissiveyfoverreach transfer with overreach
zone Z1B,

— Directional comparison transfer with fault detec-
tion,

— Zone Z1B comparison unblocking mode;
— Directional comparison unblocking mode, (with
fault detection).

Blocking mode:
— Blocking of the overreach zone Z1B.

Pilot wire modes:
— Zone Z1B overreach transfeftrip via pilot,
— Reverse interlocking.

The comparison via pilot wirgjis particularly useful in
cable networks with shert distances. Here the infor-
mation exchange“etwgen the line ends can be
made via one pilet,wiré pair or control cores, using
direct current, TheWreverse interlocking scheme
works withgehc. cantrol signals, too.

For theletherteleprotection modes, a voice frequen-
cy channelis most frequently used (e.g. Siemens
transmission device SWT 500 F6 with frequency
shiftimodulation). The voice frequency is transmitted
viagtelephone cable, power line carrier, or radio
transmission. Alternatively, the signals can be trans-
mitted via optical fibre connections.

If a fault occurs in the receiving device or on the
transmission link, the receiver logic of the universal
teleprotection interface can be blocked by the input
of a binary signal without affecting the normal dis-
tance protection grading. Measurement range con-
trol (release of zone Z1B) can then be transferred to
the auto-reclose function (see also Section 4.10.1),
or the auto-reclose function can be blocked.

Since, in 7SA510, all zones operate independently, it
is also possible to give rapid trip in Z1 without receipt
of arelease signal, or with a blocking signal present,
in the comparison modes. Ifinstantaneous trip is not
desired, e.g. for extremely short lines for reasons of
selectivity then zone Z1 must be delayed by time
stage T1.

When emergency overcurrent protection is operat-
ing the universal teleprotection interface function is
out of operation.
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4.41 Permissive underreach transfer

trip with fault detection

With a fault in zone Z1, an intertrip signal is trans-
mitted to the opposite end of the line. This can be
delayed by T4. The signal received there will result in
a trip, as long as the relevant protective device has
picked up (fault detection FD). The duration of the
transmit signal can be increased by Ty (program-
mable) in order to match with different pick-up times
of the relays at the line ends. The duration of the re-
ceive signal can be increased by T,.

Figure 4.19 shows a simplified block scheme of this
function.

In this operating mode, the overreach zone Z1B is of
no importance for the universal teleprotection inter-
face, but it can be initiated by the auto-reclosure
function (see Section 4.10.1).

Fault detection @

4.4.2 Zone acceleration with Z1B

Just as for a permissive underreach transfer trip with
fault detection, the tripping signal of distance zone
Z1 willtransmit an intertrip signal to the oppositefifie
end (if desired, delayed by Tq). There, a trip com-
mand is given when the fault has been detectedtin
zone Z1B in the set direction. The difference be-
tween permissive underreach trip with fault detec-
tion and zone Z1B acceleration is that,at the receiv-
ing end the tripping area is defined Py thgextended
zone Z1B directional. The duratien of the transmit
signal can be increased by T, the duration of the re-
ceive signal can be increased by T

Figure 4.20 shows a simplifiedyblock scheme of this
function.

If the transmission lifk is faulty, the overreach zone
Z1B can be initiated,by‘the auto-reclosure function
(see Section 4.10.1).
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Figure 4.19 Permissive underreach transfer trip (FD acceleration) — block scheme
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Figure 4.20 Zone acceleratiomZ1B — block scheme

4.4.3 Permissive overreach transfer trip with Z1B

The permissive‘@verreach transfer trip function uses
a permissive release principle. Zone Z1B is of signifi-
cance as it is,set to include the next station and be-
yondk This method of signal comparison can also be
used for extremely short line lengths, when a setting
o 85 % of the line length and therefore selective im-
mediate disconnection is not possible. In the latter
case, Zone Z1 has to be delayed by T1 because it
will operate independent of receipt of a signal.

Figure 4.21 shows a simplified block scheme.

If the distance protection detects a fault within the
overreach zone Z1B, a release signal is sent to the
opposite line end (if desired, delayed by Ty). If are-
lease signal is also received from the opposite end of
the line, the tripping command is transmitted to the
command relay. Prerequisite for immediate discon-
nection is therefore the detection of a fault within
zone Z1B from both line ends in the parameterized
direction.
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The duration of the transmit signal can be increased
by Ts (programmable), but this prolongation is effec-
tive only after the protection has issued a trip com-
mand. This ensures the remote line end to be re-
leased also in case the local line end is tripped very
quickly by the independent first distance zone.

For the other zones (Z1, Z2, Z3), tripping occurs
without release from the opposite line end, so that
the distance protection works normally even without
transmission.

If the teleprotection channel is monitored and a
transmission fault is detected, the receiving end log-
ic can be made ineffective by the input of a binary
signal. Distance protection then operates with nor-
mal grading (rapid trip in Z1). Overreach zone Z1B

can then be initiated from the AR function (see Sec-
tion 4.10.1).

False signals which may have been caused by tran-
sient oscillations after the interruption of external
faults or by reversal of direction of flow after intefrup-
tion of faults on parallel lines, are rendered harmless
by a transient blocking function (refer to Section
4.4.11).

For lines which are fed from one linefendsonly, no re-
lease signal can be formed at the unfed’'line end,
since no pick-up can occur therg.In'erder to achieve
even in this case immediate tripping,over 100 % of
the line length, an additional echounction is avail-
able (see Section 4.4.10).
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Figure 4.21 Permissive overreach transfer trip (release of Z1B) — block scheme
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4.4.4 Directional comparison (fault detection zone release)

Directional comparison also performs a transfer re-
lease function.

Figure 4.22 shows a simplified block scheme.

If the relay detects a fault in the line direction it sends
(after a settable time 4 if desired) a release signal to
the relay at the opposite line end and, when a corre-
sponding confirmation signal is received, issues the
tripping signal. The distance grading operates inde-
pendently of the directional comparison.

The duration of the transmit signal can be increased
by Ts (programmable), but this prolongation is effec-
tive only after the protection has issued a trip com-
mand. This ensures the remote line end to be re-
leased also in case the local line end is tripped very
quickly by the independent first distance zone.2

Fault detection @

If the transmission channel is monitored andsafault
is detected, this will only block the directional com-
parison function, via the input channel #Reception
faulty”.

False signals which may have been caused by tran-
sient oscillations after the interruptiongof external
faults or by reversal of directiopsof flow after interrup-
tion of faults on parallel lines, arefrfendered harmless
by a transient blocking “functien (refer Section
4.4.11).

For lines which are fed\fromsne line end only, no re-
lease signal can be formed at the unfed line end,
since no pick-up,ean@ecur there. In order to achieve
even in this case immediate tripping over 100 % of
the line length, “an additional echo function is avail-
able (see/Section 4.4.10).2
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Figure 4.22 Directional comparison — block scheme
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4.4.5 Unblocking mode with Z1B

The unblock mode is a releasing procedure. Zone
Z1B is set to reach beyond the next station. The dif-
ference from permissive overreach transfer trip with
Z1B (Section 4.4.3) is that a trip command is also
possible when no release signal is received from the
opposite end. It is therefore principally used for long
lines, when the signal has to be transmitted over the
protected line using a PLC system and the damping
of the transmitted signal can be so large at the point
of fault that its receipt from the other line end cannot
be unconditionally guaranteed. For this particular
case, a special unblocking logic comes into opera-
tion.

Figure 4.23 shows a simplified block scheme of this
function.

For signal transmission one requires two signal fre+
quencies which are shifted over from the transmitter
output in 7SA510. If the PLC system incorporatés
channel monitoring (e.g. Siemens voice frequency
unit SWT 500 F6) then the monitoring frequency fyis
switched to a working frequency. If the relay detects
a fault within the overreach zone Z1B, it initiates
transmission of the working frequeney fy (unblock-
ing frequency, can be delayed by T4).dnder normal
conditions or with a fault outside the Z1B/zone, or in
the direction opposite to that seffithe monitoring fre-
quency fy is transmitted. If the iransmission channel
is distorted, the receiver unitwill issde the fault signal
F. Received signal and fault sighal pass through an
unblocking logic circuitwhiehs€an be seen in Figure
4.25.
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Figure 4.23 Unblocking mode with Z1B — block scheme
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Ifthe unblocking signal U is faultlessly received, then
the release signal R is formed (in Figure 4.25 upper
signal route), that is, the tripping signal of zone Z1B
is forwarded to the tripping relay (as with overreach
transfer with Z1B). If fault signal F appears, no re-
lease is given.

Ifthe signal to be transmitted does not reach the oth-
erline end, because a short circuit on the line causes
excessive damping or reflection of the signal, the re-
ceiver recognizes a fault and issues fault signal F. In
this case, after a safety delay time of 20 ms, release
signal R is dispatched, but by the time stage
100/100 ms it is cancelled after a further 100 ms.
When the fault signal disappears again, the quies-
cent condition is reestablished after another 100 ms
(reset delay of time stage 100/100 ms), that is, the
upper release route in Figure 4.25 is again available.

For all zones with the exception of Z1B, tripping is
permitted without release, so that the relay operates
independent of signal transmission. The overreach
zone Z1B can then be initiated from the automatic
reclosing system (see Section 4.10.1).

If the transmission device has no channel supernvi=
sion facility but only demodulates the two frequen-
cies (unblocking frequency and blocking freguen=
cy), the fault signal F can be produced by a simple
logic according to Figure 4.26. Instead ofstheyAND
gate, an exclusive—OR gate can be incorporated.
Standing transmission faults will be recognized by
7SA510 after approximately 10 s and annunciated.

False signals which may have been caused by tran-
sient oscillations after the intemr@ption of external
faults or by reversal of dire¢tion of flow after interrup-
tion of faults on parallel lines, are rendered harmless
by a transient blocking/function (refer Section
4.4.11).

For lines which are fed from one line end only, nore-
lease signal can be, formed at the unfed line end
since no pick-up,can occur there. In order to achieve
even in thi§ case immediate tripping over 100 % of
the line length, J/an additional echo function is avail-
able (seeySection 4.4.10).
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Figure 4.24 Directional comparison unblocking mode with fault detection — block scheme
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4.4.6 Directional unblocking mode with fault detection

The unblocking mode is a release procedure. The
difference from directional comparison procedures
(Section 4.4.4.) is that a tripping signal is also possi-
ble when no release signal is received from the op-
posite end. It is therefore principally used for long
lines when the signal must be transmitted over the
protected line by a PLC system and the damping of
the transmitted signal at the point of fault is so large
that receipt from the other line end cannot be uncon-
ditionally guaranteed. In this case, a special un-
blocking logic comes into operation.

Figure 4.24 shows a simplified block scheme of this
function.

For signal transmission one requires two signal fre-
quencies which are shifted over from the transmitter
output in 7SA510. If the PLC system incorporates
channel monitoring (e.g. Siemens voice frequency
unit SWT 500 F6) then the monitoring frequency fg is
switched to a working frequency. If the relay detects
afault in the line direction, it initiates transmission of
the working frequency fy (unblocking frequency,
can be delayed). Under normal conditions or with a
faultinthe direction opposite to that set, the monitor-
ing frequency fy is transmitted. If the transmission
channel is distorted, the receiver unit will issue the
fault signal F. Received signal and fault signal pass
through an unblocking logic circuit which can be
seen in Figure 4.25.

E d& z1 R
& —
2 20 0 1607100
r 1 @ r 1
—( ms ms

Figure 4.25 Unblockifng Logic

Ifthe unblocking signal U is faultlessly received, then
the releasefsignal R is formed (in Figure 4.25 upper
signal route)that is, an undelayed tripping signal
can be forwarded to the tripping relay for a detected

fault in line direction (as with directional compari-
son). If fault signal F appears, no release is givem:

Ifthe signal to be transmitted does not reach the oth=
er line end, because a short circuit on the line causes
excessive damping or reflection of the signal, the re-
ceiver recognizes a fault and issues fault signal F. In
this case, after a safety delay time of 20/ms, release
signal R is dispatched, but byythe,time stage
100/100 ms it is cancelled aftema fagther 100 ms.
When the fault signal disappears again, the quies-
cent condition is reestablished afteranother 100 ms
(reset delay of time stage 100/400 ms), that is, the
upper release route in Eigure,4425 is again available.

If the transmission device has no channel supervi-
sion facility but gnly demodulates the two frequen-
cies (unblo¢king’ frequency and blocking frequen-
cy), the fault'signal’F can be produced by a simple
logic in@aecordance with Figure 4.26. Instead of the
AND gatepan-exclusive OR gate can be incorpo-
rated. $Standing transmission faults will be recog-
nized by 78A510 after approximately 10 s and an-
nunciated.

Unblock frequency ——Q &
Block frequency —0

Figure 4.26 Producing the fault signal F

False signals which may have been caused by tran-
sient oscillations after the interruption of external
faults or by reversal of direction of flow after interrup-
tion of faults on parallel lines, are rendered harmless
by a transient blocking function (refer Section
4.4.11).

For lines which are fed from one line end only, no re-
lease signal can be formed at the unfed line end,
since no pick-up can occur there. In order to achieve
even in this case immediate tripping over 100 % of
the line length, an additional echo function is avail-
able (see Section 4.4.10).
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4.4.7 Blocking mode

In the blocking procedure, the transmission link is
used to send a blocking signal from one line end to
the other. The signal is transmitted when the relay
detects a fault in the reverse direction.

Figure 4.27 shows a simplified block scheme.

Faults in the overreach zone Z1B, which is set to ap-
proximately 120 % of the line length, lead to a trip
signal as long as no blocking signal is received from
the opposite line end. Because of possible differ-
ences in the pick-up times of the relays at each line
end and because of the transmission time, zone Z1B
must be somewhat delayed with time T1B.

Equally, to avoid competition, a dispatched signal
will be lengthened by the adjustable time T-
SEND-PRL (Tg in Figure 4.27). Also the receive sig-
nal will be lengthened by the transient blocking time
T—-TRANSBLO (TB in Figure 4.27) provided it has
been received for the waiting time (TW). The tran-
sient blocking time again comes into operation to
render harmless fault signals which may have been

caused by transient oscillations after the interfup-
tion of external faults or by reversal of direction of
flow after interruption of faults on parallefline, (See
transient blocking function, Section 4.4111.).

If the teleprotection channel is monitored and a
transmission fault is detected, the receiving end log-
ic can be made ineffective bygthe input of a binary
signal. Distance protectien thepfoperates with nor-
mal grading (rapid trip in Z%). Overreach zone Z1B
can then be initiated frop™he AR function (see Sec-
tion 4.10.1.).

An inherent charaeteristi¢,of the blocking function is
that rapid discomnectien of single end fed faults is
ensured even!without special measures since no
blocking signalean be formed at the non-feeding
end. Alsothe/jprecedure is particularly suitable when
the signal'must/be transmitted via the protected line
using a,PkC "system and the damping of the trans-
mitted signal can be so large at the point of fault that
its reeeiptfrom the other line end cannot be uncondi-
tionally*guaranteed.

Z1B @|

Fault detection @

210D

Fault detection @ |

1

e

D._

Fault detection @

zv (2)

Fault detection @ ‘

|z1B@

Flt.det. 0 T Ts 0 Flt.det.
@ _C&—I—|— T -—\\ //—— T —I—|<—&O_ @
\ /

Z1B \ / Z1B
o Vo gie

i B
[ —
[ |
Forw. & 3 & - Forw.
direc. 0 %1 — Trip / \ Trip <] %1 ; o - direc.
Zand / \ Z1 and
further / \ further
Zones — // \\_ W 1B zones
| g 1 |’ ! R < — > R T 1 g 1 [ |
1 []
Figure 4.27 Blocking mode — block scheme
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4.4.8 Overreaching zone comparison
via pilot wires

In this mode the overreach zone Z1B takes on the
function of the instantaneous stage at both ends of
the protected line. Zone Z1B is set beyond the next
station. The comparison function prevents non-se-
lective tripping.

The information exchange between the two line
ends is made via a pilot wire or control core loop,
connected at each end via an auxiliary relay, and fed
from the d.c. battery of one of the substations. For
each line end an interposing relay 7PA5210 is there-
fore necessary (Figure 4.28). Connection diagrams
are included in Appendix B.

Under healthy conditions the pilot wires carry direct
current thus achieving pilot wire monitoring. Both
auxiliary relays K2 are energized (in contrast to the
illustration in Figure 4.28).

Distance protection pick-up at either line end will in-
terrupt the wire loop via the send signal and auxiliary
relay K1. Both K2 drop off and block tripping in Z1B
via the receive signal. If the relay then detects the
fault within the overreach zone Z1B, the send signal
disappears again. Ifthe loop at the opposite end sta-
tion is also closed by the same procedure, relays K2
are energized again and, as a result, the receive sig-
nals disappear and tripping is released at both line
ends.

If a fault occurs beyond the protected line, the d.c.
loop will be interrupted by fault detector pick-up of
the devices at both ends. Since, however, at least
one line end will not de-energize the send signal
(fault not in zone Z1B in line direction), the loop rex
mains open.

Substation A

The receive signals are maintained at both line ends
and therefore no trip results. The remaining dis-
tance stages however operate independently, so
that the back-up protection functions are not af¢
fected.

For lines shorter than the shortest distance setting
one must nevertheless observe that the first dis=
tance zone shall be set to be either ineffective or the
time T1 shall be set equal to the second distance
zone.

With single end feed, instantangous'trip will equally
be achieved for the total protectedyline length. Since
no pick-up results at the non-feedingiend, the loop is
not interrupted there. When, fat the other end the
fault is detected within Z1B the loop/is again closed
and the trip signal released:

So that sufficient time is available to open and close
the pilot wire loop befween pick-up and trip signal
from the relay, T1B must be slightly delayed. If the
overreaching zone,comparison via pilot wires is
achieved with two different relay types at the two line
ends (e.g. #SA51Q at/one end and a conventional
relay at the other), itsmust be ensured that possible
fundamental ‘différences in pick-up and tripping
times of bothyrelays do not lead to false release sig-
nals. iLhis‘is,also to be covered by the delay time
T1B.

The nermally closed d.c. pilot wire loop allows con-
tinuous ‘monitoring of the pilot wires. Since, with
each line fault, the loop is interrupted, the pilot wire
interruption signal is delayed for 10 seconds. The
comparison function is then blocked. The remaining
stages of the distance protection continue to func-
tion normally. The input ”"Reception faulty” on
7SA510 is not used, because a pilot wire fault will be
recognized within the relay itself.

Substation B

[7sas10 [7PAs20%, | [7PAs210 1 [7sast0 1
2K —K1
Fault — & Signal send D L-2 L-3 D Signal send & I Fault
Z1B TiB L+1‘—;\t_._ l TiB Z1B
' | direc || L : ! ---- ' ' || direc |
& | Trip Pilot Trip [ & —
' —Q ) ' —K ' Wires ' —K2 ' ' O— '
L-1 B R
I | o sk | Signal I ',,I: L+2 | ' | Signal I s aql_| |
- receive | E— L+3A—oot receive o
R = - R
s~ ol . ] . ] | —— R
L+1,L-1 Pilot wire loop voltage

L+2, L-2 Protection voltage
L+3,L-3 ) (respective substation)

Figure 4.28 Overreaching zone comparison via pilot wires — schematic diagram

68 C53000-G1176-C115



7SA510v3

Method of operation

449 Reverse interlocking

If the protection system is installed as back-up pro-
tection in a single end feed transformer circuit, the
distance relay can be used to provide high speed
protection for the bus-bar, without endangering the
selectivity for the outgoing lines.

Distance zones Z1 and Z2 then serve as back-up
stages for faults on the outgoing lines, for example,
at B, as illustrated in Figure 4.29. The distance zone
settings should be based on the characteristics of
the shortest line.

The overreaching zone Z1B, whose delay time T1B
will be set higher than the pick-up time of any subor-
dinate relay, will be blocked if a subordinate relay
has picked up. As illustrated in Figure 4.29. the pick-
up signal will be fed through the receiver input, to the
protection system. However, in accordance with its

purpose and in the absence of such an inputsignal,
this zone guarantees rapid disconneciion ofsthe
bus-bar, in the case of:

— fault in the outgoing transformer circuit, for exam-
ple, in A
— failure of a line protection relay.

Reverse interlocking is achievedgby deliberate re-
lease or blocking of thegoverreaching zone Z1B. It
can be used in a blocking made (as shown in Figure
4.29) orin release magde by.anormally closed circuit.

To avoid transient falsessignals after disconnection
of external faults the, blocking function is extended
by a transient blocking time T—TRANSBLO (TB in
Figure 4.29) under reverse interlock conditions.

£2 T2
1 T1
Z1B 5 TA
I —_— s.hortest
B # I line

+—GD—U [
A# L+ ~ Fault

{1

TiB
Z1B — &t mip  H]

L+ ~ Fault §

L+ ~ Fault

{1

B

L+~ Fault {

Figure 4.294" Reverseiinterlocking scheme, grading of distance zones (example)
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4.4.10 Weak infeed measures (echo function)

In those cases, where at one line end there is no or
only a weak infeed so that the protection device at
that end cannot pick up and therefore cannot send
any release signal, an echo intertrip signal can be
sent in conjunction with overreaching modes with
release signal. This feature can be made effective or
ineffective by a software ON/OFF switch. Figure 4.30
shows the logic diagram.

In the event of pick-up failure at one line end, the
echo function ensures that the received signal is
sent back to the other line end as an "echo” and
there permits release of the tripping command. The
duration of the echo impulse is adjustable
(T-ECHO-IMP).

The echo is delayed by an adjustable time
T—ECHO-DEL. This delay is necessary so that the
echo is not effective when the relay at one line end
has a higher pick-up time or when it picks up some-

what later because of unfavourable short circuit cur-
rent distribution. If, however, the circuit breaker®at
the non-feeding line end is open, delay ofthe echois
not necessary. The echo delay time can then beby=
passed, as long as the relay is informed of the status
of the circuit breaker via a binary input.

To prevent the formation of an echo aftefdisconnec-
tion of the line and reset of the fault detection ele-
ment, no echo can be formed whenault detection
has previously been present (RS4#~memory in Figure
4.30). For the same reasomyan ‘adjustable time T—
ECHO-BLO prevents formation, of an echo after a
tripping command.

With the blocking mode,and for transfer trip modes,
the echo function’is not effective. Equally it has no
function in @verreaching zone comparison via pilot
wires or revetseiinterlocking schemes.

= Comparison (release) logic
R
&
— —dsS Q
Re-
cep-
tion
—
Fault — 0 IT_ |
det. d & ECHO- =1 EcHo [+ Send
DEL IMP
Pl |
signal 2 Yo
CB
open &

Figure 4.30 Block diagram of echo function (for release modes)
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4.4.11 Transient blocking

In overreach transfer and comparison modes, tran-
sient blocking provides additional security against
false signals which may have been caused by tran-
sient oscillation after the interruption of external
faults or by reversal of direction of flow after interrup-
tion of faults on parallel lines.

The principle of transient blocking is that after the oc-
currence of an external fault, formation of a release
signal is prevented for a specific (adjustable) time
T—-TRANSBLO. In the release modes this is accom-
plished by blocking the transmission and receiver
circuits, in the blocking mode by lengthening of the
blocking signal at the receiver end.

Figure 4.31 shows the principle of transient blocking
for a release mode. If, after fault detection, a fault is
shown to be in the reverse direction (opposite to the
set direction), the transmission circuit and the re-
lease of overreaching zone Z1B or directional trip will
be blocked after a waiting time of 40 ms. This block-
ing will be maintained for the transient blocking time

T-TRANSBLO - identified in Figure 4.31 with TB )=
even after the blocking criterion has beensemoved.

Similarly, the release of overreaching zone'Z4B or di-
rectional trip can be restricted when, after fault de-
tection, no release signal is received from the oppo-
site line end within the settable waiting time TW. This
blocking will also be extended™by the transient
blocking time. Normally,“this mo6de of transient
blocking is reasonablesenly“when the protection
scheme at the remoté linetend has no transient
blocking feature. Tragpsient blocking is suppressed
when the waiting time TW is set to infinity.

In the blocking'mode, non-receipt of the release sig-
nal qualifies_asireceipt of a blocking signal. Here,
transient blocking'means prolongation of the block-
ing signal” The blocking signal must have been re-
ceivediforthe'waiting time TW. The transmission sig-
nakcan‘be lengthened by the time T—-SEND—-PRL
(segyals6'Section 4.4.7).

F_orw. G & ‘;0 T? Block transmission
direc. and release signal
Fault

detec.

Re- W, T8

cep- | & } { —— Block release signal
. N

tion

Figure 4.31 Transient blocking with release mode
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4.5 User definable logic functions, trip commands, and annunciations

7SA510 contains two user definable logic modules.
These comprise each a timer which can be started
and blocked via a binary input (Figure 4.32). A pick-
up time delay and a drop-off time delay can be set.
The times can also be set to 0 or co.

Binary inputs: Binary output:

>User T-Start

User output T

Ti:ick Ty rop
1

>User T-Reset

Figure 4.32 User definable logic, one module

The outputs are included in the annunciation pro-
cessing of the device. They can be assigned to sig-
nal relays, LEDs or trip relays.

The following functions can be realized, for example:

— drop-off delay (pulse lengthening) with Tagep
(Tpick =0),

— pick-up delay and drop-off delay,
— bistable memory (flip—flop) (refer toFigure 4.83),

— flip—flop with delay.

Binary input:

>User T-Start

0 co

A

User output)T

>User T-Reset

Set memory with ">User T Start”
Reset memory with ">User T Reset”

Figure 4.33 Flip—flop

Any desired trip signalfrom‘an external protection or
supervision unit gam, beyincorporated into the pro-
cessing of 7SA510/Thersignal is coupled as "Exter-
nal signal” viadabinaryinput. Like the internal protec-
tion and supetvisien signals, it can be annunciated
as "Externaifault’, and transmitted to the trip relays.

Additienally, four annunciations are available, which
can‘be defined by the user himself. Signals and
messages of other devices which have nointerfaces
(PG or CSA interface) can be included in the annun-
ciation processing of the device. Like the internal an-
nunciations, they can be allocated to signal relays,
LEDs or trip relays, or transmitted to the front dis-
play, a PC or LSA.
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4.6 Emergency overcurrent
time protection

7SA510 provides an emergency overcurrent time
protection. Whereas distance protection can oper-
ate only as long as the line voltages are properly
available, the overcurrent time protection needs the
currents only.

The overcurrent function comes automatically into
operation when failure of the measured voltages is
detected by any one of the following conditions:

— operation of the fuse failure monitor or three-
phase voltage failure supervision (refer to Section
4.13.4.3) or

— the signal "VT mcb tripped” is applied to a binary
input.

If either of these factors occurs, distance protection
is immediately blocked and emergency overcurrent
protection may become operative (selectable).

Under this condition, selectivity can only be
achieved by time delay, just as for all other types of
overcurrent protection scheme.

As soon as the device recognizes that the meastired
voltages have reappeared, the system switches
back to distance protection.

The emergency overcurrent time protegtion isyde-
signed two-stage for phase current, withfantaddi-
tional earth current stage. All stages#are jindepen-
dent from each other and can be set individually:

—I>> high current limit JalueSthreshold for
phase currents

— Ti=> corresponding delayatime

— lpn>  definite time_limit#Vvalue threshold for

phase currents
- T corresponding.delay time

- lg> definjte time limit value threshold for
earth curfents
— Tie>=  corresponding delay time

Under conditions of manual closing onto fault, the
emergency overcurrent protection can also provide
a fapiditrip. A choice can be made whether the 1> >
stages or the |> stages are decisive for an unde-
layed”trip, i.e. the associated time delay is by-
passed for this condition. The emergency protection
can also be used in conjunction with auto—reclo-
sure. In these cases the | > > stages becomes valid
before reclosure.

4.7 Thermal overload protec-
tion

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

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

doe

72
: /

0=

QU=
=

where

® - actual temperature rise referred to the fi-
naltemperature rise for the maximum per-
missible cable current k-ly

T\ S thermal time constant for heating-up of
the cable

Iy, — actual cable current (r.m.s. value) referred
to the maximum permissible cable cur-
rent lmax = K - Iy

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

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

The maximum permissible continuous thermal over-
load current Inax is described as a multiple of the
rated current Iy;:

Ioax = K - Iy

In addition to this k—value, the time constant T as
well as the alarm temperature ®y,m Must be en-
tered into the protection unit.

Apart from the thermal warning stage, the overload
protection also includes a current-dependent warn-
ing stage. This latter alarm stage can give an early
annunciation of animpending overload current even
if the temperature rise has not yet reached the alarm
or trip temperature rise values.
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4.8 Earth fault detection in systems with non-earthed starpoint

(optional)

In systems whose starpoint is either isolated or
earthed through an arc suppression coil (Petersen
coil), single phase earth faults will not be detected by
the short circuit protection, since no significant earth
fault current flows. Furthermore, since network oper-
ation is not immediately affected by an earth fault
(the voltage triangle is maintained, Figure 4.34) rap-
id disconnection is not normally desired. It is more
important that the earth fault be recognized, indi-
cated and, when possible, located. After switching
to alternative network routes it can then be cleared.
But it is also possible to trip on directional earth fault
in non-earthed systems.

Uis U

a) Healthy network, without earth fault

b) Earth fault in phase L1

Figure 4.34 Earth fault in non=earthéd neutral net-
work

Dependent upondthe ghosen model, the relay can
be fitted with optional earth fault detection module,
which includes the follewing functions:

— Detection of an earth fault (pick-up) by monitoring
the displacement voltage,

— Determination of the faulted phase by measuring
the'phase’to earth voltages,

“yDetermination of the direction of the earth fault
(residual) current by high accuracy real and reac-
tive component measurement.

4.8.1 Fault detection

The earth fault protection function can be switched
on and off by parameter. When on, pick-up occurs
when an adjustable threshold for the displacement
voltage Ug> is exceeded. To ensurgfMeasurement
of stable values, all earth faultedeteetion)functions
are delayed until 1 second (settable), aftér inception
of voltage displacement. Further,'each alteration of
the earth fault conditions (e.@. altered direction) is
recognized only after this delay. Earth fault annunci-
ation is only issued afterfearth fault detection is en-
sured according 4.8.2s

4.8.2 Determination of the earth-
faultedhphase

After recegnition of displaced voltage conditions the
first objective of the device is selective detection of
the.earth-faulted phase. For this purpose the individ-
val phase-to-earth voltages are measured. The af-
fected phase is the one in which the voltage is below
the settable threshold Upn< when simultaneously
the other two voltages exceed an equally settable
maximum threshold Upp>.

4.8.3 Sensitive earth fault directional
determination

The direction of the earth fault can be determined
from the direction of the earth fault capacitive or
ohmic current related to the displacement voltage.
The only reservation is that the active or reactive cur-
rent components must be available in sufficient
magnitude at the point of measurement.

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

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

In 7SA510 the earth fault direction is determined
from a highly accurate calculation of active and reac-
tive power using the definitions:

Active power:
t+T

J Ue(t) - ig(®) - ot

—

PEa=

Reactive power:

t+T

PEr=.1

7o | Uelt = 90°) -ic(o) - ci

t

where T equals period of integration.

The use of an efficient calculation algorithm and si-
multaneous numerical filtering allows the directional
determination to be achieved with high accuracy
and sharply defined thresholdglimits (see Figure
4.35) and insensitivity to hasmonicdnfluences — par-
ticularly the frequently strong third and fifth harmon-
ics which occur particularly imohmic earth fault cur-

T rents. The directionaldecision results from the signs
t of active and reactive power.
lea (active compongént)

‘ ‘ 100 mA ‘ ‘

10 mA
Reverse Forwards Forwards Reverse
- — -— —
3 mA
L Ig leading «=— | —» Ig lagging L
| [ I I I I
90¢ 60° 30° 0° 30° 60° 90°

Figure 4.350 Difectional earth fault measurement characteristic

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

In networks with isolated starpoint the following cri-
teria apply

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

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

C53000-G1176-C115

75



7SA510v3

Method of operation

In compensated networks with arc suppression
coil the following criteria apply

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

— earth fault backwards, when Pgg < 0 and Ig, > set
value.

In the latter case it must be noted that, dependent
upon the location of the protective relay, a consider-
able reactive component may be superimposed
which, in the most unfavourable cases, can attain 50
times the active component. Even the extremely
high accuracy of the calculation algorithm is then in-
adequate if the current transformers do not exactly
convert the primary values.

The measurement input circuit of the relay model
with earth fault detection is particularly designed for
this purpose and permits an extremely high sensitiv-
ity for the directional determination of the wattmetric
residual current. In order to utilize this sensitivity it is
recommended that window-type current transform-
ers be used for earth fault detection in compensated
networks. As even the core balance transformers
have an angle of error, the protection system allows
the setting of factors which, dependent upon the
reactive current, will correct the error angle.

4.8.4 Faulted line location

In radial networks, location of the faulted lin€'is rela-
tively simple. Since all circuits on a busbak (Figure
4.36) carry a capacitive partial currentythe measur-
ing point on the faulted line in an isélated network

sees almost the entire prospective earth fault current
of the network; in compensated networks the watt-
metric residual current from the Petersen coil flows
through the measuring point. For the faulted line or
cable, a definite “forwards” decision will result,
whilst in the remaining circuits a "reverse” indication
will be given unless the earth current is so smallthat
no measurement can be taken. In any case the
faulted cable can be clearly determined.

Figure 4186, _Faulted line location in radial net-
work

Inymeshed or ring networks the measuring points at
thegends of the faulted cable equally see a maximum
of earth fault (capacitive or ohmic) current. Only in
this cable will the direction "forwards” be indicated
on both line ends (Figure 4.37). Even the remaining
directional indications in the network can aid loca-
tion of the earth fault. But under certain circum-
stances one or more indications may not be given
due to insufficient earth current. Further advice can
be found in the leaflet "Earth-fault detection in iso-
lated neutral or arc-suppression coil earthed high
voltage systems”.

Rigure'4.37 Location of earth fault based on the directional indicators in a meshed network
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4.9 High-resistance earth fault protection in earthed systems (optional)

In earthed networks in which the earth path resis-
tance can be extremely high (e.g. overhead lines
without lightning protection conductor, or sandy
soils) the overcurrent — sometimes even the under-
impedance — element will often not pick up, so that
no phase selection is possible for the distance mea-
surement. Even when using impedance fault detec-
tion, earth fault impedances can occur which ap-
pear to lie outside the pick-up characteristic of the
distance relay.

Protection relay 7SA510, dependent upon the mod-
el ordered (see Section 2.3 Ordering data), can pro-
vide protective functions for such high resistance
earth faults. One of the following features can then
be selected:

— directional earth fault protection (definite time
earth overcurrent protection) with non-directional
back-up and stand-by protection function,

— non-directional inverse time lag overcurrent time
protection for earth faults, with selectable charac-
teristics.

The directional earth fault protection can be, exs
tended by an integrated directional comparison lag-
ic so that by means of a carrier channel fastandise-
lective tripping for high resistance earth faulits is‘also
possible.

The non-directional inverse time protection is used
mostly for highly interlinked, all-round earthed net-
works with high resistance earth, faultsswhere the
ends of the faulty line section carry‘the largest fault
current and thus produce theshertest tripping time.

UE > Direc-
tion |

0,75 |_ g —
lg> » A ToirecT >q
| BN
| | Trip
lg> * ThoN-
DIR

Figure 4.38 Directional earth protection with non-
directional back-up stage

4.9.1 Directional earth fault protection

The directional earth fault protection (Figure 4.38)
has an adjustable earth current detectionselement
Ie> and an adjustable delay time. Because of the
possibility of directional comparison (see Section
4.9.2), detection is two-stage; alower value 0.751g >
releases directional determinatienffor tripping, the
high value stage must additionally be exceeded
(corresponding to the setwalte, of I>).

Directional determination requires a least value dis-
placement voltage, forjwhich the Ug> setting is
used. If the displacement voltage is too small, a di-
rectional determination and thus directional-depen-
dent tripping is'not possible. Directional determina-
tion is alsosuppressed and tripping prevented when
the indication "voltage transformer protective device
tripped™is,sighalled to the relay via a binary input.

Theycritérion for the delay time is the setting T—DI-
RECT.

A further time stage T-NON-DIR. will cause trip-
ping without directional measurement. It can be set
as a non-directional back-up stage for the directional
stage. If the displacement voltage is too small or if
the voltage transformer protective device has oper-
ated, this stage remains effective and can also serve
as an emergency function for the directional earth
fault protection and the earth fault directional com-
parison protection.

The earth fault directional function is blocked from
the distance protection or emergency overcurrent
protection. When the fault is detected by the dis-
tance protection or emergency overcurrent time
protection the earth fault protection does not oper-
ate. This gives selective fault determination by the
distance protection preference over tripping by the
earth fault protection. In case a fault is cleared by an
external protection device, blocking of the earth fault
protection can be extended by an adjustable time
T-BLOCK, e.g. to allow a single phase auto-reclos-
ing cycle to be carried out by an external auto-reclo-
sure relay. A binary input of the relay must then be
used to block the earth fault protection.
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4.9.2 Directional comparison earth fault protection

With the aid of the integrated comparison logic, the
directional earth fault protection can be extended to
form a directional comparison protection. For this
purpose a carrier channel is necessary for each di-
rection, which transmits the signals of the directional
earth fault protection, (e.g. via PLC) to the asso-
ciated other line end. This can also be the same
channel as for signal transmission with distance pro-
tection (Section 4.4) under the condition that a cor-
responding comparison procedure (4.4.3 Permis-
sive overreach transfer trip with Z1B or 4.4.4 Direc-
tional comparison) has been selected at the dis-
tance protection element!

After the pick-up 0.75:Ig> the relay carries out direc-
tional determination using the earth current Ig (=3 -
lp) and the displacement voltage Ug (= /3 - Up).
With an earth fault in the line direction a release sig-
nal is sent to the opposite end; if a release signal is
then received from that end, tripping results, as long
as this relay has also detected an earth fault in the
line direction and the set pick-up value Ig> is ex-
ceeded (Figure 4.39). Transmission signal and trip-
ping can both be made dependent on a delay time
T-DELAY.

Any faulty signals which could be caused by tran:
sient oscillations during the clearance of external
faults or during change of direction after clearance
of faults on parallel lines, are made harmless by
means of a transient blocking function (Figure 4:40),
The principle of this transient blocking is thabafter
the occurrence of an external fault the formation ofa
release signal is prevented for a specifie (adjustable)
time T-TRANSBLO.

o Lo—
Forw. - | _ . Forw.

Ue> difec, & T A T & direc, Ug>
0.75 f 1 . F 1 0.75
. T- & = Tri Trip - & T- .
le> DELAY P P DELAY le>
/ \
lg> R (et s R lg>

If, after fault detection, it is determined that the fault
is in the reverse direction (opposite to the set direc-
tion) the transmission circuit and release are{sup-
pressed after a waiting time of 40 ms. This blocking
will be maintained for the transient blocking time T—
TRANSBLO - in Figure 4.40 abbreviated to 4B —
even after the blocking criterion is removed.

Similarly, the release of directional, trips€an be re-
stricted when, after fault detectiéfynotelease signal
is received from the opposite ling'end’ within the set-
table waiting time TW. This“blocking will also be ex-
tended by the transient bleckingtime. Normally, this
mode of transient blogking isshecessary only when
the protection schemge at the remote line end has no
transient blockingfeature, Transient blocking is sup-
pressed when the waiting time TW is set to infinity.

For lines with'single end infeed or star point earthing
at one fine'end only, no release can be formed from
the résidualcurrent-free line, since no fault detec-
tion signaloccurs at that end. To achieve tripping by
the “directional comparison element even in this
casepaniecho function is additionally available (Fig-
urel4.471). This has the effect that when the low value
detection signal is not present at one line end
(0.75-1g>) the received signal will be sent back to the
other line end as an "echo” and thus permits the re-
lease of a tripping command at that end. The dura-
tion of this echo impulse is adjustable (T-ECHO-
IMP).

Figure 4.39 Earth fault directional comparison protection
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Figure 4.40 Transient Blocking

The echo is delayed by an adjustable time
(T-ECHO-DEL). This delay is necessary so that
the echo will not be effective when the protection at
one line end has a higher fault detection time or if it
picks up somewhat later due to unfavourable earth
current distribution. If, however, the circuit breaker at
the non-infeed line end is open, the delay of the echg
is not necessary. The echo delay time can then, be
by-passed if the relay is informed of the position of
the circuit breaker, through a binary input.

To prevent the formation of an echo after clearance
of the line and reset of the fault detection elements;
an echo is not formed when a pick-up has @lready
been present (RS memory in Figure 4.41). Fer the
same reason, no echo is permitted for an adjustable
time T-ECHO-BLO after a tripping command has
been issued.

Independent of the result of the directional compari-
son, the directional earth faglt stage described in
Section 4.9.1 is effectivetwith®the time T—DIRECT
and the non-directional back=up stage with the time
T—NON-DIR. If one of these,stages is not required,
the corresponding time must be set to infinity.

The earth fault directional comparison protection
function is blogked,from the distance protection or
emergency overcurrent protection. Therefore, if a
fault is regdgnized by the distance protection or
emergengy /overcurrent time protection then the
earth'fault pretection does not operate. This gives
selective fault evaluation by the distance protection
preference over tripping via the earth fault protec-
tion.In,case a fault is cleared by an external protec-
tiomdevice, blocking of the earth fault protection can
be extended by an adjustable time T—BLOCK, e.g.
tovallow a single phase auto-reclosing cycle to be
carried out by an external auto-reclosure relay. A
binary input of the relay must then be used to block
the earth fault protection.

» Comparison logic
R
&
— == S%, Q
Re-
cept.
—
0.75 T— IT— |
lg> O & ECHO- =1 Ecro- ™ Send
DEL. IMP
Trip t |T_ | ‘
sig- A ECHO—
nal ~1BLOC
CB
open &
Figure 4.41 Block diagram of echo function for directional comparison
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4.9.3

The inverse time overcurrent time protection is non-
directional. It can be used instead of the directional
earth fault protection described in Section 4.9.1 or
4.9.2. The required characteristics can be chosen
from the three which are available:

— normal inverse (type A) IEC 60255—-3 / BS 142
— very inverse (type B) IEC 60255—-3
— extremely inverse (type C) IEC 60255-3.

The shape of the characteristics and the formulae on
which they are based are given in the Technical data
(Section 3.8, Figure 3.3).

Tripping time is then dependent on the level of cur-
rent. If this value changes during the fault, the trip-
ping time will be determined strictly in accordance
with the changing current value. This is achieved by
an integrating process similar to that of conventional
inverse time overcurrent protection relays. Thus the
grading plan can easily be coordinated with inverse
time overcurrent relays of conventional construc-
tion. In strongly meshed, all-round earthed net-

Inverse time overcurrent time protection for earth faults

works, the largest fault currents flow at the ends of
the faulty line section; the inverse characteristicfias
the effect that here the shortest response time, oc-
curs and the remaining relays reset.

The range of definition of the characteristics goes
further than that of the IEC standardsgThey are de-
fined from 20 % above the set yalué up™o, 20 times
the set value. Beyond that point nefurthefreduction
of the tripping time occurs.

The earth fault overcurrent4imetprotection function
is blocked from the distapce protection or emergen-
cy overcurrent protection. Therefore, if a fault is rec-
ognized by the distance“protection or emergency
overcurrent time proteetion, then the earth fault pro-
tection does notfoperate:. This gives selective fault
evaluation by, the/distance protection preference
over trippingwiatheearth fault protection. In case a
fault isgeleared, by an external protection device,
blocking “of the“earth fault protection can be ex-
tended'by antadjustable time T—-BLOCK, e.g. to al-
low asingleiphase auto-reclosing cycle to be carried
out, A'binary input of the relay must then be used to
blockithe earth fault protection.
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4.10 Automatic reclosure (optional)

Experience has shown that approximately 85 % of
short circuits are caused by an arc, on overhead
lines, and self-extinguish after interruption by the
protective device. The line can therefore be re-ener-
gized. This is carried out by the automatic reclosure
(AR) function.

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

7SA510 allows three-pole auto-reclosure with one
single shot or multi-shot with up to 9 successive re-
closure attempts, depending on the ordered version
(refer to Section 2.3 Orderind data).

7SA510 can also work in conjunction with an exter-
nal auto-reclose system. In this case, the signal ex-
change between 7SA510 and the external AR-unit
must be accomplished viathe binary inputs and out;
puts (see Section 4.10.6).

Furthermore, it is also possible to allow theiinternal
AR-function to be triggered from an exterhal protec-
tion relay (see Section 4.10.7).

If more than one reclose attempt will be"carried out,
the second and any further auto-reclose cycle are
designated in the following witi"DARy(delayed auto-
reclosure) independent on thegsetting of the dead
times of the cycles. It is possible to skip the RAR
cycle so that only DAR cycles,occur. For the DAR-
function, the following prégrams‘are selectable:

— DAR PROG. = NODARyis€. no DAR occurs; un-
sucegessful RAR results in final
trip:

DAR WITHOUT RAR, i.e. DAR
gycles can be carried out even
without a preceding RAR cycle
(e.g. RAR is by-passed because
blocked).

DAR AFTER RAR, i.e. the DAR
cycles can only be initiated after
an unsuccessful RAR.

— DAR PROG.

— DAR PROG.

The possibilities and functions of the internal AR-unit
are described in the following sections. Prerequisite
for initiation of the AR-function is always that the cir-

cuit breaker is ready for operation when the AR-fune-
tion is activated. This information has t6 be drans-
mitted to the device via a binary input.

Furthermore, reclosure is blocked if the tripping
command occurs after the action time, which can be
set individually for RAR and DAR. Additionally, the
auto—reclosure functiongis netfready when, at the
moment of initiation, the“eirclit breaker is an-
nounced (via a binary ifput). to*be open. This pre-
vents from an accidental’close command, should
the auto-reclosure fanctioh receive an erroneous
trip command — féranyjreason (e.g. via a binary in-
put) — even though thedbreaker is open (and the line
may be dead);

4.10:1, Selectivity during automatic re-
closure

For the auto-reclosure sequence to be successful,
faults on any part of the line must be cleared from
both line ends within the same — shortest possi-
ble — time. Usually, therefore, an instantaneous
stage of the short-circuit protection is set to operate
before a reclosure by the AR-unit. Therefore, the
short-circuit protection functions of 7SA510 which
can initiate the auto-reclose functions provide a spe-
cial RAR stage. Furthermore, one can decide for
each short-circuit protection whether or not it shall
initiate the auto-reclose function.

With distance protection the first AR-cycle (in the fol-
lowing called RAR) allows faults in the overreach
zone Z1B to be cleared instantaneously; however,
this can be changed when setting the relay. For pos-
sible further cycles (in the following called DAR), a
separate zone Z1L with a separate time stage T1L
becomes effective.

The normal distance zones Z1, 72, Z3 and the direc-
tional and non-directional end stages of the distance
protection are independent of the automatic reclose
function. This must be considered when a fault shall
be cleared after a time delay, for selectivity reasons,
when no auto-reclose will occur. Thus, it is not rea-
sonable to set a shorter time delay for normal dis-
tance zones than for the RAR overreach zone Z1B.

If the distance protection is operated with one of the
carrier signal teleprotection systems described in
Section 4.4, the overreach zone is controlled by the
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universal teleprotection interface, i.e. the interface
determines if an undelayed trip (or with T1B) is per-
mitted for faults in the overreach zone (i.e. to the limit
of zone Z1B) and thus if tripping is simultaneous at
both line ends. Whether the AR-function is ready for
operation or not is irrelevant in this case, since the
transmission system guarantees selectivity over 100
% of the line length and fast, simultaneous discon-
nection. Similar applies for directional comparison
earth fault protection (refer to Section 4.9.2)

However, if the universal teleprotection is switched
off or if the carrier device is faulty, then the AR-func-
tion determines which stage (Z1 or Z1B) is decisive
for fast tripping. If no auto-reclosure is available (for
example, circuit breaker not ready for operation),
then the normal grading of the distance protection
must be valid (i.e. instantaneous tripping only for
faults within stage Z1) in order to maintain selectivity
(Figure 4.42).

z2

Z1 Z1B

Zone reach until the end of the first dead time
(Z1B release)

Zone reach after the first dead time until expiry ofireclaim time
(Z1B blocked)

Figure 4.42 Zone reach control with{the AR-func-
tion

Itis also possible toBlockthe AR-function if the tele-
protection transmissionisystem is not working.

Ifaline to be protected is composed of overhead line
and cable Sections, the controlled zones Z1B and
Z1L mayibe, Used to distinguish between faults on
the thexoverhead section and cable faults, to a cer-
tain degree” Reclosure can be blocked for cable
faultSmusing setting parameters (refer to Section

6.3.4.1). If, for example, a cable section is followed
by an overhead line section (refer to Figure 4.43),
zone Z1B is set to cover the cable section, and re-
closure is blocked for faults within Z1B but released
for faults out of Z1B. Conversely, the other line enghis
set such that faults within zone Z1B, which nearly
covers the overhead line section, are cleared Wwith
auto-reclosure whereas reclosure is blocked for fault
out of zone Z1B. Z1B. Iffurther segregation is neces-
sary (e.g. cable — overhead line — cable), distinction
can be made by a further zone Z1Lin_similar way.

A y Z1B 3) Z1 B
%--- ' :
Z1 4 Z1B 9)

Substation'A:
1) upffewz1BY\ auto-reclosure blocked
2) qut,ofiZ1B™ auto-reclosure permitted

Supstation, B:
3)4p to Z1B  auto-reclosure permitted
Myouttef Z1B  auto-reclosure blocked

overhead line section
esemememe» Cgble section

Figure 4.43 Line with overhead and cable section

For overcurrent time protection (emergency mode),
stage |>> operates undelayed as RAR stage. Be-
fore any reconnection, i.e. when the RAR-function is
ready for operation, disconnection is effected with
I>>. After an unsuccessful auto-reclosure attempt
or when the AR-function is not ready for operation,
stage 1> > is blocked. In order to maintain selectiv-
ity, disconnection then is effected with | > after expiry
of the delay time TI>. When the AR-function is
blocked or switched off, I>> is also blocked. This
can be changed in that the | > > stage is effective al-
ways, independent of the RAR.

All protection functions which can operate direction-
al can block reclosure in case the fault lies in reverse
direction. This applies also if a trip command is given
for a reverse fault before the action time has
elapsed.

82

C53000-G1176-C115



7SA510v3

Method of operation

4.10.2 Action times and reclaim times

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

Tripping after faults which are cleared in a delayed
time should, for reasons of selectivity also not result
in an auto-reclosure.

The AR-functions of 7SA510 are provided with set-
table action times, separate for RAR and DAR, which
are started by the fault detection signal. If, after expi-
ry of the action time, no tripping signal has been giv-
en, reclosure is blocked.

The AR-functions of 7SA510 are provided with three
settable reclaim times, which do not discriminate be-
tween RAR and DAR. Generally, the reclaim time is
the time period during which no further reclosure at-
tempt is permitted.

The reclaim time T—RECLAIM is started at every re-
close command. If auto-reclosure has been succes*
sful, all functions reset to the quiescent conditionaf-
ter expiry of T-RECLAIM; any fault occuriing after
the expiry of the reclaim time is considered toe a
new system fault. When a renewed trip commandiis
given within this reclaim time, the next agto-reclese
cycle is started if multi-shot AR is permitted; if ifo fur-
ther AR cycle is permitted, a renewedirip cemmand
within the reclaim time is final: AR, has been un-
successful.

The lock-out time T—LOCK'is the time period during
which any further close command by the 7SA510
relay is blocked after final disconnection. If this time
is set to oo, closing is leekethedt until the AR function
is reset by energization©f the binary input ">AR Re-
set”. After the reset signal all functions reset to the
quiescent candition.

A special reclaim time T—BLOCK MC is provided for
manual closing. During this time after manual close,
reclosure is blocked; any trip command will be a final
trip.

4.10.3 Interrogation for readiness of
the circuit breaker

A pre-condition for a reclose attempt after short=Cir-
cuitinterruption is that the circuit breakeris ready for
at least one TRIP-CLOSE-TRIP—-cycle when the
AR function is initiated (i.e. at the instant of trip com-
mand). The readiness information froméhe breaker
has to be transmitted to the deyiee via a binary input.
In case that such readiness infefmation is not avail-
able, interrogation can be 'suppressed since other-
wise no auto-reclose woetld belpossible at all.

When single-shot adte-reelosure is performed it is
sufficient to interregate the breaker readiness one
single time before initiation of AR. As, for example,
the air pressure forlbreaker operation will collapse
during the trip“execution, no further interrogation
should becarried out.

When ‘multi-shot auto-reclosure is used, it is advan-
tageousto interrogate breaker readiness not only at
the'instant of the first trip command but also before
every reclose attempt or before every other reclose
attempt. If this facility is selected, reclosure is
blecked as long as the circuit breaker is not ready for
another TRIP-CLOSE sequence.

The recovery time of the circuit breaker can be su-
pervised by the 7SA510 relay. This supervision time
T—-CB-SUPV will run as long as the circuit breaker
does not inform about readiness. In this case, the
dead time may be extended when the breaker is not
ready after expiry of the set dead time. But if the
breaker is not yet ready after expiry of the supervi-
sion time then reclosure is blocked. This blocking is
canceled only after the lock-out time T—LOCK (refer
to Section 4.10.2) has elapsed. If T-LOCK is set to
oo, closing is locked out until the AR function is reset
by energization of the binary input ">AR Reset”. Af-
ter the reset signal all functions reset to the quies-
cent condition.
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4.10.4 Three-pole auto-reclosure

When the AR function is ready for operation, the
short-circuit protection trips for all faults within the
stage valid for RAR (e.g. the distance protection in
zone Z1B). The AR-function is initiated provided trip-
ping occurs within the action time (refer to Section
4.10.2). With fault clearance, the (settable) dead
time RAR T—3POL commences for three-pole RAR.
After this, the circuit breaker receives a closing com-
mand, the duration of which is settable. Simulta-
neously, the (settable) reclaim time T—RECLAIM
(Section 4.10.2) is started.

If the fault is cleared (successful RAR), the reclaim
time T—-RECLAIM (Section 4.10.2) expires and all
functions reset to the quiescent condition. The net-
work fault is cleared.

If the fault has not been cleared (unsuccessful AR)
then the short-circuit protection carries out a final
disconnection in the stage that is valid without RAR;
when the universal teleprotection interface is in op-
eration with distance protection, then Z1B can re-
main effective for distance protection — see Section
4.4, Also, every fault during the reclaim time will re-
sult in final disconnection.

After unsuccessful AR (final disconnection) the lock-
outtime T—LOCK (Section 4.10.2) is started. Forghis
time any close command from 7SA510 is locked.

The above sequence comes into effect with single-
shot RAR. With 7SA510, multiple AR-attempts (upito
9 DAR-shots, refer to Section 4.10.5) are also pgssi-
ble. Additionally, it is possible to skip the'RARCycle
by a signal via a binary input of the‘device”In this
case only DAR is effective (refer to/Section 4.10.5).

4.10.5 Multi-shot auto-reclosure

The internal auto-reclose feature in 7SA510 will also
permit multi-shot reclosure, up to 9 consecutive
DAR-cycles. An individual DAR-zone Z1L with delay
time T1L is available for the distance protection.

The set number of DAR cycles does not include the
first RAR cycle. The action time and,several dead
times can be independently set fforgthese DAR
cycles.

Dead times can be individually setoer the first three
AR cycles; further cycles operate with the dead time
of the third cycle. In this case, all AR cycles are deci-
sive, i.e. alsothe RAR cyclenl’he RAR cycle operates
with its dead time (RAR T=3POL for), the first DAR is
the second cycle withithe dead time for the second
cycle DAR T3POL2)etc! If no RAR cycle has oc-
curred (e.g4RAR blocked) then the first DAR cycle
operates with the dead time for the first cycle DAR
T3POL1etc.

Each “Jnew Yick-up restarts the action time
DAR T'—-AG»within which a tripping command must
occur-After fault clearance, the dead time begins. At
the ;end of this, the circuit breaker is given a new
closing command. Simultaneously, the reclaim time
T—RECLAIM (Section 4.10.2) is started.

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

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

If none of the AR-cycles has been successful then
the short-circuit protection carries out a final discon-
nection after the last permissible cycle. The lock-out
time T—LOCK (Section 4.10.2) is started. For this
time any close command from 7SA510 is locked.

The subsequent cycles (DAR) can be blocked by a
binary input independently of the function of the
RAR cycle.
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4.10.6 Connection of external auto-re-
close system

7SA510 can operate in conjunction with an external
auto-reclose system. The internal AR-function can-
not then be allowed to operate; it must be pro-
grammed to be ineffective (de-configured, see Sec-
tion 5.4.2).

Signal exchange between 7SA510 and the external
auto-reclose device must be made via the binary in-
puts and outputs of the relay. The following list may
be regarded as a recommendation.

Binary input:

383 >RAR Release The external AR device re-
leases the RAR stages of the
short-circuit protection func-
tions within 7SA510 which
shall operate with AR (e.g.
zone Z1B of the distance
protection) via this binary in-
put.

384 >DAR Release The external AR device con-
trols the DAR stage Z1L of
the distance protectionpf(@nly
relevant when multi—shot
auto—reclosure is,used):

Binary outputs:

501 DeviceFltDet Generalfaultdetegtion ofthe
device.

Threetpoleytrip command of
the device:

515 Dev.Trip 3p

4.10.7 Control of the internal auto-res
close function by an external
protective relay

If 7SA510 is fitted with an internal ARfunction, this
can be controlled from an external protective device.
This is applicable, for example, for line ends with du-
plicated protection or additional backuprprotection,
when a second protective devVice is used for the
same line end and shall operatewithjthe AR-function
incorporated in 7SA510.

Signal exchange between 7SA510 and the external
auto-reclose device must'be made via the binary in-
puts and outputs of the relay. The following list may
be regarded asgayrecammendation.

The internal,AR*function can be started, for exam-
ple, via the binary inputs

2711 SStart AR General start signal for AR,
Thelgeneral start signal is the criterion for the start of
the action times. At the issue of the tripping com-

mandthe internal AR-function is initiated. The dead
time is started with reset of the trip command.

To release the external relay’s overreach zone, the
following output functions are suitable:

2817 RAR Zone Rel internal AR is ready for an
RAR cycle, i.e. releases
RAR zone for the external
protection relay,

2837 DAR Zone Rel internal AR is ready for a
DAR cycle, i.e. releases
DAR zone for the external
protection relay,
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4.11 Distance-to-fault location

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

Distance to fault location in distance protection relay
7SA510 is a function independent of distance pro-
tection. It possesses independent measured value
stores and its own filter algorithms. Distance protec-
tion provides only a start-to-measure command in
order to determine the valid measurement loop and
the most favourable time interval for measured value
storage.

Normally, the fault location function is started by the
tripping command from the distance protection.
Paired values of short circuit current and short circuit
voltage, taken at intervals of 1/20 of a cycle and
stored in a circulating buffer, are frozen 15 ms later
which, even with extremely fast circuit breakers, en-
sures that the measurements are not distorted by
the tripping transients. Filtering of the measured val-
ues and quantity of the impedance calculations are
automatically matched to the number of incoming
value pairs from the time of fault inception to 15 ms
after tripping command.

Fault location can also be initiated via a binary ifput:
Thus, calculation is possible when a different protec-
tion device effects clearance of a short circuit. fur-
ther, fault calculation can be started without receipt
of any tripping command. In this case} the,start-to-
measure criterion is fault detectign,byythe 7SA510
relay.

Evaluation of the measured values occurs after the
fault has been cleared. Fronithe stored and filtered

values at least three resultant pairs for R and X are
determined. If less than three resultant pairg are
available, no fault location is given. From the resul-
tant pairs, average value and standard deviation are
calculated. After elimination of "exceptions”, which
are recognized by their excessive difference®from
the standard deviation, another average is again cal-
culated for X. This average is takengas fault reac-
tance.

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

— the short circuit logppfrom*which the fault reac-
tance is determined,

— the reactance per‘phase in Ohms primary and
secondary;

— the fesistance per phase in Ohms primary and
secendary,

— thefault distance in km line length proportional to
the reactance, calculated on the basis of the set
unit reactance of the line,

— the distance to fault in % of the line length, calcu-
lated on the basis of the set unit reactance and the
set line length.

Note: Calculation of the distance in km and percent
can only be applicable to homogeneous line
lengths. But, if the line is made up of sections with
differing reactance values, e.g. overhead line —
cable combinations, the distance to fault can still be
calculated manually from the reactance determined
by the fault location, if the line characteristics are
known.
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4.12 Circuit breaker trip test

Numerical distance protection relay 7SA510 allows
simple checking of the tripping circuit and the circuit
breaker. If the device incorporates an internal auto-
reclose system, a TRIP—CLOSE test cycle is also
possible; the latter can also be performed with an ex-
ternal auto-reclose device.

Prerequisite for the start of a test cycle is that no pro-
tective function has picked up. If the circuit breaker
auxiliary contacts advise the relay, through a binary
input, of the circuit breaker position, the test cycle
can only be started when the circuit breaker is
closed. This additional security feature should not
be omitted.

For starting a TRIP—CLOSE cycle a further condition

is that the conditions for reclose (circuit @
ready, AR not blocked) are fulfilled. This g@pplies also
for an external auto-reclose device.

Initiation of the test cycle can be given from the oper-
ator keyboard or via the operator interféce.

The test sequence is i by 7SA510 by
means of the circuit bre% ry contact posi-
tion provided the auxili tis connected to a
binary input. If the bre s not react correctly

then the test sequence,is rted; a corresponding
message is giveninthe display or on the PC screen.

Trip test canaalso

binary inpm

started by energization of a
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4.13 Ancillary functions

The ancillary functions of the distance protection
relay 7SA510 include:

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

— Monitoring functions.

4.13.1 Processing of annunciations

After a fault in the network, information concerning
the response of the protective device and knowl-
edge of the measured values are of importance for
an exact analysis of the history of the fault. For this
purpose the device provides annunciation process-
ing which is effective in three directions.

4.13.1.1 Indicators and binary outputs (signal
relays)

Important events and conditions are indicatedaby
optical indicators (LED) on the front plates. The
modules also contain signal relays for remete indi¢
cation. Most of the signals and indications cafibe
marshalled, i.e. they can be allocated méanings‘oth-
er than the factory settings. In Section’5.5the deliv-
ered condition and the marshallingfacilities are de-
scribed in detail.

The output signal relays are_notilatehed and auto-
matically reset as soon as the griginating signal dis-
appears. The LEDs canibe arranged to latch or to be
self-resetting.

The memories of thelLEDsfare saved against supply
voltage failure. They cam be reset:

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

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

— remgtelyvia one of the interfaces,

— autematically, on occurrence of a new general
fault detection signal.

Some indicators and relays indicate conditions; it is
not appropriate that these should be stored. Equally
they cannot be reset until the originating criterion
has been removed. This mainly concerns fault indi-

cations such as "auxiliary voltage fault”, "emergency
O/C”, etc.

A green LED indicates readiness forieperation. This
LED cannot be reset and remains‘illumifated when
the microprocessor is working€orrectly and the unit
is not faulty. The LED extinguishes when the self-
checking function of the mieroprecessor detects a
fault or when the auxiliarfjpyvoltage is absent.

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

4.13.3.208nformation on the display panel or to
a personal computer

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

In the quiescent state, i.e. as long as no network
faults are present, the display outputs selectable op-
erating information (usually an operational mea-
sured value) in each of the two lines. In the event of a
network fault, selectable information on the fault ap-
pears instead of the operating information, e.g. de-
tected phase(s) and elapsed time from fault detec-
tion to trip command. The quiescent information is
displayed again once these fault annunciations
have been acknowledged. The acknowledgement
is identical to resetting of the stored LED displays as
in Section 4.13.1.1.

The device also has several event buffers, e.g. for
operating messages, circuit breaker operation sta-
tistics etc. (see Section 6.4.5) which are saved
against supply voltage failure by a buffer battery.
These messages, as well as all available operating
values, can be transferred into the front display at
any time using the keyboard or to the personal com-
puter via the operating interface.
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After a fault, for example, important information con-
cerning its history, such as pick-up and tripping, can
be called up on the display of the device. The fault
inception is indicated with the absolute time of the
operating system provided the real time clock is
available. The sequence of the events is tagged with
the relative time referred to the moment at which the
fault detector has picked up. Thus, the elapsed time
until tripping is initiated and until reset can be read
out. The resolution is 1 ms.

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

The protection device stores the data of the last four
network faults; if a fifth fault occurs the oldest fault is
overwritten in the fault memory. The annunciations
of the last three network fault can be read out in the
local display.

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

4.13.1.3 Information to a centralwunit (optional)

In addition, all stored information can be transmitted
via an optical fibre connegtor orthe isolated second
interface (system interface) to a control centre, for
example, the SIEMENSskoOcalized Substation Auto-
mation System LSA678. Transmission uses a stan-
dardized transmissionmeprotocol according to IEC
60870—-5— 103 and VREW/ZVEI.

4.13.2 Data storage and transmission
for fault recording

The instantaneous values of the measuréd vallies

iL1, iLo, iLg, i, UL1—N, ULo—N, UL3—N, UEN

are sampled at 1 ms intervals (for 50 Hzpand stored
in a circulating shift register. lmecase of a fault, the
data are stored over a selectable time period, but
max. over 5 seconds. The maximum number of fault
records within this timegperiodtis 8. These data are
then available for fault analysis. They are saved by a
back-up battery. For‘eacharénewed fault event, the
actual new fault data are stored without acknowl-
edgement of theyold data.

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

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

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

— The relay signals the availability of fault record
data,

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

— Atransmission in progress can be aborted by the
central unit.
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4.13.3 Operating measurements and
conversion

For local recall or transmission of data, the truer.m.s.
values of the currents and voltages are always avail-
able as are active and reactive power, as well as the
frequency calculated from an average of 100 ms, as
long as at least one phase voltage is present.

The following is valid:

Phase currents in amps primary and
in % of rated current Iy,

=l o, I3

—UL1g, Uog, Voltages (phase-earth) in kilovolts

ULse primary and in % of rated voltage
Unv/3,
—UL19, U0, Voltages (phase-phase) in kilovolts
Uy 31 primary and in % of rated voltage
Un,
—Pa Active power in megawatts primary

and in % of \/§'|N'UN,

-P; Reactive power in megvars primary
and in % of \/3'|N'UN,

—f Frequency in % of rated frequency;

overload measured values, referred
to trip temperature rise.

-0/ ®trip

Additionally, the components of the earth fault cur*
rent can be output for relays with highly sensijtive
earth fault detection in non-earthed systems?

active and reactive €ompaenent of
earth fault currentsin non<earthed
systems.

—lEaa IEr

Even the direction of the energy flow (forwards =
line direction) can be recalledyupon request. These
data are particularly usgfulwhen checking that the
transformer connections ase correct during com-
missioning (see Sectien 6.7.2).

4.13.4 Monitoring functions

7SA510 incorporates comprehensive monitoring
functions which cover both hardware and software;
furthermore, the measured values are continugusly
checked for plausibility so that the current and volt=
age transformer circuits are also included in the
monitoring system.

4.13.4.1 Hardware monitoring

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

— Auxiliary and reference voltages

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

Failure or switch-off of the auxiliary voltage auto-
matically puts the system out of operation; this
status is indicated by a fail-safe contact. Transient
dips in supply voltage of less than 50 ms will not
disturb the function of the relay (Uyq > 110 V).

— Measured value acquisition

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

In the current path, there are four input conver-
ters; the digitized sum of the outputs of these
must always be zero. A fault in the current path is
recognhized when

|i|_1 + i+ i|_3 + ki x iE| >
SUM.lthres x Iy + SUM.Fact.l X Imax

An adjustable factor k; (parameter le/Iph) can be
set to correct the different ratios of phase and
earth current transformers (e.g. window-type
transformer for earth fault detection). If the residu-
al earth current is derived from the current trans-
former starpoint, k; = 1. SUM.lthres and
SUM.Fact.| are setting parameters (refer 6.3.10).
The component SUM.Fact.l x Inax
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takes into account permissible current propor-
tional transformation errors in the input conver-
ters which may particularly occur under condi-
tions of high short circuit currents (Figure 4.44).

’_F Ie = Fault current
In
Slope:
/ SUM.Fact.|
SUM.Ithres
Imax
In

Figure 4.44 Current sum monitoring (current plau-
sibility check)

— Command output channels:

The command relays for tripping are contréolled by
two command and one additional releaseychan-
nels. As long as no pick-up condition exists;the
central processor makes a cyclic chegls,of these
command output channels for availability, by ex-
citing each channel one after the other and/check-
ing for change in the output signal levél. Change
of the feed-back signal to low,levelsindicates a
fault in one of the control channelg,or in the relay
coil. Such a conditionyleads, automatically to
alarm and blocking of the cemmand output.

— Memory modules:

The memory“modules are periodically checked
for fault by:

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

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

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

4.13.4.2 Software monitoring

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

If such a fault is not eliminated,by restarting, further
restarts are initiated. If ghe fault’is still present after
three restart attempts“the jprotective system will
switch itself out of serviee and indicate this condition
by drop-off of the“availability relay, thus indicating
"equipment fallt®, and simultaneously the LED
"Blocked” comes on:

4.13.4.3 Menitoring of external measuring
transformer circuits

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

— Current symmetry

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

| lmin | / | lmax | < SYM.Fact.
if
lmax / In > SYM.Ithres / Iy

Imax is always the largest of the three phase cur-
rents and |l always the smallest. The symmetry
factor SYM.Fact.l represents the magnitude of
asymmetry of the phase currents, and the thresh-
old SYM.lIthres is the lower limit of the processing
area of this monitoring function (see Figure 4.45).
Both parameters can be set (see Section 6.3.10).

— Measured voltage failure
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min

In
Slope:
SYM.Fact.|l
/
SYM.Ithres I rnax
v

Figure 4.45 Current symmetry monitoring

— Voltage symmetry

In healthy operation it can be expected that the
voltages will be approximately symmetrical.
Therefore, the device checks the three phase-to-
phase voltages for symmetry. Monitoring of the
sum of the phase-to-phase voltages is not in-
fluenced by earth faults, which can be a lasting
operating condition in non-earthed networks.

The following applies:

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

whereby Unay is the largest of the three yoltages
and Upmin the smallest. The symmetry fagtor
SYM.Fact.U represents the magnitude®of’the
asymmetry of the sum of the voltages. Thethresh-
old SYM.Uthres is the lower limitief theyprocessing
area of this monitoring functions(seeEigure 4.46).
Both parameters can be set (see Section 6.3.10).

Umin
Uy
Slope:
SYM.Fact.U
/
SYM.Uthres Urnax
Uy

Figure 4.46 Voltage symmetry monitoring

Failure of the measurement voltage can be de-
tected when a minimum current flows on the pro-
tected line but the current stages Iph> of the fault
detectors have not yet picked up. Voltage failure
is detected when

Uph—ph < UMEAS U< and at the same time
Imax > UMEAS |>

whereby Upn_pn represents any phase-phase
voltage. UMEAS U< and UMEAS™> are setting
parameters (see Section 6.3.10), This monitor
does not operate once the/minimum current
threshold of any fault detector has been exceed-
ed since this may indicate‘a,system fault.

After this monitor has‘eperated, distance protec-
tion is blocked andywill not be released until the
cause of the véltage failure has been removed.
The distance \protection function will then auto-
matically ‘beyrestofed. Change-over to overcur-
rent emergencysprotection is possible.

Fuseffailure, monitor

If any, measured voltage is not present, due to
shaert circuit or conductor breakage in the voltage
transformer secondary system, it may appear
that the voltage is zero for certain measured
loops.

If no protective m.c.b. with appropriately set auxil-
iary contact is available in the VT secondary cir-
cuit, but instead, for example, fuses are fitted, the
optional function "fuse failure monitor” can be
made effective, in solidly earthed networks. Ob-
viously, this function can also be used together
with the above mentioned VT —protective m.c.b.

When a zero sequence voltage is indicated, with-
out simultaneous recognition of an earth fault, this
is indicative of a single phase fault in the second-
ary circuits of the voltage transformers. The dis-
tance function is then blocked and the relay can
be switched to emergency overcurrent operation
(see Section 4.6). Immediate blocking is per-
formed provided at least one phase current is
flowing.

If, within approximately 10 seconds of recognition
of this criterion, an earth current occurs, distance
protection automatically becomes operative for
the duration of the time of the earth fault. Ifthe fuse
failure criterion lasts longer than approximately 10
seconds the distance protection is blocked and
will not be released until the cause of the voltage
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failure has been removed. The distance protec-
tion function will then automatically be restored.

Note: When, for example, on lines fed by un-
earthed transformers, the earth current during
earth fault is insignificantly small or absent, the
fuse failure monitoring must not be activated! In
non-earthed networks, this fuse failure monitor-
ing facility is pointless and will be ignored by
7SA510!

— Phase rotation

Since correct functioning of measured value se-
lection and directional determination relies upon

a clockwise sequence of the phase voltages, the
direction of rotation is monitored:

U4 before U s before U 5
This check is carried out when the measured volt-
ages as described in 4.12.4.1 are plausible and
have a minimum value of at least

lUL1l, [ULal, ULsl > 40 V/3

Counter-clockwise rotation will gause an alarm.

Table 4.11 gives a suryeyofjall the functions of the
measured value monitoring System.

Monitoring

Failure'covered, reaction

1. Plausibility check of currents
i1 +io+ i3+ le/lph xig| >
SUM.Ithres x Iy + SUM.Fact.l X |ax

Relay failures'in the signal acquisition circuits
IL1, L2, g, "E

delayed alarm "Failure XI”

2. Current unbalance

||Ilmin || < SYM.Fact.|
and Mmal _ SYM.ithres

|/n] Iy

Singleyfor phase-to-phase short circuits or broken
coenductors in the c.t. circuits i 4, iLo, i3

or

Unbalanced load

delayed alarm "Failure Isymm”

3. Voltage unbalance (phase—phase)
| Uminl
| U e |
and |Un«| > SYM.Uthres

< SYM.Fact.U

Short-circuit or interruption (1-phase, 2-phase) in
v.t. secondary circuits

or

unbalanced voltage on the system

delayed alarm "Failure Usymm”

4. Measured voltage failure

Uph—pn < UMEAS UK and Iy, > UMEAS I>

Loss of measured voltages

delayed alarm "Failure Umeas”
and block of distance protection

5. Fuse failure®monitor

|UL1 +UL2+UL3| > FFM 3+«Uo and
|IL1 +iL2+iL3| < FFM le

Fuse failure or conductor interruption (non-sym-
metric) in v.t. secondary circuit

delayed alarm "Fuse-Failure”
and immediate block of distance protection

6. Phase rotation

Uy 1 before u; » before y 3,
aglong as |U 1], [Ui2l, |Us| > 40V/\/3

Swopped voltage connections or reverse rotation
sequence

delayed alarm "Fail.PhaseSeq”

Bolted figures are setting values.

Table 4.11

Summary of measuring circuit monitoring
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5 Installation instructions

/_v\ Warning

The successful and safe operation of this device is dependent on proper handling and‘installation
by qualified personnel under observance of all warnings and hints contained in‘this manual.

In particular the general erection and safety regulations (e.g. IEC, DIN, VDE, or natienal standards)
regarding the correct use of hoisting gear must be observed. Non-observance €an'result in death,
personal injury or substantial property damage.

5.1 Unpacking and repacking

When dispatched from the factory, the equipment is
packed in accordance with the guidelines laid down
in IEC 60255—-21, which specifies the impact resis-
tance of packaging.

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

The transport packing can be re-used for fufther
transport when applied in the same way. The’stor-
age packing of the individual relays is notguitedto
transport. If alternative packing is used, this must
also provide the same degree of protection against
mechanical shock, as laid down iAIEC 60255—
21—1 class 2 and IEC 60255—-21=2class 1.

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

5.2 Preparations

The opeérating“conditions must accord with VDE
0100/5.73'and VDE 0105 part 1/7.83, or correspond-
ing natiopal standards for electrical power installa-
tions;

m Caution!

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

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

5.2.1.1 Model 7SA510x—-xBxxx for panel sur-

face mounting

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

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

— Make a solid low-ohmic and low-inductive opera-
tional earth connection between the earthing sur-
face at the side of the unit using at least one stan-
dard screw M4, and the earthing continuity sys-
tem of the panel; recommended grounding strap
DIN 72333 form A, e.g. Order-No. 15284 of
Messrs Druseidt, Remscheid, Germany.

— Make connections via screwed terminals.

5.2.1.2 Model 7SA510x—xCxxx for panel flush
mounting or 7SA510x--xExxx for cu-
bicle installation

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

— Insert the unit into the panel cut-out andiseeure it
with the fixing screws. For dimensions referto Fig-
ure 2.3.

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

— Make a solid low-ohmi€ andylow-inductive opera-
tional earth connectionetween the earthing sur-
face at the rear of theaunit using at least one stan-
dard screw M4, and the earthing continuity sys-
tem of the panel or cubicle; recommended
grounding strap DIN'72333 form A, e.g. Order-No.
15284 of Messrs Pruseidt, Remscheid, Germany.

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

5.2.2 Checking the rated data

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

5.2.2.1 Control d.c. voltage of binary inputs
When delivered from faetery, the binary inputs are
designed to operate with'ajeontrol voltage which
corresponds with the rated voltage of the power
supply of the relay,ln order to optimize the operation
of the inputs, they ‘should be matched to the real
control voltage:

Table 5.1 shows the assignment of the presettings of
the control yoltage of the binary inputs against the
rated supply voltage of the relay. If the control volt-
age.of akinary input is of the same magnitude as the
supply veoltage of the relay, no matching is neces-
sary. Even with higher control voltage the binary in-
putwill operate. But it is advisable to fit a higher pick-
up. threshold to increase stability against stray volt-
ages. If a binary input is to be controlled by a lower
voltage, then the pick-up threshold must be
matched! Otherwise it could not be energized.

Order code Rated auxiliary | Presetting of

7SA510x— voltage range | binary inputs
2XA KK — KAAK 24/48 Vdc 24 Vdc
Jrckkk—xxxx | 60/110/125 Vdc 60 Vdc
Bkckkk — AAkk 220/250 Vdc 220 Vdc

Table 5.1 Presetting of control voltage for

binary inputs

Table 5.2 shows the setting possibilities for the
binary inputs on the basic p.c.b. of the basic input/
output module. Figure 5.1 shows the printed circuits
board, viewed from the component side, with the
setting plugs for the control voltage of the binary in-
puts. If the actual control voltage is not found on the
p.c.b., select the setting for the next lower voltage.
The figures show further plugs, which must not be
changed.
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Binary input 24/48 Vdc Seg(i)n\glzgor e CO”:r10 é/v102lt5a320 220/250 Vdc
Bl 1 plug X50-X51 plug X52—X53 plug X54—-X55 no plug )
Bl 2 plug X56—X57 plug X58—-X59 plug X60—X61 no plug )
Bl 3 plug X44—-X45 plug X47-X48 plug X49-X62 no plug )
Bl 4 plug X75-X76 plug X77-X78 plug X79-X80 no plug ')

1) Unused plugs may be parked on the pins X36 to X43

Table 5.2

— Open housing cover.

— Loosen the basic module using the pulling aids

provided at the top and bottom.

1\ Caution!

5.2.3

Checking for control voltages of binary inputs 1 to 4 on the basic module

Inserting the back-up battery

The device annungiations are stored in NV—-RAMs.

Even the,faulttecording data are stored in NV—
RAMsRA baek-up battery is available so that they are
retainéd even with a longer failure of the d.c. supply

Electrostatic discharges via the compo-
nent connections, the PCB tracks or the

connecting pins of the modules must be

avoided under all circumstances by pre-
viously touching an earthed metal sur-
face.

voltage, The back-up battery is also required for the
internal system clock with calender to continue in
thefevent of a power supply failure.

The battery is installed at delivery so that no activities
are necessary here. It is possible to check that the

battery is right in place in analogy to the descriptions
in Section 7.2.

— Pull out basic module and place onto a conduc+

tive surface.

— Check the plugs according to Figure“s.1, and
change if necessary.

— Insert basic module into the housiag; ensure that
the releasing lever is pushed fully tothe left before
the module is pressed inf

— Firmly push in the/lmodule using the releasing le-

ver.

— Close housing coven
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X36 to X43: unused plugs
may be parked here
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Setting plugs on basic input/output module

Figure 5.1
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5.2.4 Checking LSA transmission link

For models with interface for a central data process- The normal signal position for the data transmissioQ

ing station (e.g. LSA) these connections must also is factory preset as_”light off”. This c_:an_be cha _
be checked. Itis important to visually check the allo- by means of a plug jumper X239 which is accessible
cation of the transmitter and receiver channels. when the input/output module is removed fro

Since each connection is used for one transmission case. The jumper is situated in the rear area of the
direction, the transmit connection of the relay must power supply board (centre board) (Figure 5.2).
be connected to the receive connection of the cen-

i i mper | Position
tral unit and vice versa. Jumpe 08

X239 1-2
Transmission via optical fibre is particularly insensi- X239 2-3
tive against disturbances and automatically pro- *) compatible with IEC 60870-5-10 6; DEW/ZVEI
vides galvanic isolation. Transmit and receive con-

nector are designated with the symbols ——> for
transmit output and —>-® for receive input.

The figure shows, additi
plugs which are prese
be changed!

position of further
ctory and must not

2
X2
X217

23

o
x240 ]
| x230 BT

X238 (111
x237 (117
123

X236
X235

Plug jumper shown as %d
X239: Position 1 -z@ off”

with optical fibre in-
terface

igure’5.2 Position of the jumper X239 on the power supply board
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5.2.5 Connections

General and connection diagrams are shown in Ap-
pendix A and B. The marshalling possibilities of the
binary inputs and outputs are described in Section
5.5.

5.2.6 Checking the connections

/_v\ Warning

Some of the following test steps are carried
out in presence of hazardous voltages.
They shall be performed by qualified per-
sonnel only which is thoroughly familiar with
all safety regulations and precautionary
measures and pay due attention to them.
Non-observance can result in severe per-
sonal injury.

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

— Switch off the circuit breakers for thegdc stipply
and the voltage transformer circuits!

— Check the continuity of all the current and voltage
transformer circuits against thelplantand connec-
tion diagrams:

® Are the current transformers,correctly
earthed?

® Are the polarities#ofathe current transformer
connectionsconsistent?

® |s thedphase relationship of the current trans-
formersi€orregct?

® Arethe voltage transformers correctly earthed?

® “Are the polarities of the voltage transformer cir-
cuits correct?

® Is the phase relationship of the voltage trans-
formers correct?

® |s the polarity of the residual current path orthe
summation current transformer (if used), cors
rect?

— If test switches have been fitted in the/secandary
circuits, check their function, particulagly that in
the "test” position the current transformer sec-
ondary circuits are automatically short-circuited.

— Ensure that the miniature slideswitch on the front
plate is in the "OFF” Oy p0sition. (refer to Figure
6.1).

— Fit a dc ammeter,in” the auxiliary power circuit;
range approx. 1.5 Ate 3 A.

— Close the battery supply circuit breaker; check
polarity and‘magnitude of voltage at the terminals
of the unit'or, attthe connector module.

— Theymeasured current consumption should be in-
significant. Transient movement of the ammeter
pointerionly indicates the charging current of the
storage capacitors.

= Put the miniature slide switch of the front plate in
the "ON” position ® . The unit starts up and, on
completion of the run-up period, the green LED
onthe front comes on, the red LED gets off after at
most 7 sec.

— Open the circuit breaker for the dc power supply.

— Remove dc ammeter; reconnect the auxiliary volt-
age leads.

— Close the voltage transformer m.c.b. (secondary
circuit).

— Check the direction of phase rotation at the relay
terminals (clockwise!).

— Open the m.c.b.’s for voltage transformer sec-
ondary circuits and dc power supply.

— Check through the tripping circuits to the circuit
breaker.

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

— Check the signal circuits.

— Reclose the protective m.c.b.’s.

C53000-G1176-C115
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5.3 Configuration of operation and memory functions

5.3.1 Operational preconditions and general

For most operational functions, the input of a code-
word is necessary. This applies for all entries via the
membrane keyboard or front interface which con-
cern the operation on the relay, for example

— configuration parameters for configuration of the
interfaces and the device functions,

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

— setting of functional parameters (thresholds,
functions),

— initiation of test procedures.

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

To indicate authorized operatorusepress key CW,
enter the six figure code 000 00,0 and confirm
with E. Codeword entry can"also/be made retro-
spectively after paging or direet addressing to any
setting address.

ENTER CODEWORPD:
@eeeea

CWw ACCEPTED

CODEWORD WRONG

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

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

Address blocks 70 to 79 are provided for configura-
tion of the software operating system. Thése Set-
tings concern the operation of the relay, Gommuni-
cation with external operating and precessifg de-
vices via the serial interfaces, and the interaetion of
the device functions.

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

ﬁ?OOOIOP. §Y)S TEM
@CONFIGURATION

Beginning of the block "Operating system configura-
tion”

The doubléjarrow key f switches over to the first
configuratieniblock (see below). Use the key 1 to
find the,next address. The display shows the four-
digit address'number, i.e. block and sequence hum-
ber.The\title of the requested parameter appears
behind the bar (see below). The second line of the
display shows the text applicable to the parameter.
The present text can be rejected by the "No” —key N.

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

The setting procedure can be ended at any time by
the key combination F E, i.e. depressing the function
key F followed by the entry key E. The display shows
the question "SAVE NEW SETTINGS?".

100
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Confirm with the "Yes” —key Y that the new settings
shall become valid now. If you press the "No” —key N
instead, codeword operation will be aborted, i.e. all
alterations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
1 §, the display shows the question "JEND OF CODE-
WORD OPERATION ?”. Press the "No”—key N to
continue configuration. If you press the "Yes” —key

J/Y instead, another question appears: "SAVE NEW
SETTINGS ?”. Now you can confirm with J/Y OF
abort with N, as above.

When one exits the setting program, the altered pa-
rameters, which until then have been stored inlbuffer
stores, are permanently secured in EEPROMs and
protected against power outage. If configuration pa-
rameters have been changed the processor system
will reset and re-start. During're-start the device is
not operational.

5.3.2 Settings for the integrated operation — address,block 71

Operating parameters can be set in address block
71. This block allows the date format to be selected.
Messages on the front display can be selected here
for the quiescent state of the unit or after a fault
event. To change any of these parameters, code#

word entry is necessary.

When/delivered from factory, the date is shown in the
European format.

ol

R A

—H
H

EGRATETD
N

(@)

21

. MM.

H

D

/X

oo

oo

oo

etc.

Beginning of the block ”Integrated operation”

The date in the display is preset to the European format
Day.Month.Year. Switch-over to the American format
Month/Day/Year is achieved by depressing the
"No” —key N; then confirm with the entry key E.

DD two figures for the day

MM two figures for the month

YYYY four figures for the year (incl. century)

Message to be displayed in the 1st display line during
operation. Any of the operational measured values ac-
cording to Section 6.4.6 can be selected as messages
in the the quiescent state of the relay by repeatedly de-
pressing the "No”—key N; The value selected by the
entry key E under address 7105 will appear in the first
line of the display.

C53000-G1176-C115
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71060 OPER.
UL12T7[ %]

o

2

i

etc.

Message to be displayed in the 2nd display line during
operation. The value selected by the entry key E under,
address 7106 will appear in the second line of the dis3
play.

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

are acknowledged during operation with the RESET
key or via the remote reset input,of thedeyice or via
the system interface (if fitted). After aéknowledge-
ment, the operational messageshof the quiescent
state will be displayed againtasichosen under ad-
dresses 7105 and 7106.

}7 07@B FAULT 1st L
*Fault Type
Trip Type
Prot Pick-up
Prot.Trip
T -Drop
T-Trip
Fault locat.
*7108.FAULT 2ond L
*T—Trip

etc,
}7110|FAULT INDIC
*WIT FAWALT DETESC
WITH TRIP COMM.

After a fault event, the firstiine of the display shows:
type of fault (faulty, phases),

type of trip command (for 7SA510 always three-pole
trip),

protectionfunction which has picked up,
protection function, which has tripped,

thé elapsed time from pick-up to drop-off,
the“elapsed time from pick-up to trip command,

for the fault location, each of the fault locator messages
according 6.4.3 can be selected.

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

the possibilities are the same as under address 7107.

Stored LED indications and the fault event messages in
the display can be displayed either with each fault de-
tection or only after trip command is given. This mode
can be changed by depressing the "No”—-key N and
confirmed with the enter—key E.
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5.3.3 Configuration of the serial interfaces — address block 72

The device provides one or two serial interfaces: one
PC interface in the front for operation by means of a
personal computer and — dependent of the ordered
model — afurther system interface for connection of
a central control and storage unit, e.g. Siemens LSA
678. Communication via these interfaces requires
some data prearrangements: identification of the
relay, transmission format, transmission speed.

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

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

7 200mPc/sysTEM
IltNTERFACES
Ml7201@DEVICE ADD
{1

*7202.FEEDER A DD 4
{1

*7203ISUBST A, D(D/.
{1

*7 0 8gFUNCT TYPE
*l

Beginning of the block Interfaces for personal
computer and central @emputer system”

Identification Aumber of the relay within the substation;
valid for hoth the”interfaces (operating and system
interface). The“mumber can be chosen at liberty, but
must'be tsedyonly once within the plant system
Smallestpermissible number: 1
Largestpermissible number: 254

Number of the feeder within the substation; valid for
both the interfaces (operating and system interface)
Smallest permissible number: 1

Largest permissible number: 254

Identification number of the substation, in case more
than one substation can be connected to a central
device

Smallest permissible number:
Largest permissible number:

1
254

Function type in accordance with VDEW/ZVEI; for
distance protection no. 128.

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

C53000-G1176-C115
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Addresses 7211 to 7216 are valid for the operating
(PC) interface on the front of the relay.

Note: For operator panel 7XR5, the PC—interface
format (address 7211) must be ASCI/, the PC Baud-
rate (address 7215) must be 71200 BAUD, the PC par-
ity (address 7216) must be NO 2 STOP

The setting of the PC GAPS (address 7214 for the
operating interface) or SYS GAPS (address 7224 for
the system interface) is relevant only when the relay
is intended to communicate via a modem. The set-
ting is the maximum time period which is tolerated
by the relay when gaps occur during transmission of
a telegram. Gaps may occur, when modems are

used, by compression of data, error correction, and
differences of the Baud-rate. With good transmis-
sion quality, 1.0 s is adequate. The value should bg
increased when transmission quality is not so good:
It must be noted that GAPS must be smaller than the
setting of “reaction time protection relay” in the'pro;
tection software DIGSI® V3. Recommended value:

'reaction time protectien relay’

GAPS = >

Higher values for "reaction time protection relay” re-
duce the transmission speed in'case,of transmission
errors. If the relay interface is connected directly to a
personal computer, then GARPS may be sett0 0.0 s.

iy |
S I

)

NTERTFEF .

i

P

Q
w

AUDRATHE

i

ARITY

i

Data format for the PCgloperating) interface:

format for Siemens protection data processing program
DIGSI® Version V3

ASCII format

Maximumdtime period of data gaps within telegrams
whichmay oecur during data transmission via modem
on the gperating (PC) interface
Smallestssetting value:

Largest setting value:

0.0s
5.0s

T he transmission Baud-rate for communication via the
PC (operating) interface at the front can be adapted to
the operator’'s communication interface, e.g. personal
computer, if necessary. The available possibilities can
be displayed by repeatedly depression of the "No” —key
N. Confirm the desired Baud-rate with the entry key E.

Parity and stop-bits for the PC (operating) interface:

format for Siemens protection data processing program
DIGSI® Version V3 with even parity and 1 stop-bit

transmission with NO parity and 2 STOP —bits

transmission with NO parity and 7 STOP-bit, e.g. mo-
dem

104
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Addresses 7221 to 7235 are valid for the system interface (if fitted).

* 72210 8sYS INTERTEF . Format of annunciations and fault records forthetsys-
tem interface:
f[VPEW COMPATIBLE only data in accordance with VDEW/ZVEIYand IEC
60870-5-103
data in accordance with VDEW/ZVEI (IEC 60870-—
VDEW EXTENDED 5-103), extended by Siemens specified data
DIGSI V3 formatfor&emens protection,data processing program

DIGSI® Version V3

* 722201 SYS MEASUR. Format of measured values fomthe system interface:
only data in accordance with VDEW/ZVEIl and IEC
{lvpEWw comMPpaTIBLE 608705103

data in accordance with VDEW/ZVEI (IEC 60870-

VDEW EXTENDED 5-103), extended bySiemens specified data

Maximum timeyperiod of data gaps within telegrams

* 7224087YS GAPS which may. oecur during data transmission via modem

fllo .0 s on the System interface
Smallest setting value: 0.0s
Largest 'setting value: 5.0s
* 722508 YS BAUDR R . The transmission Baud-rate for communication via the

system interface can be adapted to the system inter-
face, if necessary. The available possibilities can be dis-
played by repeatedly depression of the "No”—key N.
19200 BAUD Confirm the desired Baud-rate with the entry key E.

floe600 BAUD

1200 BAUD

* 7226Mhs¥6 ) PARITY Parity and stop-bits for the system interface:
+ VDEW/DWMGSIV3/LSA format for VDEW-—protocol (|EC 60870—-5-103) or
Siemens protection data processing program DIGSI®
Version 3
NO 29 S TOP transmission with NO parity and 2 STOP —bits
N O 1 STOP Lransmission with NO parity and 7 STOP-bit, e.g. mo-
em
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It is possible to switch the VDEW —protocol (IEC
60870-5—-103) over to the transmission protocol
according to the operation software DIGSI® during
operation. A precondition is that a transmission for-
mat is selected for the system interface which is
compatible to the VDEW —protocol (IEC 60870—
5-103), i.e. address 7221 SYS INTERF is switched
to VDEW COMPATIBLE or VDEW EXTENDED. If this
facility is to be used, address 7227 SYS SWITCH
must be set to YES. This configuration address does

only permit to switch over from VDEW —protocol
(IEC 60870—5-103) to DIGSI®—protocol and vice
versa at the system interface. The actual switch-over
is arranged by a special telegram which is sent by
DIGSI® to the system interface when to PC—ofera-
tor initiates the corresponding command. Whentad-
dress 7235 (see below) is equally setto YES, thenre-
mote parameterizing is possible via the system inter-
face by means of DIGSI® —procedures.

72270 8s¢YS
N O

SWITCH

i

E

Switch-over between VDEW transmissionyprotocol (IEC
60870—5-103) and DIGSI® —protogol/Via the system
interface

NO

— is not permitted

YES - is permitted

Address 7235 is relevant only in case the system in-
terface is connected with a hardware that operates
with the protection data processing program DIG-
SI®. This address determines whether it shall be
permitted to change parameters via this interface.
One of the following preconditions must be fulfilled:

— either‘address 7221 SYS INTERF is set to DIGS/
V3,

— on'address 7221 SYS INTERF is set to VDEW
COMRPRATIBLE or VDEW EXTENDED and, at the
same time, address 7227 SYS SWITCH (see
abave) is set to YES.

7235 syYs PARAMET

N O

i

Y E S

Remote parameterizing via the system interface

NO

— is not permitted

YES - is permitted
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5.3.4 Settings for fault recording — address block 74

The distance protection relay is equipped with afault
data store (see Section 4.13.2). Distinction must be
made between the reference instant and the storage
criterion (address 7402). Normally, the general fault
detection signal of the protection is the reference in-
stant. The storage criterion can be the general fault
detection, too (STORAGE BY FD), or the trip com-
mand (STORAGE BY TRIP). Alternatively, the trip
command can be selected as reference instant
(START WITH TRIP), inthis case, the trip command is
the storage criterion, too.

A fault event begins with the fault detection of any
protection functions and ends with drop-off of the
latest fault detection. The scope of a fault record is
normally this fault event (address 7403). If auto—re-
closure is carried out, the complete network fault se-
quence — with one or more reclosure attempts —
can be recorded until final fault clearance. This
shows the total time sequence of the fault but utilizes
more memory space even during the dead time(s).

The actual recording time starts with the pre-trigger

stant and ends with the post-fault time T—POST (ad-
dress 7412) after the recording criteriongnas disap-
peared. The permissible recording timefor each re-
cord is set under address 7410. Altogethems's are
available for fault recording. In this time range upto 8
fault records can be stored.

Note: The settimes are related opf@system frequen-
cy of 50 Hz. They are to be'maiched, accordingly, for
different frequencies.

Data storage can alse be initiated via a binary input
or by operator action from the membrane keyboard
on the front of the relay er via the operating interface
(see also Section 6%%.7). The storage is triggered dy-
namically, in these cases. The length of the data
storage isfdetermined by the settings in addresses
7431¢and"7432, but max. T—MAX, address 7410.
Pre-trigger, time and post-fault time are additive to
the,set values. If the storage time for start via binary
inputis setto oo, then the storage time ends after de-
energization of the binary input (statically), but not

time T—PRE (address 7411) before the reference in-  43aterT—MAX (address 7410).

‘ﬁ74ool

@ Beginning of block "Fault recordings”
FAULT RECORDTINGES

Data storage is initiated:

— fault detection is reference instant
fault detection is storage criterion

M7 4020 t1v1T1a% N
flsToraGE BYWFD.

STORAGE B'Y TRITP — fault detection is reference instant
trip command is storage criterion
START W T H TRTIP — trip command is reference instant

trip command is storage criterion

Scope of a fault record:

a fault record is stored for each FAULT EVENT, i.e. from
pick-up until drop-off

a fault record comprises the total NETWORK FAULT in-
cluding auto-reclosure attempts

M7 a 0% sfcorE
+FAULT EVENT

FAUDBT IN POW.SYS

_ Maximum time period of a fault record
* 74100 T-MAX Smallest setting value: 0.30 s
V1 -00 s Largest setting value: 5.00 s
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e

110 T-PRE

10

12 T-POST

1

318 T BINARY IN
0

32 T-KEYBOARD

.50

Pre-trigger time before the reference instant

Smallest setting value: 0.05s
Largest setting value: 0.50s O

Post-fault time after the storage criterion disappears

Smallest setting value: 0.05s

Largest setting value: 0.50 s 4
Storage time when fault recordin \ated via a
binary input, pre-trigger and S times are
additive

Smallest setting value: 10s

Largest setting value: 5.00 s

or co, i.e. as long as the bi input is energized (but

not longer than T—MAX

Storage time
membrane keyb
are additiv

Smallest Y
Largest s

a cording is initiated via the
e-trigger and post-fault times

0.10s
5.00s

L 4

L 4

Q
o
&

§
S
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5.4 Configuration of the protective functions

5.4.1 Introduction

The device 7SA510 is capable of providing a series
of protection and additional functions. The scope of
the hard- and firm-ware is matched to these func-
tions. Furthermore, individual functions can be set
(configured) to be effective or non-effective or the in-
teraction of the functions can be modified by config-
uration parameters. Additionally, the relay can be
adapted to the system frequency.

Example for configuration of the scope of the device:

Assume a network comprising overhead lines and
cable sections. Since the thermal overload protec-
tion is meaningful only for the cable sections, this
function will be "de-configured” for the devices pro-
tecting the overhead line sections.

The configuration parameters are input through the
integrated operation keyboard at the front of the de-
vice or by means of a personal computer, connected
tothis front-interface. The use of the integrated oper-
ating keyboard is described in detail in Section 6.24
Alteration of the programmed parameters reguires
the input of the codeword (see Section 5.3.1). With-
out codeword, the setting can be read out butnet al-
tered.

For the purpose of configuration, addressesing8xx
and 79xx are provided. One can acgess the/begin-
ning of the configuration blocks either byidirect dial

— press direct address key DA,
— type in address 7 8 0 0,
— press execute key E ;

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

Within the back 78"@pe can page forward with 1 or
back with 4. Ea€h paging action leads to a further
address for the inputof a configuration parameter. In
the following see¢tions, each address is shown in a
box and explained. In the upper line of the display,

behind the number and the bar, stands‘thefasso-
ciated device function. Inthe second line is the asso-
ciated text (e.g. "EXIST”). If this text is appropriate
the arrow keys 1 or | can be used to page the next
address. If the text should/begaltered press the
"No”—key N; an alternative text then appears (e.g.
"NON—-EXIST”). There may“be other alternatives
which can then be displayed, by repeated depres-
sion of the "No”—key N.. The required alternative
must be confirmed with the key E!

Use of the double‘atrow key f{ brings one to the next
address blockiin this case 79. There one finds fur-
ther setting parameters which can equally be con-
firmed or ‘altered:

The configuration procedure can be ended at any
time bysthe key combination F E, i.e. depressing the
function key F followed by the entry key E. The dis-
playsshows the question "SAVE NEW SETTINGS ?”.
€onfirm with the "Yes”—key J/Y that the new set-
tings shall become valid now. If you press the
"No”—key N instead, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
ft I, the display shows the question "TEND OF CODE-
WORD OPERATION ?”. Press the "No”—key N to
continue configuration. If you press the "Yes” —key
J/Y instead, another question appears: "SAVE NEW
SETTINGS ?”. Now you can confirm with J/Y or
abort with N, as described above.

When one exits the setting program, the altered pa-
rameters, which until then have been stored in vola-
tile memories, are then permanently secured in EE-
PROMs and protected against power outage. The
processor system will reset and re-start. During re-
start the device is not operational.

C53000-G1176-C115
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5.4.2 Programming the scope of functions — address block 78

The available protective and additional functions
can be programmed as existing or not existing. For
some functions it may also be possible to select be-
tween multiple alternatives.

Functions which are configured as NON EXIST will
not be processed in 7SA510: There will be no an-
nunciations and the associated setting parameters
(functions, limit values) will not be requested during
setting (Section 6.3). In contrast, switch-off of a

function means that the function will be processed;
that indication will appear (e.g. ”... switched off”) but
that the function will have no effect on the resdlt of
the protective process (e.g. no tripping command).

The following boxes show the possibilities for the
maximum scope of the device. In an actual €ase,
functions which are not available willFnot appear in
the display.

78 0oo0mscorE oOF
JlFuncrIions

Beginning of the block "Scope ‘6f,functions”

Distance protection:

M7e12mp1sT.
flexzst

PROT.

NON-EXIST

Fault detection mode for distance protection:

f7813|DIST.F.DET.
*OVERCURRENT

IMPEDANTCE Z O N4E

u/1I FAULT D E Tg.

Power swing detection:

M7s20mP0uckR
flNon - x Ws T

SWING

EXIST

Teleprotection for distance protection:

M7 8 2lmTELEPROTEC .
filv oS ExIsT

ONDERREACH

OVERREACH

M783o0m1sor. E/F
flnow-Ex1s8T

User definablellegiesfunctions:

7828 UsER
4
fiINeMm ExIstT

LOGIC

EX I ST

Emergency overcurrent time protection:

M7s260EMERG .
flextst

0o/ cC

NON-EXIST

Thermal overload protection:

M7s27pTeERMAL oL
flkon-ExXIST

EXIST

Earth fault detection in non-earthed systems:

EXIST
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Earth fault protection in earthed systems: Fault location:
f7831|EARTH FAULT f7838|FAULT LocCa
flkon-Ex18T fleExzsce
DIR/NON-DTIR NON-EXIST
DIREC.COMPARTISON ¢

Parameter change-over:
INVERSE TIME

M7s8ssmprpar
N O

c/ o0

Internal auto-reclosure function: +
78340 INTERNAL AR
NON-EXIST Q

0
s

The rated system frequency must comply with the sett&

50 Hz, address 7899 must be changed. @

M7899BFREQUENCY Fated evetam 1 50 s or 60 1.
+f N 50 Ha ated system frequency z or 1z

e

er address 7899. If the system frequency is not

54.3 Se N@evice configuration — address block 79

n affects the interaction of the protective and additional functions, above all, for 7SA510, the
uto-reclosing system with the protection functions and the circuit breaker test facility.

interaction of th

¢

OO@BDEVICE

Beginning of the block "Device configuration”
CONFIGURATION
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* 79100CB TEST B I Circuit breaker test via binary input is carried out

flterEE-POLE TRIGP THREE —POLE TRIP will be initiated or O

TRIP—-CLOSE 3POLE, that is three-pole AR cycle (only
TRIP-CLOSE SPOLE models with internal AR function)

L 4
* 79120 AR w/ bIsST. Auto-reclosing works together with dista@otection

*YES or not
|NO &

f7921|AR w/o TELE
{YES

When signal transmissio ed or switched off

isydi
YES - AR operates as‘set

N o NO —ARis blockm

1 792602aRrR w/ EMERG Auto-reclm rks together with emergency over-
e

YES current ti ction or not

M79300ar w/ 1s.EF \rth fault detection in non-earthed systems

— AR works in accordance with the setting (only
when tripping on earth fault is allowed)

|N o] NO —AR s blocked
L 4

* 79310aR w/ Auto-reclosing works together with earth fault protec-
+ YE S tion for earthed systems or not

= O
* 794110 w EXT. With external trip via binary input
fly & s YES - AR will be carried

* NO —no AR will be carried out
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5.5 Marshalling of binary inputs, binary outputs and LED indicators

5.5.1 Introduction

The functions of the binary inputs and outputs repre-
sented in the general diagrams (Appendix A) relate
to the factory settings. The assignment of the inputs
and outputs of the internal functions can be rear-
ranged and thus adapted to the on-site conditions.

Marshalling of the inputs, outputs and LEDs is per-
formed by means of the integrated operator panel or
via the operating interface. The operation of the op-
erator panel is described in detail in Section 6.2.
Marshalling begins at the parameter address 6000.

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

Whenthe 7SA510 programs are running the specific
logic functions will be allocated to the physical input
and output modules or LEDs in accordance with the
selection.

Example: Fault detection is registered from the(dis-
tance protection. This event is generated iNZSAS40
as an "Annunciation” (logical function) and should
be available at certain terminals of the upit/asiaN.O.
contact. Since specific unit terminalssare hard-wired
to a specific (physical) signal relay, €.g. tothe signal
relay 2, the processor must be advisedithat the log-
ical signal "Device FltDet” should be trans-
mitted to the signal relay 2. Thus;'when marshalling
is performed two statements ofithe operator are im-
portant: Which (logical) lannunciation generated in
the protection unit pregramsShould trigger which
(physical) signal relay?"Up to 20 logical annunci-
ations can triggemone (physical) signal relay.

A similar situation applies to binary inputs. In this
case externaliinformation (e.g. voltage transformer
m.c.b. tripped) is‘connected to the unit via a (physi-

cal) input module and should initiate a (logieal) func-
tion, namely blocking. The corresponding question
to the operator is then: Which signal from a (physi-
cal) input relay should initiate which reaction in the
device? One physical input signahkean initiate up to
10 logical functions.

The trip relays can als@ be assigned different func-
tions. Each trip relay can e controlled by each com-
mand function or combination of command func-
tions.

The logical afinunciation functions can be used in
multiple manner. E.g. one annunciation function can
trigger several signal relays, severalftrip relays, addi-
tionally'be indicated by LEDs, and be controlled by a
binary inputunit. The restriction is, that the total of all
physiealinput/output units (binary inputs plus signal
relays,plus LEDs plus trip relays) which are to be as-
soeiated with one logical function must not exceed a
number of 10. If this number is tried to be exceeded,
the display will show a corresponding message.

The marshalling procedure is set up such that for
each (physical) binary input, each output relay, and
for each marshallable LED, the operator will be
asked which (logical) function should be allocated.

The offered logical functions are tabulated for the
binary inputs, outputs and LEDs in the following sec-
tions.

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

— press direct address key DA,
— enter address 600 0,
— press enter key E

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

ﬁsoool
@MARSHALLING

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

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

On this selection level the allocated function can be
changed by pressing the "No” —key N. By repeated
use of the key N all marshallable functions can be
paged through the display. Back-paging is possible
with the backspace key R. When the required func-
tion appears press the execute key E. After this, fur-
ther functions can be allocated to the same physical
input or output module (with further index numbers)
by using the key t. Each selection must be con-
firmed by pressing the key E! If a selection place
shall not be assigned to a function, selection is made
with the function "not allocated”.

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

The logical functions are also previded with function
numbers which are equallyfisted,in the tables. If the
function number is knéwn, this can be input directly
on the selection level. Paging through the possible
functions is then sdéperfluous. With direct input of the
function number, leading zéros need not be entered.
After input of the functiep’number, use the enter key

E. Immediately the associated identification of the
function appears for checking purposes. This can
be altered either by entering a different function
number or by paging through the possible func-
tions, forwards with the "No”—key N or backwards
with the backspace key R. If the function has been
changed, another confirmation is necessary with
the enter key E.

In the following paragraphs, allocation possibilities
for binary inputs, binary outputstandCED indicators
are given. The arrows f} || or 1| atthelefthand side of
the display box indicate paging from block to block,
within the block or on the selection level. The charac-
ter F before the arrow indicates,that the function key
F must be pressed beforeypushing the arrow key 1.

The function numbérs _and“designations are listed
completely in Appendix €.

The marshalling precedure can be ended at any
time by the key,combination F E, i.e. depressing the
function'key*Rifollowed by the entry key E. The dis-
play showsthe question "SAVE NEW SETTINGS?”.
Confifm withithe "Yes” —key J/Y that the new alloca-
tions“shall become valid now. If you press the
"No?=key N instead, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
ft U, the display shows the question "END OF CODE-
WORD OPERATION ?”. Press the "No”—key N to
continue marshalling. If you press the "Yes” —key J/
Y instead, another question appears: "SAVE NEW
SETTINGS ?”. Now you can confirm with J/Y or
abort with N, as above.

When one exits the marshalling program, the altered
parameters, which until then have been stored in
volatile memory, are then permanently secured in
EEPROMs and protected against power outage.
The processor system will reset and re-start. During
re-start the device is not operational.
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5.5.2 Marshalling of the binary inputs — address block 61

The unit contains 4 binary inputs which are desig-
nated INPUT 1 to INPUT 4. They can be marshalled
in address block 61. The address block is reached
by paging in blocks {} || or by direct addressing with
DA 6 1 0 0 E. The selection procedure is carried out
as described in Section 5.5.1.

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

NO - "normally open” mode: the input acts as aNO
contact, i.e. the control voltage at the input
terminals activates the function;

NC - "normally closed” mode: the input acts as a
NC contact, i.e. control voltage present at the
terminals turns off the function, control volt-
age absent activates the function.

When paging through the display, each input func-
tion is displayed with the index "NO” or "NC” when
proceeding with the "No”—key N.

Table 5.3 shows a compilete list of all the binary input:
functions with their associated function number
FNo. Input functions naturally have no effegt if the
corresponding protection function is not fitted indhe
relay or has been programmed out (*de-config-
ured”, refer to Section 5.4.2).

With direct input of the function number, leadingzer-
os need not be used. To indicate the contaét mode
the function number can be extended by'a’decimal
point followed by 0 or 1, whereby

.0 means "normally open” mode, corresponds
to "NO” as above.

A means "normally closed’smode, corresponds
to "NC” as above.

If the extension with .0 o5 . 'is omitted the display first
indicates the function desSignation in “normally
open” mode NO. By pressing the "No”—key N the
mode is changedhito NesAfter direct input other func-
tions can be selected by paging through the func-
tions forwards with the "No”—key N or backwards
with the backspace key R. The changed function
then‘must be re-confirmed by the entry key E.

NetexOne logical function must not be marshalled to
two'@r. more binary inputs, because an OR—logic of
the,signals can not be guaranteed!

The assignment of the binary inputs as delivered
from factory is shown in the general diagrams in Ap-
pendix A. The following boxes show, as an example,
the allocation for binary input 1. Table 5.4 shows all
binary inputs as preset from the factory.

flls toommarsuaLiL 1N
JIfBINARY INPUMS

The first binary input is reachedwvith the key 1:

Ff6101IBINARY
{INPUT 1

Change over toithe selection level with F 1:

oo 1N tnpPUT 1
>OL E D reset N O

e

foozl INPUT 1
*not allocated

Beginning of block "Marshalling binary inputs”

Allocations for binary input 1

Reset of stored LED indications, FNo 5;
"normally open” operation:
LEDs are reset when control voltage present

No further functions are initiated by binary input 1

C53000-G1176-C115
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Leave the selection level with key combination F 1. You can go then to the next binary input with the arrow key

1.

}
'

6 101 @B BINARY

INPUT 1

Marshalling binary input 1

FNo Abbreviation Description
1 [ not allocated | Binary inputis not allocated to any input function
3 | >Time Synchro | Synchronize internal real time clock
4 | >Start FltRec | Start fault recording from external command via binafy,input
5| >LED reset Reset LED indicators
7 | >ParamSelec.1 | Parameter set selection 1 (in connection withfFNg, 8)
8 | >ParamSelec.2 | Parameter set selection 2 (in connection withiENo 7)
11 | >Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 User definable annunciation 4
15 | >Sys-Test System interface messages/values are,tmarked with "Test operation”
16 | >sys-MM-block | System interface messages and measured values are blocked
354 | >CB Aux.3p cl | Circuit breaker is 3-pole closgd (frem CB auxiliary contact)
356 | >Manual Close | Circuit breaker is manually clesed (from discrepancy switch)
361 | >VT mcb Trip Voltage transformer secondary m.c.b. (feeder) has tripped
383 | >RAR Release Release RAR stages,from gxternal (e.g. external AR device)
384 | >DAR Release Release DAR stage from external (e.g. external AR device)
1106 | >start FltLoc | Start fault locatorfrom external command via binary input
1156 | >CB Test Trigger circuit breakentest
1251 | >E/F Det. on Switch on earth, fauli,detection for non-earthed system
1252 | >E/F Det. off | Switch off eafth fault detection for non-earthed system
1253 | >E/F Det.bloc | Block earth fault detection for non-earthed system
1303 [ >E/F block Block earth fault protection for earthed system
1311 | >E/F comp. on | SwitCh,onidirectional comparison earth fault protection
1312 | >E/F comp.off | Switch offidirectional comparison earth fault protection
1316 | >E/F Recept Carrier reception signal for directional E/F comparison
1317 | >E/F Rec.Fail | Caruier reception for directional earth fault comparison faulty
1501 [ >0/L on Switch'on overload protection
1502 | >0/L off Switch off overload protection
1503 [ >0/L block Block overload protection
2003 | >Emer. block Block emergency overcurrent protection
2010 | >I>> block Block I>> stage of emergency overcurrent protection
2701 | >AR on Switch on internal auto—reclose function
2702 | >AR Off Switch off internal auto—reclose function
2703 | >AR bloek Block internal auto—reclose function statically
2704 | >AR reset Reset internal auto—reclose function
2708 | >RAR block Block RAR-function
2709 | >DAR block Block DAR-function
2711,] >Start AR Start signal from external protection for internal AR
2716 |\ 3Trip 3p AR Trip signal from external protection for internal AR
2721 >DAR aft. RAR | DAR is permitted only after unsuccessful RAR
2730 | >CB ready Circuit breaker ready for AR cycle
27319 >sync.release | Reclose release from an external synchronism—check relay
Table 5.3 Marshalling possibilities for binary inputs (Continued next page)
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FNo Abbreviation Description
3603 | >Dist. block Block distance protection
3611 | >Extens. Z1B Release distance overreaching zone Z1B from external
3612 | >Extens. Z1L Release distance overreaching zone Z1L from external
4004 | >Dis. Recept Carrier reception signal for distance protection
4005 | >Dis.RecFail Carrier reception for distance protection faulty
4011 | >Dis.POTT on Switch on permissive overreach transfer function
4012 | >Dis.POTT off | Switch off permissive overreach transfer function
4021 | >Dis.PUTT on Switch on permissive underreach transfer function
4022 | >Dis.PUTT off | Switch off permissive underreach transfer function
4403 | >Ext.Trip blk | Block trip signal from external protection function
4416 | >Ext.Trp.woAR | Trip signal from external protection function
4415 | >Ext.Trp.L123 | Trip signal from external protection function withgut auto—reclosure
6206 | >User TlsStart | User definable logic function 1 start
6207 | >User T1lReset | User definable logic function 1 reset
6208 | >User T2Start | User definable logic function 2 start
6209 [ >User T2Reset | User definable logic function 2 reset
Table 5.3 Marshalling possibilities for binary inputs
Addr | 1st display line 2nd display line FNo Remarks
6100 |MARSHALLING [ BINARY INPUTS Heading of the address block
6101 [BINARY INPUT 1 Acknowledge and reset of stored LED and dis-
INPUT 1 >LED reset NO 5 | play indications, LED —test
6102 |BINARY INPUT 2 Voltage transformer secondary m.c.b. has
INPUT 2 >VT mgb Trip NO| 361 | tripped
6103 |BINARY INPUT, 3 From carrier device for teleprotection with dis-
INPUT 3 >Dis. Recept NO| 4004 | tance protection
6104 |BINARY INPUT¥4 Manual close command from discrepancy
INPUT 4 >Mantlal Close NO| 356 | switch

Table 5.4 Preset binaryinputs
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5.5.3 Marshalling of the signal output relays — address block 62

The unit contains 5 signal outputs (alarm relays).
The signal relays are designated SIGNAL RELAY 1
to SIGNAL RELAY 5 and can be marshalled in ad-
dress block 62. The block is reached by paging in
blocks with { || or by directly addressing DA 62 0 0
E. The selection procedure is carried out as de-
scribed in Section 5.5.1. Multiple annunciations are
possible, i.e. one logical annunciation function can
be given to several physical signal relays (see also
Section 5.5.1).

Table 5.5 gives a listing of all annunciation functions
with the associated function numbers FNo. Annun-
ciation functions are naturally not effective when the
corresponding protection function is not fitted in the
relay or has been programmed out ("de-configured”

— refer to Section 5.4.2).

Note as to Table 5.5: Annunciations which are(indi-
cated by a leading ">" sign, represent the direct
confirmation of the binary inputs and are available as
long as the corresponding binary input is energized.

Further information about annunciationshysee Sec-
tion 6.4.

The assignment of the outputsignalwelays as deliv-
ered from factory is showndin the,general diagrams
in Appendix A. The follewingjleoxes show an ex-
ample for marshalling_of ‘signal relay 1. Table 5.6
shows all signal relays astpreset from the factory.

Tl6 20 0B MARSHALLING
JlsteNaL RELAYS

The first signal relay is reached with the key 1:

Ff6201ISIGNAL
{RELAY 1

Change over to the selection level withd 1%

0O001BRELAY 1
Send

i

Dis .

Mloo2gRrREL AT 1
*not ad lgocyga t ed

Beginningeef the block "Marshalling of the output
signal relays”

Allocations for signal relay 1

Signal relay 1 has been preset for:
Transmission signal for carrier for teleprotection
with distance protection, FNo 4056;

no further functions are preset for signal relay 1

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

arrow key 1%

62010 sIGNAL
REDLAY 1

e

Allocations for signal relay 1
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FNo Abbreviation Description
1| not allocated No annunciation allocated
3| >Time Synchro Synchronize internal real time clock
4 [ >start FltRec Start fault recording by external command via binary input
5| >LED reset Reset LED indicators
7 | >ParamSelec.1 Parameter set selection 1 (in connection with FNo 8)
8 | >ParamSelec.2 Parameter set selection 2 (in connection with FNo 7)
11 | >Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 User definable annunciation 4
15 | >Sys-Test System interface messages/values are markgd with *Test operation”
16 [ >Sys-MM-block System interface messages and measured valdes'are blocked
51 | Dev.operative Protection device operative
52 | Prot. operat At least one protection function is operative
60 | LED reset Stored annunciations are reset
95 | Param.running Parameters are being set
96 | Param. Set A Parameter Set A is activated
97 | Param. Set B Parameter Set B is activated
98 | Param. Set C Parameter Set C is activatéd
99 | Param. Set D Parameter Set D is activated
141 | Failure 24V Failure 24 V internal déstpply
143 | Failure 15V Failure 15 V internal dcysupply
144 | Failure 5V Failure 5 V internal de'supply
145 | Failure 0OV Failure 0 V A/D converter
151 | Failure I/0 1 Failure in input/output module
161 [ I supervision General failure detected by current supervision
l62 | Failure 2I Failure supernvision, 2l (measured currents)
163 | Failure Isymm Failure superyision symmetry |
164 | U supervision General faildre detected by voltage supervision
167 | Failure Usymm Failure supervision symmetry U
168 | Failure Umeas Failure 'measured voltage
169 | Fuse-Failure Fuse failure”’monitor operated
171 | Fail.PhaseSeq Failure'sdpervision phase sequence
354 | >CB Aux.3p cl Circuit breaker position is ON (from CB auxiliary contact)
356 | >Manual Close Ciretit breaker is manually closed (from discrepancy switch)
361 [ >VT mcb Trip Voltage transformer secondary m.c.b. (feeder) has tripped
383 | >RAR Release Release RAR stages from external (e.g. external AR device)
384 [ >DAR Release Release DAR stage from external (e.g. external AR device)
501 | Device FltDet General fault detection of the device
503 | Dev.FltDet ‘Ll Fault detection of the device phase L1
504 | Dev.FltDet (L2 Fault detection of the device phase L2
505 | Dev.EltDetsL3 Fault detection of the device phase L3
506 | Dev.Flthet E Fault detection of the device earth fault
511 ({Devdce Trip General trip of the device
515 | De¥.T¥ip 3p Trip by the device three-pole
516 | Dev.Trip forw Trip by the device on fault in forward (line) direction
517 | Dev.Trip rev. Trip by the device on fault in reverse (bus-bar) direction
561 | Manual Close Manual close indication of circuit breaker
562 [ Man.Close Cmd Manual close command for the circuit breaker
568 | CB Alarm Supp Circuit breaker operation alarm suppressed
N106| >Sstart FltLoc Start fault locator by external command via binary input
1956 | >CB Test Trigger circuit breaker test
1174 | CB in Test Circuit breaker test is in progress
Table 5.5 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description
1181 | CB Test Trip Trip by internal circuit breaker test function, general
1185 | CB Test 3p Trip by internal circuit breaker test function three-pole
1251 | >E/F Det. on Switch on earth fault detection for non-earthed system
1252 | >E/F Det. off | Switch off earth fault detection for non-earthed system
1253 | >E/F Det.bloc | Block earth fault detection for non-earthed system
1261 | E/F Det. off Earth fault detection for non-earthed system is switched off
1262 | E/F Det.block| Earth fault detection for non-earthed system is blocked
1263 | E/F Det.activ | Earth fault detection for non-earthed system is active
1271 | E/F Detection | Earth faultin non-earthed system detected
1272 | E/F Detec. L1 | Earth fault (non-earthed) in phase L1 detected
1273 | E/F Detec. L2 | Earth fault (non-earthed) in phase L2 detected
1274 | E/F Detec. L3 | Earth fault (non-earthed) in phase L3 detected
1276 | E/F forwards Earth fault (non-earthed) in forward direction detected
1277 | E/F reverse Earth fault (non-earthed) in reverse direction detected
1278 | E/F undefined| Earth fault (non-earthed) direction undefined
1281 | E/F Det. Trip| Trip by earth fault detection
1303 | >E/F block Block earth fault protection for earthed networks
1311 | >E/F comp. on| Switch on earth fault protection
1312 | >E/F comp.off | Switch off earth fault protection
1316 | >E/F Recept Reception signal for directional comparison earth fault protection
1317 | >E/F Rec.Fail | Reception failure for directional’@emparison earth fault protection
1331 | E/F Prot. off | Earth fault protection is switghedoff
1332 | E/F blocked Earth fault protection is blocked
1333 | E/F active Earth fault protection is active
1334 | E/F Dir.block| Earth fault protection dirgetional stage is blocked
1341 | E/F F1lt75%Ie>| Earth fault protection low yalue stage 75 % Ig picked up
1342 | E/F Flt Ie<->| Earth fault protectioninon-directional stage Ig picked up
1343 | E/F Flt Ie ->| Earth fault protettion/directional stage Ig picked up
1344 | E/F Ue> Earth fault displacement voltage Ue> picked up
1351 | E/F T-Delay Earth fault protection‘@delay time expired
1352 | E/F T-> Earth fault protection directional delay time expired
1353 | E/F T<-> Earth fault protection non-directional delay time expired
1361 | E/F Trip Trip by earth fault protection (general)
1381 | E/F Dir off Directional earth fault protection is switched off
1384 | E/F send Carrientransmission signal for directional comparison E/F protection
1385 | E/F Echo Echo signal sent for directional comparison E/F protection
1386 | E/F TransBloc | “Jfansient blocking of earth fault protection after external fault
1501 | >0/L on Switehyon thermal overload protection
1502 | >0/L off Switch off thermal overload protection
1503 | >0/L block Block thermal overload protection
1511 | o/L Prot. @fff| ¢Thermal overload protection is switched off
1512 | O/L blocked Thermal overload protection is blocked
1513 | O/L aetive Thermal overload protection is active
1515 | Oo/LfWarsm I Thermal overload protection current warning stage picked up
1516 | O/L Waxn @ Thermal overload protection thermal warning stage picked up
1517 | o/L pickup O Thermal overload protection fault detection of trip stage
1521 | O/L Trip Thermal overload protection trip by trip stage
2003 | >Emexns block Block emergency overcurrent time protection
2010 [§>I>> block. Block 1> > stage of emergency overcurrent time protection
2051gn, Emer. off Emergency overcurrent time protection is switched off
2052 |\ Emer. block Emergency overcurrent time protection is blocked
2053 “Emer. active Emergency overcurrent time protection is active
2054, | Emer. mode Emergency overcurrent time mode is running
Table 5.5 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description

2061 | Emer.Gen.Flt General fault detection of emergency overcurrent protection

2062 | Emer. Flt L1l Fault detection L1 of emergency overcurrent protection

2063 | Emer. Flt L2 Fault detection L2 of emergency overcurrent protection

2064 | Emer. Flt L3 Fault detection L3 of emergency overcurrent protection

2065 | Emer. Flt E Earth fault detection of emergency overcurrent protection

2091 | Emer.I>> Fault detection by I>> stage of emergency O/C protection

2093 | Emer.I> Fault detection by I> stage of emergency O/C protection

2097 | Emer.IE> Fault detection by Ig> stage of emergency O/Gyprotection

2121 | Emer. TI>> Emergency O/C protection time T—1>> expired

2123 | Emer. TI> Emergency O/C protection time T—1> expired

2127 | Emer. TIE> Emergency O/C protection time T—Ig> expired

2141 | Emer.Gen.Trip General trip by emergency overcurrent protegtion

2145 | Emer.Trip 3p Trip three-pole by emergency overcurrentproteetion

2701 | >AR on Switch on internal auto-reclose function

2702 | >AR off Switch off internal auto-reclose function

2703 | >AR block. Block internal auto-reclose functiom,(abort)

2704 | >AR reset Reset internal auto-reclose function

2708 | >RAR block Block rapid auto-reclosure (RAR, 1st shot)

2709 | >DAR block Block delayed auto-reclosurey(DAR, further shots)

2711 | >Start AR Start signal from externalpretection for AR

2716 | >Trip 3p AR Trip signal from external,protection for AR

2721 | >DAR aft. RAR | DAR is permitted onlyafter unsuccessful RAR

2730 | >CB ready Circuit breaker ready:for AR cycle

2731 | >Sync.release Reclose release bysan external synchronism-check relay

2781 | AR off Internal auto-reclose fumction is switched off

2782 | AR on Internal auto-reclose function is switched on

2783 | AR inoperativ | Internal auto-reclose function is not operative

2784 | AR not ready Internahautegreclose function is not ready for reclose

2785 | AR block.dyn. Internal auto-reelose function is blocked dynamically

2787 | CB not ready Circuit’breaker not ready for a trip/reclose cycle

2788 | AR T-CB Exp. Circuit Breaker supervision time expired

2801 | AR in prog. Auto-reclose cycle is in progress

2811 | RAR only Internal/AR function is programmed to perform only RAR cycle

2812 | RAR T-act.run |g “Auto®reclose function action time for RAR is running

2814 | RAR T-3p run. Auto-reclose function dead time for RAR is running

2817 | RAR Zone Rely Internal AR function is ready to permit trip in RAR stage

2831 | DAR only Internal AR function is programmed to perform only DAR cycles

2832 | DAR T-actlirunj| Auto-reclose function action time for DAR is running

2833 | DAR T-3pid, run’| Auto-reclose function dead time for first DAR is running

2834 | DAR T-3p2 %un | Auto-reclose function dead time for second DAR is running

2835 | DARE-3p3srun | Auto-reclose function dead time for further DAR is running

2837 | DAR Zong, Rel. internal AR function is ready to permit trip in DAR stage

2851 {,AR{Close Cmd. Reclose command by internal auto-reclose function

2853 | RAR 3p Close Reclose command RAR (rapid AR)

2854 | DAR"3p Close Reclose command DAR (delayed AR)

2861 | AR T-Recl.run | Auto-reclose function reclaim time is running

2862 | AR successful | Auto-reclosure was successful

2863 | Definit.Trip Definitive (final) trip signal

2865 | Sync.Meas.Req | Internal AR function request for synchronism or voltage check
Table 5.5 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description
3603 | >Dist. block Block distance protection
3611 | >Extens. Z1B Release distance overreaching zone Z1B from external
3612 | >Extens. Z1L Release distance overreaching zone Z1L from external
3651 | Dist. off Distance protection is switched off
3652 | Dist. blocked | Distance protection is blocked
3653 | Dist. active Distance protection is active
3661 | Disz1B AR blk | Distance protection blocks reclosure after fault in zone Z1B
3662 | Disz1lL AR blk | Distance protection blocks reclosure after fault in zone Z1l¥
3671 | Dist.Gen.F1lt. Distance protection: General fault detection
3672 | Dist.Fault Ll Distance protection: Fault detection L1
3673 | Dist.Fault L2 Distance protection: Fault detection L2
3674 | Dist.Fault L3 Distance protection: Fault detection L3
3675 | Dist.Fault E Distance protection: Earth fault detection
3701 | Loop L1-E f£ Distance protection: Fault in loop L1—E in forward direction
3702 | Loop L2-E f Distance protection: Fault in loop L2—E in forward direction
3703 | Loop L3-E f£ Distance protection: Fault in loop L3—E in forwarddirection
3704 | Loop L1-2 f£ Distance protection: Fault in loop L1—-L24in forward direction
3705 | Loop L2-3 f£ Distance protection: Fault in loop L2—18 in forward direction
3706 | Loop L3-1 £ Distance protection: Fault in loop 8=L1 in forward direction
3707 | Loop L1-E r Distance protection: Fault in loop L1 Eiin reverse direction
3708 | Loop L2-E r Distance protection: Fault in legpak2—E in reverse direction
3709 | Loop L3-E r Distance protection: Fault imjoope3—E in reverse direction
3710 | Loop L1-2 r Distance protection: Fault indoep L1=L2 in reverse direction
3711 | Loop L2-3 r Distance protection: Fault in'loop £2—L3 in reverse direction
3712 | Loop L3-1 r Distance protection: Fauliin [0ep L3—L1 in reverse direction
3719 | Dist. For.Dir | Distance protection: Faultinferward direction
3720 | bist. Rev.Dir | Distance protection:Faultiingreverse direction
3771 | Dist. T1 Distance protection: Fime T1 (1st stage) expired
3774 | Dist. T2 Distance protectiont Time T2 (2nd stage) expired
3777 | Dist. T3 Distance protectien: Time T3 (3rd stage) expired
3778 | Dist. T4 Distance proteciion®Time T4 (4th stage, directional) expired
3779 | Dist. T5 Distance protection: Time T5 (final stage) expired
3780 | Dist. T1B Distancegproteetion: Time T1B (1st extended stage) expired
3783 | Dist. T1L Distance,protection: Time T1L (2nd extended stage) expired
3801 | Dis.Gen. Trip | Distanee protection: General Trip command
3805 | Dis.Trip 3p Distance ‘protection: Trip three-pole
3808 | Dis.Trip back | "Bistanee protection: Trip with a higher (back-up) stage
3812 | Dis.TripZzl/3p |ebistanpee protection: Trip in stage Z1/T1
3814 | Dis.Tripz1B3p || Distance protection: Trip in extended stage Z1B/T1B
3815 | Dis.Trip Z1L Bistance protection: Trip in extended stage Z1L/T1L
3817 | Dis.Tripz2/3pé| @ Distance protection: Trip in stage Z2/T2
3818 | Dis.Trip23/T3 Distance protection: Trip in stage Z3/T3
3819 | Dis.T£1p FD=> Distance protection: Trip in directional stage (fault detection)
3820 | Dis (Trip <-> Distance protection: Trip in non-directional stage (fault detection)
4004 | >Dis. Recept Carrier reception signal for distance protection
4005 | >Dis.RecHail Carrier reception faulty signal for distance protection
4011 | >Dis.POTT on Switch on permissive overreach transfer function
4012 | >Dis.BOTT off | Switch off permissive overreach transfer function
4021 |%Dis.PUTT on Switch on permissive underreach transfer function
4022p,>Dis.PUTT off | Switch off permissive underreach transfer function
4051 \Dis.Tele. on Teleprotection with distance protection is switched on
4052 |"Dis.Tele. off | Teleprotection with distance protection is switched off
2054 | Dis. Recept Carrier signal for distance protection received
4055 | Dis. RecFail Carrier reception for distance protection faulty

Table 5.5 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description
4056 | Dis. Send Transmission signal from distance protection
4067 | Dis.POTT Echo | Echo signal (distance protection) transmitted
4068 | Dis.TransBlo Transient blocking (distance protection) is running
4164 | Power Swing Power swing detected
4165 | P/S T-action Power swing action time is running
4166 | 0/S Trip Out-of-step Trip command
4403 | >Ext.Trip blk| Block trip signal by external trip function
4415 | >Ext.Trp.L123| Trip signal by external trip function
4416 | >Ext.Trp.woAR | Trip signal by external trip function without auto—reélosure
4431 | Ext.Gen.Trip General trip by external trip function
4435 | Ext.Trip 3p Trip by external trip function
4436 | Ext.Trip woAR | Trip by external trip function without auto—reclesure
6206 | >User Tlstart | User definable logic function 1 start
6207 | >User T1Reset | User definable logic function 1 reset
6208 | >User T2start| User definable logic function 2 start
6209 | >User T2Reset | User definable logic function 2 reset
6254 | User output 1| Output signal of user definable lagi¢ function 1
6255 | User output 2| Output signal of user definablgyogicfunction 2
Table 5.5 Marshalling possibilities for signal relays and"REDS
Addr | 1st display line 2nd displayiline FNo Remarks
6200 | MARSHALLING | SIGNAL4RELAYS Heading of the address block
6201 | SIGNAL RELA¥ 1 Transmission signal for carrier from telepro-
RELAY 1 Dig. Send 4056 | tection with distance protection
6202 | SIGNAL Y2 General fault detection of the device
RELAY 2 Device FltDet 501
6203 | SIGNAL RELAY 3 Fault in reverse direction
RELAY 3 Dev.Trip Rev. 517
6204 | SIGNAL RELAY 4
RELAY 4 >VT mcb Trip 361
Y 2 Fa}iure 21 162 Group annunciation of all disturbances in
RELW Failure Isymm 63 | measured quantities
RELAY 4 Failure Usymm 167
RELAY 4 Failure Umeas 168
RELAY 4 Fuse-Failure 169
RELAY 4 Fail.PhaseSeq 171
Ay | SIGNAL RELAY 5 5, | The NC contact of this relay indicates "De-
RELAY 5 Dev.operative vice fault”
Table 5.6 Preset annunciations for signal relays
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5.5.4 Marshalling of the LED indicators — address block 63

The unit contains 8 LEDs for optical indications, 6 of
which can be marshalled. They are designated LED
1 to LED 6 and can be marshalled in address block
63. The block is reached by paging in blocks with {
|| or by directly addressing with DA 6 200 E. The
selection procedure is carried out as described in
Section 5.5.1. Multiple annunciations are possible,
i.e. onelogical annunciation function can be givento
several LEDs (see also Section 5.5.1).

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

The marshallable annunciation functions are the
same as those listed in Table 5.5. Annunciation func-
tions are, of course, not effective when the corre-
sponding protection function is not fitted in the relay
or has been programmed out (de-configured).

With direct input of the function number it is not nec-

essary to input the leading zeros. To indicate wheths#
er the stored or unstored mode shall be effective the
function number can be extended by a decifmal
point followed by 0 or 1, whereby

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

.1 stored indication (memorized) cefresponds to
"m” as above.

If the extension with .0 or .1 isg@mitted the display
shows first the function designation in unstored
mode with "nm”. Press the "No” =key N to change to
stored mode "m”. After directiinput other functions
can be selected by pagingthrough the functions for-
wards with the "No” #keyN or backwards with the
backspace key R. The changed function then must
be re-confirmed bythe enter—key E.

The assignment ofthe LEDs as preset by the factory
is shown in the,front of the unit (Figure 6.1). The fol-
lowing bexesshow, as an example, the assignment
for LEDA. Table 5.7 shows all LED indicators as they
are presetfrom the factory.

Tlf6 30oomMARSHALLING
JftED INDICATORS

The first marshallable LED is reached with the keyi:

Mszo0o10ED 1

Change over to the selection leyelrwithuF 1:

Mooi1mre
*>VT mcb T “Td’ P nm

w]
[

*Fallure Isymm nm

Failure Usymm nm

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

Allocations for LED 1,
Meaning: "Failure in measured quantities”

LED 1 has been preset for:
1st: Voltage transformer secondary m.c.b. has
tripped, FNo 361;

LED 1 has been preset for:
2nd: Failure detected by measured current sum
monitor, FNo 162:

LED 1 has been preset for:
3th: Failure detected by measured current symme-
try monitor, FNo 163;

LED 1 has been preset for:
4th: Failure detected by measured voltage sym-
metry monitor phase-to-phase, FNo 167;
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fooleED 1
+ Failure 9)

f006|LED
+ Fuse-Fail

0O07B LED 1
Fail.Phas

e
o

f008|LED 1

LED 1 has been preset for:
5th: Failure detected by measured voltage monitor
(measured voltage collapsed), FNo 168;

LED 1 has been preset for:
6th: Failure detected by fuse-failure moniter, FNo
169;

LED 1 has been preset for:
7th: Failure detected by4ghase’sequence monitor,
FNo 171;

no further functions areypreset for LED 1

After input of all annunciation functions for LED 1, change-back to thie,marshalling level is carried out with

F 1:

f6301ILED

1

Allecations for LED 1,
Meaning: ”Failure in measured quantities”

Addr | 1st display line 2nd display line FENo Remarks
6300 | MARSHALLING | LEDs Heading of the address block
6301 | LED 1
LED 1 >VT mcb Tripy nm| 361
LED 1 Failure 31 nm| 162
LED 1 FailuréIsymm nm| 163 [ Group annunciation of all disturbances in
LED 1 Failure Usymm nm| 167 [ measured quantities
LED 1 FailareWumeas nm 168
LED 1 Fuse-Failure nm 169
LED 1 Eall,.PhaseSeq nm 171
6302 | LED 2
LED 2 Dist.Fault Ll m 3672
LED 2 Emer. F1t L1 m 2062
6303 | LED 3
LED 3 Dist.Fault L2 m 3673
LED 3 Emer. F1lt L2 m | 2063 | Fault detection annunciations of the
distance protection function or the emer-
6304 | LED'% gency overcurrent time protection
LED 4 Dist.Fault L3 m 3674
LED 4 Emer. Flt L3 m 2064
6305 | LED 5
LED 5 Dist.Fault E m 3675
LED 5 Emer. Flt E m 2065
6306 | LED 6 General trip command of the device
LED 6 Device Trip m 511

Table 5.7 Preset LED indicators
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5.5.5 Marshalling of the command (trip) relays — address block 64

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

Most of the annunciation functions in accordance

with Table 5.5 can be marshalled to output com-
mand relays. But those listed in Table 5.8 are partieu-
larly suitable for trip relay output. Regard the table as
arecommended pre-selection. Command functions
are naturally not effective when the corresponding
protection function is not fitted in the relay or has
been programmed out (de-configured).

The assignment of the trip relaysyas delivered from
factory is shown in the general diagrams in Appen-
dix A. The following boxes show an‘example for mar-
shalling of trip relays 1.Table,5.9(shows all trip relays
as preset from the factory.

Tlf6 4a0oomMARSHALLING
Jfftr1P RELAYS

The first trip relay is reached with the key 1:

64010 TRIP
RELAY 1

e

Change over to the selection level with F 1:

f001ITRIP REL . 1
+ Device Trip
fooleRIP R 'L , 1
+ not allocat®ted

Beginning of the bloek, ’Marshalling of the trip re-
lays”

Allocations for trip relay 1

Trip relay 1 has been preset for:
Trip by any function of the device, FNo 511;

no further functions are preset for trip relay 1

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

FNo Abbreviation

Logical command function

1 ynot allocated
5019y Device FltDet
5414 Device Trip
515 | Dev.Trip 3p

No function allocated

General fault detection of the device
General trip of the device

General trip by the device three-pole

Table 5.8

Command functions (Continued next page)
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FNo Abbreviation Logical command function

516 | Dev.Trip forw Trip by the device on fault in forward (line) direction

517 | Dev.Trip rev. Trip by the device on fault in reverse (bus-bar) direction

562 | Man.Close Cmd Trip by internal circuit breaker test function three-pole
1185 | CB Test 3p Manual close command for the circuit breaker
1281 | E/F Det. Trip Trip by earth fault detection in non-earthed systems
1341 | E/F Flt75%Ie> Earth fault protection low value stage 75 % Ig picked up
1342 | E/F Flt Ie<-> Earth fault protection non-directional stage Ig picked up
1343 | E/F Flt Ie -> Earth fault protection directional stage Ig picked up
1351 | E/F T-Delay Earth fault protection delay time expired
1352 | E/F T-> Earth fault protection directional delay time expired
1353 | E/F T<-> Earth fault protection non-directional delay timé expired
1361 | E/F Trip Trip by earth fault protection

1384 | E/F Send Carrier transmission signal of directional comparison E/F
1521 | O/L Trip Thermal overload protection trip by trip stage
2061 | Emerg.Gen.Flt General fault detection of emergency evercurrént protection
2145 | Emer.Trip 3p Trip three-pole by emergency overcufrent protection
2851 | AR Close Cmd. Reclose command by internal autosreclese function
2853 | RAR 3p Close Reclose command RAR (rapid AR)
2854 | DAR 3p Close Reclose command DAR (delayed AR)
3671 | Dist.Gen.Flt. Distance protection: General faulidetection
3805 | Dis.Trip 3p Distance protection: Trig thrge-pole
3808 | Dis.Trip back Distance protection: Txip, with a higher (back-up) stage
4056 | Dis. Send Transmission signal ofidistance protection
4166 | 0/S Trip Out-of-step trip command
4435 | Ext.Trip 3p Trip three-pole by external trip function
6254 | User output 1 Output signal of user definable logic function 1
6255 | User output 2 Output signalef user definable logic function 2

Table 5.8 Command functions
Addr | 1st display line 2ndydisplay line FNo Remarks
6400 | MARSHALLING | TRIP RELAYS Heading of the address block
6401 | TRIP RELAY 1
TRIPWRELY 1/ Device Trip 511 | General trip command of the device
6402 | IRIP RELAY 2
TREP REL. 2 | Device FltDet 501 | General fault detection of the device
Table 5.9 Preset command functions for trip relays
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6  Operating instructions

6.1 Safety precautions

A Warning

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

Caution!

/N\

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

6.2 Dialog with the relay

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

6.2.1 Membrane keyboardhandrdis-

play panel

The membrane keyboard ahd display panel is exter-
nally arranged similar téya pocket calculator. Figure
6.1 illustrates the front views

A two-line, each 16%€haragter, liquid crystal display
presents the informationEach character comprises
a 5 x 8 dot matrix. Numbers, letters and a series of
special symbols cap be displayed.

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

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

Numerical keys for the input of numegrals:

0 [to| 9 | Digits 0to 9 for pumerical input
. Decimal peint
0 Infinity symbol
+/— Change of sign (input of negative
numbers)

Yes/No keys for text parameters:

JY Yes key: operator affirms the dis-
played question

No key: operator denies the dis-

N played question or rejects a sug-

gestion and requests for alternative

Keys for paging through the display:

* Paging forwards: the next address
is displayed
Paging backwards: the previous
+ address is displayed

Block paging forwards: the begin-
ﬁ ning of the next address block is dis-

played

Block paging backwards: the begin-

@ ning of previous address block is

displayed
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Confirmation key:

Enter or confirmation key: each nu-
E merical input or change via the Yes/
No keys must be confirmed by the
enter key; only then does the de-
vice accept the change. The enter
key can also be used to acknowl-
edge and clear a fault prompt in
this display; a new input and re-
peated use of the enter key is then
necessary.

Control and special keys:

Codeword: prevents unauthorized
Ccw access to setting programs (not
necessary for call-up of annunci-
ations or messages)

R Backspace erasure of incorrect en-
tries

F Function key; explained when
used

Direct addressing: if the address

DA number is known, this key allows
direct call-up of the address

M/S Messages/Signals: intgrrogation
of annunciations of fault and, oper-

ating data (refer to Section,6.4)

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

6.2.2 Operation with a personal com-
puter

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

All data can be read in from, or.cepied onto, data car-
rier (e.g. for settings and configuration). Additionally,
all the data can be doeimented on a connected
printer. It is also possible, bycennecting a plotter, to
print out the fault histery traces.

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

6.2.3 Operational preconditions

For most operational functions, the input of a code-
word is necessary. This applies for all entries via the
membrane keyboard or front interface which con-
cern the operation on the relay, for example

— setting of functional parameters (thresholds,
functions),

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

— configuration parameters for interface and device
configuration,

— initiation of test procedures.

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

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

SIEMENS

Betrieb/Service @/
Stérung/Blocked @/

| Readipiess indication

(green)

Unit fadlty indication
(red)

12 ]
ﬂ
=
]
"
Two line display 19D
(LCD) with 16 ~
characters each N 2 Q) LED 1 1o 6 (red) can be
marshalled;
\f ~ 3 @
Pre-settings:
A @ 1: Meas: values faulty
. 2: Faultin phase L1
On/Off switch fo 3: Faultin phase L3
integrated power q 1oy - 4 5 @ 4: Faultin phase L3
supply \E| o 5. Earth fault E
~ r:\ r:\rlwr:\ V:\ 6@ 6Tl'lp
/ \ / \ / \
f - N N N N\ . N
- N——’  N—— N— : /. \ : : /
Additional keys, //r N M e —TT — Operator
can be accessed 1| ﬁ_ —_ panel
when cover is N
closed \ / / a /
( N\ N\ ( N\ N\ N\ ( A
2O (@) @) ON®) (@
LED
/ / N / N / /
. N\ [ N Ny N [ N
/ \ 7N 4 4 25pole socket for connect-
/ ing a personal computer
K |
SIEMENS 1y
° o
Distance Protection é}
Distanzschutz : Un
Iy =M A, 50/60 Hz W ] P
Une='"80 ... 125V AC [ , 1T e
Uy = 60,110,125V DC f 1
Diagr.: C53207-A319-X1-1A—12 ( E %
Operation only with fixed cover
" Betrieb nur mit angeschraubter Kappe
=
2 7SA5101-4CA71-1CDO
@ F.—Nr. BF ...
Rigure'6.1 Front view of operating key board and display panel
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6.3 Setting the functional parameters

6.3.1 Introduction

6.3.1.1 Parameterizing procedure

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

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

— Addresses without request for operator input

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

— Addresses which require numerical input

The display shows the four-digit address,fi.e.
block and sequence number (e.g. 1104%or bleck
11, sequence number 4). Behind the bar appears
the meaning of the required parameter, inthe sec-
ond display line, the value of the parameter, When
the relay is delivered a value has beenypreset. In
the following sections, this value is,shown. If this
value is to be retained, no gtheminput is neces-
sary. One can page forwardsor, backwards within
the block or to the next (6rfpreviéus) block. If the
value needs to be alteréd, it can’be overwritten us-
ing the numerical keysyandif required, the deci-
mal point and/or chiange sign (+/--) or, where ap-
propriate, infigity Sigh o5. The permissible setting
range is given imthe¥ollowing text, next to the as-
sociatedox.£ntered values beyond this range
will be rejected. The setting steps correspond to
the last decimalplace as shown in the setting box.
Inputs with more decimal places than permitted
will be truncated down to the permissible number.
The value must be confirmed with the entry key
E! The display then confirms the accepted value.
Thexechanged parameters are only saved after ter-
mination of parameterizing (refer below).

— Addresses which require text input

The display shows the four-digit address, i.e.
block and sequence number (e.g. 1102 for block
11, sequence number 2). Behind the bar appears
the meaning of the required parameter, in the sec-
ond display line, the applicable text. When the
relay is delivered, aext has been preset. In the
following sectionsgthis text is shown. If it is to be
retained, no other input is necessary. One can
page forwards orbackwards within the block orto
the next (or previgus) block. If the text needs to be
altered, press,the “No” key N. The next alternative
text, alsoprinted in the display boxes illustrated in
thgfollowinglsections, then appears. If the alter-
nativestextuis not desired, the N key is pressed
againy, ete. The alternative which is chosen, is
confirmed with the entry key E. The changed
parameters are only saved after termination of pa-
ramieterizing (refer below).

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

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

The setting procedure can be ended at any time by
the key combination FE, i.e. depressing the function
key Ffollowed by the entry key E. The display shows
the question “SAVE NEW SETTINGS?”. Confirm
with the “Yes”—key Y that the new settings shall be-
come valid now. If you press the “No”—key N in-
stead, codeword operation will be aborted, i.e. all al-
terations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

C53000-G1176-C115

131



7SA510 v3

Operating instructions

If one tries to leave the setting range for the function-
al parameter blocks (i.e. address blocks 10 to 39)
with keys 1{ |}, the display shows the question “END
OF CODEWORD OPERATION ?”. Press the “No”—
key N to continue parameterizing. If you press the
“Yes”—key J/Y instead, another question appears:
“SAVE NEW SETTINGS ?”. Now you can confirm
with J/Y or abort with N, as above.

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

6.3.1.2 Selectable parameter sets

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

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

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

— Fist complete theyparameterizing procedure for
set A as describéd in,Section 6.3.1.1.

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

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

® Key combination F 1:
access to parameter set A

® Key combination F 2:
access to parameter set B

e Key combination F 3:
access‘to,parameter set C

e Key combination F 4:
access o parameter set D

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

Since only afew,parameters will be different in most
applications, itlis pessible to copy previously stored
parameter,setsiinto another parameter set.

It is additiopally possible to select the original set-
tings, ie. the settings preset on delivery, for a modi-
fiedand stored parameter set. This is done by copy-
ing the “ORIG.SET” to the desired parameter set.

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

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

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

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

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

Tleqo™ =0 g PARAMETER

Beginning of the block “Parameter change-over”; pro-
Ifesid2a NG E - OV ER

cessing of parameter sets
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Co Following copying, only such parameters need'be
Addr. Py changed which are to be different from the source
from to parameter set.
8510 ORIG.SET SET A - )
Parameterizing must be terminated for eéach param-
8511 ORIG.SET SET B eter set as described in Section 6.3.1.1.
8512 ORIG.SET SET C
8513 ORIG.SET SET D
6.3.1.3 Setting of datetanditime
8514 SET A SET B
The date and time can b€ sgetiif the the real time clock
8515 SET A SET C . ) e y ; -
is available. Setting is carried/out in block 81 which is
8516 SET A SET D reached by direct addressing DA 8 100 E or by
paging with f} and¥y. Input of the codeword is re-
8517 SET B SET A quired to changetthe data.
8518 SET B SET C Selection effthe individual addresses is by further
scrolling using 1¥ as shown below. Each modifica-
8519 SET B SET D tion muist bexednfirmed with the enter key E.
8520 SET € SET A The date and time are entered with dots as separa-
8521 SET C SET B tor signs since the keyboard does not have a colon
orslash (for American date).
8522 SET C SET D
The clock is synchronized at the moment when the
8523 SET D SET A enter key E is pressed following input of the com-
plete time. The difference time facility (address
8524 SET D SET B 8104) enables exact setting of the time since the dif-
. ference can be calculated prior to the input, and the
SET D SET C synchronization of the clock does not depend on the
i moment when the enter key E is pressed.
Table 6.1 Copying parameter sets
s 1oomseETTI NG Beginning of the block “Setting the real time clock”
{} REAL TIMEM CW®OCK Continue with 1.
b2 12 . 17957 At first, the actual date and time are displayed.
{ 1 N Continue with t.
Enter the new date: 2 digits for day, 2 digits for month
f 81 02M DA TE and 4 digits for year (including century); use the order
+ as configured under address 7102 (Section 5.3.2), but
always use a dot for separator:
DD.MM.YYYY or MM.DD.YYYY
f 81 030 TIME Enter the new time: hours, minutes, seconds, each
+ with 2 digits, separated by a dot:
HH.MM.SS
Using the difference time, the clock is set forwards by
* 81040 DIFF. TIME the entered time, or backwards using the +/- key.
+ The format is the same as with the time setting above.
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6.3.2 Initial displays — address blocks 0 and 10

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

The relay introduces itself by giving its type number,
ﬁ CB7sA510 V3. s the version of firmware with which it is equipped, and
@ 7SS A5 10 * * % *x % % % % % % a hardware identifier. The second display line shows
the complete ordering designation:

After address 1000, the functional parameters begin. Further address possibilities are listedwnder “Annunci-
ations” and “Tests”.

fff 1oo0o0m Commencement of fungfi®hal parameter blocks
IlparamMETERS

6.3.3 Power system data — address block 11

6.3.3.1 General data

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

Tl 1100m

4} POWERSYSTEM DATM Beginning of the block “Power system data

Current transformer polarity:
Ml 1101mcT sTREREBNT LINE — c.t. star-point towards line
{ TOWARDS L I NgE BUSBAR — c.t. star-point towards busbar
This setting determines the measurement
TOWARDS BJmsS®B 2 R direction of the relay (forwards = line direction)

* L1028 # <or=EuscTaR System star-point condition:
5 Important for earth fault and double earth fault
*SOLIDLY EARTHED conditions

COMPENSATED

ISOLRATED

* 11030Un PRIMARY Voltage transformer primary voltage (line-to-line)
Smallest setting value: 1 kV
Wiio kv Largest setting value: 1200 kV
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M 1104Bun sECOND.
tllroo v

f 11050 In PRIMARY
fllrooo =a

Voltage transformer secondary voltage (line-to-line)
Smallest setting value: 80V
Largest setting value: 125V

Current transformer primary rated current (phases)
Smallest setting value: 10A
Largest setting value: 5000 A

With address 1112, the device is instructed as to
how the earth current input is connected. This infor-
mation is important for the monitoring of measured
values.

If the earth current is derived from the star point of
the current transformer set (standard circuit ar-
rangement, see also Appendix B, Figure B.2), then:

Address 1112 is set as le/lph = 1.000
If the earth current is derived from a separate earth

current transformer (e.g. summation c.t., see also
Appendix B, Figure B.3), then:

Address 1112 is set as

le/lph = ratio of thexearth current CT
ratio ofithe phase current CT

Example:

Phase eurrenisdransformers 400 A/5 A
Window, type summation transformer 60 A/1 A

résults,in setting of address 1112
60/1

200/5 = 0.750

le/lph =

M 1112B1e/1pn
1 . o000

Matching factor for earth current:
1 for connection in c.t. starpoint;
(window — type) earth c.t. ratio
(phase) c.t. ratio
for connection to separate earth current

transformer
Smallest setting value: 0.001
Largest setting value: 20.000

6.3.3.2 Line datapgeneral

General line'data afe those which are independent
of reach of the distance zones and the grading plan.
Matching of the earth impedance ratio is achieved
by entering the resistance ratio Rg/R| and the reac-
tanceyratio Xg/X_. These are purely formally calcu-
lated,and are not identical with real and imaginary
parts,of Zg/Z, . No complex calculation is necessary!

JThe setting parameters can be determined from the
line data using the following formulae:

Resistance ratio

Reactance ratio
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Whereby

Ro— Zero sequence line resistance Xe _ 1. (& -1 )

Xo— Zero sequence line reactance X 3 \X

R1— Positive sequence line resistance
X1 — Positive sequence line reactance

It is unimportant whether total line values or values
per unit length are used, since the ratios are inde-
pendent of the line length.

Calculation Example

110 kV overhead line Alu/Steel 240/40 mm?2 with the
line parameters

s (length) = 60 km

R1/s = 0.13 Q/km
Xi/s = 0.39 Q/Km
)F(ig//g : ??58 g//trr: } Zero seq. impedance

Current transformers 600 A/5 A
Voltage transformers 110 kV/0.1 kV

} Pos. seq. impedance

For the earth impedance ratio we have:

1 1.15Q/km
= — - —_— 1 = .

3 (0.39.(2 /km 0.65
Some additional data are requested for various pro-
tection functions. These have to be entered to the
relay under the addresses 1122 and 1124.

The reactance per unit line length (address 1122) is
entered as secondary value. Thistean*be derived
from the primary value using the fermula

_ th . . IN

Xsec - N_Vt Xprim Z
Where Ng - c.t gatio
Ny - v.i. ratie

In/A — gratedycurrent of the current trans-
formers/= rated current of the de-
vice

Finally, theyline“length is entered under address
1124 _Itis used for fault location.

Re _ 1. (Ro_
R, 3 \R,
1 (0.38Q/km
= |—=—-1] =064
3 (0.13Q/km 0.6
Matching of earth impedance, resistance ratio
* L1170 RE/RL Smallest setting value: -7.00
fle - o Largest setting value: 7.00

8 XE/ XL

284 sYE C
0.500 QWkmn

4 B LINELENGTH
. 0 km

Matching of earth impedance, reactance ratio
Smallest setting value: --7.00
Largest setting value: 7.00

Line reactance per unit line length, secondary, only for
fault location (refer to Section 6.3.14)

Smallest setting value: 0.010 Q/km

Largest setting value: 5.000 Q/km

Length of the total line, secondary, only for fault loca-
tion (refer to Section 6.3.14)
Smallest setting value:
Largest setting value:

1.0 km
550.0 km

N6te: When the line length is entered in miles instead of kilometers, and the line constants are entered
inohms per mile, then the relay will operate properly.
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6.3.3.3 General device data

Under addresses 1130 and 1131, the minimum trip
command duration can be set. This is then valid for
all protection functions of the device which canissue
a trip signal. Distinction can be made between the
minimum trip command duration with current flow
T-TRIP > (address 1130) (I > 0.1 Iy) and the dura-
tion without current flow T—TRIP I < (address 1131).

Under address 1135, the maximum close command
duration can be set. This time is then valid for all
functions of the device which can close the circuit
breaker. It must be long enough to ensure reliable
closure of the circuit breaker. The closing command
will be interrupted at once on renewed trip of any of
the protection functions.

Under addresses 1145 to 1150, some additional
general device data are entered to thegproteetion
relay, to match it to the switch-gear conditions.

The parameter T—M/C—PROL (address 1145) is op-
erative only after manual closing of the breaker. This
time is decisive for those protection stages which
shall operate only during manuals€losing (e.g. over-
reach zone of the distanceyprotection).

The external stabilization fime, (address 1149) is a
delay time by whichgxternal commands via binary
inputs are delayed. Thus, it increases the dynamic
noise immunity of the bihary inputs.

} 11300 T-TRIP I>
fllo .00 s

A 1131 T-TRIP I<
ylo -1 s

M| 1135BT-cLOSE
*l 0 ]

* 1145 T-Me/ Q& PROL
*O 3 s

* 1 491 #-EXT.STAB
Vlo - 0 17N

f 1500 FILTER
Yo R M AL

LONG

Minimum duration of trip command with current flow
Smallest,setting Value: 0.00s
Largestisetting value: 32.00 s

Minimum duration of trip command without current
flow,

Smallest setting value:
Largest setting value:

0.01s
32.00 s

Maximum duration of close command
Smallest setting value: 0.01s
Largest setting value: 32.00s

Prolongation time after manual closing, for which the
associated protection stage shall operate

Smallest setting value: 0.01s

Largest setting value: 32.00s

Stabilization time (delay) for external trip command
via binary input
Smallest setting value:
Largest setting value:

0.00 s
32.00 s

Filter for measured quantities
NORMAL filter

LONG filter for difficult measuring conditions
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6.3.4 Settings for distance protection

Since the main function of 7SA510 is that of distance
protection, it is assumed in the following that in set-
ting the scope of the device (Section 5.4.2) the dis-
tance protection function has been set as EXIST (ad-
dress 7812). If the response NON—-EXIST has been
set for the distance protection (for example, be-
cause only other functions shall be used) this sec-
tion is irrelevant.

6.3.4.1 General settings - address block 12

7SA510 comprises 5 distance zones and 7 time
stages arranged as follows:

Independent distance stages:

zone Z1 delay T1
zone Z2 delay T2
zone Z3 delay T3

Controlled (overreaching) stages:
zone Z1B delay T1B
zone Z1L  delay T1L

Final stages:
fault detection, directional delay T4
fault detection, non-directional delay T5

For Z1, Z2, and Z1B different delay times can be set
for single-phase faults and multi-phase faults re-
spectively.

In address block 12, the direetion of the directional
stage and the delay timés,J4 and T5 are set.

NOTE:

The direction whieh, is%set for the directional final
stage (address 1202)'is,not valid for other direction-
ally dependent functions of the fault detection func-
tions, for example, for directional comparison when

this is seleeted!

Il 12o00mDIST.PROT.
JlceENERAL SETTINGS

Ml 1201@mDIST.PROT.

fllo n

OFTF

Ml 12020 DIR. gPDWT4

{flForRwARDS

REVERSE

NON-DARECTTIONATL

f 120 30,T4
. 970 s

f 792 0 40 T 5
{1.20 s

Beginningief the block
“Distancgyprotection general settings”

Distance protection is

ON switched on
or
OFF switched off

Direction for directional trip with fault detection,
which can be set
FORWARDS (line direction) or

REVERSE (busbar direction) or

NON-DIRECTIONAL  (either direction)

Delay for T4 (fault detection directional trip)
Smallest setting value: 0.00 s
Largest setting value: 32.00s

and oo (no directional trip)

Delay for T5 (fault detection non-directional trip)
Smallest setting value: 0.00s

Largest setting value: 32.00s

and oo (no non-directional trip)
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For manual closure onto the short circuit, the dis-
tance protection can be set for various values of
reach (address 1205). For Z1 EFFECTIVE, no special
measures are taken. Possible measures are switch
to overreach zone (instantaneous directional) Z1B
DIRECTIONAL or overreach zone (instantaneous
non-—directional) Z1B NON-DIRECT or FD EFFEC-
TIVE, i.e. fault detection instantaneous non-direc-
tional. Prerequisite is that the manual closing com-
mand is fed to the relay via a binary input from the
discrepancy switch.

If the distance protection operates together with the
integrated or an externally connected auto-reclose
device, address 1216 determines which distance
zone is valid before auto-reclosure. Normally, mea-
surement for the RAR cycle takes place in the (ex-
tended) overreach zone Z1B. This can be changed
by setting RAR —> Z1B to NO. Overreaching zone
Z1B is not released by the RAR function in this case.
Zone Z1 is effective continuously.

For DAR (further auto—reclose cycles), a separaie
distance zone Z1L is available. Release of this zene
before a DAR cycle can be blocked by setting,ad
dress 1218 DAR —>Z1L to NO. The DAR cycles can
also be blocked by a binary input. One canselectthe
stage that should be effective during blockingfof the
DAR cycles (address 1217): Normally, Zfawith T1 is
effective in this case, this can be changed to Z1 with
T1B.

Ifaline to be protected is composed of overhead line
and cable sections, the4onttoelled zones Z1B and
Z1L can be used to distinguish,b&tween faults on the
the overhead section andjeable faults, to a certain
degree. Reclosure can’be blocked for cable faults
using addresses 122%andf222. If, for example, a
cable section is fellowedvby an overhead line sec-
tion, zone Z1B jsssettasCover the cable section and
address 1221,lis sefisuch that reclosure is blocked
forfaults WITHINZ1B. If further segregation is neces-
sary (e.g. gable— overhead line — cable), distinction
can be,made by address 1222 in similar way. In all
other eases, both addresses remain in position NO.

CLOSE
ONAL

Mo120
fllz 18

5@ MAN.
DIRECTTI

12160 RARW % 2Z1B
|
tly s

N O

Ml 12070 pAR BLOCEK
tlz 1 : "m2

Z1; ,T1B
M1 218gDAR -> 2z1L
bl ES

N O

Distancesfneasuring range which is valid when the
cireuit breaker is closed manually:

ZT1B,DIRECTIONAL i.e. the overreach zone, direc—
tional as set in address 1414

Z1B NON-DIRECT i.e. the overreach zone, non—
directional

i.e. fault detection zone, non—
directional

i.e. the normal first zone:
no special measures

FD EFFECTIVE

Z1 EFFECTIVE

Zone Z1B is effective with a “ready”-signal of an
external auto-reclosure device
YES or

NO

If DAR (2nd and further shots) is blocked,
Z1; T1 zone Z1 is valid with delay T1
Z1; T1B zone Z1 is valid with delay T1B

Zone Z1L is effective before DAR
YES or

NO
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122101 BLK.AR Z 1B

12220 BLK.AR Z 1L

WITHIN

OUTSIDE

WITHIN

OUTSIDE

Auto—reclosure is blocked for faults

normal setting

zone Z1B

of zone Z1B

Auto—reclosure ist blocked for faults

normal setting

zone Z1L

of zone Z1L

6.3.4.2 Setting of the distance stages — address blocks 13;and14

The relevant parameters are set for each distance
stage. The reactance X determines the reach of its
associated zone. The resistance R forms the allow-
ance for line and fault resistance. It can be set sepa-
rately for phase-phase faults and for phase-earth
faults to allow, for example, for earth faults with highs
er fault path resistance.

Measurement direction can be set individaally“fef
each zone. This allows free choice of,forwards)re-
verse or non-directional stages, e.g. atiransformers,
generators or bus-bar couplers.

The delay times T1 and T2 can eaeh beset individu-
ally and differently for single-phase faults and multi-
phase faults. Thus one can, for.example, make a set-
ting for single phase faults higher than that of an
associated differentialearth, fault protection (T1
1PHASE grater than'T1 >TRHASE) or, set a shorter
reserve time for multi-phase, faults close to a power
station (T2 >1PHASE lesgfthan T2 1PHASE). Differ-
ent delay times for single- and multi-phase faults are
possible for the overreach zone Z1B, too.

The independent zones Z1, Z2, Z3 operate indepen-
dently frdm,One another and independently of the
overreach'zones Z1B and Z1L.

It isfrecommended that a comprehensive grading
plan should be made for the complete electrically
connected network. It should be made before this
entry series is attempted. This plan should contain

thelinellengths with their primary reactances Xin Q/
phasenThese reactances X are the basis for zone
reach/determination.

For the first zone Z1, one normally selects no delay
time (i.e. T1 = 0.00 s) for the first 85 % of the pro-
tected line length. Over this distance the relay will
then disconnect faults within its inherent operating
time.

For each of the following stages the delay time is in-
creased by one grading time unit. This grading time
unit must be adequate to cover the circuit breaker
operating time inclusive tolerance, the reset time of
the protection devices and the tolerance of the delay
times. Normally 0.3 s to 0.4 s is used. Reach is se-
lected so that it covers up to 80 % of the equal time
stage of the relay for the shortest following line sec-
tion.

The values determined from the grading plan must
be converted for the secondary side of current and
voltage transformers. In general:

7 _ Current transformer ratio . ,
seconday — \foltage transformer ratio =P

The secondary values given to the relay must be re-
lated to a current of 1 A. Thus the conversion formu-
la for reach for any distance zone is:

140
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Figure 6.2 shows a sample network section with pri=
Ne x . In mary grading plan.
Nvt prim A

~

Xsec =

Which gives the line data:
Where Ng —c.t. ratio

Ny —V.t. ratio Xa = 0.39 Q/km-60km = 284 Q
In/A —rated relay current in Ampere = Ra = 013Q/km-60km=7.8%
f:;f{:g:go rr;t:g current of cur X = 039Qkm 30km= 117Q
Ro = 0.13Q/km-30km= 319Q
Resistance setting R allows a margin for fault resis- X. = 0.39Q/km, 40km= 156 Q
tance, which appears as an in-phase resistance ad- Rc = 0.13Q/km%0km = 52Q
dition to the line impedance, at the point of fault. It
comprises, for example, arc resistances, tower foot- Thus the following zong limits, arise:
ing resistances or similar. The setting should take
these fault resistances into account but not be set Zone 1 _primary 85 %0f line length
higher than absolutely necessary. An adequate dif-
ference from the operating impedance must be en- X1,im = 0.85™ %X, =70.85 - 23.42 = 19.89Q

sured, even under conditions of temporary over-
load. The resistance margin can be set separately Zone 1 _seCondary
for phase-phase faults and for phase-earth faults.

o th . . IN
- X1 = N, X1 prim A
Calculation Example 600/5 5A
= 170/01 19.89!2-7 = 10.8502
110 kV overhead line Alu/Steel 240/40 mm?2 with /0.

the characteristics: Zene 2 primary 80 % up to Z1 of the next line b

s (length) = 60 km

X2,m = 0.8 - (X + 0.85 - X,)
0.8 - (23.42 + 0.85 - 11.7Q)
= 26.68Q2

Ry/s = 0.13 Q/km
X4/s = 0.39 Q/km
Ro/s = 0.38 Q/km
Xo/s = 1.15 Q/km

Zone 2 secondary

Current transformers 600 A/5 A

Voltage transformers 110 kV/0™ &V Xon, = Net.xo . In
N, P A
Maximum overload: 600/5 5A
Pmax = 130 MVA corresponding = 110/01 10/{) 7 266802 - - = 14.550
lmax = 680 A '
—
Z3
72 o
A 1 B ¢ D
[ | |
Xa Ra [T X R Xe. Ro I

| | |
F—X1=0.85.Xqg —# :
|

F—Xo = 0.8 (Xa + 0.85 Xy —
|
F—X3=08[Xq+ 08 (X +0.85 X;)] —® sc_p=40km

Sa_g = 60 km

sg_c = 30 km

Figure 6.2 Grading plan related to above calculation example
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Zone 3 primary 80 % up to Z2 of the next line b

X3,m = 0.8 - [X, + 0.8 - (X, + 0.85 - X,)]

= 0.8-[23.42 + 0.8 - (11.7Q + 0.85 - 15.62)]
= 34.69Q

Zone 3 secondary

I
A
600/5 5A

_ N ,
Xssec - N_vt X3prim

Resistance setting

For resistance setting in relation to overhead lines,
consideration of the arc resistance is most impor-
tant. In cable networks, an extensive arc is not possi-
ble; thus the effective resistance of the cable itself
normally plays the more important role. With very
short cable lengths, however, it must be ensured
that the resistance of an arc at the terminals at the
close-up cable end is covered by the resistance
which is set for the first zone.

In this example, for phase-phase arcs, an arc volt-
age drop of max. 12 kV is assumed. With an,as-
sumed minimum short circuit current of 1000 A, this
corresponds to 12 Q primary. For the resistancesset-
ting of the first zone, this results in

1.
2 Rarc

- 6.63Q + % 120Q = 12.63Q

R1prim = R1Iine +

_ th . . IN
R1S€C_N_vt R1prim A
600/5 5A
= 6.9Q

Only half of the arc resistance valuefWas_used, be-
cause it is additive to the loop impedance and only
half should be added to the impedance’per phase.

For earth faults, a separate resistance tolerance can
be set. If an arc resistance ofi9.2‘and a resistance of
25 Q for the tower footing,earth¥path are assumed,
this then leads to

R1Eprim "~ R1Iine + Rarc + Rtower

Il

68632 + 922 + 250
40.63¢2

Il

4 th . . IN
R1Esec - N_vt R1Eprim A

600/5 5A

22.2Q

This value gives an adequate clearance to the mini-
mum load impedance. The power swing polygon
can be ignored for the phase-earth faults, because
the power swing detection works only with phase-
phase measurement.

Independent zones 21, Z2,.and Z3 - address block 13

T 1300@MDIsgr . PROT.
JlrxnpEPENWS. ZONES

First zone.Z1

} w33 010 R1
{1.25 Q

Beginning of block
“Distance protection, independent zones Z1, Z2
and Z3”

Resistance for phase-phase
Smallest setting value: 0.05
Largest setting value: 65.00 Q

142
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1302Q0%x1
2.50 Q

i

* 1303 R1E
.50 Q

Ml 1304@DIREC.
flrForwaRrRDS

Z 1

REVERSE

NON-DIRECTIONATL

A 13050 T1
{o.oo s

1 PHASE

0.00 s

e

Normally, addresses 1305 and 1306 ar@w

Reactance value (reach)
Smallest setting value:
Largest setting value:

Resistance for phase-earth

Smallest setting value:
Largest setting value:

0.05 Q
130.00 Q2

C)O

0.05 Q
130.00

Direction for zone Z1: can b\

FORWARDS

REVERSE

NON-DIRECTIO

2

Delay for
Sm

Large
ar@

@ar direction)

ither direction)

tion) or

single-phase faults

0.00s
32.00 s

for zone Z1, multi-phase faults

13060 T1 >1PHAS -
i %est setting value

Largest setting value:

0.00s
32.00 s

and oo (no trip in zone Z1 for multi-phase faults)

e same value.

Second zone Z2 \&

4

A 13110 R2
1250 @
}-131 X 2
1E 0 Q
L 2
13130 R2E

5.00 Q

Resistance for phase-phase
Smallest setting value:
Largest setting value:

Reactance value (reach)
Smallest setting value:
Largest setting value:

Resistance for phase-earth
Smallest setting value:
Largest setting value:

0.05 Q
65.00 Q

0.05 Q
130.00 Q2

0.05 Q
130.00 Q2

C53000-G1176-C115
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C)O

L 4
Delay for zone Z2, single-phase fa %
Smallest setting value: .
Largest setting value: 00s
and oo (no trip in zone Z2 for single-, faults)
Delay for zone Z2, multi- Q

Smallest setting value: 0.00 s
Largest setting value: 32.00s
and oo (no trip in zor@ multi-phase faults)

Normally, addresses 1315 and 1316 are set to the same value.

Loy

Direction for zone Z2: can be
FORWARDS (line direction) or
REVERSE (busbar direction)
NON-DIRECTIONAL (either direction)

Ml 13140 DIREC. 2z2
{flForRwaRDS

REVERSE

NON-DIRECTIONATL

13150 T2
0.30 ]

1 PHASE

e

* 1316g T2 >1PHASE

+0.3o s

Third zone Z3

2 1 R istance fo_r phase-phase
* L3 ! 3 lest setting value: 0.05 Q
+ 5.00 @ Largest setting value: 65.00 Q
g
Reactance value (reach)
* 3228 x3 Smallest setting value: 0.05 Q
fllto.00 @ Largest setting value: 130.00 Q
Resistance for phase-earth
Smallest setting value: 0.05 @
Largest setting value: 130.00 Q2

N-DIRECTIONATL

NON-DIRECTIONAL

* 132 4.00 IREC. 7 3 Direction for zone Z3: can be
{ FORWARDS FORWARDS (line direction) or
R S E REVERSE (busbar direction)

(either direction)

144
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Delay for zone Z3
Smallest setting value:
Largest setting value:

and oo (no trip in zone Z3)

} 13250 T3

o .60 s 0.00s

32.00 s

Controlled (overreach) zones Z1B and Z1L - address block 14

The two overreach zones Z1B and Z1L are con-
trolled stages. They do not influence the normal

Both stages can also be usedfer selection between
cable and overhead line sections in case of mixed

zones Z1, Z2, Z3. There is, therefore, no switch-over,
rather the overreach zones will be switched effective
or non-effective by the appropriate criteria. If one of
these stages is not required the corresponding set-

lines (refer to Section6.3/4. ¥/for more details). Each
of these stages have their own delay time whereby,
for Z1B, one can againdistinguish between single-
phase (T1B 1PHASE) and multi-phase faults (T1B

tings are irrelevant. >1PHAS).
Zone Z1B is effective in conjunction with rapid re-
closing (first shot) and/or teleprotection modes. It
can also be activated via a binary input circuit. It is
generally set at at least 120 % of the line length.

Measurement direction can also be set individually
for theyoverreach zone.

NOTE: The directions set for zone Z1B and Z1L ap-
ply. in“general for this stage, independent of the
cause which leads to activation of one of these
Zones.

The zone Z1L is used for multiple reclosing, after the
second shot (DAR = “delayed auto-reclosure”). It
can also be activated via a binary input circuit.

f 1400mDISsT
JflcoNTROLLED

. PROTM,.
Z O N¥E, S

Beginning of block
“Distance protection, controlled zone Z1B”

Overreach zone Z1B (controllediby RAR, teleprotection signals or binary input)

Resistance for phase-phase
* L4o1l R I8 Smallest setting value: 0.05 Q
PlL- 50, Largest setting value: 65.00 Q
Reactance value (reach)
* L4o2l x1m Smallest setting value: 0.05 Q
fl3-00 @ Largest setting value: 130.00 Q
* 140301 R1BE Resistance for phase-earth
3.00 Q Smallest setting value: 0.05 Q
* - Largest setting value: 130.00 Q
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Direction for zone Z1B: can be
f| t4o4mDpIREC. 2183 FORWARDS (line direction) or
{ FORWARDS REVERSE (busbar direction)

NON-DIRECTIONAL  (either direction)
REVERSE

NON-DIRECTIONATL

Delay for zone Z1B, single-phase faults
14 T1B 1PHASE : ’

* o5H Smallest setting value: 0:00's
{ 0 .00 s Largest setting value: 32.00,s

and oo (no trip in zone Z1B for singléphase faults)

* 14060 T1B >1PHAS Delay for zone Z1B, multi-phase fagits
Smallest setting value: 0.00 s
yljo .00 s Largest setting value: 32.00 s

and oo (no trip in zone Z1B,for multi-phase faults)

Normally, addresses 1405 and 1406 are set to the same value.

Overreach zone Z1L (controlled by DAR or binary input)

Resistance for phase—
* 14110 R phase 0.05 Q
flz.00 @ Sifallest setting value: 65.00 Q

Largest setting value:

Reactance value (reach)

* L4120 x11 Smallest setting value: 0.05 Q
fll4 - 00 @ Largest setting value: 130.00 Q
* 14130 R1LE Resistance for phase—earth

4 0 Smallest setting value: 0.05
* - 00 Largest setting value: 130.00 Q
* i Direction for zone Z1L: can be

141 4WDFT RgE C . Z 1L FORWARDS (line direction) or

+ FORWAR DI REVERSE (busbar direction)

NON-DIRECTIONAL  (either direction)
REVERSE

NOgQNSDIRECTIONATL

Delay for zone Z1L
* Mis0iT1lL Smallest setting value: 0.00 s
L0 00 s Largest setting value: 32.00s

and oo (no trip in zone Z1L)
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6.3.4.3 Selection of the fault detection program - address block 15

The distance protection relay has a variety of fault
detection functions from which the optimum can be
chosen for the system under consideration (refer to
Section 2.3 Ordering data).

The possible fault detection methods are individual-
ly described in Section 4.2.1. If the device is

equipped with more than one fault detector, selec-
tion has been made during configuration@aecording
Section 5.4.2 (address 7813). The following|para-
graphs show the parameters for all fault deteetion fa-
cilities. When paging through the display, only those
addresses appear which are valid for the selected
fault detection method(s).

4l 1so0o0m D

JffrFavzT b

H H

n
= 3
Q

)
U =x
A O
o A4
(9}

M 1501m >
*LE:Uphe

~ ©
= O
H @
c

T C
0o~
T OH
o

LE:Uphph/LL :Uphp

LE:Uphe/LL:Uphe

LE:Uphe/LL:I>>

Beginning of the block “Distafce protection,
fault detection program”

only with voltage controlled (U/l) fault detection:
measurement ‘control

Upn_g with detected earth fault

Uph _ppmwithout detected earth fault

Upp Zpp. With,detected earth fault
Upj_ pn “Without detected earth fault

Uppe £ P With detected earth fault
Upn L without detected earth fault

Upnh_g with detected earth fault
I>> without detected earth fault overcurrent
pick-up only

NOTE: Measurement control with LE:Uphph/LL:Uphph excludes measurement of phase-to-earth loop; thus it
is not used for systems with earthed§tarpgint unless a different protective relay or function is activated for earth

faults.

M 15030 PrYeG) za
*LE:the/LL:thph

LE :Z pthe¥ LL:I>>

only for impedance fault detection

(fix impedance ZA): Measurement control
Zpn_g  With detected earth fault

Zpn_pn Without detected earth fault

Zpn_g  With detected earth fault
I>>  without detected earth fault
overcurrent pick-up only

C53000-G1176-C115
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6.3.4.4 General setting for fault detection -- address block 16

ﬁ 16000 DIST.PROT.
{',-FAULT DETECTTION

Beginning of the block “Fault detection for distance
protection”

Parameters for overcurrent detection are set in ad-
dress 1601 (for phase currents) and 1602 (for earth
current). The determining factor for overcurrent set-
ting is the maximum possible operating current.
Pick-up under conditions of permissible overload
must be excluded! The threshold value Iph>> (Ad-
dress 1601) must therefore be set above the maxi-
mum anticipated (over-)load current (approx. 1.2
times). It must then be checked that the minimum
short circuit current is above this limit. If that is not
the case, a relay with voltage controlled (U/l) fault
detection or impedance detection is necessary.

For the earth fault current, a separate setting value
le> (Address 1602) is provided. In solidly earthed
networks this would be set below the minimum ex-
pected earth fault current value. In isolated or com;
pensated networks, the setting value for correct de-
tection of double earth faults must be set belowgthe
minimum expected double earth fault current.

Calculation example

For the line used in the examplesifl Section 6.3.4.2
the maximum operating, current is 680 A with
600 A/5 A current trapsformers and the minimum
short circuit currentqis assumed to be 1200 A. The
following setting weulditherefore be used:

> A
| > Lmax_12_680

This valuellies adequately below the minimum short
circuiticurrent’of 1200 A/600 A = 2 . .

The,condition for the minimum short circuit current is
alsg valid for earth fault currents in solidly earthed
netwarks, equally for double earth faults in either
system.

Overcurrent detection threshold value Ipp>>
Smalllest setting value: 0.25 Iy
Largest setting value: 4.00 Iy

A 16010 Iph>>
{ljt-80 1/1n

* 16020 1Ie> Threshold value for egrth current detection lg>
Smalllest setting value: 0.10 - Iy
pllo-50 1 /%0 Largest setting value: 1.00 - Iy
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6.3.4.5 Setting for voltage controlled fault detection (U/I)

NOTE: This section applies only for models with volt-
age controlled fault detection facility
(7SA510x—**xxk2— Or —kxxxx3—) and when this
method has been selected (Section 5.4.2). Other-
wise it can be passed over.

The meaning of the parameters can be gathered
from the current/voltage characteristic shown in Fig-
ure 6.3. Iph> (address 1611) is the minimum operat-
ing current, the prerequisite for each phase pick-up.
It must be set below the minimum presumed short-
circuit current.

The voltage dependent branch can be set either for
phase-to-earth voltages in addresses 1612 and
1613 or for phase-to-phase voltages under address-
es 1614 and 1615. This depends on whether voltage
control is selected with Upppp OF With Uppe . The char-
acteristic must be set such that it has a sufficient
safety distance from the maximum operation current
at minimum operation voltage. In cases of doubt one
should check the pick-up conditions against the
characteristic. With comprehensive networks,
short-circuit calculations may be useful.
unv

|
|
|
|
|
30 ‘
|
|
|
|

20
10
Iph> Iph>>
0 T T T T T | |
0 1 2 33—
I/IN
Figure 6.3  Voltage controlled fault detectors,

U/l characteristic

In most cases, control with Upp, _ g for earth faults and
Upnh_pnh for earth-free faults is preferred imesystems
with earthed starpoint (address 1501 LE:Uphe/
LL:Uphph). This ensures maximum sensitivity for all
kinds of fault. A pre-requisite is, however, that the
earth fault criteria are satisfied at the, measuring
point safely for all earth faults (refer to Section
4.2.1.1). Otherwise, control Withd®pp,_g for all kinds
of fault is reasonable (address¢1501 LE:Uphe/
LL:Uphe), which is less sensitive for earth-free short-
circuits. In many cases$ thispcan be accepted be-
cause phase-to-phase’ faults are covered by the
overcurrent fault detectien functions lpn>>.

The possibility tohcontrol with the voltage loops
Upnh_g only when an earth fault has been detected is
advantageous,in“systems with a low-impedance
earthed siarpoint, i.e. with earth fault limiting aids
(so-called, resistance earthing). In these systems,
only earth faults are to be detected by the voltage
controlled) fault detection. For phase-phase faults
the high-set overcurrent fault detectors Ipp>> will
pickyup. (address 1501 LE:Uphe/LL:I>>).

In‘order to prevent faulty pick-up of the earth fault de-
tector by the oscillation transients on occurrence of
a simple earth fault in isolated or compensated
(Petersen—coil) networks, earth fault detection can
be delayed by the parameter Tle 1PHASE (address
1801, refer to Section 6.3.4.7). If the earth current
could exceed the earth fault threshold even under
steady-state conditions, Tle 1PHASE should be set
to co: pick-up on one single-phase fault is then no
more possible even when a high earth current will
flow. Double earth faults will, nevertheless, be de-
tected correctly and cleared in accordance with the
double fault preference program (Section 6.3.4.7).

Additionally, it is possible to make voltage control
with phase-to-phase voltages only (address 1501
LE:Uphph/LL:Uphph). The measured line loop in
this case is independent of the earth fault detection;
this method excludes pick-up on earth faults abso-
lutely, however, correct double earth fault prefer-
ence is not possible.

Minimum operating current for fault detection I >
* 16110 Tph> Smallest setting value: 0.10 "Iy
fllo-20 1/1n Largest setting value: 1.00 - Iy
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* 16120 Uphe (I>>)
{48 \

[

6 130 Uphe (I>)

* 16140 Uphph (I>>)
{8 o v
16150 Uphph (I>)

Undervoltage pick-up value at Iph>> (address 1601)
(Figure 6.3); phase-to-earth voltage

Smallest setting value: 20V

Largest setting value: 70 V

Undervoltage pick-up value at Iph> (address 1611)
(Figure 6.3); phase-to-earth voltage

Smallest setting value: 20V

Largest setting value: 70 V

Undervoltage pick-up value at Iph>> (address 1601)
(Figure 6.3); phase-to-phase voltage

Smallest setting value: 40V

Largest setting value: 130 V

Undervoltage pick-up value at Iph> (address 1611)
(Figure 6.3); phase-tofphasewoltage

Smallest setting value: 40 V

Largest setting value: 130 V

6.3.4.6 Settings for impedance fault detection

NOTE: This section applies only for models withyim-
pedance detection facility (7SA510x—*xxx2—
*kkx) and when this method has been selected
(Section 5.4.2). Otherwise it can be passed over

The impedance fault detection for phase-earth is
supplemented by an overcurrent stage “gh>>
where pick-up of the overcurrent stage onlyleads to
detection if the associated impedance,loop has
been eliminated (refer to Sectiom4.23148). The re-
spective parameters have been set in Section
6.3.4.4.

The meaning of the _pasrameters can be gathered
from the impedanceé charaeteristic shown in Figure
6.4. The bold dots identify,the setting parameters
which determine thelgeometry of the fault detection
polygon. Ion> is the minimum operating current, the
prerequisite for each phase pick-up. It must be set
below the minimumypresumed short-circuit current.

Impedanee,detection should, with safety, be looked
upon as,the ultimate protection. Taking into account
intermediate’feeding for remote faults, a larger, rath-
er than,Smaller threshold value should be chosen. If
theline carries reactive power, the pick-up threshold
must lie below the reactive power impedance, how-
ever.
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Figure 6.4  Impedance fault detection character-
istic
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Considering the calculation example in Section
6.3.4.2 we select approximately 2 times the value of
the third zone. A calculation using primary values is
superfluous in this consideration:

X+Asec = 3802
For the reverse direction do not forget, that with
overreach teleprotection procedures, a reverse fault
must definitely be recognized if it lies within the over-
reach zone of the relay at the other line end. Normal
setting values are approximately half those of the
reach in the forwards direction.

X_Iqsec = 19Q

For the resistance setting there is a lower and an up-
per limit. The setting RA1 must still recognize arc
faults within its tolerance range. Roughly, 2 or 3
times the value of the third zone applies here also.

For long overhead lines it must be considered that
the setting in the resistive direction must have a suffi-
cient safety margin from the minimum load imped-
ance. The minimum load impedance occurs at maxi-
mum load current and minimum operating voltage.
In this example, therefore

Upw _ 0.9 110KV

R rim
3, /3 - 680A
= 84.06Q2
or secondary
N, I
RLsec = N_v: ' RLprim ' ZN
600/5 5A
= 45.85Q

A safety margin of at least 20 % should be main-
tained with respect to this value.

Ryax = 0.8 - 45.85Q2 = 36.6Q2

When the power swing blocking function,isfused,
this value must not be exceeded by the power swing
polygon either, so the pick-up value in the R—direc-
tion must be set considerably smaller, in‘'order to ob-
tain adequate measuring clearance between the
power swing polygon and, theffault detection poly-
gon (refer to Section 6.3.5)

In order to guarantee ‘unequivocal criteria for dis-
crimination between lead ‘©peration and a short-cir-
cuit, in the case ofleng, high-loaded lines — in other
words if abovegprecofditions cannot be fulfilled —
the charactefistic can be set dependent on the
phase angleathe'R intersection RA2 (address 1625)
then ,applies’ tow phase angles above the value
ANGLEPRHIA (address 1628), the R intersection RA1
(address “1624) to phase angles below ANGLE
PHIAwLhe safety margin from the minimum load im-
pedance is necessary only for RA1. The angle
ANGLEPHIA must be set higher than the maximum
phase angle during load transport. Fundamentally, it
iIstmost important that the fault detection character-
istic never exceeds the load impedance during oper-
ation.

For earth faults, a separate resistance tolerance and
a separate limit angle ANG. PHIAE can be set (ad-
dress 1629). Load impedance can be ignored for the
phase-earth faults unless the pick-up value of the
earth current detection (address1602) could be ex-
ceeded by zero sequence currents caused by
asymmetries in currents.

The power swing detection uses phase-to-phase
quantities. Thus, setting of the R—section for phase-
earth measurement are irrelevant.

Minimum current for impedance detection
Smallest setting value: 0.10 "Iy
Largest setting value: 4.00 - Iy

16240 #4ph >
4
{o.zo I/ In

Reactance value (reach) forwards
Smallest setting value:
Largest setting value:

0.10 Q

L2.00 Q 200.00 Q

A 16220 X+A
y
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16240 R2A1

1625 RA2

e
[e)}
)

A 16260 RA1E

{12. 0 Q

A 6270 RA2E

I Q

} 6 28 ANGLE PHTIA
{45 °

} 6 290 ANG P H\I AE
{45 °

Reactance value (reach) reverse
Smallest setting value: 0.10 Q
Largest setting value: 200.00 Q

Resistance for phase-phase; phase angle below
ANGLE PHIA (address 1628) (load area)
Smallest setting value: 0.10 Q
Largest setting value: 200.000C2

Resistance for phase-phase; phasé*angleyabove
ANGLE PHIA (address 1628) (fault area)
Smallest setting value: 0410 Q
Largest setting value: 200.00 Q

Resistance for phase-earth; phase angle below ANG.
PHIAE (address 1629) 0.10 Q

Smallest settingyvalue; 200.00 Q2

Largest setting value:

Resistanceffor phase-earth; phase angle above ANG.
PHIAE (address4l629)

Smallest'setting value: 0.10 Q
Largestisetting value: 200.00 Q

Limit angle for phase-phase measurement, below
which resistance intersection RA1 (address 1624) is
valid (load area), above which resistance intersection
RA2 (address 1625) is valid (fault area)

Smallest setting value: 30.0°

Largest setting value: 80.0°

Limit angle for phase-earth measurement, below
which resistance intersection RA1E (address 1626) is
valid, above which resistance intersection RA2E (ad-
dress 1627) is valid

Smallest setting value: 30.0°

Largest setting value: 80.0°

Note: Distinction betweén RAT and RA2 can be made for use on long, heavy-loaded lines. In other cases both
the parameters areitofbe setto the same value. Distinction between RA1E and RA2E is usually not necessary.
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6.3.4.7 Settings for determination of the faulted loop - address blocks 17 and 18

The selection of valid short-circuited loops varies
considerably, dependent upon whether the system
starpoint is earthed, isolated or compensated (Pet-
ersen coil). Accordingly, the treatment of the system
star-point has to be known before the device is put
into operation (see Section 6.3.3.1; address 1102).

The parameter block 17 is important for networks
with solidly earthed starpoint. With unearthed star-
point it is irrelevant and can be passed over.

Parameter block 18 is for isolated and compensated
networks. For networks with earthed star-points it is
irrelevant and can be passed over.

In earthed networks, an earth fault can be detected
by earth current or displacement voltage (address
1701). Fault loop selection for double earth faults
can be programmed under address 1703. Normally,
the PHASE —PHASE loop will be selected. If high
footing resistances are expected then LAGGING
PH—E loop may be more favourable because the
leading phase-earth loop tends to overreach. In

some cases (fault resistance phase-phaseglarger
than phase-earth) LEADING PH—E can be more fa-
vourable.

For three phase pick-up, the setting of address 1704
determines the type of loop which will be selected.
3PH FAULTS = E/F CONTROL means that if there is
no earth fault detected then a phase-phase loop will
be measured but with earth fault@etection a phase
loop phase-earth. The other possibilities PH—-PH
ONLY and PH—E ONLY sare independent of the Ig
pick-up.

Under address 1705, one,can select whether, under
conditions of a_single phase pick-up without earth
fault detection; a cenductor-earth loop is selected.
The setting 1PH, FAULTS = PHASE—-EARTH only
makes sense in earthed networks when no current
or only,extremely low current can flow in the case of
an earthfault."For impedance fault detection, this pa-
rameteriis irrelevant because impedance fault de-
tectign always is related to a fault loop.

ﬁ 17000 FAULT 1IN
JlEARTHED NETWORKSE
* 1701 Ue>

+2o \

Ml 1703m pufpH FLTS
1llP Ha S E - B Rus ONLY
LEADJIW GuwH-E
LAGGHA NE PH-E

A 17040 3PH FAULTS
BV F conNTRrROL
BHASE-PHASE ONLY
PHASE-EARTH ONLY

Beginning of block
“Determination of the fault loop in solidly earthed
networks”

Displacement voltage (Ue = /3 - Ug) for earth fault
detection in earthed systems.

Smallest setting value: 2V

Largest setting value: 100V

or co (no earth fault detection based on displacement
voltage measurement)

For double earth faults in earthed networks,
measurement is carried out in

PHASE —PHASE loop ONLY
PHase—Earth loop of the LEADING phase

PHase—Earth loop, of the LAGGING phase

With fault detection in all 3 phases

E/F CONTROLled — fault loop is selected depen-
dent on earth fault detection

PHASE —PHASE ONLY - fault loop phase-to-phase is
selected even with earth
fault detection

PHASE —EARTH ONLY - fault loop phase-to-earth is
selected even without earth
fault detection
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17050 1PH FAULTS
PHASE-EARTH

- —

PHASE-PHASE

with fault detection in one single phase

PHASE —EARTH - fault loop phase-to-earth is
selected, even without earth
fault detection

PHASE —PHASE - fault loop phase-to-phase is
selected

In isolated or compensated networks it must be
ensured that the preference under conditions of
double (cross-country) earth faults is the same
throughout the whole electrically connected net-
work (address 1803). To prevent pick-up during the
transient swings on inception of a single phase fault,
Ie pick-up is delayed for single phase pick-up by set-
ting Tle 1PHASE at 0.04 seconds (address 1801). In
extended compensated networks this time should
be increased. If it is set to oo no start of the distance

protection takes place if only one phase picks up. If,
however, a cross-country double earthgfault occurs
after detection of a simple earth*fault, this is recog-
nized by the relay and measured aceording to the
selected double earth fault (preference program.
Single earth fault is recognized By the displacement
voltage Ue> (address 1802);delay Tle 1PHASE is
not effective thereafter: a fugther earth fault after oc-
currence of a single earthifault can only be a double
earth fault.

UL T
HED

O F

EART NET

1801 TIe 1PHASE

Beginning of block
“Determination®ef,tbe fault loop in non-earthed
(isolated ar, compensated) networks”

Delayfor Iz detection with single-phase
pick-uptin“hon-earthed systems
Smallest setting value:

Largest setting value:

and'co (Ig pick-up totally avoided)

0.04 s
0.50 s

* 8020 Ue > Displacement voltage (Ue = /3 - Ug) for earth
fault detection in non-earthed systems. Note:
Va0 v Address 1110 has no influence on this pick-up
value
Smallest setting value: 10V
Largest setting value: 100V
Phase preference for double (cross-country) earth
* 18030 PHASE FREF faults. For isolated or compensated networks the
+ L3(L1) ACYCLTIC preference sequence must be the same throughout
the whole electrically interconnected network.
L1 (L3) AC®CLIC
L2 (L1) Al YCLTIC
L1 (L2) ACYCLTIC
L3 (W 2) ACYCLTIC
La2, (\L 3 ) ACYCLTIC
I3 (L 1) cYycLiIc
L'l (L 3) cYycL1Ic
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6.3.5 Settings for the power swing supplement — address block 20

NOTE: This section applies only for models with
power swing option (model 7SA510x—kikkx—
»x%1/3). Otherwise it can be passed over. The pow-
er swing supplement only operates if it is configured
(address 7820 POWER —SWING = EXIST, refer Sec-
tion 5.4.2) and if the device has impedance fault de-
tection.

Three possible programs can be selected for the
power swing blocking function; in addition, a trip-
ping function in the case of unstable power swings
(asynchronism) can be programmed. For the detec-
tion of power swings, the following considerations
are of importance (see also Section 4.3):

The distance between power swing polygon and
fault detection polygon (phase-phase) shouldbefas
large as possible; the R—intersection is decisive. On
the other hand, the power swing polygon‘must not
extend into the operational impedance!

To set the rate of change of the, impedance vector,
both the maximum power swinggdfeéguency in the in-
stant of entry of the impedahce vgetor into the power
swing polygon and the time required by 7SA510 for
the detection of the powerswing must be taken into
consideration. Undenthe maost difficult conditions, at
least 35 ms should be allewed for the detection of a
power swing.

ﬁ 20000 Beginningef block
@ POWER SWINSG Power swingidetection
* 20020 P/S PROGR . Funetional program of the power swing
supplement:
+ BLOCK AL -4 bl6cking of all distance zones
BLOCK 21 ONL Y — blocking of the first zone only
— blocking of the higher (delayed) zones
BLOCK ALL BUT A only, Z1 is released
OUT -OF -STEP TRaEP — trip in the event of unstable power swing
(asynchronism), all zones are blocked
Distance AR between power swing polygon and fault
* 2 3B D e QU™ detection polygon (secondary, see 6.3.4.6), in Q
e Q Smallest setting value: 0.10 Q
Largest setting value: 50.00 Q
* 00 4dg aRJ dr Rate of change of the power swing vector between
the power swing polygon and fault detection polygon,
112 Q /s in Q/s, below which the power swing is detected.
Smallest setting value:
Largest setting value: 0 Q/s
200 Qs
Power swing action time:
) 20050 pP/s T-ACT. The function can be limited to the time P/S T—ACT.

With the setting oo, the power swing function is
effective until the impedance vector has left the power
swing polygon again
Smallest setting value:
Largest setting value:
and oo (only after discontinuation of the power swing
criterion)

0.01s
32.00 s
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6.3.6 Settings for teleprotection — address blocks 21 and 22

In programming of the scope of the functions (Sec- 6.3.6.1 Underreach transfer schemes -- ad-
tion 5.4.2) one selects whether a permissive under- dress block 21
reach transfer scheme (UNDERREACH) or a permis- For the underreach transfer schemes, the transmis-
sive overreaching transfer scheme (OVERREACH) sion signal prolongation T—SEND—PRL (address
shall be used for the teleprotection (address 7821). If 2103) shall ensure that the transmission signal safe-
the teleprotection is programmed as NON—EXIST, ly reaches the opposite line end, even when the sig-
this Section is irrelevant. nal from the transmitting line endgis interrupted
quickly and/or when the transmissionstime is rela-
The function of the various procedures is described tively long. Similar considerationsigan apply for the
in Section 4.4. received signal prolongation J#=REG—PROL (ad-

dress 2104). Delay of the first zone Zhdoes not delay
the transmission signal butyan lown time delay T—
SEND-DEL (address 2106) isyavailable.

Beginning of block
f 2100l TELERPROTEC "Teleprotection, permis$ive Underreach transfer
JlPERM. UNDERREACH schemes”

fl 2101mPUTT Permissive Underreach transfer trip is
fllo ON 'switchéd on
OFF OFF switched off

Mode selection of permissive underreach
* 21020 PUTT MODE transfer trip:

t]z12 acceEreraTION|) Zoneacceleration Z1B with T1B

FD ACCELERATAZON Trip with fault detection non-directional
(instantaneous)

* 21030 T-SBENDLPRL Prolongation of transmit signal with underreach
modes
+ 0.05 s Smallest setting value: 0.01s
Largest setting value: 32.00s
* 2104 TYREC -PROL Prolongation of received signal with underreach
modes
yllo -0o0 s Smallest setting value: 0.00 s
Largest setting value: 32.00s

Delay of transmission signal in permissive under-

210601 T-SEND-DETL . L o
* I reach modes (T1 is not decisive for transmission

+ NP0 s signal delay even if a delay is set)
Smallest setting value: 0,00 s
Largest setting value: 32,00 s
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6.3.6.2 Overreach transfer schemes - ad-
dress block 22

For the overreach transfer schemes it must be noted
that the normal zones — particularly therefore also
Z1 — operate independently. If the distance protec-
tion devices at the two line ends have significantly
different command times (more than approximately
40 ms difference), the first zone with delay T1 shall
be appropriately delayed (addresses 1305 and
1306) for the release procedures Z1B RELEASE, FD
DIREC RELEASE, Z1B UNBLOCK and FD UN-
BLOCK.

For the blocking procedures Z1B BLOCKING and
REVERS INTERLOCK, T1B (addresses 1405 and
1406) must be sufficiently delayed that the blocking
signal is safely transmitted under conditions of exter-
nal fault. For PILOT WIRE COMP a delay of T1B is
equally necessary when significant differences are
present between the pick-up and drop-off times of
the devices at two line ends. Additionally, a sufficient
time period must remain between fault detection
pick-up and trip signal in zone Z1B so that the closed
wire loop can safely be interrupted (by fault detec-
tion) and reclosed (by trip in Z1B). If necessary, T1B
must be delayed for this case, too.

The transient blocking time T—TRANSBLO (address
2203) must be longer than the transmission timej.in
addition, the duration of heavy transient reactions at
the inception and interruption of short circuits hasto
be taken into consideration.

The time T-WAIT (address 2204) is a waiting time
forinitiation of transient blocking: When the distance
protection has detected a fault, the reception circuit
(release) will be blocked if no receptioft signal has
been received within this timegthereafter a reception
signal can only be effective aftefthetransient block-
ing time T—TRANSBLO ‘(tefefalso to Section
4.4.11). If set to oo, No blockingrtakes place for this
case.

Prolongation of the, trangmission signal T—SEND—
PRL (address 2206)"isgonly effective during the re-
lease procedure when the relay has already issued a
tripping command. This also guarantees release of
the other ding ‘end " when the short circuit is rapidly
clearéd by'the independent zone Z1. In the blocking
procedure,Z7B BLOCKING the transmission signal
isralways prolonged by this time.

If.a delay T1B is set for the overreach zone Z1B, this
doesgnot lead to delay of the transmit signal but
transmission can be delayed by the time T—SEND
DEL (address 2212).

EPROTTEC
R R E A C#H

ﬁ 22000 TEL
{',-PERM. OVE

Ml 220
o N

2 P
RET

()
H
=

M ODE

=
b
n
=

i
N
N
o

ELEASE

Z 1B BLOCKTING

CoMP.

ERLOCK

Beginning of block
"Teleprotection, permissive overreach transfer
schemes”

Permissive overreach transfer trip is
ON switched on

OFF switched off

Mode selection of permissive overreach transfer trip:

Z1B RELEASE — permissive overreach with
zone Z1B, release mode

FD DIREC RELEASE —directional comparison,
release fault detection

Z1B UNBLOCK —Unblocking mode with zone
Z1B

FD UNBLOCK —Unblocking mode with
fault detection directional

Z1B BLOCKING —Blocking mode with zone
Z1B

PILOT WIRE COMP.  —Comparison Z1B via
pilot wires

REVERS INTERLOCK —Reverse interlocking
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22030 T-TRANSBLO

0.05 s

22040 T-WATIT

(e} S

22060 T-SEND-PRL

0.05 s

2210 POTT DirFD

FORWARDS

i

REVERSE

NON-DIRECTIONATL

22120 T-SEND
.00

DEL

0 s

Transient blocking time (after external fault)
Smallest setting value: 0.01s
Largest setting value: 32.00s

Waiting time before transient blocking with missing
reception signal

Smallest setting value: 3(2)%2) z
Largest setting value: :
or oo, i.e. no transient blocking with missing‘reception
Attention! In blocking mode (address2202,ROTT
MODE = Z1B BLOCKING), the waiting, time must be
set to the smallest value in order t@ efsure transient
blocking after reception!

Prolongation of the transmissiomsignal; effective
only with Z1B BLOCKING or after a trip signal has
been issued 0.01s
Smallest setting valué 32.00 s
Largest setting value

Effective direction for directional POTT modes (FD
DIREC RELEASE and FD UNBLOCK) (not relevant for the
other POIT modEs)

FORWARDS
REVERSE
NON-DIRECTIONAL

Normal application

? for special application only

Delay of transmission signal in permissive over-
reach modes (T1B is not decisive for transmission
signal delay even if a delay is set)
Smallest setting value:

Largest setting value:

0.00 s
32.00 s

For line ends with weak power infeedthe echo func-
tion is reasonable when using, overreach transfer
schemes with release (permission) signals, so that
the strong feeding line“end“can be released even
when the weak infeéd end does not pick up. For oth-
er transfer schemes the echo function is not effec-
tive; respective parametefs are of no concern, then.

The echo delay time T-ECHO-DEL (address 2221)
must be set to such a long duration that differing
reaction times of the fault detectors of the protective
relays at bothline ends cannot result in a false echo
signalifmthe case of external faults.

The echoimpulse duration T-ECHO—-IMP (address
2222) can be adjusted in accordance with the re-
quirements of the network. It has to be long enough
so that even with differing operating times of the pro-
tective devices at both line ends and of the transmis-
sion devices, recognition of the receive signal is
guaranteed.

To avoid false echo signals after disconnection of the
line, a blocking time for echo generation T-ECHO—
BLO (address 2223) is set. This should include the
echo delay time T-ECHO-DEL plus the echo im-
pulse duration T-ECHO-IMP plus a safety margin
of at least twice the transmission time.
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2220Q0ECHDO
0N

- —

2221 T-ECHO-DEL

}
+0.04 s

* 2222 T-ECHO-IMP

2223 T
5 s

ECHO-BLO

e
o
-

The echo function for weak-infed line ends is

ON switched on
OFF switched off

Echo delay time

Smallest setting value: 0.01 s

Largest setting value: 32/00s

and oo (no echo signal when“eirctiit breaker is closed)

Duration of echo impulse
Smallest setting value® 0.02 s
Largest setting values 32.00s

Echo blocking time
Smallest setting value: 0.01s
Largestsetting value: 32.00 s

6.3.7 Settings for user definable logic functions — address block 23

Two user definable logical functions are available.
They can operate if they are configured as/EXIST un-
der address 7823 during configuration of,the scope
of functions (refer to Section 5:4.2)3Each function
can be triggered by binary inputs and marshalled to
binary outputs (LEDs, signal relays, trip relays). For

pick-up and drop-off, delay times can be set in ad-
dress block 23.

Note that the set times are pure delay times which do
not include the inherent operating times of the
binary inputs and outputs.

T 23o0o0mg @ sER
Tz ocI,cNFuMcTIONS

} 23020 T-PICKUP

DROP 1

N
w
o
w

[
=

I

Beginning of block
"User definable logical functions”

Pick-up time delay for the first user definable
logical function

Smallest setting value: 0.00 s
Largest setting value: 32.00s
and oo, i.e. no start

Drop-off time delay for the first user definable
logical function

Smallest setting value: 0.00 s
Largest setting value: 32.00s
and oo, i.e. drop-off only by reset signal
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Pick-up time delay for the second user definable
logical function
Smallest setting value:
Largest setting value:
and oo, i.e. no start

A 23050 T-PICKUP 2

{o.oo s 0.00 s

32.00 s

Drop-off time delay for the second user definable
logical function

Smallest setting value: 0.00's
Largest setting value: 32:00's

and co, i.e. drop-off only by reset signal

A 2306 T-DROP 2
yllo-00 s

6.3.8 Settings for emergency overcurrent time protection,— address block 26

If the measured voltage fails, e.g. because the v.t.
protection m.c.b. has tripped, the relay can still be
operated as a definite time overcurrent protection
(emergency overcurrent function). A pre-condition
is that the emergency protection has been confi-
gured under address 7826 as EMERG. O/C = EXIST
(refer to Section 5.4.2).

The parameters of the overcurrent time protegction
are set in block 26. The pick-up value I> (address
2612) must be set above the maximum expecied
(over)load current (approximately 1.2 times). The
pick-up value |>> (address 2602) allows aweurrent
grading. The corresponding delay tipies T=l> (ad-
dress 2613) and T—-1>> (address2608) are set in
such a way that they allow the highest,possible de-
gree of selectivity. In a ring networky, for example,
one can set up a deliberate break point, with rapid
interruption, to allow for emeérgency cases (e.g. fault
inthe v.t. secondary cireuit) \The resultant radial net-
works can be protegted in‘accordance with the con-
ventional practice©f grading of definite time overcur-
rent protection.

For earth faults, both the pick-up value IE> (address
2642) and the delaytime T—IE> (address 2643) can
be set separately. In this way, it is often possible to
achieve awseparate grading with shorter times for
earth faults,

During, emergency operation teleprotection com-
munication is not possible.

Ifthe protection system is required to operate excep-

tionallyffor ‘ancertain time period (e.g. because of
missifg veliage transformers), only as definite time
overcugrent protection, the distance protection ele-
ments,can be blocked by input of the external signal
.1, protective m.c.b. tripped”.

If parts of the overcurrent protection are not required
at all, then the corresponding delay times can be set
at co.

Addresses 2621 and 2651 determine which stages
are effective if the circuit breaker is manually closed.
A pre-requisite is, that the manual close command
for the breaker is repeated via a binary input to the
relay so that it is informed about manual closing of
the breaker. INEFFECTIVE means that the stages op-
erate according to the settings.

It is also possible to carry out auto-reclosure in the
emergency overcurrent protection mode. This has
to be entered into the device during configuration
under address 7926 (refer to Section 5.4.3). In this
case, the |>> stage with T—I1> > is decisive for the
auto-reclosure. Final disconnection is carried out via
I> with T—I1> delayed. |>> and I> should then be
set to the same value; T—I>> is set undelayed
(= 0).

Address 2623 determines whether the |>> stage in
effective only in conjunction with auto-reclosure or
whether it operates independently.

Note that the set times are pure delay times which do
not include the inherent operating times.
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T 260

Of EM

=

RGENCY

JlovERCURRENT PROT
M 2601BEMERG 0/c
tllo

OFF

N

[
-
\%

2 201>

!

*l 0 I/In
} 2 3B T-1I>
V1o 0 s

10 M/ ONE ONS E

I>> UNDE A YyE D

P

H

I> UND Emk, AwY E D

I NEZEFECWMSFIVE

f 26230 RAR
+I>> WITH

Z ONE
A R

P

N> > ALWAYS

26 42 IE >
0.20 I/ In

-

Beginning of block
"Emergency overcurrent time protection”

Emergency overcurrent time protection is

ON switched on
OFF switched off

High overcurrent detectien value'| > > for
phase currents
Smallest setting value:
Largest setting value:

0.50 - Iy
9.99 - Iy

Delay forl> > phasercurrents
Smallest'setting value: 0.00s
Largest settingwalue: 32.00s
and ‘so (ne,trip with I>> phases)

Overcurrent detection value |> for phase
currents

Smallest setting value: 0.10 - Iy
LLargest setting value: 4.00 Iy
Delay for > phase currents

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

and oo (no trip with I> phases)

Phase overcurrent stage which is effective during
manual closing of the circuit breaker:

I>> i.e.|>> stage but without delay T—1>>
1> i.e. I> stage but without delay T—-I>

INEFFECTIVE, i.e. phase current stages operate as
parameterized

AR-function operates with the |1>>stage:

I>> WITH AR i.e. |>> is released only if AR is ready

I>> ALWAYS i.e. |>> stage operates always, inde-
pendent of the AR function

Overcurrent detection value Ig> for earth currents
Smallest setting value: 0.10 Iy
Largest setting value: 4.00 Iy
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M| 26430 T7-1E>
fllo .30 s

Ml 26s51@M/cLosE E
{IE> UNDELAYED

INEFFECTTIVE

Delay for I[g> (earth current)
Smallest setting value: 0.00 s
Largest setting value: 32.00 s
and co (no trip with 1> earth)

Earth overcurrent time stage which is effective during

manual close of the circuit breaker:

IE> UNDELAYED i.e. the Ig> —stage but without
delay

INEFFECTIVE earth current stage gperates as
parameterized even‘daring
manual closure

6.3.9 Settings for thermal overload protection — address/block 27

The relay includes a thermal overload protection
function (refer to Section 4.7). This can operate only
whenitis configured to THERMAL OL = EXIST under
address 7827 during configuration of the device
functions (refer to Section 5.4.2).

Cables are particularly endangered by overloads of
longer duration. These overloads cannot and
should not be detected by the short-circuit protec-
tion. A back-up stage of the distance protection, for
example, must be set sufficiently high so as ta only,
detect short-circuits. Only short delays are” per-
mitted for short-circuit protection. These ghort time
delays, however, do not permit measures to,unioad
the overloaded cable nor to utilize its (limited) over-
load capacity.

The protection relay 7SA510 in€ludes an overload
function with a thermal trip characteristic which can
be matched to the overload €apacity of the pro-
tected cable. This function is,.dsually not required for
overhead lines as the curent™Carrying capacity of
overhead lines is generally not defined.

The overload protectionflinction can be setto be in-
operative, to initiate alarms only or to initiate tripping
(including alarm) (address 2701).

The rated,current of the current transformers is used
as the base ¢urrent for the overload measurement.
The setting:factor k is determined by the ratio of the
continueusly permissible thermal current lyax to the
ratedycurrent:

_ Imax

xly

The pérmissible, continuous current depends on
crosstsection, insulation material, type of construc-
tion and“method of installation of the cable, etc. In
geneéral, the magnitude of the current can be taken
fromywidely available tables or otherwise is to be
stated by the manufacturer.

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

Setting value z[min] =

2
1. permissible 1 s current
60 \continuously permissible current

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

2
0.5 permissible 0.5 s current
60 \continuously permissible current

It should be noted that the result becomes more in-
accurate the longer the stated duration of the cur-
rent becomes.
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2700 THERMAL
OVERILOAD PROT.

f 27010 THERMAL OL
{ALARM ONLY

ON

OFF

27020 K-FACTOR

1 10

22030 T-CONSTANT

100.0 min

Beginning of block "Thermal overload protection”

Thermal overload protection can be set to
issue ALARMs ONLY or
be switched ON i.e. trip and alarmsgor

be switched OFF

Setting value of k—faetor =alfax/IN
Setting range:

0:10 to 4.00

Time constantt
Settingrange:

1.0 t0 999.9 min

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

A further current warning stage is availaple (address
2705). This can be set as a factor of the ratéd ¢urrent
and should be equal or less than the continuously
admissible current. It can be used besides the tem-
perature warning stage or instead 6fthat. When set-

ting ©arn/Orrip to 100 %, the temperature warning is
practically ineffective.

A choice can be made whether the temperature rise
which is decisive for the threshold stages, is the
maximum calculated temperature rise of the three
conductors, the mean value of the calculated tem-
perature rises of the three conductors, or the tem-
perature rise calculated from the maximum current
of the three conductors (address 2706).

Ml 270200 Wwakn
Yoo =

M 27%3508 » warn
fllt - 00 N7 10

\Ml,2706m00/1 carLcuL
w'e A x

® MEAN

® FROM IMAX

Thermal warning stage, in % of trip temperature rise

®warn/ ®trip

Setting range: 50 % to 100 %

Current warning stage; set as a multiple of Iy
Setting range: 0.10 - In 10 4.00 - Iy

Calculation method decisive for thermal stages

maximum of the temperature rises of the three conduc-
tors

mean value of the temperature rises of the three con-
ductors

temperature rise calculated from the maximum con-
ductor current
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6.3.10 Settings for measured value monitoring — address block 29

The different monitoring functions of the protective
relay are described in Section 4.13.4. They partly
monitor the relay itself, partly the steady-state mea-
sured values of the transformer circuits.

The sensitivity of the measured value monitoring can
be changed in block 29. The factory settings are suf-
ficient in most cases. If particularly high operational
asymmetries of the currents and/or voltages are ex-

pected, or if, during operation, one or more monitor:
ing functions react sporadically, then sensitivity
should be reduced.

NOTE: Prerequisite for correct function of the mea-
sured value monitors is the proper setting of the,gen-
eral power system data (Section 6.3.341), especially
the parameter concerning earth cdrrentymatching
factor.

4 29000 MEAS .VALUE Beginning of block

"Measured value supervision”
IlsupErRVISION

=

* 9010 SYM.Uthres Voltage threshc_JId _(phgse-pha_se) above_ which the
symmetry meonitering is effective (see Figure 4.46)
IE v Smallest $ettingwalue: 10V
Largest setting value: 100 V
Symmetry|factor for the voltage symmetry = slope of
2 2 YM.F S )
* s act.U thelssymmietry characteristic (see Figure 4.46)
Ylo - 75 Smallest setting value: 0.58
Largest setting value: 0.95
* 2 3g s ¥ I thr ess Current threshold above which the symmetry moni-
toring is effective (refer to Figure 4.45)
vlo - I/In Smallest setting value: 0.10 - Iy
Largest setting value: 1.00 Iy
Symmetry factor for the current symmetry = slope of
2 4 Y M I e .
* s & B the symmetry characteristic (see Figure 4.45)
yllo - 50 Smallest setting value: 0.10

Largest setting value: 0.95

Current threshold above which the summation moni-
toring (refer to Figure 4.44) reacts (absolute content,

V1o I/ Fn referred to Iy only)
Smallest setting value: 0.10
Largest setting value: 2.00
* Sy 6 SUM.Fact T Relative content (rglated to the maximum co_nductor
current) for operation of the current summation mon-
¥ [lomall 0 itoring (refer to Figure 4.44)
Smallest setting value: 0.00
Largest setting value: 0.95
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* 2907 UMEAS UKc<
Vlle o v

A 2908 UMEAS I>
+0.06 I/ In

Voltage threshold (phase-to-phase), below which the
voltage failure monitor operates
Smallest setting value:

Largest setting value:

10V
125V

Minimum current to detect a voltage failure
Smallest setting value: 0.06 - Iy
Largest setting value: 1.00 Iy

The setting values of the fuse failure monitor (ad-
dresses 2911 and 2912) have to be chosen so that it
picks-up reliably in the case of single phase voltage
failure (criterion 3 x Ugp), but on the other hand does
not pick-up in the case of earth faults in an earthed
network. I[g must therefore be set at a correspond-
ingly sensitive level (below the smallest fault current
in the case of earth faults). The function "Fuse fail-

ure monitor” musteqnoti be chosen for lines in
earthed networks, in which earth faults with small
or zero earth currents can occur, for example,
when feeder tfansfermers may not be earthed. In
non-earthed networks, this fuse failure monitor is not
meaningful and will be ignored by the 7SA510. The
fuse failure monitor can be switched off under ad-
dress'2910.

29 10 FUSE-FAIL
ON

i

OFTF

29110 FFM
35 \Y

3 U0 >

- —

29120 FFM 18

0.10 I/ I(n

e

Fuse-failure monitor is

ON | switched on
OFF switched off

Displacement voltage 3 - Ug, above which fuse
failure should be detected
Smallest setting value:
Largest setting value:

30V
100V

Earth current, above which no fuse failure is
assumed

Smallest setting value:
Largest setting value:

0.10 - Iy
1.00 - Iy

C53000-G1176-C115
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6.3.11 Settings for earth fault detection in systems with isolated or compensated

star-point — address block 30

This section applies only for relay models with earth
fault detection module (7SA510x—xkkkk —kAx2/3,
see Section 2.3 Ordering data) and only when these
are used in networks with isolated or compensated
star-point. In other cases, this section can be passed
over.

Earth fault detection is only possible if the respective
configuration parameter (Section 5.4.2, address
7830) is set to EXIST. If the device is equipped with
earth fault detector but supposed to operate in an
earthed network, configuration parameter 7830
ISOL. E/F must be set to NON—EXIST.

Earth fault detection can be switched operative in
address 3001. The preset option ALARM ONLY rep-
resents the normal case in which the earth fault is an-
nunciated and its data listed in the earth fault report
(refer alsoto Section 6.4.4). Ifthe parameter EARTH-
FAULT is switched ON, then trip command is issued
provided all earth fault conditions, including fault di-
rection, are fulfilled. This trip command can be as-
signed to a trip relay (refer also to Section 5.5.5).

The function "earth fault detection” comprises resid#
ual voltage detection, determination of the earth-
faulted phase and the determination of the earth
fault direction. The latter is only possible when the
earth current is available to the relay.

The residual voltage Ue> initiates earth fatilt detec-
tionand is setin address 3002. Since, for earth faults
in isolated or compensated networksy the, full dis-
placement voltage appears, the setting,value is not
critical; it should lie between 30 V ane0 V: Earth fault
is detected and annunciated enly when the dis-
placement voltage has been stayed for the duration
T—E/F (address 3010).

For phase determinatiomWUpA< (address 3003) is
the criterion for thefearth-faulted phase, when simul-
taneously the other iwo phase voltages have ex-
ceeded Uph> (address/004). Accordingly, Uph<
must be set lower than the minimum operational
phase-earth voltage. This setting is, however, also
not critical,¢40 V (factory setting) should always be
adequate, Uph> must lie above the maximum op-
erational ‘phase-earth voltage, but below the mini-
mumdoperational phase-phase voltage, therefore,
forexample, 75V at Uy = 100 V. The identification of
the faulty'phase is a further precondition for annunci-
ationvof an earth fault.

For determination of the direction of the earth faglt, in
principle, the threshold current (address 3005)
should be set as high as possible to prevent faulty
operation due to asymmetrical currents in the net-
work and through the current transformers (particu-
larly in Holmgreen connection). Depéndent upon
the treatment of the network star point; the magni-
tude of the capacitive earth fault cursent*(for isolated
networks) or the wattmetric g#esidual current (for
compensated networks) is impartant.

In isolated networks an‘arth fault in a cable will al-
low the total capacitiverearth¥fault currents of the en-
tire electrically connected network, with the excep-
tion of the faultedgeable,itself, to flow through the
measuring point. It is nermal to use half the value of
this earth faultcurrent'as the threshold value.

Example:"As24V bus-bar feeds seven cable cir-
cuits.jzEachycircuit has a current transformer set
300 Af1°As, The earth fault current is 2.5 A/lkm. The
cables might be as follows:

@able 1 3.0 km 75 A
Cable 2 5.0 km 125 A
Cable 3 2.6 km 6.5 A
Cable 4 5.0 km 125 A
Cable 5 3.4 km 85 A
Cable 6 3.4 km 85 A
Cable 7 2.6 km 6.5 A
Total 25.0 km 625 A

With an earth fault on cable 2, 625 A — 125 A =
50 A earth fault current will flow through the measur-
ing point, since 12.5 A flows direct from cable 2 into
the fault. Since that cable is amongst the longest,
this is the most unfavourable case (smallest earth
fault current flows through the measuring point). On
the secondary side, flows:

50 A/300 = 0.167 A.

Therelay should be set at approximately half this val-
ue, e.g. 0.080 A.

In compensated networks directional determina-
tion is made more difficult since a much larger reac-
tive current of capacitive or inductive character is su-
perimposed on the critical wattmetric current. The
total earth current available to the relay can there-
fore, dependent upon the network configuration and
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location of the compensation coil, assume very dif-
ferent values in magnitude and phase angle. The
relay, however, must evaluate only the real compo-
nent of the earth fault current, that is, Ig - cos ¢. This
demands extremely high accuracy, particularly with
regard to phase angle accuracy of all the instrument
transformers. Also, the relay should not be set un-
necessarily sensitive. When used in compensated
networks therefore, reliable directional determina-
tion is only expected when core balanced or win-
dow-type summation transformers are used. Here
also, use the thumb rule: setting at half the expected
measured current, whereby only the residual watt-
metric current is applicable. This residual wattmetric
current is provided principally by the losses in the
Petersen caoil.

Example: The same network, as in the previous ex-
ample, is considered to be compensated by a Peter-
sen coil. The coil is matched to the total network. The
compensation current is thus 62.5 A. The losses
should be 4 %. For earth fault directional determina-
tion, window-type current transformers 60 A/1 A are
fitted.

Since the residual wattmetric current is derived prin-
cipally fromthe coil losses, itis, independent of earth

fault location, approximately the same:
4%o0of62.5A =25A.

This real current is superimposed by a reagtive,cur-
rent which can amount to up to 62.5 A for earthfaults
near the Petersen coill On the secondaryside we
have

2.5A/60 = 0.0417 A.
As setting value 0.020 A'isyselected.

The high reactive curgent/cemponent in compen-
sated networks and the unavoidable air gap of the
window-type current transformers often make com-
pensation of the angle error of the current transform-
er necessary. [ThiSyis possible through addresses
3006 to 3009. The max. angle error F1 of the c.t. with
its associatedyeurrent 11 as well as another c.t. oper-
atinggpoint I2/F2 above which the angle error re-
mainsypractically constant, are entered, for the ac-
tually connected burden. The relay then approxi-
mates; with adequate accuracy, to the characteristic
of thetransformer. In isolated networks this angle er-
ror'e@mpensation is not necessary.

30000 EARTHTFAUWT

JlNoN-EARTHED N EL
f 30010 EARTEHFAULT
flazarmM onL%

O N

OFF

* 30028Ue>

+4o \Y

f 30030 Uphc<

4 0 \Y%

Beginning of block
"Earth fault detection in non-earthed system”

Earth fault detection in non-earthed systems is
required to give ALARM ONLY (no trip)

ON switched on and will trip

OFF switched off

Threshold value for displacement voltage Ue>
(=v3-Ug)
Smallest setting value:
Largest setting value:

10V
100V

Phase-earth voltage of a faulted phase which will be
certainly undershot under earth fault conditions
Smallest setting value: o0V

Largest setting value: 100V

C53000-G1176-C115
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* 3004gUph-> Phase-earth voltage of healthy phases which will
certainly be exeeded under earth fault conditions
+ 7 v Smallest setting value: 10V
Largest setting value: 100 V
* 30050 Ieo> Threshold value for directional determination
For isolated network: capacitive earth fault current
yllo-050 ~a For compensated network: ohmic (wattmetric) eafth

fault residual current

Smallest setting value:

Largest setting value: \ A
* 3006 CT ERR. TI1 Secondary current for max. err %‘

current transformer
+ 0.050 4 Smallest setting value 0.003 A

Largest sefting value Q 1.600 A

Error angle of ormer at 1
* 30070cT ERR Bl Smallest setting 0.0 deg
Yllo .o - Largest setti 5.0 deg

3008 CT ERR I 2 Secondary, current above which the angle

error actically constant
Smalle ing value: 0.003 A
e ting value: 1.600 A

angle of current transformer at 12
R . F 2 :
3 g 0 ?. ¢cT ER \vallest setting value: 0.0 deg

argest setting value: 5.0 deg

e
-
b

e
o

Duration of displacement voltage after which earth
fault is detected and annunciated; this delay is also
valid for annunciations when the earth fault condi-
tions change (e.g. alteration of direction)

Smallest setting value: 0.0s
Largest setting value: 320.0s
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6.3.12 Settings for high-resistance earth fault protection — address blocks 31 to 33

If the device is equipped with protection for high-re- directional back-up stage the parameters are setin
sistance earth faults in an earthed network (type address block 31. The pick-up value le>,(address
7SA510x—kkkkk—*xxx2/3, see Section 2.3 Order- 3103) should be set somewhat below the mirimum
ing data), the following possibilities are available for expected earth fault current. The set valuggof the
the detection of high-resistance earth faults: earth voltage Ue> (address 3104) shall not be ex-

ceeded by operational asymmetry of the voltages.
— directional definite time overcurrent protection Ue means the voltage calculated by the formula

with non-directional back-up stage,

Ue = U1+ U+ U 3.
— directional definite time overcurrent protection Ca L2 N4

with directional comparison and non-directional

back-up stage, The directional dependent tripping time T—DIRECT

(address 3106) is independent of directional com-

— non-directional overcurrent protection with in- parison and received Signal. The direction set under
verse time characteristic. address 3107 is degisive for the directional stage.
Normally, the lifie'direction is set as FORWARDS di-
In 7SA510, one of these three possibilities can be rection.
programmed or earth fault protection can be made
ineffective (see Section 5.4.2). The mon-directional back-up stage T-NON-DIR

(address3108) also operates when no directional
determination is possible because the measured

6.3.12.1 Directional earth fault protection (defi- voltageiistoo small, or if the voltage transformer pro-
nite time) - address block 31 tectivesmn.c.b. has tripped out. It thus also performs
the‘emergency function for earth fault protection as
For directional overcurrent time protection with non- well as a back-up stage.
ﬁ 31000 EARTHTFAU T Beginningof_bloc_k - _ _
@ DIREC,/NON-DIRE® ”Earth_ faul_t directional definite time protection with
non-directional back-up stage”

* 3101Q0E/F ®.%w. Earth fault definite time protection is
7|l |
ON switched on
OFF OFF switched off
Pick-up value for earth current detection
3103 T >
* ! < (0,75 x le> for transmit signal)
Plo- 20 I%In Smallest setting value: 0.10 I/ly
Largest setting value: 4.00 I/l
Minimum voltage for directional discrimination
3104 U > -
* i © Smallest setting value: 1.0V
V8- -0 Vv Largest setting value: 10.0V

Delay time for directional trip

Smallest setting value: 0.00 s
ylo-90 s Largest setting value: 32.00 s
and oo (no directional trip)

A 3106 T-DIRECT.
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3107 DIRECTTION
FORWARDS

REVERSE

NON-DIRECTIONATL

A 31080 T-NON-DTIR.
{1.20 s

* 3109 T-BLOCK
+0.01 s

Direction for directional stage;
can be set to trip

FORWARDS in line direction

REVERSE in busbar direction

NON-DIRECTIONAL in either direction

Delay time for non-directional back-up stage
Smallest setting value: 0:00)s
Largest setting value: 32:00 s
and oo (no directional trip)

Time during which earth-fault proteetion is blocked after
distance protection has reset;' when'a second external
protection relay with single*pole AR is present, this time
must be longer than a single-pole auto-reclose cycle
Smallest setting: 0.00 s
Largest setting value; 320.00 s

6.3.12.2 Directional comparison earth fault protection -- address block 32

If the earth fault directional protection is extended by
directional comparison, the parameters are set in
address block 32, in addition to those of address
block 31 (Section 6.3.12.1).

The directional comparison can be switch ON and
OFF under address 3201. The functions aceording
to address block 31 (Section 6.3.12.1) operate inde-
pendently. But, when the earth fault” proteetion is
switched off under address 3101 (Seétion®.3.12.1)
the directional comparison earthifault‘protection is
ineffective, too.

Transmission signal and trip willkbe delayed by the
delay time time T—DELAY gfaddress 3202). This al-
lows compensation fordifferent reaction times of the
devices at the two line ends.

The transient blocking time (address 3203) must be
longer than the transmission time; in addition, the
duration of heavy transient reactions at the inception
and interruption of short circuits has to be taken into
consideration.

The time T"WAIT (address 3204) is a waiting time
for initiatioR“of transient blocking: When the earth
faultsprotection has detected a fault, the reception
circuit,(release) will be blocked if no reception signal
has been received within this time; thereafter a re-
ception signal can only be effective after the tran-

siefit blocking time T—TRANSBLO (refer also to Sec-
tion"4.9.2). If set to oo, No blocking takes place for
this case.

For lines with one weak-infeed or non-infeed end,
the echo function is reasonable. So the strong feed-
ing line end can be released even when the weak-in-
feed end does not pick up. The echo function can be
set effective or not under address 3210.

The echodelaytime T-ECHO-DEL (address 3211)
must be set to such a long duration that differing
reaction times of the fault detectors of the protective
relays at both line ends cannot result in a false echo
signal in the case of external faults.

The echoimpulse duration T-ECHO-IMP (address
3212) can be adjusted in accordance with the re-
quirements of the network. It has to be long enough
so that even with differing operating times of the pro-
tective devices at both line ends and of the transmis-
sion devices, recognition of the receive signal is
guaranteed.

To avoid false echo signals after disconnection of the
line, a blocking time for echo generation T-ECHO -
BLO (address 3213) is set. This should include the
echo delay time T—-ECHO-DEL plus the echo im-
pulse duration T-ECHO-IMP plus twice the trans-
mission time plus a safety margin.
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4l 3200mBEARTHFAULT Beginning of block
{} DIREC.COMPARISON ”Earth fault directional comparison” :
* 32010 E/F COMPAR Directional comparison for earth fault definite time
protection is
fllo N _ *
ON switched on

OF F OFF switched off \%

* 32020 T-DELAY D_elay_time for trane_‘,miss' @)on reception for
directional compariso
fllo .00 s Smallest setting value: 0.00 s

Largest setting valye: 32.00s
and oo (no trans ion, o trip)

* 32030 T-TRANSBLO Transient ing time (after external fault)
Sma etting value: 0.01s
yllo-05 = Large value: 32.00 s

32040 T-WATIT @time before transient blocking with missing
7
I

* ion signal
+ © 8 est setting value: 0,01s
Largest setting value: 32,00 s
\ or oo, i.e. no transient blocking with missing reception
* 321 0BE/F EC Echo functipn for directional comparison earth
fault protection is
tllo ~ » .
ON switched on
OFF OFF switched off

O-DETL Echo delay time when circuit breaker is closed
Smallest setting value: 0.01s
Largest setting value: 32.00s

and oo (no echo signal when circuit breaker is closed)

0O-IMP Duration of echo impulse
Smallest setting value: 0.02s
Largest setting value: 32.00s
Echo blocking time
32130 T-ECHO-BLO
i Smallest setting value: 0.01s
0 .15 s Largest setting value: 32.00 s
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6.3.12.3 Non-directional earth fault protection (inverse time) - address block 33

Instead of the above mentioned functions, a non-di-
rectional earth fault protection can be set. A choice
of three characteristics is given: normal inverse, very
inverse and extreme inverse. le> shall be set below
the minimum expected earth fault current, at 75 % or
less since, according to IEC 60255-3, the protec-
tion shall not operate for currents up to 1.05 times
the setting value and the characteristics are defined
only from 2 times the setting value onwards. In any
event, 7SA510 already trips for currents above ap-
proximately 1.2 times the setting value in accor-
dance with the formulae valid for the characteristics

(Figure 3.3, Section 3.8).

When setting the time T—le> (address 3304)fone
must consider that the setting value corresponds. to
10 times the time factor of the tripping time formula,

e.g.

T—-le> = 10s
for normal inversef§IM=#1, thus

= 10s tripping timefat)2 times the set
value le>

ttrip

33000 E
NON-DTIR

b
o

THFAULT
TIONATL

Q

33010 E
ON

OFTF

~

CHARAC
VERSE

020 E
RMAL

H

R S E

REME

I NVERS

30
I/

o o
H O

o

ag o

e

o

L OCK

5g T

Beginning of block
"Earth fault non-directionalinverse time overcurrent
protection”

Non-directional‘inverse time earth fault protection
is

ON switched on
OFF 'switched off

Trip. time characteristic for the non-directional inverse
time overcurrent protection according
IEC 60255—-3 or BS 142

NORMAL INVERSE time characteristic (type A)
VERY INVERSE time characteristic (type B)
EXTREMELY INVERSe  time characteristic (type C)

Pick-up value for earth current detection

Smallest setting value: 0.10 I/ly
Largest setting value: 4.00 I/ly
Delay time corresponds 10 x TM

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

and oo (no trip by le>)

Time during which earth-fault protection is blocked after
distance protection has reset; when a second external
protection relay with single-pole AR is present, this time
must be longer than a single-pole auto-reclose cycle
Smallest setting value: 0.01s

Largest setting value: 320.00 s
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6.3.13 Settings for automatic reclosure — address block 34

NOTE: This section is valid only for models with inte-
grated auto-reclose function (7SA510k—kikk—
»xFx). Otherwise it can be passed over. Auto-re-
close function is effective only if configured as EXIST
under address 7834 (refer to Section 5.4.2).

When no auto-reclosure is to be carried out on the
feeder which is protected by the distance protection
relay (e.g. cables, transformers, motors, etc.), then
the internal AR function must be configured as
NON-—EXIST in address 7834 (refer to Section 5.4.2).
The AR function is then not effective at all, i.e.
7SA510 does not process the AR function. No corre-
sponding annunciations are given, binary inputs for
auto-reclosure are ignored. All parameters in block
34 are irrelevant and unavailable.

With the internal AR function, generally distinction is
made between the first AR-cycle, identified in the fol-
lowing with RAR (rapid auto-reclosure), and further
AR-cycles with multi-shot auto-reclosure, identified
in the following with DAR (delayed auto-reclosure).
The above identifications are regardless whetherthe
dead times are really "rapid” or "delayed”. Setting
address 3401 to 3419 are common for all types of
auto-reclosure.

Most of the short-circuit protection fungtions, of
7SA510 have several stages which operateyinde-
pendent on each other, e.g. for the distanceprotec-
tion stages, time delay and direction can'be selected
for each stage individually andfindependently.
Therefore reclosure is normally’blocked.if a protec-
tion trips on a fault detected in réverse direction. Ac-
cordingly address 3402 is presetto AR BLO REV =
YES.

When switching manuallyyon a dead fault, it is nor-
mally desired that thefshort-circuit protection trips in-
stantaneously, and tRefARfunction is blocked. Thus,
address 3403/should,remain in position MC BLOCK
= YES.

The reclaim timey— RECLAIM (address 3405) is the
time period after which the network fault is sup-
posed to bederminated after a successful auto-re-
closécycle. A renewed trip of any protection func-
tiamywithin this time increments the AR counter
(when multi-shot AR is used) so that the next AR
cyclesstarts; if no further AR is allowed the last AR is
treated as unsuccessful.

The lock-out time T—LOCK (address 3406), is the
time period during which after an unsuccgssfulfauto-
reclosure further reclosures by 7SA510 are blocked.
If the manual close command is led via thes#SA510
then this will be blocked also. This time must be
longer than the renewed readiness for gperation of
the circuit breaker unless the CBis supervised inthe
relay (see below, address 3415)4lfithis time is set to
oo, all breaker close commands/via 7SA510 are
locked. In this case switchingtean be unlocked only
when the binary input 7>ARWReset” (FNo 2704) is
energized.

The set time for T=BLOCK MC (address 3407) must
cover the time forsafe closing and opening of the cir-
cuit breaker {(Q:5 s t0 1 s). If any of the protection
functions offZSA540 detects a fault within this time,
three;pole definitive trip command is issued and re-
closurenis bleecked provided MC BLOCK (address
3403, seeabove) is switched to YES.

Jhe duration of the closing command has already
been set when setting the general parameters of the
device (address 1135, Section 6.3.3.3).

A prerequisite for initiation of the AR function is that
the circuit breaker is ready for at least one trip —close
cycle when any short-circuit protection function
trips. This information has to be given to the relay via
the binary input ”>CB ready” (FNo 2730). In case
such information is not available from the CB circuit,
interrogation of ”>CB ready” can be suppressed
by setting the parameter CB? 1 TRIP = NO (i.e. CB
interrogation 1st trip, address 3412); otherwise re-
closure would not be possible at all.

Additionally it is possible to interrogate readiness of
the circuit breaker before each further reclose com-
mand or before every other reclose command. Set-
ting is made in address 3413:

CB? CLOSE = CB? NEVER; interrogation is not
made or only at the moment of the
first trip command as parameterized
under address 3412,

CB? CLOSE= CB? WITH EACH AR; interrogation is
made before each reclose com-
mand,

CB? CLOSE = CB? WITH 2nd AR; interrogation is
made before every other reclose
command, i.e. before the 2nd, 4th,
etc.; every trip—close cycle is valid
regardless whether it is RAR or DAR.
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In order to monitor the regeneration time of the cir-
cuit breaker a special circuit breaker supervision
time T—CB-SUPV can be set under address 3415.
This time should be set slightly above the regenera-
tion time of the breaker after a trip—close cycle. Ifthe
circuit breaker is not yet ready after this time, reclo-
sure is suppressed.

Finally, address 3419 determines for which reclose
cycles synchronism or voltages shall be checked. In
the cases which are parameterized in this address{
reclosure is blocked as long as the conditions as set
for an external synchronism-check device arg not
fulfilled. The relay must be informed about synchro-

nism conditions via a binary input.

ol AuToO -

JlREcrLosE FuncTION
Ml 324010aRrR FuwcrT
o

OFF

20 AR BLO REYV

3l Mc BLOCK

050 T - ReESe A I M

o680 T-LoOCK

o7l T -BLOCEK MC

Beginning of block
”Auto-reclose functions”

Auto-reclose function is

ON switched on
OFF switched off:

AR will bg blocked when a fault in reverse direction is
tripped_(forall short-circuit protection functions which
can gperate directional)

normal ‘setting: YES

Blocking of reclosing after manual close of the circuit
breaker

normal setting: YES

Reclaim time after successful AR cycle
Smallest setting value: 0.50 s
Largest setting value: 320.00 s

Lock-out time after unsuccessful AR; any close com-
mand is blocked

Smallest setting value: 0.50 s

Largest setting value: 320.00 s

and oo (locked until ”>AR Reset” via binary input)

Reclaim time after manual closing of circuit breaker
Smallest setting value: 0.50 s
Largest setting value: 320.00 s
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341208 c
YE S

N O

w

ol

R E

(@)

CB ready interrogation at the first trip command

YES - normal setting

NO - only if there is no possibility to interrogate,CB
readiness

CB ready interrogation before reclosing

NEVER no CB readyginterrogation be-
fore reclosing

WITH EACH AR CB ready‘interregation before
each reelesing

WITH EACH 2nd AR CB ready intérrogation before

2ndy4th,,6th, etc. reclosing
(RAR"6r,DAR)

CB supervision tire, within which CB must be ready
Smallest settingwvalue: 0.01s
Largest setting value: 320.00 s

Request,for'synchronizm check (if external
synchro-check device is available) is made

beforesevery reclose after three-pole tripping;

only before reclose during DAR

only before reclose during DAR from the 2nd
DAR shot on

no request for synchro-check

For RAR (first auto—reclose cycle), addresses 3424
and 2425 are decisive.

When setting the action time,RAR T—ACT (address
3424), it must be ensured thagthistime is at least as
long as the command timéof the'protective relay, in-
cluding any possible signal transmission times, but
smaller than the delay®i2 of the second distance
zone (usually 02 s)!

The setting 0f theydeadtime RAR T—3POL (address

3425) depends on the application. For longer lines,
the dead time should be long enough to ensure that
the fault arc is extinguished and the air surrounding
the arc is de-ionized, so that auto-reclosure can be
successful (0.6 s to 1.0 s). For double-end fed lines,
the stability of the network is the more important
consideration. Since the disconnected line can no
longer produce any synchronizing power, only a
short dead time is permitted in such cases. Conven-
tional values lie between 0.3 s and 0.6 s. For radial
networks, a longer time may often be tolerated.

34240 RAR
0.20

T-ACT.

S

34250 RAR
.50

T -3POL

0 s

e

Action time for RAR (first AR-shot) (if trip signal is
given after this time, AR is blocked)

Smallest setting value:
Largest setting value:
and oo

0.01s
320.00 s

Dead time for first three—pole (RAR) cycle
Smallest setting value: 0.01s
Largest setting value: 320.00 s
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For DAR (further auto—reclose cycles), several pro-
grams are possible (address 3442). DAR can be ex-
cluded (DAR PROG = NO DAR). DAR can be per-
mitted also if no RAR has been preceded (DAR
PROG = DAR WITHOUT RAR). DAR can be per-
mitted only after an unsuccessful RAR (DAR PROG
= DAR AFTER RAR).

Multiple auto-—reclosure with longer three-pole
dead times are only permitted in networks in which
no stability problems are to be expected (for exam-
ple, due to a high degree of meshing), or in radial
networks.

The number of DARs can be set in address 3444
DAR No.3PH.

For DAR, a separate action time DAR T—ACT can be
set (address 3445).

Different dead times can be set for the first, second
and third trip—close cycle. The dead time for the first
cycle (address 3446) is only valid if the DAR cycle is
really the first cycle (i.e. RAR is suppressed). For the
second (address 3447) and third (address 3448)
cycle, a RAR counts only if it hasyoc€urred. Further
cycles are treated like the third cycCle.

* 34420 DAR PROG . Auto-reclose program for DAR cyeles
{ NO DAR NO DAR no delayed AR
DAR WITHOUT RAR DARWill be carried out also
DAR WITHOUT RAR when, no’RAR has preceded
DAR AFTER RAR DAR AFTER RAR %, DARsWill be carried out only after
an unsuccessful RAR cycle
Number of permissible DAR cycles (the RAR is not
* 34440 DAR NWo.3PH included jn thistmtimber) or without preceding RAR
+ 1 Smallest setting value: 0
Largest setting value: 9
_ Action time for DAR (further AR-shots) (if trip signal is
* 34450 DAR T-RACT given after this time, AR is blocked)
+ 0.20 s Smallest setting value: 0.01s
Largest setting value: 320.00 s
and oo
Dead time forthe first AR cycle if it is a DAR cycle
* 34460 DAR T3 HOMI Smallest setting value: 0.01s
fllo.80 s Largest setting value: 1800.00 s
Dead time for the second AR cycle
* 34470 DQRJT)3 POL 2 Smallest setting value: 0.01s
fllo .80 s Largest setting value: 1800.00 s
Dead time for further AR cycles
* 34480 DAR T3POL3 Smallest setting value: 0.01s
Yllo .80 s Largest setting value: 1800.00 s
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6.3.14 Settings for fault location — address block 38

Distance to fault will be calculated as long as FAULT
LOCAT. = EXIST has been set in address 7838 dur-
ing configuration (see Section 5.4.2).

Normally, fault location calculation is initiated at the
instant when a tripping command is issued. It can,
however, also be started on fault detection drop-off
(address 3802) if, for example, another protection
device clears the fault. Additionally, fault location
can be initiated by an external command via a binary
input (FNo 1106, refer to Section 5.5.2), provided,
the protection has picked up.

To calculate the distance in kilometers, the device re-
quires the reactance value in ©2/km as a secondary
value, referred to 1 A. Conversion from primary to
secondary value is made by using the same formula
as for the distance setting (Section 6.3.4.2). If one
puts in the reactance value of the line in Q/km for
Xprim ONe obtains the required setting value X SEC
(address 1122).

For correct output of the distance to fault in % of line
length, the total line length in km must also be input
(address 1124). If the reactance X SEC is entered in

Q/mile and the LINE LENGTH entered in miles, the
result of fault calculation would be read im®miles#in-
stead of kilometers.

Example:

For the example given in section.6:3.4.2 we obtain:
Xoim = 0.392/km

_ th . . IN
Xsec - N_Vt Xprim A
600/5 5A
= 0.218Q/km

Lengthf{= 60km

If, for eéxample; a fault reactance of 2.29 Q primary is
galeulated, this example gives us the fault location

data
Xpri = 2.29 Q
d =5.86km
d =978%

4l 38o0o0nm

JffFavrT rLocaTION

3802 STAWT
DROP-OFFgmo gy TRIP

i

TRIP C oM, M"A' N D

Beginning of block "Fault location”

Start-to-measure of fault location is initiated

— by DROP —OFF of the fault detector or by TRIP
command

— only by TRIP COMMAND

C53000-G1176-C115

177



7SA510 v3

Operating instructions

6.4 Annunciations

6.4.1 Introduction

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

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

The annunciations generated in the relay are pres-
ented in various ways:

— LED indications in the front plate of the relay (Fig-
ure 6.1),

— Binary outputs (output relays) via the connections
of the relay,

— Indications in the display on the front plate or on
the screen of a personal computer, via the operat-
ing interface,

— Transmission via the system interface to local or
remote control facilities (if available).

Most of these annunciations can be relatively freely,
allocated to the LEDs and binary outputs (see Sec-
tion 5.5). Also, within specific limitations, group and
multiple indications can be formed.

To call up annunciations on the operator panelg the
following possibilities exist:

— Block paging with the keys {} forwards oryj back-
wards up to address 5000,

— Direct selection with address gode, using key DA,
address 5000 and execute with key E,

— Press key M/S (M stands jor¢ messages”, S for
’signals”); then the“address 5000 appears auto-
matically as thedbeginning of the annunciation
blocks.

For configuration of thefansfer of annunciations via
the serial interfaces, the necessary data are entered
in address block 72,(see Section 5.3.3).

The annunciations are arranged as follows:

Block 51 Operational annunciations; these are
messages which can appear during the
operation of the relay: information about
condition of relay functionsgymeasure-
ment data etc.

Block 52 Eventannunciationgforthe last fault; pick-
up, trip, AR, expiredtimes, calculated dis-
tance, or similar. ‘As, defined, a network
fault begins with, pick-=up of any fault de-
tector. If aut@-reclosure is carried out, the
network fault ends after expiry of the last
reclaimdime;thus an AR-shot (or all shots)
occupy onlylene fault data store. Within a
networkfault, several fault events can oc-
curyfrom pick-up of any fault detection un-
tiherop-off.

Blockgé533Event annunciations for the previous net-
work fault, as block 52.

Block'54 Event annunciations for the last but two
network fault, as block 52.

Block 55 Annunciations of an earth fault report
(models with earth fault detection in non-
earthed systems only).

Block 56 Annunciations for CB operation statistics,
that is counters for first AR (RAR), second
or further AR (DAR) and tripping com-
mands, together with accumulated short-
circuit currents of each breaker pole.

Block 57 Indication of operational measured val-
ues (currents, voltages, powers, frequen-

cy).

Block 58 Indication of earth fault values (models
with earth fault detection in non-earthed
systems only).

Block 59 Indication of measured values of the ther-
mal overload protection.

Tl o= e B
JlaMmyuNcIaTIioNs

Commencement of "annunciation blocks”

Acomprehensive list of the possible annunciations and output functions with the associated function number
ENo is given in Appendix C. It is also indicated to which device each annunciation can be routed.
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6.4.2 Operational annunciations — address block 51

Operational and status annunciations contain infor-
mation which the unit provides during operation and
about the operation. They begin at address 5100.
Important events and status changes are chrono-
logically listed, starting with the most recent mes-
sage. Time information is shown in hours and min-
utes. Up to 50 operational indications can be stored.
If more occur, the oldest are erased in sequence.

Faults in the network are only indicated as "Syst.
F1t” together with the sequence number of the
fault. Detailed information about the history of the
faultis contained in blocks "Fault annunciations”, re-
fer to Section 6.4.3.

After selection of the address 5100 (by direct selec-
tion with DA 5100 E and/or pagingwith fof |
and further scrolling 1 or |) the operational anaunci-
ations appear. The boxes below show all*available
operational annunciations. In each specific case, of
course, only the associated annunciatiogs appearin
the display. The annunciationsawhich are indicated
by aleading ”>" sign, representthedirect confirma-
tion of the binary inputs.

Next to the boxes below, the abbreviated forms are
explained. It is indicatediwhether an event is an-
nounced on occugence(C = "Coming”) or a status

is announced "Coming? and "Going” (C/G).

Ifthe device is equipped with earth fault detection for
non-earthed systems, an earth fault is indicated with
"E/F Det”; detailed information can be found in the
earth fault report (refer to Section 6.4.4).

The first listed ‘message is, as example, assigned
with date @andtime in the first line; the second line
shows\the beginning of a condition with the charac-
ter C tg indicate that this condition occurred at the

The input of the codeword is not required. displayed time.

ﬁ 51000 O0OPERATIONAL Beginning of the block "Operational annunci-

JlaxnNuNcIiaTIoONSsS Foy°

Date and time of the event or status
change

1st line:
M19.12.95 17:02

*Emer. Mode : C

2nd line: Annunciation text, in the example Coming

If the real time clock is not availablexthe’date is replaced by xx.xx.xx, the time is given as relative time
from the last re-start of the processer system.

Direct response framinary inputs:

> S tfa ot F1ltRec Fault recording started via binary input (C)

>Ann U c 1 _User definable annunciation No 1 received via binary
input (C/G)

>SAndunc 2 _User definable annunciation No 2 received via binary
input (C/G)

S n nun c 3 _User definable annunciation No 3 received via binary
input (C/G)

SAnnunc 4 _User definable annunciation No 4 received via binary
input (C/G)

>CloseCmd.Blo Block all closing commands (C/G)

C53000-G1176-C115 179



7SA510 v3

Operating instructions

Voltage transformer secondary m.c.b. (feeder v.t.)
tripped (C/QG)

Release RAR stages from external AR device (C/G)
Release DAR stage from external AR device (C/G)

Start fault locator via binary input (C/G)
Carrier signal for directional comparison easth, fault
protection received (C)

Carrier reception for directional copiparison earth fault
protection faulty (C/G)

Block |>> stage of emergency owercurrent protection
from an external device (C/G)

Block auto-reclosure staticallywia binary input (C/G)

Reset auto-reclosuregunetion’from external via binary
input (C)

Block complete RAR Via binary input (C/G)

Block complete DAR via binary input (C/G)

Starting signal from external protection for internal AR
(©)

Thtee-pole trip signal from external protection for in-
ternal AR (C)

DAR permitted only after unsuccessful RAR (C/G)
Switch distance reach to extended zone Z1B from ex-
ternal signal (C/G)

Switch distance reach to extended zone Z1L from ex-
ternal signal (C/G)

Carrier signal for teleprotection with distance protec-
tion received (C)

Carrier reception for teleprotection with distance pro-
tection faulty (C/G)

Block external trip function (C/G)

Trigger external trip function three-pole (C)

Trigger external trip function three-pole without
reclosure (C/G)

Start user definable timer T1 (C/G)
Reset user definable timer T1 (C)
Start user definable timer T2 (C/G)

Reset user definable timer T2 (C)
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General operational annunciations of the protection device:

Dev.operative Device operative (C/G) O

Prot. operat. At least one protection function is operative (C/G

Initial start Initial start of the processor system (C)
LED reset Stored LED indications reset (C)%
1 Kk Messages and measured vaN e system inter-

face are blocked (C/G)
Test mode Messages and measure al a the system inter-
face are marked with "Tes
t(C/G

eration” (C/G)

Param.runnding Parametersareb@ )

Param. Set A Parameter set@ e (C/G)

Param. Set B Paramete ctive (C/G)

Param. Set C PaKse C is active (C/G)

Param. Set D P eter set D is active (C/G)

Syst.F1t rk system_fa_ult (C/G), detailed information in

ault annunciations

E/F Dect . Earth fau_lt detect_ed (in non-earthed system) (C/G,
detailed information in the earth fault report)

Manual Close Manual close command registered (impulse) (C)

cB 1 Circuit breaker test is in progress (C/G)

F1lt Fault recording data deleted (C)

F1lt Fault recording triggered via binary input (C)

F1lt Fault recording triggered via the front keyboard (C)

F1t I(Zg)ult recording triggered via operating (PC) interface

R
&
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Annunciations of monitoring functions:

Wrong SW-vers Software version of the device is wrong (C)

Wrong dev. ID Device identification number is wrong (C)

Annunc. lost Annunciations lost (buffer overflow) (C)

Annu. P C lost Annunciations for operating (PC) interface lest (C)

Oper .Ann.Inva Operational annunciations invalid (C/G)

Flt.Ann.Inval Fault annunciations invalid (C/G)

E/F .Prot Inva Earth fault report (for non=garthed systems) invalid
(C/G)

Stat.Buff.Inv Buffer for operatigmystatistics invalid (C/G)

LED Buff.Inva Buffer for stored FEDs invalid (C/G)

VDEW-StateInyv VDEW state (IE€/60870-5-103) invalid (C/G)

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

Chs A Error Check-sum error detected for parameter set A:

no operation possible with this set (C/QG)

Check-sum error detected for parameter set B:
Ch B E . X ; .
° rrer’ no operation possible with this set (C/G)

Check-sum error detected for parameter set C:
Ch C E . . : -
° rroer no operation possible with this set (C/G)

Check-sum error detected for parameter set D:
Ch D E . X ; .
° rrer’ no operation possible with this set (C/G)

Failure 2 4.V Failure in internal supply voltage 24 V (C/QG))
Failure 1 Suv Failure in internal supply voltage 15V (C/G))
Failurlel 5V Failure in internal supply voltage 5 V (C/G))
Failure ov Failure in offset voltage 0 V (C/G)
Failure I/0 1 Failure on input/output module (C/G)

FQa =2 . TripRel Failure in internal trip relay circuit (C/G)
L\WS A disrupted LSA-link disrupted (system interface) (C/G)
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Failure detected by current plausibility monitor =l (C4
G)

Failure detected by current symmetry monitor (C/G)
Failure detected by voltage symmetry monitor(C/G)

Loss of measured voltages (C/G)

Fuse-failure monitor picked up (updelayed annunci-
ation) (C/G)

Fuse-failure monitor operateds(delayed annunciation,
approx. 10 s) (C/Q)

Failure detected by phase seguence monitor (C/G)

Operational annunciation of distance protection and teleprotectionifeatures:

Dist.

of £

Distanee protection is switched off (C/G)

Distanee protection is blocked (C/G)

Emergency overcurrent time mode is running (C/G)
Release zone extension stage Z1B (C/G)

Release zone extension stage Z1L (C/G)
Teleprotection function with distance protection is
switched off (C/Q))

Carrier signal for teleprotection with distance protec-
tion received (C)

Reception signal for teleprotection with distance pro-
tection is faulty (C/G)

Echo signal for teleprotection with distance protection
transmitted (C)

Operational annunciations of power swing supplement:

Powe

r Swing

0/ s

Tr ip

Power swing detected (C/G)

Out-of-step trip signal issued (C)
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Operational annunciations of user definable logic functions and external trip function:

>User Tlstart
>User T1lRese
User output

>User T2 S tar
>User T 2 Res e
User output

>E x t Trip b1l
>Ex t Trp L 12
>E Xx t Trp w o A

Start user definable timer T1 (C/G)
Reset user definable timer T1 (C)
Output of user definable timer T1 (C/G)
Start user definable timer T2 (C/G)
Reset user definable timer T2 (C)
Output of user definable timer T2 (G/G)
Block external trip functien (C/G)

Trigger external trip function three-pole (C)

Trigger external trip, function three—pole without
reclosure (C/G)

Operational annunciations of emergency overcurrenttimejprotection:

Emer. of £

Emer . block
Emer . mode
> 1> > b1lock

Emergency overcurrent time protection is switched off
(G/G)

Emergency overcurrent time protection is blocked
(CI1G)

Emergency overcurrent time mode is running (C/G)

Block |1>> stage of emergency overcurrent time pro-
tection from an external device (C/G)

Operational annunciationssof,thermal overload protection:

0O/ L Prgo twW o f
0O/ L b Ie. ck e d
0/ L Warn I
O /gL W\ Warn (S}
oW L Pickup (S}

Thermal overload protection is switched off (C/G)

Thermal overload protection is blocked (C/G)
Thermal overload protection: current warning stage
(C/G)

Thermal overload protection: thermal warning stage
(C/G)

Thermal overload protection: pick-up of thermal trip
stage (C/G)

184

C53000-G1176-C115



7SA510V3 Operating instructions

Operational annunciations of earth fault detection for non-earthed systems:

E/F De t . of f Earth fault detection is switched off (C/G)

E/F Det.block Earth fault detection is blocked (C/G)

Detailed information about the earth fault are given in the earth fault report (address block 55),
refer Section 6.4.4.

Operational annunciations of high-resistance earth fault protection in earthed systems:

E/F Prot. of f Earth fault protection is switéhed off (C/G)

E/F blocked Earth fault protection is blocked (C/G)

E/F Dir off (Ea?rth fault directional,comparison is switched off (C/
>E/F Recept Carrier_ signal fowdirectional comparison earth fault

protectionwreceived (C)

SE/F Rec.Fail Carrier_reception for directional comparison earth fault
protection‘faulty (C/G)

E/F Echo Echo signal for directional comparison transmitted (C)

Operational annunciation of the internal auto-reclose function:

AR off Auto-reclose function is switched off (C/G)
a2 R ino e r ooy Auto-reclose function inoperative, i.e, cannot be initi-
4 ated (C/G)

>AR Dblock Block auto—reclosure statically via binary input (C/G)

SAR re se® Beset auto-reclosure function from external via binary
input (C)

> R A By h IWefc k Block complete RAR via binary input (C/G)

> D ARL Dbl oc k Block complete DAR via binary input (C/G)

s>Sstart AR (Sct:?rting signal from external protection for internal AR

; Three-pole trip signal from external protection for in-
T AR

\frip 3P ternal AR (C)

>»DAR aft. R AR DAR permitted only after unsuccessful RAR (C/G)

AR Close Cmd. Reclose command from auto-reclose function issued
(©)
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Operational annunciations of fault location:

>Start FltLoc Start fault locator via binary input (C/G) O

Operational annunciations from the circuit breaker test function: ¢

CB 1in Test Circuit breaker test in progress (C/\%

CB Test 3p '(I'cr;;a three-pole by internal circuitm st function

N

received the last valid

Further messages:

If more messag \

Table overflow : n
message is Table w.

If not all me

E d f t b1l
" © @ © End of tat\

>
R
.Q(b
<
O
&

L 4
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6.4.3 Fault annunciations — address blocks 52 to 54

The annunciations which occurred during the last
three network faults can be read off on the front pan-
el or via the operating interface. The indications are
recorded in the sequence from the youngest to the
oldest under addresses 5200, 5300 and 5400. When
a further fault occurs, the data relating to the oldest
are erased. Each fault data buffer can contain up to
80 annunciations.

Input of the codeword is not required.

To call up the last fault data, one goes to address
5200 either by direct address DA 5200 E or by
paging with the keys { or || . Withthe keys 1 or | one
can page the individual annunciations forwards or
backwards. Each annunciation is assigned with a
sequence item number.

For these purposes, the term "system fault” smeans
the period from short circuit inception up(to final
clearance. If auto—-reclose occurs, then they system
fault” is finished on expiry of the last reclaim orfock —
outtime, that s, after successful or unsuceessful AR.
Thus the total fault clearance procedure inclusive
AR-cycles occupies only one fault annunciation
store. Within one system fault, severalfault events
can have occurred, i.e. from pi€k —up of any protec-
tion function until drop —eff of,thie last pick—up of a
protection function.

In the following clarification, albthe available fault an-
nunciations are indicated. ln the case of a specific
fault, of course, only the,associated annunciations
appear in the display,Atfirst, an example is given for
a system fault fandyexplained.

flfs200mast
IllraveT
Moor1mgo2.11.9%
fHlsyst.r1t 21
Moo2mi16:54:14.30927
*Fault C
*OO3IO m s
floist.Flt.L1E m: €
foo4l6 m s
*Dis rip 3.p : C
Mloos B 11 5 s
+ ev Drop-off:C
Moo c@¥l 5 nms
VIE Lowfp L1E
Alogo 7 o
1 il =16.0 kmn
Noosh
tla 151 =63 2

etc.

Beginning, of theloek ”Fault annunciations of the last
system fault?

under itemyl, the date of the system fault is indicated, in
thefsecend line the consecutive number of the system
fault

under item 2, the time of the beginning of the fault is giv-
en; time resolution is 1 ms

The following items indicate all fault annunciations
which have occurred from fault detection until drop-off
of the device, in chronological sequence. These annun-
ciations are tagged with the relative time in milliseconds,
starting with the fault detection.

For fault location, the conductor loop is given, from
which the fault location has been derived. Fault distance
is displayed in Ohms primary, in Ohms secondary;, in ki-
lometers and in percentage line length, calculated from
the parameters which have been set for line and trans-
former data (refer to Section 6.3.3).

If the per unit line reactance has been parameterized in
Q/mile instead of Q/km (address 1122) then the fault
distance is to be read in miles.
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General fault annunciations of the device:

Fault annunciations of distance protection:

Syst.F1lt
Fault

F1¢t Buff Over
>RAR Release
>DAR Release
Dev Tr ip rev
IL1/ In-=
IL2/In-=
IL3/In-=
Devilice Trip
Dev Drop-o0of f

DisZ 1B

Diszl1lL A R b1lk
Dist F1t L1

Dist F1t LAE
Dist F1t L2

Dist E'l & L 2 E
Dist F It L 12
Dist Fol t L12E
Dis%). F 1t L3

B Ast F1t L 3 E
Dist F1t L 13

System fault with consecutive number
Beginning of fault

Fault annunciations lost (buffer overflow)

Release RAR stages from external AR dgvice,when
occurred during a fault

Release DAR stage from external AR,device when
occurred during a fault

Trip on fault in reverse (bus-bar) direction
Interrupted fault current of phase L1
Interrupted fault currgnt ofyphase L2

Interrupted fault current of phase L3

The generalgripscommand of the device is annun-
ciated Goingyi.e. reset of the trip is indicated

Drop-off,of the device, general

Auto-reclosure blocked by fault in zone Z1B
Auto-reclosure blocked by fault in zone Z1L

Fault detection distance protection, phase L1

Fault detection distance protection, phase L1-E
Fault detection distance protection, phase L2

Fault detection distance protection, phase L2—-E
Fault detection distance protection, phases L1-L2
Fault detection distance protection, phases L1-L2—-E
Fault detection distance protection, phase L3

Fault detection distance protection, phase L3—-E

Fault detection distance protection, phases L1-L3
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Dist.F1lt.L13E Fault detection distance protection, phases L1—-L3—E

Dist.F1lt.L23 Fault detection distance protection, phases L2-—13

Dist.F1lt.L23E Fault detection distance protection, phases L2=I8-E

Dist.Flt.L123 Egult detection distance protection, phases L1—-1L2—

Dist.Flt.123FE Egul}zdetection distance protectiongphases L1-L2—-

Loop L1-E f In line loop L1—E a fault in forward direction is de-
tected

Loop L2-E f£ In line loop L2—E a fault in fegward direction is de-
tected

Loop L3-E f In line loop L3—E afault'in forward direction is de-
tected

Loop L1-2 f In line logp, L1'=L2 a fault in forward direction is de-
tected

Loop L2-3 f In lingllegp '2—-L3 a fault in forward direction is de-
tected

Loop L3-1 f In linefeop, L3—L1 a fault in forward direction is de-
tetted

Loop L1-E r In‘line loop L1—E a fault in reverse direction is de-
tected

Loop L2-E r In line loop L2—E a fault in reverse direction is de-
tected

Loop L3-E r In line loop L3—E a fault in reverse direction is de-
tected

Loop L1-2 r In line loop L1-L2 a fault in reverse direction is de-
tected

Loop L2-3 2 In line loop L2—L3 a fault in reverse direction is de-
tected

Loop L3 -4 ~ In line loop L3—L1 a fault in reverse direction is de-
tected

Dis.Trdp_ 3p Trip three-pole by distance protection

>p i &t . Recept C_)arrier si_gnal for teleprotection with distance protec-
tion received

Dis | sfend Carrier send signal for teleprotection with distance
protection transmitted

Dis.TransBI1o Transient blocking function of teleprotection with dis-
tance protection has operated

Fault annunciation of power swing supplement:

0O0/s Trip Out-of-step trip signal issued
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Fault annunciations of user definable logic functions and external trip function:

>User

T1lStart

>User

T 1R

User utp t
Ext T ip P
E x t T 1p o

Start user definable timer T1 during fault
Reset user definable timer T1 during fault
Output of user definable timer T1 during fault
Start user definable timer T2 during,fault
Reset user definable timer T2 duripgfault
Output of user definable timer T2%during fault

Trip by external trip function three-pole

Trip by external trip fuActionthree-pole without
reclosure

Fault annunciations of emergency overcurrent time protection:

Emer. F1t E
Emer F1t L
Emer F1t L
Emer F1t L
Emer F1t L
Emer F1t L
Emer 1t 1
Emer F 1t I
Emer Fat L
Emer FIt L
Emer 1t 1
E m'e &n). F1t L
E.me r 1t 2
Emer 1t 1

Earth fault‘detection of emergency overcurrent time
prote¢tion

Fault detection emergency overcurrent time protec-
tion, phase L1

Fault detection emergency overcurrent time protec-
tionyphase L1—earth

Fault detection emergency overcurrent time protec-
tion, phase L2

Fault detection emergency overcurrent time protec-
tion, phase L2—earth

Fault detection emergency overcurrent time protec-
tion, phases L1-L2

Fault detection emergency overcurrent time protec-
tion, phases L1—-L2-earth

Fault detection emergency overcurrent time protec-
tion, phase L3

Fault detection emergency overcurrent time protec-
tion, phase L3—earth

Fault detection emergency overcurrent time protec-
tion, phases L1-L3

Fault detection emergency overcurrent time protec-
tion, phases L1-L3—earth

Fault detection emergency overcurrent time protec-
tion, phases L2—-L3

Fault detection emergency overcurrent time protec-
tion, phases L2-L3-earth

Fault detection emergency overcurrent time protec-
tion, phases L1-L2-L3
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Eme F 1l 12 3E Fault detection emergency overcurrent time protec-
tion, phases L1-L2—-L3—earth

Eme I>> Fault detection emergency overcurrent protection on
high phase current stage |>>

Eme T Fault detection emergency overcurrent protegctionion
phase overcurrent stage 1>

Eme IE > Fault detection emergency overcurrent protection on
earth overcurrent stage Ig>

Eme Trip 3 ;I_'rip three-pole by emergency overcurrent time protec-
ion

Fault annunciation of thermal overload protection:

0]

/ L

Tr ip

Trip by thermal overload‘protection

Fault annunciation of earth fault detection in non-earthed,systems:

Note: These annunciation occur only in the fault annunciatioens when the high-sensitivity earth fault protection
is configured to trip on earth fault (address 3001 EARTHFAULT*= ON, refer also to Section 6.3.11). Otherwise,
the annunciations are stored only in the earth fault reporti(refer to Section 6.4.4).

E

/ F

Detection

E

/ F

D

e

t .

Tr ip

Earth fault detection in non-earthed systems

Trip by earth fault detection in non-earthed systems

Fault annunciations of high-resistance earth fault protection in earthed systems:

E/F blo kve @
E/F F1lg 59 I
E/F F Iat I e<
E/F F Ut Ie
E/F Tr i

EY/ F Sen

>E / R e ept
E/F Tra s B1

Earth fault protection blocked (when during fault)

Fault detection earth fault protection 75 % lg> stage
(valid for directional determination and transmission)

Fault detection earth fault protection non-directional

Fault detection earth fault protection directional

Trip by earth fault protection

Directional comparison earth fault protection, carrier
signal transmitted

Directional comparison earth fault protection, carrier
signal received

Transient blocking function of directional earth fault
protection has operated
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Fault annunciations of internal auto-reclose function:

AR in prog. Auto—-eclose cycle in progress

RAR T-3p run. Dead time of three-pole RAR is running

DAR T-3pl run Dead time of first three-pole DAR is running

D AR T -3p 2 run Dead time of second three-pole DAR is turining

Dead time of third or further three-pole,DAR is run-

ning
AR block.dyn. AR function dynamically blocked (By,internal cause)
A R Close Cmd. Reclose command from“@uto-ree¢lose function issued

Fault annunciations of fault location:

Fault location‘data, the line loop is indicated from

Fault Locat. -
which falilbdata have been calculated

Calcdlatedyprimary fault resistance in ohms, based on
the parameterized rated values (addresses 1103 to
1105, refer to Section 6.3.3.1)

Rpri-= Q

Calculated primary fault reactance in ohms, based on
the‘parameterized rated values (addresses 1103 to
1905, refer to Section 6.3.3.1)

Calculated secondary fault resistance in ohms, based
ont1A

Calculated secondary fault reactance in ohms, based
on1A

Calculated fault distance in kilometers, based on the

parameterized rated values (addresses 1103 to 1105,
refer to Section 6.3.3.1) and the line data as parame-
terized under addresses 1122 and 1124 (refer to Sec-
tion 6.3.3.2)

Calculated fault distance in % of line length, based on
the parameterized rated values (addresses 1103 to
1105, refer to Section 6.3.3.1) and the line data as
parameterized under addresses 1122 and 1124 (refer
to Section 6.3.3.2)
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Further messages:

Table empty means that no fault event has been recorded O

Table overflow means that other fault data have occurred, @r,
memory is full

Table superceded a new fault event has occurred during read-out: page

on with 1 or |; the display shows the first annunci-
ation in the actualized order

End of table If not all memory places are @t message is
End of table.

The data of the second to last system fault can be found under address é vailable annunciations are

the same as for the last fault.

Hlls300m2nda To TLasT Beginnin ofl@«’Fault annunciations of

@ FAULT the seco a stem fault

etc. \

The data of the third to last system fault caQ]d under address 5400. The available annunciations are the

same as for the last fault.

ﬁ 54000 3rd T O A Beginning of the block "Fault annunciations of

@ FAULT . the third to last system fault
etc! é

L 4
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6.4.4 Data of earth faults in non-earthed systems — address block 55

For earth faults in isolated or compensated networks
a special earth fault data store is available under ad-
dress 5500. Up to 80 messages can be stored for
each of the last three earth faults. Input of the code-
word is not required.

The earth fault reports can be called up by direct ad-
dressing, using DA 55 0 0 E or by paging with the

keys {} or || to the address 5500. With the keys 1 or
one can page forwards or backwards within the indi-
cations.

In the following list, the available earth fault annunci=
ations are attached to the box with main heading. In
a specific case, of course, only the associatedyindi-
cations appear in the display.

ﬁssoolISOLATED
@EARTH L T DATA
Moo1m27.10.9%5
e 7 F et 1

*0 2p 1 : : 5

*E F Detection c
E/F Detec L1
E/F Detec L 2
E/F Detec L3
E/F forwards
E/F reverse
E/F undef ine'd
Iea T8 m A
Ier 1,206 m A
E/F D e, tf. Tr ip
E/F Buff Over
T a bel e emp ¢ty

Beginning of block "Earth fault event/data for
non-earthed system”

under item No. 1, the date‘and the sequence number
of the earth fault are/displayed

Item No. 2,shows the time of commencement of the
earth fault

The follewingvitems show the earth fault data
Earth*fault detected in phase L1

Earth fault detected in phase L2

Earth fault detected in phase L3

Earth fault in forward direction

Earth fault in reverse direction

Earth fault direction undefined (e.g. current too small
Active component of earth fault current

reactive component of earth fault current

Trip on earth fault (only when earth fault detection is
configured to trip)

Earth fault annunciations lost (buffer overflow)

means that no earth fault has been recorded (yet)

Repoiistef further earth faults begin with item number 101 and 201, e.g.:

INOITg19.0
E/F Det .

7

}
/

under Item No. 101, the date of another earth fault
can be displayed, followed by the respective data
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6.4.5 Circuit breaker operation statistics — address block 56

The number of trip commands initiated by the relay
is counted. Also, the number of auto-reclose at-
tempts is counted, separately for RAR (first shot)
and DAR (further shots). Additionally, the interrupted
currents are stated for each individual pole and giv-
en under the fault annunciations (refer to Section
6.4.3) following each trip command. These currents
are accumulated and stored. Counter status and
stores are secured against auxiliary voltage failure

and can be read off in address block 56. he ad-
dress can be reached by direct addressing DA
56 0 0 E or by paging with the keys { ar | until ad-
dress 5600 is reached. The counters can‘be’called
up using the key 1 for forwards paging or | for back-
wards paging.

Entry of the codeword is not [fequired for read-off of
counter states.

56 00 CB OPERAT.
STATISTICS

56 020 AR
18

3 pole

Page on with key 1 to get further counter statest

f56o3lDAR 3pols
Mls 6040 TRIP N ogm=
f56o7l21L1/1n=
Mls 6080 23 1n -
f5609IZIL3/In=

The maximum values of the counters are:
— RAR 3pole, DAR 3pole

= Trip No

—2IL1/In, ZIL2/In, ZIL3/In

Beginning of the block¥Circuit breaker operation
statistics”

Number of autosseclose attempts, 1st AR cycle
(RAR)
e.ghi8

Number of auto-reclose attempts, further AR cycles
(DAR)

Number of trip commands issued by the relay

Accumulated interrupted currents for CB pole L1

Accumulated interrupted currents for CB pole L2

Accumulated interrupted currents for CB pole L3

9 digits
9 digits
7 digits plus 1 decimal digit

The counters can be reset to 0 in block 82 (see Section 6.5.2).
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6.4.6 Read-out of operational measured values — address blocks 57 and 59

The steady state r.m.s. operating values can be read
out atanytime in address block 57. The address can
be called up directly using DA 57 0 0 E or by pag-
ing with {} or ||. The individual measured values can
be found by further paging with 1 or |. Entry of the
codeword is not necessary. The values will be up-
dated in approximately 1 to 5 seconds intervals.

The data are displayed in absolute primary values
and in percent of the rated device values. To enstire
correct primary values, the rated data must be en-
tered to the device under address block 11 as de®
scribed in Section 6.3.3.1.

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

ﬁ5700|0PERATIONAL
{',-MEASURED VALUES

Beginning of the block ”"Operational measured val-
ues”

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

AM{fs70o1BMEAS . VALUE
fllrz1 = 460 =&

{ = 473 A
M{s7o04ammEAS . VvagUE
A = 64.5fk¥

f57 50 M£Z AS,. VALUE
IE ~L6f .9 xv
AM{fs706mMERAS . VALUE
Vv = 64.3 kV

Page on withthe fekey to read off the next address with
the next medsured value, or page back with .

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

The primary values (addresses 5701 to 5711) are
based on the primary rated values as parameterized
under addresses 1103 (for Uy) and 1105 (for Iy) (refer
to Section 6.3.3.1).
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M{s 7080 MEAS.VALU
IE = 11.0 kV
AM{s 7090 mMEAS.VALU
Vv 3= 11.5 kV
Mjs7100mMEAS.VALU
flpa= 79.1 mw

AMfs7110mMEAS . VvAaLU
flpr= 2424.8 mva

f5712lM AS.VALU
Ve 181 = 99.9 =

M{s7130mMEAS.VALU
fllrz1ros 76 .6 %
f 7140 MEAS . VAL

Vo212 80 .8 _%

L 4

Mjs 7150 mMEA LU
fllrz3rs c) %
Mls 716 %.VALU
v 1812 101.6 =3
Mjs 7171 AS.VAL

flluc2fr21= 100.6 =2
57180 MEAS .VALU
UL3E[%]= 101.2 3%

The perce
60 H
Seati

N

C)O

% 4
o
Q
&

referred to rated frequency 50 Hz or
eterized under address 7899 (refer to

@ercentage is referred to rated current

The percentage is referred to rated voltage divided by
3
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e

57190 MEAS.VALUETE
UL12([8%]-= 00 .2 2
57200 MEAS VALUE
UL23[ %] = 00 .9 %
57210 MEAS.VALUETE
UL31[8%]-= 01 .3 %
57220 MEAS.VALUETE
Pa[%]= 629 1 3

57230 MEA VALUE
Pr[%]= 3 2 2

The percentage is referred to rated voltage O

The percentage is referr@ed apparent power
\/3 | UN | IN @

<

The calculated temperature rise for the overloa
protection can be read out in address block 59. T

address can be called up directly using DA 5
E or by paging with { or ||. The individual meas

values can be found by further paging with 4

Entry of the codeword is not necessary.

}
'

mes are available as long as the thermal over-

load protection is configured as THERMAL OL = EX-

IST (address 7827) and switched on (address 2701).
age on with the 1 key to read off the next address

with the next measured value, or page back with |.

59 010 MEAS .V E
®/0®triplLl Q %
ALUE

54 %

.VALUE

/64 riplL3 51 %
040 MEAS.VALUE
Otrip = 5 4 %

The calculated temperature rises of the individual
phases are not presented if the measuring method ©
with Imax has been selected (address 2706)

The percentage is referred to the trip temperature rise
according to the measurement method as selected in
address 2706
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6.4.7 Read-out of earth fault measured values in non-earthed systems — address

block 58

The measured values during an earth fault can be
read out in address block 58. The address can be
directly called up using DA 58 0 0 E or by paging
with keys { or ||. The individual values can be found
then by further paging with 1 or |. Entry of the code-
word is not necessary. The values are recorded only
if the relay is equipped with the earth fault detection
function and when this is configured to EXIST.

The displayed values are: the active componentlea
and the reactive component ler of the earth current,
as primary values and as secondary values at the
relay terminals. Pre-requisite for correct output of the
current values is that the rated data are ¢orrectly pa-
rameterized in address blocks#1 (refer to Section
6.3.3.1).

In the following examplefsemetypical values have
been inserted. In practicefthe*actual values appear.

ol

-
0
(@)
=
=
~
|

VALUES

f 1B MEAS VALUE
*Iea = 0.0 A

f 020 MEA VALUE
flltexr = 1.2 =a

A 3P MEAS .yalL ulE
flreatmay= o % "2
bl[s804mmEAals ALUE
*Ier[mA = 20 0 m A

Beginning of the block "Measured values of
earth fault detegtion ihynon-earthed systems”

Useytskewnto display the next address with the next
measured value, or use | key for the previous ad-
dress.

Eachymeasured value is assigned to one address;
each address, alternatively, can be reached by direct
addressing, using key DA followed by the address
number.

The primary values (addresses 5801 and 5802) are
based on the primary rated values as parameterized
under addresses 1112 and 1105 (refer to Section
6.3.3.1).
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6.5 Operational control facilities

During operation of the protection relay it may be de-
sired tointervene in functions or annunciations man-
ually or from system criteria. 7SA510 comprises faci-
lities, e.g. to re-adjust the real time clock, to erase
stored informations and event counters, to switch on
or off partial functions under specific conditions, or
to change over preselected sets of function parame-
ters. The scope of operational control facilities de-
pends on the ordered scope of functions of the de-
vice (refer to Section 2.3 Ordering data).

The functions can be controlled from the operating
panel on the front of the device, via the operating
and system interface as well as via binary inputs.

In order to control functions via binary inputs it i§
necessary that the binary inputs have been mar-
shalled to the corresponding switching functions
during installation of the device and that they hayve
been connected (refer to Section 5.5.2 Marshalling
of the binary inputs).

The control facilities begin with addrgss block 8000.
This address is reached

— by block paging with the keys fwforwards or |
backwards up to address 8000;%er

— by direct selection with address’code, using key
DA, address 8 0 0 0 sand execute with key E.

tllesooompDEVICE
IflconTrOL

6.5.1

The date and time can be adjusted at any time dur-
ing operation as long as the real time clock is opéra-
tive. Setting is carried out in block 81 which is
reached by direct addressing DA 8 100 E ,0r by
paging with { and |. Input of the codewordisre-

Beginning of the blogk “Device control”

Adjusting and synchronizing the real timeclock — address block 81

quired to change the data.

Selection of the individual addresses is by further
scrolling using 1 | as shown below. Each modifica-
tion must be confirmed with the enter key E.

s 1oomsETTING
JlrREAL TIME cL.6iCK

H

N EEEY LY E:

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

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

Enter the new date: 2 digits for day, 2 digits for month
and 4 digits for year (including century); use the order

+ as configured under address 7102 (Section 5.3.2), but

always use a dot for separator:

DD.MM.YYYY or MM.DD.YYYY

Enter the new time: hours, minutes, seconds, each
with 2 digits, separated by a dot:
HH.MM.SS

Using the difference time, the clock is set forwards by
pfg~ho e D1 FF TIME the entered time, or backwards using the +/- key.
{ The format is the same as with the time setting above.
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6.5.2 Erasing stored annunciations and counters — address block 82

The statistical indications (Section 6.4.5, address
block 56) are stored in EEPROMs in the device. They
are not therefore erased if the auxiliary power supply
fails. Additionally, annunciations and the status of
the LED memories are stored in NV—-RAMs and thus
saved provided the back-up battery is operational.
These stores can be cleared in block 82. Block 82 is
called up by paging with the keys 1 or || or directly by
keyinginthe code DA 8 2 0 0 E. With the exception

of resetting the LED indications (address 8207),%o-
deword entry is necessary to erase the stored items.
Reset is separate for the different groups™6f ceunt-
ers, memories and annunciations. One reachgs the
individual items by paging t |. Erasure“fequires
confirmation with the key J/Y. The display then con-
firms the erasure. If erasure is not required, press
key N or simply page on.

1
¥

ooll
ESET

21

R A

[0}

N

e

3l

LT

o)
c

4 1

N T

e

51

AL

e

Beginning of block "Resef

Request whether'the LED memories should be reset

Requestwhether the operational annunciation buffer
store,should be erased

Request whether the fault annunciation buffer and
fault recording stores should be erased

Request whether the CB operation counters should
be set to zero

Request whether the total of switched short-circuit
currents should be set to zero

Request whether the earth fault report buffer store (for
earth faults in non-earthed systems) should be erased

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

the relay, acknowledges erasure, e.g.

82020 RESET
EXECUTED
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6.5.3

When the relay is connected to a central storage de-
vice or localized substation automation system and
the protocol according VDEW/ZVEI (IEC 60870—
5-103) is used, then the informations which are
transmitted to the central computing system can be
influenced.

The standardized protocol allows all annunciations,
messages, and measured values to be tagged with
the origin "test operation”, which occur while the
relay is tested. Thus, these messages can be distin-
guished from those which occur during real opera-
tion. Additionally, it is possible to block all annunci-
ations, messages and measured values to LSA dur-
ing test operation.

This features can be accomplished via binary inputs
or using the integrated operating keyboard or viathe
operating (PC) interface.

In order to accomplish switch-over via binary inputs,
the respective inputs must have been assigned dur-
ing marshalling (refer to Section 5.5.2). The follow-
ing input functions are suitable:

Information to LSA during test operation — address block 83

FNo 16 >sys-MM-block for blocking all mes-

ages and measured values.

In order to carry out switch-over by the operator
entry of the codeword is necessary (refer to Section
5.3.1). For this purpose, address block 83 is avail-
able provided the VDEW/ZVEI protocol (IEC
60870—-5-103) has been chosen during€onfigura-
tion of the serial system interface(Section’5.3.3, ad-
dress 7221 and/or 7222 VDEW, COMPATIBLE or
VDEW EXTENDED). The block(is ¢alled up by paging
with the keys 1 or || or directly byikeying in the code
DA 8300 E. Use key } to screll to address 8301.
By pressing the "No” —keyaN¢sthe positions of this
switch are changed, (The'desired position must be
confirmed with the enter key E.

As with every,settings/of the device for which code-
word input is\neeessary, codeword operation must
be terminated.\This’is done by using the key combi-
nation FE; i.e®depressing the function key F fol-
lowediby, theventry key E. The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the,”Yes”—key J/Y that the new settings shall be-
comevalid now. If you press the "No”—key N in-
stead; codeword operation will be aborted, i.e. all al-
terations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

FNo 15 >sys-Test for tagging the messages
and measured values with the origin "Test
operation”,

T8 3000 syYys-vDEW

@ ANNUNC . -MEAS (VAL

f8301|sys TEST

flloF F

ON

AM{fs 302Bsys BLOCK

tllo ¥
ON

Beginning of block "Annunciations and measured val-
ues for the system interface with VDEW/ZVEI compat-
ible protocol (IEC 60870—-5—-103)”

Only for VDEW/ZVEI compatible protocol (IEC 60870—
5-103):

in ON position, the VDEW/ZVEI-compatible annunci-
ations (IEC 60870—-5-103) are assigned with the origin
"test operation”

Only for VDEW/ZVEI compatible protocol (IEC 60870—
5-103):

in ON position, no annunciations and measured values
are transmitted to the system interface

Do not forget to switch the addresses back to OFF after having finished test operations!
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6.5.4 Selection of parameter sets — address block 85

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

Thefirst parameter set is identified as set A, the other
sets are B, C and D. Each of these sets has been set
during parameterizing (Section 6.3.1.2) provided
the switch-over facility is used.

6.5.4.1 Read-out of settings of a parameter

set

In order to look up the settings of a parameter set in
the display it is sufficient to go to any address of the
function parameters (i.e. addresses above 1000 and
below 4000), either by direct addressing using key
DA, entering the four-figure address code and termi-
nating with enter key E, or by paging through the dis-
play with {} or ||. You can switch-over to look up a dif-
ferent parameter set, e.qg.

— Press key combination F 2, i.e. first thedunction
key F and then the number key 2. Aliidisplayed
parameters now refer to parameter set B!

The parameter set is indicated in the display’by a
leading character (A to D) before thé"address num-
ber indicating the parameter identification.

The corresponding procedure is used for the"other
parameter sets:

® Key combination F 1:
access to parameteisset A

® Key combination F 2:
access to parameter set B

® Key combination F 3:
aceess toparameter set C

® Key combination F 4¢
access to parameter set D

The relay operatesialways with the active parameter
set even duringsread=out of the parameters of any
desired parameter set. The change-over procedure
described here sy therefore, only valid for read-out
of parametersin,the display.

6.5.4.2 Change-over of the active parameter
set from the operating panel

For change over to a different parameter set, i.e. if
ardifferent set shall be activated, the address block
85 is to be used. For this, codeword entry is re-
quired.

The block for processing parameter sets is reached
by pressing the direct address key DA followed by
the address 8 5 0 0 and enter key E or by paging
through the display with {} or ||. The heading of the
block will appear:

ﬁssoolPARAMETER
!}CHANGE—OVER

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

Itis possiblefto scroll tArough the individual address-
es using theyt key ofto scroll backwards with |.

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

In order to switch-over to a different parameter set
sCrolipon with 1 to address 8503. Using the
“No*-key N you can change to any desired param-
eter set; alternatively, you can decide that the pa-
rameter sets are to be switched over from binary in-
puts, or via the system interface. If the desired set or
possibility appears in the display, press the enter
key E.

As with every settings of the device for which code-
word input is necessary, codeword operation must
be terminated. This is done by using the key combi-
nation F E, i.e. depressing the function key F fol-
lowed by the entry key E. The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the "Yes” —key Y that the new settings shall become
valid now. If you press the "No”—key N instead,
codeword operation will be aborted, i.e. all alter-
ations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.
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MlesoimacrIiv PaARAM
fllser =a

MjssosmacTIivaTrIoOonN
'

SET A
SET B
SET Cc
SET D

SET BY BIN.INPUT

SET BY L s A CONTR

Address 8501 shows the actually active parameter set

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

If you select SET BY BIN.INPUT, then the parameter
set can be changed over via bipary/inputs (see Sec-
tion 6.5.4.3)

If you select SET BY LSA€CONTR, then the parameter
set can be changed oyer viaythe system interface

6.5.4.3 Change-over of the active parameter
set via binary inputs

If change-over of parameter sets is intended to be
carried out via binary inputs, the following is to be
heeded:

— Locally (i.e. from the operator panel or from PC via
the operating interface), ACTIVATION must be
switched to SET BY BIN.INPUT (refer to Section
6.5.4.2).

— 2 logical binary inputs are availablesforigontrol of
the 4 parameter sets. These binary inputs are
designhated ”">ParamSelec. 1¥%andW¥ >Param
Selec.2” (FNo 7 and 8).

— The logical binary inputsgmust e allocated to 2
physical input modules (refer to Section 5.5.2) in
order to allow control:*An‘iAput is treated as not
energized whenfit is not assigned to any physical
input.

— The control input signals must be continuously
present as long as the selected parameter set
shall be active.

The activeyparameter sets are assigned to the logical
binary, inputs as shown in Table 6.2.

A simplified connection example is shown in Figure
6.5.°0ficourse, the binary inputs must be declared in
normally open ("NO”) mode.

Binary input causes
ParamSelec.1 | ParamSelec.2 active set
no no Set A
yes no SetB
no yes SetC
yes yes SetD

no
yes

input not energized
input energized

Table 6.2 Parameter selection via binary input

Selector switch for
T param. set

D_L_

|

| Binary input:

} >ParamSelec.1
|

|

L+

k-l
O Olm >

'_A
______//PC'B
- T
D |
Binary input:
>ParamSelec.2

Figure 6.5 Connection scheme for parameter
change-over via binary inputs
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6.6 Testing and commissioning

6.6.1 General

Prerequisite for commissioning is the completion of
the preparation procedures detailed in Chapter 5.

/_I\ Warning

Hazardous voltages are present in this
electrical equipment during operation.
Non-observance of the safety rules can
result in severe personal injury or proper-
ty damage.

Only qualified personnel shall work on
and around this equipment after becom-
ing thoroughly familiar with all warnings
and safety notices of this manual as well
as with the applicable safety regulations.

Particular attention must be drawn to the
following:

p The earthing screw of the device
must be connected solidly 40 the
protective earth conductor before
any other connection is made:

p Hazardous voltages can be ‘present
on all circuits and compg@hents ¢on-
nected tothe supply voltagé orto the
measuring and test guantities.

p Hazardous voltages can be present
in the device evehyafterdisconnec-
tion of the supply voliage (storage
capacitors!)

p The limit valuesigiven in the Techni-
cal data (Sectian 3.1) must not be ex-
ceeded atall, not even during testing
and gommissioning.

When testing theidnit with a secondary injection test
set, it must be ensured that no other measured val-
ues are connected and that the tripping leads to the
circuit breaker trip-coils have been interrupted.

/)\ DANGER!

Secondary connections of the current
transformers mustgsbe short-circuited
before the current leadsito the relay are
interrupted!

If a test switch issinstalled which automati-
cally short-cireuits the current transformer
secondary leads, it/is sufficient to set this
switch to the™Jest” position. The short-cir-
cuit switChymust be checked beforehand
(refer g&"Section 5.2.6).

It is recommended that the actual settings for the
relay bewsedifor the testing procedure. If these val-
ues arenotyet) available, test the relay with the fac-
tory, settings. In the following description of the test
sequence the preset settings are assumed unless
otherwise noted; for different setting values formu-
lae are given, where necessary.

For the functional test a three-phase symmetrical
voltage source with individually adjustable voltage
outputs, together with a three-phase symmetrical
current source with individually adjustable currents,
should be available. For checking the distance
zones, AR, teleprotection and back-up overcurrent,
asingle-phase current source is sufficient, but this is
not adequate for a correct functional check of the
measured value monitoring systems and power
swing detector. Phase displacement between test
current Ip and test voltage Up should preferably be
continuously adjustable but at least settings of 90°
and 0° shall be available.

If unsymmetrical currents and voltages occur during
the tests itis likely that the asymmetry monitoring will
frequently operate. This is of no concern because
the condition of steady-state measured values is
monitored and, under normal operating conditions,
these are symmetrical; under short circuit condi-
tions these monitoring systems are not effective. Ad-
ditionally, unsymmetrical voltages may cause the
fuse failure monitor to operate. This switches the dis-
tance protection out of service so that distance mea-
surement is not possible! If this happens, this moni-
toring must either be made ineffective during the test
(by switching it OFF under Address 2910) or it must
be ensured that during all tests without earth current
detection no residual voltage occurs.
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NOTE! The accuracy which can be achieved during
testing depends on the accuracy of the testing
equipment. The accuracy values specified in the
Technical data can only be reproduced under the
reference conditions set down in IEC 60255 resp.
VDE 0435/part 303 and with the use of precision
measuring instruments. The tests are therefore to be
looked upon purely as functional tests.

During all the tests it is important to ensure that the
correct command (trip) contacts close, that the
proper indications appear at the LEDs and the out-
put relays for remote signalling. If the relay is con-

nected to a central memory device via the serial in-
terface, correct communication between the relay
and the master station must be checked.

After tests which cause LED indications to appear,
these should be reset, at least once by each ofithe
possible methods: the reset button on the front plate
and via the remote reset relay (see connection dia-
grams, Appendix A). If the reset functions have been
tested, resetting the stored indications4s no more
necessary as they are erasedhautomatically with
each new pick-up of the relay andreplaced by the
new annunciations.

6.6.2 Testing the overcurrent fault detection stage and emergency overcurrent

time protection

Apply symmetrical rated voltages to all three phases
to avoid immediate trip after pick-up.

Testing can be performed with single-phase, two-
phase or three-phase test current without difficul-
ties.

Setting parameter Iph> > (address 1601) is decisive
for the phase currents. For setting values up te
4 x Iy, the current can be increased gradually inany
phase until the stage picks up.

A Caution!

Test currents larger than# times |y may
overload and damage the‘telay'if applied
continuously (refer t@ Section 3.1.1 for
overload capability). ‘@bserve a cooling
down period!

Fortests currents above4 xIymeasurement shall be
performed dynamiically. It should be ensured that
the relay picks up at13l times setting value and does
not pick up at 0.9times setting value. The reset value
should lie at 95% of the pick-up value.

When, fortest current phase-earth, the set value for
Iph>>"(factory setting 1.8 x Iy) is exceeded the
picksUp indi€ation for Ilg> (LED 5 at factory setting)
and pick:=up indication appears for the tested phase
(LED2for L1 or LED 3for L2 or LED 4 for L3 at factory
setting). When testing phase-phase, pick-up indica-
tion appears for the associated phases.

Final times are normally tested at 2 x setting value.
Dependent upon polarity of the voltage, directional
final time T4 or non-directional final time T5 will apply
(address 1203 or 1204; consider also address 1202
for directional trip). It must be noted that the set
times are pure delay times; operating times of the
measurement functions are not included.

Put voltage transformer m.c.b. in tripped position.
Repeat time measurement for one phase. Now, the
delay time for emergency back-up operation is
applicable: T—I> (address 2613), T—1>> (address
2603), T-1E> (address 2643). A prerequisite is that
the function EMERG. O/C = EXIST is selected under
address 7826 in the scope of functions (Section
5.4.2) and this function is switched ON under ad-
dress 2601.
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6.6.3 Testing the voltage controlled fault detection U/I (if fitted)

Close voltage transformer mcb.

Testing can be performed with single-phase, two-
phase or three-phase test current without difficul-
ties.

Set test voltage to O V.

Slowly increase test current of one phase until the
fault detector picks up:

® When the test current exceeds the setting value
(address 1611, 0.2times Iy when delivered), pick-
up annunciation occurs for the associated
phase(s):
"Dist.Flt. L1” and LED 2 when delivered for
phase L1; for a different phase accordingly
(LED 3 for L2, LED 4 for L3).

Switch off test current.

The voltage dependent branch of the pick-up char-
acteristic is shown in Figure 6.6. When delivered the
slope of the voltage dependent branch is 0.

Unv

60 —

50 —

40— -

30

20

10 7

Iph>>

Iph>

0 1 T I T T 1 1
0 1 2 33—
I/ln

Figure 6.6 Voltage controlled fault detection,

U/l characteristic

if,voltage control is carried out with Upy,_g, set test
voltage of the tested phase to approximately the
rated phase-to-earth voltage; set test current of the
same phase to twice the setting value Iph> (address
1611). The phase-to-earth voltage is decisive for
pick-up.

Slowly decrease voltage until the fault detectefpicks

up:

® When the test voltage goes below the set value of
address 1612/1613 (48 V at delivery)\pick-up an-
nunciation occurs for the associated phase:
"Dist.Flt. L1” and LED 2 at delivery for
phase L1; for a different phase 4@ccordingly
("'Dist.Flt. L2” and LED 3 for L2, "Dist.
Flt. L3” and LED 4 for 3)«

If voltage control is carrieghoutwith Upp,_pp, set test
voltage of the tested lo@p 10 approximately the rated
voltage; set test current of,both the phases to twice
the setting value lph> (address 1611); phase rela-
tionship of test voltage. and test current is irrelevant.
The phase-to-phaseyoltage is decisive for pick—up.

Slowly degrease voltage until the fault detector picks

up:

o \When‘thetest voltage gets smaller than the set

valueyof “address 1614/1615 (80 V at delivery)
pick-tp’ annunciation occurs for both the asso-
ciated phases:
"Difst.F1lt.L12” and LED 2 and LED 3 at deliv-
ery for phase loop L1-L2; for a different loop ac-
cordingly "Dist.Flt.L23” and LED 3 and
LED 4 for phase loop L2—-L3, "Dist.F1t.L13”
and LED 2 and LED 4 for phase loop L1-L3).

The procedure described above is valid for the pre-
set values of Uphe(l>>) (address 1612), Uphe(I>)
(address 1613), Uphph(I>>) (address 1614) and
Uphph(l>) (address 1615). In this case the slope of
the voltage dependent branch of the pick-up charac-
teristic is 0, i.e. Uphe(I>>) = Uphe(I>) and
Uphph(1>>) = Uphph(I>).

If the voltage dependent branch is inclined, the ex-
pected pick-up value of the voltage can be calcu-
lated according the following formula, provided the
test current is 2 times the setting value of Iph>:

Pick-up value U
i sy P>
=U(l >) + [U(l >) — Ul >)] Ioph > — Iph >

where:

U(I>) is the setting value Uphe(I>) (address 1613)
with Upn_e control but Uphph(l>) (address1615)
with Upn_pn control,

U(I>>) is the setting value Uphe(l>>) (address
1612) with Upn_e control but Uphph(l>>) (address
1614) with Upn_pn control.
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6.6.4 Testing the impedance fault detection (if fitted)

Close voltage transformer m.c.b.

Always apply three-phase test voltage; ensure
clockwise phase rotation!

Feed atest currentlp = 2 - Iy into the loop under test.
If the test voltage would exceed rated voltage when
the threshold is reached, reduce test current, but
only so far that operation of minimum current detec-
tion Iph> (address 1621) is guaranteed. The test
current must be kept constant during a test!

3
X|  Validity range Ky
X+A / K

Up

Validity

ra7e\KR
-\-
1

nel
>
el
>
m
Ty

A

! validity
wrange Kg

P - - e e e e = .= e = a|lteeeeeee """ ==

- -

N/

Validity range Kx

Determine the threshold point by slow reduction of
the voltage. Check indicators and outputs. Sincethe
fault detection polygon is made up of straight(lines
(Figure 6.7) different formulae must be used forthe
threshold voltages dependent upon the intersec-
tions of these lines. The general formulae are;

— For the reactance intersections (X—reach)
Up/V = Ky Xza lp/IN

— For the resistance intersections/(R —limitation)
Up/N = Kg - Ra- lp/In

where Ip —test cument

IN —ratedieurrent of relay

Up a-—testyoltage at threshold

X+a ‘&Setting value X+A for X—axis posi-
tive'or setting value X—A for X—axis
negative

Ra “&setting value RA or RAE, for +R—axis
positive, for —R—axis negative

Kx —factor for X intersection according
Table 6.4

Kr —factor for R intersection according
Table 6.4

For phase-to-earth testing, the test current is applied
to one phase and the earth current path. Testvoltage
is the phase-to-earth voltage.

For testing phase-to-phase the current must flow
through the tested phases in opposite directions.
Test voltage is the phase-to-phase voltage. It is es-
sential to ensure absolute symmetry of the two
phase voltages, otherwise error will occur!

For three-phase testing, it is reasonable to measure
one phase-to-earth voltage and the associated

Figure 6.7 Impedancefault detection phase current. For the factory set values and Ip/Iy =
characteristic 2 the resultant voltages will be as Table 6.3.
with fault type @p=0° ¢pp = 90° ¢@p = 180° (pp = 270° = — 90°
3—phase Up =12V Up =24V Up =12V Up =5V
2—phase Up =24V Up =48V Up =24V Up =10V
1—phase Up =48V Up =48V Up =48V Up =10V
Table 6.3  Test voltages Up with test current Ip = 2 . Iy and presetting
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Kx Kr
with fault type
@p = 90°/270° general ¢p = 0°/180° general
3—-phase 1 1 1 1%
P sin e COS p
2 2
2-ph 2 2
it singp COS (Pp
1+ Xe/X, 1+ Re/R,

Table 6.4 Test factors Ky and Kg for individual settings

If different values have been set for RA1 (address
1624) and RA2 (address 1625) then RA1 is valid for
phase angles between —PHI A and +PHI A (ad-
dress 1628), and between the complement angles
180° — PHI A and 180° + PHI A. For other phase
angles, setting value RA2 is decisive.

If different values have been set for RA1E (address
1626) and RA2E (address 1627) then RA1E is valid
for phase angles between —PHI AE and +PHI AE
(address 1629), and between the complement
angles 180° — PHI AE and 180° + PHI AE. Férudlif-
ferent phase angles, setting value RA2E is decisjve.

Table 6.4 gives the factors Ky and Kg for your own
settings, for test angles gpp = 90° and @*pandithe
generally applicable formulae.

6.6.5 Testing the distance zones

Always apply Jthree-phase test voltage; ensure
clockwise,phase rotation. Keep the voltage(s) in the
untested phase(s) at approximately rated value.

Feedatest currentlp = 2- lyinto the loop under test.
If theitest voltage would exceed rated voltage when
the threshold is reached, reduce test current, but
only so far that operation of the overcurrent detec-
tion (address 1601) or of the minimum current de-
tection, lp, > is guaranteed (address 1611 or 1621).
The test current must be kept constant during a test!

ix A
Validity range K x
X
AN / - - x_ ........... "
Up
Validity range Kg
~185,
Pp
Ip R Re

A 45°

Figure 6.8  Distance zone characteristics

)
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Determine the threshold point by slow reduction of
the voltage. Check indicators and outputs. Since the
tripping polygon is made up of straight lines (Figure
6.8), different formulae must be used for the thresh-
old voltages dependent upon the intersection of
these lines. The general formulae are:

— For the reactance intersections (X—reach)
Up/V = Kx " Xzone " Ip/IN
— For the resistance intersections (R—limitation)

Up/V = Kgr " Rzone " Ip/IN

where |p — test current
IN — rated current of relay
Up - test voltage at threshold

Xzone — Setting value X of the distance zone
to be checked

Rzore — setting value R or RE of the distance
zone to be checked

Kx - factor for X intersection according
Table 6.4

Kr - factor for R intersection according
Table 6.4

For phase-to-earth testing, the the test current is
applied to one phase and the earth current path.
Test voltage is the phase-to-earth voltage.

For testing phase-to-phase the test current must
flow through the tested phases in opposite direes
tions. Test voltage is the phase-to-phase voltage. Itis
essential to ensure absolute symmetry of the fwo
phase voltages, otherwise error will oecurl

For three-phase testing, it is reasgnable to measure
one phase-to-earth voltage and*the “associated
phase current. For the factory setvalues’and Ip/In =
2 the resultant voltages will be as Tables 6.5 to 6.9.

Table 6.4 gives the fagtorsiKg'and Kg for your own
settings, for test angles g ="0° and 90°, and the
generally applicable fopmulae.

Zone Z3 @p = 0° pp = 90°

3—-phase| Up =10V Up =20V
2=phase| Up =20V Up =40V
Tephase| Up =40V Up =40V

Table 6.5 Test voltages Up for zone Z3 at

Ip = 2. Iy and pre-setting

Zone 72 @p=0° @p = 90°

3—-phase| Up = 5V Up =10V

2-phase| Up =10V Up =20V
1-phase| Up =20V Up =20V
Table 6.6 Test voltages Up for zone Z2 at

Ip = 2. Iy and pre-setting

Zone Z1 @p=0° ¥ = 90°

3—phase| Up =025VY Up = 5V
2—phase| Upf=35"V| Up =10V
1-phase| Upjp=10" V| Up =10V

Table 6.7 Test voltages Up for zone Z1 at

[m= 2wl and pre-setting

Overreach, zone Z1B can only be checked under
steady-state conditions, when an input relay has
been, allocated to the input function ">Extens.
Z21B” and is energized (FNo 3611, not allocated at
delivery).

Zone Z1B @p=0° @p = 90°

3-phase| Up = 3V Up = 6V
2—-phase| Up 6V Up =12V
1—phase Up =12 V Up =12V

Table 6.8 Test voltages Up for zone Z1B at

Ip = 2. Iy and pre-setting

Overreach zone Z1L can only be checked under-
steady-state conditions, when an input relay has
been allocated to the input function ">Extens.
z1L’ and is energized (FNo 3612, not allocated at
delivery).

Zone Z1L gp=0° ¢p = 90°
3—-phase| Up = 4V Up = 8V
2—-phase U = 8V Up =16V
1-phase| Up =16V Up =16V

Table 6.9 Test voltages Up forzone Z1Latlp = 2.
In and pre-setting
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6.6.6 Testing the grading times

For each time stage at least one additional dynamic
test should be made to check the correct signalling
of the time stages. For this purpose a short circuit
approximately in the middle of two zones would be
simulated.

When measuring the response times, do nat forget
that the programmed values are delay times. Thesin-
herent measurement and trip time of the relayjis ad-
ditional.

6.6.7 Testing the signal transmission functions

When programming the scope of the functions ofthe
relay (Section 5.4.2)) it is decided whether the dis-
tance protection operates with intertrip facility or
comparison protection, or if no teleprotection will be
used (address 7821). When using a teleprotection
feature, transmission and receiver circuits must be
checked.

Communication between the devices and the carrier
channel will be checked during commissioning with
primary values (see Section 6.7.5).

6.6.7.1 Permissive underreach procedures
Simulate a short circuit in zone Z1. For the/duration
of the command, respectively extended by trans-
mission signal prolongation T—SEND+4PRL (ad-
dress 2103) the transmission signal‘appears.

With permissive underreachiransier trip inzone Z1B
(address 2102 PUTT MODE"“= Z1B ACCELERA-
TION) simulate a short circuit inZ 1B, but beyond Z1.
Tripping results immediatelysthe received signal
">Dis. Recept” (FNo4004) appears (respective-
ly in T1B) or, ‘without received signal, first in a
delayed stage.

For the condition goermissive underreach transfer
trip by fault detection (address 2102 = FD ACCEL-
ERATION) the relay must trip immediately upon re-
ceipt of the signal ”>Dis. Recept” (FN0 4004), as
long'as it has already picked up.

6.6.7.2 Permissive overreach procedures

The transmission signal is checked by simulation of
a short circuit inthe applicable zone:

— Withithe release procedures POTT MODE = Z1B
RELEASE or Z1B UNBLOCK (address 2202), a
short circuit is simulated in Z1B;

—with*POTT MODE = FD DIREC RELEASE or FD
UNBLOCK, fault detection in the forward direc-
tion is simulated;

— with the_blocking procedure POTT MODE = Z1B
BLOCKING or PILOT WIRE COMR ashort circuitin
the reverse direction is simulated.

In all these cases, the transmitting relay closes its
working contact.

Similarly, to check the receiver circuit , a short circuit
is simulated and simultaneously an external binary
input ”>Dis. Recept” (FNo 4004)is energized, as
follows:

— with POTT MODE = Z1B RELEASE or Z1B UN-
BLOCK (address 2202), a short circuit in Z1B but
beyond Z1: immediate trip results (respectively
T1B);

— with POTT MODE = FD DIREC RELEASE or FD
UNBLOCK within the fault detection zone, beyond
Z1B: immediate trip results;

— with POTT MODE = Z1B BLOCK or PILOT WIRE
COMP or REVERSE INTERLOCK, within Z1B but
beyond Z1: tripping can only occur in a higher
stage.
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6.6.8 Testing the user definable logic functions

The operation of the user definable logic functions is
widely dependent of the application. The input con-
dition have to be produced in accordance with the
intended function, and the output conditions must
be checked.

When measuring the delay times, it must be noted
that the set time (pick-up and/or drop-off) delays'@o
not include the inherent time of the input and output
modules; these are additional.

6.6.9 Testing the thermal overload protection function

The overload function can only be tested if it has
been configured as THERMAL OL = EXIST (address
7827, refer to Section 5.4.2) and parameterized as
operative, under address 2701.

The basis current for the detection of overload is al-
ways the rated current of the device. Overload data
are calculated for each individual phase. If the tests
are performed with three-phase currents no further
conditions are to be considered. When testing with a
single-phase current it must be noted, that the aver-
age value differs from the expected result when
®mean has been set for the operation mode under;
address 2706 (refer to Section 6.3.9).

When applying a test current
k-ly

tripping must not occur. After an appropriate time
(approximately 5 x 1) a steady-state temperaturelise
according to the following relationshipis estab-
lished:

o _1

@trip k 2

This value can be read out ingaddress block 59 for
each phase.

To check the time constant,thé current input is sim-
ply subjected to 1.6 the pick-up value, i. e.

1.6 xKkxIyN

Tripping will then, be initiated after a time interval
which egrresponds to half the time constant.

Itis also'possible to check the trip characteristic (Fig-
ure 8:1). It must be noted, that before each measure-
ment, the temperature rise must be reduced to zero.
This cam be achieved by either de-activating and re-
activating the overload function (address 2701) or
by observing a current free period of at least 5 x t.

A Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

If testing with preload is performed, then it must be
ensured that a condition of thermal equilibrium has
been established before time measurement com-
mences. This is the case, when the preload has
been applied constantly for a period of at least 5 x t.

6.6.10 Testing the earth fault detection function (for non-earthed systems, if fitted)

Testing'ofithe earth fault protection is not completely
possible with conventional test sets, since the simu-
lation ofian earth fault requires a complete displace-
mentof the voltage triangle. The correct relationship

and polarity of the measuring transformer connec-
tions, essential for proper earth fault detection, can
only be tested when primary load current is available
during commissioning (see Section 6.7.3).
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6.6.11 Testing the high-resistance earth fault protection for earthed systems (if

fitted)

This protective function — when fitted — can be pro-
grammed as directional earth fault protection with or
without directional comparison and with non-direc-
tional back-up or as non-directional inverse time
overcurrent (address 7831, see Section 5.4.2.).

Before testing the earth fault protection, the distance
protection shall be switched off (address 1201 DIST.
PROT = OFF), so that it will not pick up (pick-up of
the distance protection blocks the earth fault protec-
tion!).

If the directional earth fault protection (definite time
overcurrent) is selected, then firstly, its non-direc-
tional back-up stage is checked by slowly raising the
current of one phase .

A Caution!

Test currents larger than 4 times |y may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

After passing the value 75 % of the set valuede > (ad-
dress 3103) the annunciation "E/F F1t75 Shle>"
appears (FNo 1341, not allocated in the factery set-
ting) and after passing the set value, thesannunci-
ation "E/F Flt Ie<->" (FNo 1342, notzallgeated
in the factory setting).

After expiry of the time T—NON—DIR (address 3108)
the annunciation "E/F T<->"(FNo"1353, not allo-
cated in the factory setting)fanchitip "E/F Trip”
(FNo 1361) appear.

Totestthe directional stage a residual voliage ishec-
essary. A single-phase voltage will be appliedjto the
phase into which the current is fed. It must be re-
membered that current and voltage in that same
phase must be in phase opposition so, that the relay
trips in the “forwards” directioms(annunciation "E/F
T->", FNo 1352, not allocated.inthefactory setting).

If directional comparisgfWis also carried out, the
transmission circuit {,can}¥be simultaneously
checked: transmitting relay "E/F Send” (FNo
1384, not allocated in faetory setting).

To check the receiver,circuit, a single-phase fault in
the forwards,diregtion is similarly simulated, simulta-
neously with external input of the binary signal ">E/
F Récept’((FNo 1316) is applied.

Forngn-directional earth fault protection one work-
ing‘peinton the inverse time characteristic (see Fig-
ure 3.3)is checked, normally at 2 times the set value
le>"(address 3303). Pick-up indication "E/F F1lt
Te<->" (FNo 1342, at approximately 1.1 times set
value, not allocated in the factory setting), trip after
time delay expiry "E/F Trip” (FNo 1361, allocated
in the factory setting to the three tripping relays).

/!\ Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

Switch distance protection on (address 1201
DIST.PROT = ON)!
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6.6.12 Testing the internal auto-reclose functions (if fitted)

The internal AR function can be tested provided it is
configured under address 7834 as INTERNAL AR =
EXIST (refer to Section 5.4.2) and switched to AR
FUNCT = ON (Address 3401).

To check the control of the overreach zone properly,
the teleprotection function should be switched to
PUTT = OFF (address 2101) or POTT = OFF (ad-
dress 2201), and address 7921 must be set AR w/o
TELE = YES.

The binary input "circuit breaker ready” must be sim-
ulated unless an open circuit contact has been pro-
grammed for this purpose (FNo 2730 ”">CB
ready”, refer also to Section 5.5.2). If the circuit
breaker is not ready before beginning of a test, are-
close attempt must not result; clearance of short cir-
cuits beyond Z1 is delayed by T2 or in a later stage.

Reclosing is even blocked when — at the moment of
AR initiation (trip command) — the circuit breaker is
signalled to be open, i.e. the breaker auxiliary con-

tact is marshalled to a binary input (FNo 354) and
this input indicates an open breaker. For security
reasons, automatic reclosure shall only be carried
out when the closed ciircuit breaker has been
opened before.

A single-phase or two-phase short citeuit should be
simulated within Z1, and beyond Z1{buiWithin Z1B,
each time once with successfuland onge with un-
successful AR. Check the proper feaction of the
relay. For multi-shot AR (DAR); zonexZ1L is decisive
from the second shot on.

Note that each new test camp,begin only after the re-
claim time or lock-outtimeyfor the previous test has
expired; otherwise amyauto-reclose cannot result:
Annunciation "AR" net ready” (FNo 2784.

When multisshet auto-reclosure is used, the se-
quencegaccording to the desired programs and
number of,re€lase attempts is to be checked.
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6.7 Commissioning using primary tests

All secondary testing sets and equipment must be
removed. Reconnect current and voltage transform-
ers. For testing with primary values the line must be
energized.

/_v\ Warning

Primary tests shall be performed only by
qualified personnel which is trained in
commissioning of protection systems and
familiar with the operation of the protected
object as well as the rules and regulations
(switching, earthing, etc.)

6.7.1 Current, voltage and phase se-

quence checks

Connections to current and voltage transformers are
checked with primary values. For this purpose a
load current of at least 10 % of the rated current is
necessary. If the measuring circuit connections are
correct, none of the measured value monitaring sys-
tems in the relay will operate. If a fault indigation,ap-
pears, the possible causes can be found._in the op-
erational annunciations (Address 5100):

For current sum errors, the matching fagtors (Sec-
tion 6.3.3.1) should be checked.

If the symmetry monitoring appears, it is possible
that asymmetry is in fact present orvthe line. If this is
a normal operational condition, the corresponding
monitoring function should be set at a less sensitive
value (Section 6.3.10):

The phase rotation,must be clockwise, otherwise
the indication #Fail.PhaseSeq” will appear.

Check and correct the phase relationshipsyin the
measuring circuits. If the network has cognter-clock-
wise rotation, two phases must be intekchanged.
This phase exchange must be taken into account in
the setting for double earth fault preference (in iso-
lated or compensated networks, address 1803,
Section 6.3.4.7) or for doublef€arth fault treatment
(in earthed networks,qaddress) 1703, Section
6.3.4.7) and, when appropriatefin the allocation of
the individual phase pick=up indications (Section
5.5.210 5.5.5).

Currents and voltages can be read off on the display
in the front or viarthe operating interface in block 57
and compared with'the actual measured values.

Switch off\voltage transformer secondary miniature
circuit breaker./of the feeder voltage. Check that the
voltages indicated in the operational measured val-
tes'(address block 57) are near 0. Small voltage val-
ues‘ean be tolerated.

Check that the relay has recognized the position of
the m.c.b.: The message "VT mcb Trip C” must
Pe given inthe operational annunciations in address
block 51.

Switch the m.c.b. on. The above message must oc-
cur in address block 51 again, but with the ’Going”
index, e.g. "VT mcb Trip G”.

Should one of the messages not be given under the
operational annunciation then check the connection
of the voltage transformer secondary circuits, and
check correct marshalling of the binary inputs from
the auxiliary contacts of the m.c.b. (refer to Section
5.5.2).

If the indices "c” for "Coming” and "G” for "Going”
are interchanged, check and correct the contact
mode of the binary inputs ("NO” or "NC” contact) in
accordance with Section 5.5.2.
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6.7.2 Direction check with load current

Correct connections of current and voltage trans- 4000, the directional test in address 4200.

formers are checked using load current over the pro-

tected line. The line must be energized and must The address is reached:

carry a load current of at least 10 % of the rated cur-

rent; this shall be ohmic or ohmic-inductive. The di- — directly with key DA followed by address num-
rection of the load current must be known. In cases ber 42 0 0 and finally operation of the enter
of doubt, interconnected or ring networks must be key E or

isolated.

— by paging through the blockstwith f.or | until
Initiation of the test is made via operator keyboard or address 4200 is reached.
personal computer. Tests are listed from address

faooom

Beginning of block "Tests”
IlresTs

14200 DIRECTION

Block "Diréctional tests and impedances”
JltMmPEDANCES

When the address 4200 appears in the display, the directional test of the individual measurement loops is se-
lected with the key t. For confirmation of the diregtionalitest, the "Yes” —key J/Y is used,; this starts the direction-
al test. The selected measurement loop carries outia directional check and indicates the result on the display:

1} 42010 DIREC. TOE S\T Make directional test L1—E? Confirm with J/Y
Ile1e 2

Forward Dir Load flow forwards
or

Reverse D dmr load flow backwards
or

undefineWd directional determination not possible
(e.g. current too small)

The load direction must be indicated correctly. The next address shows the active and reactive component of
the load impedances The load impedances allow determination of the position of the load impedance vector in
the R/X diagram (Figure 6.9).

* 4220 2 IMPEDANCES After confirmation with the "Yes” —key J/Y the load imped-
+ ™l E 2 ance will be calculated and displayed:

216 C53000-G1176-C115



- —

7SA510 V3 Operating instructions
* r = £ Continue with 1.
X r = Q

The same applies for the other loops: addresses 4203 and 4204 for L2—E, addresses 4205 and 4206 for L3—E,
addresses 4207 and 4208 for L1—-L2, addresses 4209 and 4210 for L2—L3, addresses 4211 and 4212 for

L3-L1, e.q.

42110 DIREC. TEST

L3L1 ?

42120 IMPEDANCES
L3L1 2

All six measurement loops must indicate the correct
direction of the load flow. If all directions are wrong,
the polarity of the measuring transformers and the
programmed polarity (address 1101, Section
6.3.3.1) do not agree with each other. Check the'po-
larity and program correctly. If the directiong(givenin
the display differ from each other, thegindividual
phases in the current or voltage transformereégnnee-
tions are interchanged, or the phase relationship is
not correct. Check the connections.

Ifithe load is capacitive, caused for example by un-
derexcited generators or charging currents, border-
line cases can occur with respect to the directional
characteristics which will lead to undefined or incon-
sistent directional information. By means of the load
impedance calculation the position of the load im-
pedance vector can be determined (see Figure 6.9).

X
* Positive reactive power
X positive
Z|oad forwards
Direction
characteristie
Active power in R positive
R negative — line direction ——
R 45° R
* —~ Negative reactive power
X negative
reverse
Pactive . Preactive
Zicad = [Ohm]

| 2 | 2

Figure 6.9 Load impedance vector
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6.7.3 Earth fault checks for non-earthed systems (if used)

The primary current test allows determination of the
correct polarity of transformer connections for the
earth fault direction determination.

/)\ DANGER!

Operations in primary area must only be
performed with plant sections voltage-
free and earthed!

The most reliable test is to apply a primary earth
fault. The procedure is as follows:

Disconnect the line and earth at both ends; the
line must remain disconnected at the remote end
throughout the whole test.

Apply a bolted single phase earth bridge to the
line. On overhead lines, this can be done at any
convenient point, but in any case behind the cur-
rent transformers (looked at from the direction of
the bus-bar of the circuit under test). For cables,
the earth should be applied at the remote end (ter-
mination).

— Open the line earthing switches.

— Close the circuit breaker at the line end to be

tested.

— Check the directional indication given (appropri-

ately allocated LED).

In the earth fault report on thegperator terminal
(address 5500, see also Segtion 6¥4.4) the earth
faulted phase and the line direetion, i.e. "E/F
forwards” (FNo 1276)4will Bedndicated. Active
and reactive current are equally indicated: for iso-
lated networks the reactive€urrent, for resonant
earthed networks_the agtive current is critical. If
the display indicates "E/F reverse” (FNo
1277) then thére is,a crossed connection in the
earth circuit of'voltage or current transformers. If
the displayishiews”E/F undefined” (FNo 1278
the earth fault ctrrent is probably too small.

— Disgonnecty the line and earth it; remove the

belted earth connection.

& Theptest is thus completed.
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6.7.4 Direction check for directional earth fault protection (if used)

The primary current test allows determination of the
correct polarity of transformer connections for the
earth fault direction protection. If this function is not
fitted, or if it is set as EARTH FAULT = NON EXIST
(address 7831), or if the non-directional earth cur-

A

T

rent option is used (address 7831 EARTH FAULT,=
INVERSE TIME , then this directional check becomes
superfluous. The distance protectionf shall*be
switched off (address 1201), so that it will not inter-
fere with the earth fault protection.

7SA510

L1

L2

L3

Figure 6.10

The trip circuits should be made ingperative as the
relay will issue a trip command durkingtthis test. Fur-
thermore, it must be noted, that during all such sim-
ulations which do not represent exactly the practical
conditions, asymmetry of the measured values can
cause the measured value monitors to operate.
These annunciations_shouldsthen be ignored.

/)\ DANGER!

Allprecautionary measures must be ob-
served when working on the instrument
transformers! Secondary connections
of the current transformers must be
short-circuited before any current leads
to the relay are interrupted!

JLheidisplacement voltage will be derived by inter-
rupting a voltage transformer phase on the second-
ary side (e.g. L1, see Figure 6.10). In the current cir-
cuit, only the current from the current transformer
corresponding to the phase in which the voltage is
missing, will be used. If the line is carrying active and

Earth fault direction test witRyHolmgreen connection

inductive power in line direction, practically the
same relationships apply for the relay as with an
earth fault in the line direction.

Check the directional indication. In the fault event re-
port on the display panel (address 5200, see also
Section 6.4.3) at least the following fault annunci-
ations must be indicated: "E/F F1t75%Ie>" (FNo
1341), E/F Flt Ie ->" (FNo 1343) and "E/
F Trip” (FNo 1361). Should directional trip annun-
ciation be missing, then a crossed connection is
present in either the current or voltage transformer
connections. If no pick-up annunciation occurs the
current is probably too low or the phase relationship
of the test circuit is not correct. If there is no indica-
tion whatsoever, it is possible that the threshold val-
ue of the displacement voltage (Address 3104 Ue>)
has not been reached.

Finally, properly reconnect all the transformer
connections! Switch distance protection on (ad-
dress 1201 DIST.PROT = ON)!
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6.7.5 Checking the carrier transmission system

All the equipment associated with transmission of
signals should be commissioned in accordance
with the appropriate documents.

6.7.5.1 Checking overreach zone comparison

via pilot wires

This overreaching zone comparison operating
mode differs fundamentally from the other telepro-
tection systems in its transmission method (d.c. cur-
rent, fail-safe loop). The test procedure is described
inthe following. If a different teleprotection method is
used, this sub-section can be passed over.

In the scope of functions under address 7821 must
be set TELEPROTEC. = OVERREACH (refer to Sec-
tion 5.4.2) and POTT MODE (address 2202) must be
parameterized as PILOT WIRE COMP. (refer to Sec-
tion 6.3.6.2). The protection devices at both line
ends must be in operation. At first the auxiliary volt-
age for the fail-safe current loop around the pilot
wires should not be switched on, the additional re-
lays are not energized.

Simulate a short circuit beyond Z1 but within the
overreach zone Z1B. Because of the presence of the
block signal the relay first trips in one of the upper
zones (normally T2). Make this test from both line
ends.

Now switch on the d.c. voltage for the fail-safe loop.
The additional relays for teleprotection must be in
operation. The loop now carries monitarifng current,
the additional relays at both line endsare energized.

Simulate a short circuit at one line’endubeyond the
first zone but within the overreach zone Z1B. Trip-
ping occurs after T1B (whensa, delay is set). Make
this test also at both line ends:

Since the d.c. monitor is,an‘essential part of the pilot
wire system, this_ test'hasgsimultaneously proved
that the pilot wires areifunctioning correctly. All other
tests described in this Section 6.7.5 become super-
fluous.

6.7.5.25, Checking reverse interlocking

Thetest procedure is described in the following. If a
different teleprotection method is used, this subsec-
tien can be passed over.

In the scope of functions under address 7821 must
be set TELEPROTEC. = OVERREACH (refer to See-
tion 5.4.2) and POTT MODE (address 2202) must be
parameterized as REVERS INTERLOCK (referato
Section 6.3.6.2). The protection relay on the incom-
ing feeder and those on all outgoing circuits must be
in operation. At first the auxiliary voltage for reverse
interlocking should not be switched ons

Simulate a short circuit within zone Zfand within the
overreach zone Z1B. Because of the,absence of the
receive signal the relay trips in(the (delayed) time
T1B.

Now switch on the d.¢. veltage for the reverse inter-
locking. The test as“described above is repeated,
with the same result

Simulate a trip'en each protective device on all out-
going feedersiSimultaneously, a short circuit is sim-
ulated onythesincoming feeder (as described be-
fore). Tripping,now occurs after delay T1.

Thesettests have simultaneously proved that the pi-
lot wires are functioning correctly. All other tests de-
scribed in this Section 6.7.5 become superfluous.

6.7.5.3 Checking carrier transmission with re-
lease signal

With permissive overreach transfer trip (POTT) us-
ing release signal transmission: POTT MODE = Z1B
RELEASE or FD DIREC RELEASE or Z1B UNBLOCK
or FD UNBLOCK (address 2202), it is simple to
check the carrier system from one end of the line
with the echo function. Simulate a short circuit in
Z1B beyond Z1. Since the relay at the other line end
has not picked up on fault, the echo function will be
effective at that end and a trip signal results. The pre-
condition is that the echo function is switched on
(address 2220) at both line ends. This testis to be
performed from both line ends.

The effect of the echo delay time and the input of the
circuit breaker position can be checked at this
stage. With the following tests the echo function of
the relay at the opposite line end is checked:

The circuit breakers at both line ends must be open.
A short circuit is simulated as above. Because of the
echo function of the relay at the opposite line end,
signal is received and a trip signal occurs at once.
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Close the circuit breaker_at the opposite line end.
Repeat above test once more. Received signal and
trip command occur again but now with an addition-
al delay caused by the echo delay time at the oppo-
site line end (0.04 s as delivered, see address 2221).

If delayed and undelayed echo are interchanged the
function mode (NO/NC operation) of the binary input
for CB position should be wrong. Check and correct
it at the opposite line end (refer to Section 5.5.2):
When the input for the CB auxiliary contact is as-
signed to the function ">CB Aux.3p cl” (refer to
Section 5.5.2), change the function mode from NO
toNC: "CB Aux.3p cl NC’.

Open circuit breaker. Repeat these tests for the oth-
er line end.

6.7.5.4 Checking carrier transmission with
blocking signal

With overreaching transfer mode using blocking sig-
nal: POTT MODE = Z1B BLOCKING (address 2202),
and understanding between both line ends is nec-
essary.

Attheline end to be tested as sender, simulate afault
in reverse direction; at the other end, simulate a for-
ward fault within zone Z1B but beyond the limitofZ1.
Since the transmitter sends a blocking signal, thexe-
ceiving protection must not trip, unless insadelayed
zone, as long as blocking signal is transmittedwAfter
switching off the reverse fault on thessending side
the receiving side remains blocked for thésend pro-
longation T-SEND-PRL (address 2206) plus the
transient blocking time T-TRANSBLO (address
2203) of the receiving side!

Repeat test for the otherfransmission direction.

6.7.5.5 Checking'earrier transmission with un-
derreach transfer signal

With permissivetinderreach transfer trip (PUTT), the
scope of devices is set TELEPROTEC. = UNDER-
REACH in address 7821. An understanding between
bothiline ends is necessary.

At the line end to be tested as sender, simulate a fault
within’zone Z1.

Atthe receiving end, simulate a fault within zone Z1B

but beyond Z1, when set PUTT MODE = Z1B Aé-
CELERATION (address 2102). The protection trips at
once (or T1B), without reception a delayedstage
can only be effective.

At the receiving end, simulate any pick-up, when set
PUTT MODE = FD ACCELERATION (address2102).
The protection trips instantaneous, without recep-
tion in a delayed stage.

Repeat tests for the other transmission direction.

6.7.5.6 Checking carrier transmission for di-
rectional comparison earth fault pro-
tection

If 7SA510 is equipped with directional comparison
earth faulipretection and this function is set as
EARTH FAULT = DIREC.COMPARISON in address
7831, ‘cansiertransmission must be checked. Switch
off distance'protection (address 1201 DIST. PROT =
OFE).

It is'simple to check the carrier system from one end
of the line with the echo function. Simulate an earth
fault in line direction. Since the relay at the other line
end has not picked up on fault, the echo function will
be effective at that end and a trip signal results. The
precondition is that the echo function is switched on
(address 3210) at both line ends. This test is to be
performed from both line ends.

The effect of the echo delay time and the input of the
circuit breaker position can be checked unless it has
already been done under 6.7.5.3. The opposite line
end is checked:

The circuit breakers at both line ends must be open.
An earth fault is simulated as above. Because of the
echo function of the relay at the opposite line end,
signal is received and a trip signal occurs at once.

Close the circuit breaker at the opposite line end.
Repeat above test once more. received signal and
trip command occur again but now with an addition-
al delay caused by the echo delay time of the relay at
the opposite line end (0.04 s as delivered, see Ad-
dress 3211).

Open circuit breaker. Repeat these tests for the oth-
er line end.

Switch distance protection on (address 1201
DIST.PROT. = ON)!
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6.7.6 Tripping test including circuit breaker

Distance protection 7SA510 allows simple checking ture should not be omitted.

of the tripping circuit and the circuit breaker. If the

device incorporates an internal auto-reclose sys- During marshalling of the binary inputs (refer toSec-
tem, atrip—close test cycle is also possible. The test tion 5.5.2) the relay has been informed which binary
can be initiated either via a binary input. input indicates the circuit breaker position. If the

auxiliary contact is assigned to a binary input itgnust
be connected, too. If it is not assigned.to any binary
input then the device will perform trippin@ytest with-
6.7.6.1 TRIP-CLOSE test cycle — address out interrogation of the circuit breaker position!
block 43

Prerequisite for the start of a TRIP — CLOSE test cycle /@\ DANGER!
is that the relay has an integrated auto-reclose func-

tion which is programmed as EXIST (address 7834)
and it is switched on (Address 3401).

A successfullyystarted test cycle will
lead to closing, of‘the circuit breaker!

A TRIP-CLOSE test cycle is also possible with an Initiation of the test cyele €an be given from the oper-
external auto-reclose system. Since in this case, ator keyboard orwviathe operating interface. A code-
however, 7SA510 only gives the tripping command, word input is, necessary. The procedure is started
the procedure shall be followed as described in Sec- with address 4300which can be reached by direct
tion 6.7.6.2. addressing DA:4 3 0 0 E or by paging with || or {.
If the circuit breaker auxiliary contacts advise the Further prerequisites for the start of test are that no
relay, through a binary input, of the circuit breaker protective function fault detector has picked up and
position, the test cycle can only be started when the thatithe conditions for reclose (circuit breaker ready,
circuit breaker is closed. This additional security fea- AR not blocked) are fulfilled.
MMa300BcB-TEST Beginning of the block "Circuit breaker test,

Mrrip-crose cyvecrd jl YWRIP-CLOSE cycle

} 43040 cB TESZE Carry out three—pole test cycle of circuit breaker?
L123 witTu &A% % Confirm with *J/Y” —key or abort with page—on key 1

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

CB CLOSEDFZ® or abort with page—on key t

After confirmation by, thefoperator that the circuit long as the auxiliary contact indicates that the circuit
breaker is closed, the test cycle proceeds. If the test breaker is not closed, even if the operator has con-
is terminated successfully, this is annunciated in the firmed that it is. Only when no circuit breaker auxilia-
display or on the P€ screen. If, however, the circuit ry contact is assigned to any binary input, will the
breaker auxiliary contact is assigned to a binary in- relay consider the operator’s confirmation valid.

put and connected, the relay rejects the test cycle as

222 C53000-G1176-C115



7SA510 V3

Operating instructions

6.7.6.2 Live tripping of the circuit breaker - address block 44

To check the tripping circuits, the circuit breaker can
be tripped by 7SA510 independently of whether an
auto-reclose will occur or not. However, this test can
also be made with an external auto-reclose relay.

If the circuit breaker auxiliary contact advises the
relay, through a binary input, of the circuit breaker
position, the test can only be started when the circuit
breaker is closed. This additional security feature
should not be omitted when an external auto-re-
close relay is present.

During marshalling of the binary inputs (refer to Sec-
tion 5.5.2) the relay has been informed which binary
input indicates the circuit breaker position. If the
auxiliary contact is assigned to a binary input it must
be connected, too. If it is not assigned to any binary
input then the device will perform tripping test with-

out interrogation of the circuit breaker position!

/)\ DANGER!

A successfully started test cycle can
lead to closing of the circuit breaker,
when an external auto-reclosure device
is connected!

Initiation of the test cam'be given from the operator
keyboard or via the gperating/interface. A codeword
input is necessary. Thelprocedure is started with ad-
dress 4400 which éan be reached by direct dialling
DA 4400 Egorby paging with { or ||.

Prerequisité¥or starting the test is that no protection
function af the relay be picked up.

ﬁ44oolc13 TEST
dlerve trIP
*4404.CB TRIP

C B THREE-POLE 2

Beginningyof the block "trip circuit breaker”

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

Confirm with "J/Y”—key that circuit breaker is closed or
abort with page-on Key 1

After confirmation by the operator that the circuit
breaker is closed, the test’Cycle proceeds. If the test
is terminated successfully, thislis annunciated in the
display or on the PCs€teen:If, however, the circuit
breaker auxiliary, contact assigned to a binary input
and connected, the, relay rejects the test cycle as

long as the auxiliary contact indicates that the circuit
breaker is not closed, even if the operator has con-
firmed that it is. Only when no circuit breaker auxilia-
ry contact is assigned to any binary input, will the
relay consider the operator’s confirmation valid.
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6.7.7 Starting a test fault record — address block 49

Afault record storage can be started using the oper-
ating panel or via the operating interface. Starting a
test fault record is also possible via a binary input
provided this is accordingly allocated (FNo 4
">Start FltRec”).

The configuration parameters as set in address
block 74 are decisive for this fault recording (refer to
Section 5.3.4): address 7431 concerns triggering via
binary input, address 7432 triggering via the operat-
ing keyboard or via the operating interface. The pre-
trigger time was set under address 7411.

Scanning a test fault record is especially interesting
for use on cables and long overhead lines where
considerable inrush currents can be produced by
charging of the line capacitances. The fault recordiis
triggered via a binary input at the instant of the
breaker closing command.

Manual starting of a fault record canpegafried out in
address block 49, which can be reachedby paging
with {} or |}, or by direct diallingswith'DA 4900 E.
The start address is reached Wwith 13

HlaooomTEST
JlFavurLT RECORDING

*4901.FAULT REC .
START ?

SUCCESSFUL

Beginning of block "Testfault recording”
page on with 1 {e,address 4901

Start faultfrecording? Confirm with ”J/Y”—key or abort
with page-on key 1

The relay acknowledges successful completion of the
testrecording
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6.8 Putting the relay into operation

All setting values should be checked again, in case
they were altered during the tests. Particularly check
that all desired protection functions have been pro-
grammed in the configuration parameters (address
blocks 78 and 79, refer to Section 5.4) and all de-
sired protection functions have been switched ON.

The counters for circuit breaker operation statistics
should be erased (address block 82, refer to Section
6.5.2).

Push the key M/S on the front. The display shows
the beginning of the annunciation blocks. Thus, it is
possible that the measured values for the quiescent
state of the relay can be displayed (see below).
These values has been chosen during configuration
(refer to Section 5.3.2) under the addresses 7105
and 7106.

Stored indications on the front plate should be reset
by pressing the push-button "RESET LED” on the

front so that from then on only real faults ate indi-
cated. From that moment the measured values of
the quiescent state are displayed. During pushing
the RESET button, the LEDs on the front will Tight up
(exceptthe "Blocked” —LED); thus, a LED test is per-
formed at the same time.

Check that the modulesis preperly inserted. The
green LED must be on on theifront; the red LED must
not be on.

Close housing cover.

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

If a test switch'isyavailable, then this must be in the
operating position.

Thewdistance protection relay is now ready for opera-
tion:

C53000-G1176-C115
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7  Maintenance and fault tracing

Siemens digital protection relays are designed to re-
quire no special maintenance. All measurement and
signal processing circuits are fully solid state and
therefore completely maintenance free. Input mod-
ules are even static, relays are hermetically sealed or
provided with protective covers.

If the device is equipped with a back—up battery for
saving of stored annunciations and the internal time
clock, the battery should be replaced after at most
10 years of operation (refer to Section 7.2). This rec-
ommendation is valid independent on whether the
battery has been discharged by occasional supply
voltage failures or not.

As the protection is almost completely self—moni-
tored, from the measuring inputs to the command
output relays, hardware and software faults are au-
tomatically annunciated. This ensures the high avail-
ability of the relay and allows a more corrective rath-
er than preventive maintenance strategy. Tests at
short intervals become, therefore, superfluous.

With detected hardware faults the relay blocks itself;
drop - off of the availability relay signals "equipment
fault”. If there is a fault detected in the external mea-
suring circuits, generally an alarm is given only.

Recognized software faults cause the processoto
reset and restart. If such a fault is not eliminated by
restarting, further restarts are initiated. If the faultis
still present after three restart attempts the protec-
tive system will switch itself out of serviceg@and indi-
cate this condition by the red LED "Blocked’ on'the
front plate. Drop—off of the availabilitygrelay signals
"equipment fault”.

The reaction to defects and indigationsigiven by the
relay can be individually and in chronological se-
quence read off as operationakanhunciations under
the address 5100, for defect diaghosis (refer to Sec-
tion 6.4.2).

If the relay is confiected to,a local substation auto-
mation system (LSA);.defect indications will also be
transferred via the serialinterface to the central con-
trol system.

/_u\ Warning

Ensure that the connection modules are not
damaged when removing or inserting the
device modules! Hazardous voltages may
occur when the heavy current plugs are
damaaed!

71 Routine checks

Routine checks of characteristics or pick—up valu€s
are not necessary as they form part of the continu-
ously supervised firmware programs. The planned
maintenance intervals for checkingmand mainte-
nance of the plant can be used to pefformoperation-
al testing of the protection equipment. gihis mainte-
nance serves mainly for checking theyinterfaces of
the unit, i.e. the coupling with thé plant. The follow-
ing procedure is recommengded:

— Read-out of operationalyvalues (address block
57) and comparison with the actual values for
checking the analogyinterfaces.

— Simulatiamof anfinternal short—circuit with 4 x Iy
for checkingthe analog input at high currents.

/!\ Warning

Hazardous voltages can be present on
all circuits and components connected
with the supply voltage or with the meas-
uring and test quantities!

A Caution!

Test currents larger than 4 times |y may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

— Circuit—breaker trip circuits are tested by actual
live tripping. Respective notes are given in Sec-
tion 6.7.6.

226

C53000-G1176-C115



7SA510 V3

Maintenance and fault tracing

7.2 Replacing the back—up battery

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

The back—up battery should be replaced at the lat-
est after 10 years of operation.

Recommended battery:

Lithium battery 3 V/1 Ah, type CR 1/2 AA, e.g.
— VARTA Order No. 6127 101 501.

The battery is located at the rear edge of the proces-
sor board of the basic module. The basic module
must be removed from the housing in order to re-
place the battery.

— Prepare area of work: provide conductive surface
for the basic module.

— Open housing cover.

— Read out device annunciations, i.e. all addresses
which commence with 5 (5000 onwards). This'is
carried out most convenient using thefront@per-
ating interface and a personal computer With the
DIGSI® protection data processing program;ithe
information is thus stored in the PC.

Note: All configuration data and settings of the de-
vice are stored in EEPROMSs protected against
switching off of the power sdipply. They are stored
independent of the back=up battery. They are,
therefore, neither lostgWhenuthe battery is re-
placed nor when the deviceis operated without a
battery.

— Loosen theybasic medule using the pulling aids
providedat the toprand bottom. (Figure 7.3).

A Warning

Hazardous voltages may be present in
the device even after disconnection of
the supply voltage or after removal of the
modules from the housing (storage ca-
pacitors)!

1\ Caution!

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

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

— Remove used battery from the holder; do not
place on the conductive surface! Referto Figure
71.

— Insert thé"prepared battery into the holder as in
Figure 7.1

—_Insertbasic module into the housing; ensure that
thereleasing lever is pushed fully to the left before
thesmodule is pressed in.

= Firmly push in the module using the releasing le-
ver. (Figure 7.3).

/_v\ Warning

The discharged battery contains Lithium.
It must only be disposed off in line with the
applicable requlations!

Do not reverse polarities! Do not re-
charge! Do not throw into fire! Danger
of explosion!

— Provided the internal system clock is not automat-
ically synchronized via the LSA interface, it can
now be set or synchronized as described in Sec-
tion 6.5.1

— Close housing cover.

The replacement of the back—up battery has thus
been completed.

C53000-G1176—-C115
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Rear view on the
removed basic module

View upon
the p.c.b.

7

|

Figure 7.1 Installation of the back—up battery

7.3 Fault tracing

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

If none of the LEDs on the front plate of the module is
on, then check:

— Have the modules been properly pushed —in and
locked?

— Is the ON/OFF switch on the front plateyin‘the ON
position (©?

— Is the auxiliary voltage available withéthe correct
polarity and of adequate magnitude, connected
to the correct terminals (Generakdiagrams in Ap-
pendix A)?

— Has the mini—fuse in theypower supply section
blown (see Figdre 742)? Ifappropriate, replace the
fuse according to'Section 7.3.1.

If the red fault indicator "Blocked” on the front is on
and the green ready LED remains dark, the device
has recognized an internal fault. Re—initialization of
the protéctienysystem could be tried by switching
the d.c®auxiliary voltage off and on again. This, how-
ever, results in loss of fault data and messages if the
relay, iswnot equipped with a buffer battery, and, if a
parameterizing process has not yet been com-
pleted, the last parameters are not stored.

Hi—

7.3:1» Replacing the mini-fuse

— Select a replacement fuse 5 x 20 mm. Ensure
that the rated value, time lag (medium slow) and
code letters are correct. (Figure 7.2).

— Prepare area of work: provide conductive surface
for the basic module.

— Open housing cover.

A Warning

Hazardous voltages can be present in
the device even after disconnection of
the supply voltage or after removal of the
modules from the housing (storage ca-
pacitors)!

— Loosen the basic module using the pulling aids
provided at the top and bottom. (Figure 7.3).

1\ Caution!

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

228
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[\
Mini—fuse of the power supply;
/ medium slow (M)
Rear view on the removed ted
basic module / at Upp/V — | {/aalie .

Figure 7.2 Mini—fuse of the power supply

— Pull out basic module and place onto the condu \irmly push in the module using the releasing le-

tive surface. ver. (Figure 7.3).
— Remove blown fuse from the holder (Fi .2). — Close housing cover.
— Fit new fuse into the holder (Figure 7, \ Switch on the device again. If a power supply failure

is still signalled, a fault or short—circuit is present in
— Insert basic module into the housing; re that the internal power supply. The device should be re-
the releasing lever is pushedgfullyito the left before turned to the factory (see Chapter 8).
the module is pressed in (Fi 3).

\
O
¥

L 4
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Ic O

1
O
= 4
Removing the basic module:
ids
|

— Loosen the basic module using the pulling aid
provided at the top and bottom,

— Pull out basic module and place onto ¢
surface.

Inserting the basic module: @

— Push releasing lever fully to the left,
— Insert module,

— Firmly push in the mod the
releasing lever. K

o

i _|= 4 |p
\@ View from above onto a 1/3 size

% module with releasing lever
Figure 7.3  Aid for remioving and inserting basic module

L 4
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8 Repairs

Repair of defective modules is not recommended at
all because specially selected electronic compo-
nents are used which must be handled in accor-
dance with the procedures required for Electrostati-
cally Endangered Components (EEC). Further-
more, special manufacturing techniques are neces-
sary for any work on the printed circuit boards in or-
der to do not damage the bath—soldered multilayer
boards, the sensitive components and the protec-
tive finish.

Therefore, if a defect cannot be corrected by opera-
tor procedures such as described in Chapter 7, it is
recommended that the complete relay should be re-
turned to the manufacturer. Use the original trans-
port packaging for return. If alternative packing is
used, this must provide the degree of protection
against mechanical shock, as laid down in IEC
255—-21—-1 class 2 and IEC 255—-21—-2 class 1.

Ifitis unavoidable to replace individual modules, it is
imperative that the standards related to the handling
of Electrostatically Endangered Components are
observed.

/_v\ Warning

Hazardous voltages can be presentinthe
device even after disconnection of/the,sup-
ply voltage or after removal of the module
from the housing (storage(Capagitors)!

1\ Caution!

Electrostatic discharges via the component
connections, the PCBdtracks or the connect-
ing pins of the mobdules must be avoided un-
der all cifgumstances by previously touch-
ing an earthed metal surface. This applies
equally for the replacement of removable
compenhents, such as EPROM or EEPROM
chips. Fegtransport and returning of individ-
ual modules electrostatic protective pack-
ing material must be used.

Components and modules are not endangered as
long\as they are installed within the relay.

Should it become necessary to exchange any de-
vice or module, the complete parameter assignment
should be repeated. Respective notes are contained
in Chapter 5 and 6.

9  Storage

Solid state protective relays shall be stéred in"dry
and clean rooms. The limit temperature, range for
storage of the relays or associated spare“parts is
—25 °C to +55 °C (refer Section 3.1.4 under the
Technical data), corresponding to —12 2F to 130 °F.

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

It is recommended to reducethe storage tempera-
ture to the range + 108 Ctas#35 °C (50 ‘Ft0 95 °F);
this prevents fromeearly ageing of the electrolytic ca-
pacitors which are contained in the power supply.

For very long Sterage periods, it is recommended
that the relay should be connected to the auxiliary
voltage,soufcefor one or two days every other year,
in order 1o, regenerate the electrolytic capacitors.
Thessame is valid before the relay is finally installed.
In extreme climatic conditions (tropics) pre—warm-
ing, would thus be achieved and condensation
avoided.

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

C53000-G1176—-C115
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C)O

4
e - %
F-SMA $AL LAF-SMA \
LT O
Einbau— Gehause mit LWL — Modul 0

FLUSH MOUNTING CASE WITH FIBRE OPTIC INTEF@

7SA510* —*1)A** —*C**/

<
&

Q‘D
L H% L

Aufbau— Gehause mit LWL — Modul
SuU UNTING CASE WITH FIBRE OPTIC INTERFACE
7 —*BA**—*C**/

%

re A.2  General diagram 7SA510 (sheet 2 of 2)
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B Connection diagrams

Surface mounting

Flush mounting/Cubicle installation ‘
' ' .
L1 L2 L3 1 3A1
It i )
il 5 3A2 Signal ansmission signal
JREyRAyn Iy 2! 2A1 relay 1
I
6 2A2!
11 1]
| Ity Iis 3 1A1 Signal 41 General fault
Iin 7 ' 1A2 § relay 2 40 detection
I3 4 1Bl
e 45
8 1B2 § Sienal
T 18na 44 Reverse direction
relay 3 43
1
- Uiy 17 3B1 4
I ' _§ Signal 53 Measured quantities
O~~~ Uu Urs 18 3B2 rela 57 faulty (general)
g U2 ' 3
) G Uis o am A3 5
" ., . .
—= Un Ui al 6A1 56 Device operative
Un 20 2B3 i el 1 6A2 55 (device faulty)
A | |
10
1 1
L1
L2 ! '
33 '
L3 Reset LED 34 5B1 12
Trip SB3 27
N relay 1 [ TsBs '28 TRIP
i SB2 13
Voltage trans- Plna:};
former m.c.b. tnpu
1
Signal reception Pinary '
input 3 5A1 14
Trip 15A3 29 General fault
. —
Manual closing pma:); relay 2 . 22; is detection
inpu
1
\ | |
10 4B1 =
Power sup 71 4B2 E \
1 1
O 1 1
1 1 . .
@ Serial interface for optical fibre pp"c*‘l fibre
) . . > € interface
coupling to central station .
, ' (optional)
T '
1 1
inary inputs, signal relays, TSASTQ* — * Fas _ s
relays, LED’s are C panel flush mounting
arrangeable E cubicle installation

B panel surface mounting

igure B.1 Connection example 7SA510
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Bus—  surface flush Bus—  surface flush
bar B ) bar B )
7SA510 7SA510
Feeder CTs |L1 11 3a1 3A2 Feeder CTs |L1 1| 3A1 3A2 | 5
‘ s i [ s
[ [
o 2| 2a1 2A2 — o 2 2a1 2A2
Line L] Line -
I3 3] 1A 1A2 I3 3] 1A 1A2
s | s
I [ [
[ ﬂ
- - 8| 1B2
e.g.summation
transformer Y A » il
Figure B.2 CT circuits with 3 CTs
Note: If the current polarity is changed under

Bus—  surface flush
bar -y
7SA510
Feeder CTs |
L1 3A1 3A215
T I \
o 2A1 2A2
Line s
I3 1A1 1A2
I
| |
I

-

e.g.summation
transformer

Note:

If the current polarity is changed under

address 1101), this changes also the
polarity of the current input Ig!

Figure B.3 CT circuits with 3/Cfs and additional

Ile summatien CT.

address 1101), this€hanges also the
polarity of the current input(lg!

Figure B.4 CT circuits,with 2 CTs and additional
g symmation CT (not for earthed sys-

tems)

surface

flush

vy

U4 171381

7SA510

Feeder

U 18| 3B2

Uis 19| 3B3

20, 2B3

H

VTs ﬁ
H

L

Figure B.5 VT circuits with 3 VTs

surface

Ut 170381

flush

7SA510

Feeder VTs

Uo 18|38

in V—connec-
tion

Us  19|38B3

20, 2B3

Figure B.6 VT circuits with 2 VTs in V—-connec-
tion (not for earthed systems)
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C Tables Q

Table C.1 Annunciations fO LS A ... .. ’ ...... 240

Table C.2 Annunciations for PC, LC—display, and binary inputs/outputs .. % ............. 244

Table C.3 Reference table for functional parameters (address blocks 1@ .................. 251
Table C.4 Tests and commissioning aids (address blocks 40 to Q ...................... 265
Table C.5 Annunciations, measured values, etc. (address 50t059) ... 266
Table C.6 Reference table for configuration param{ ress blocks 60t079) ............... 268

Table C.7 Operational device control faciliti

N

NOTE: The following tables list all data w ; are available in the maximum complement of the device. Depen-
dent on the ordered model, on K ta may be present which are valid for the individual version.

@s blocks 80t089) ............. ... ... ... 275

NOTE: The actﬂt\@e attached to the purchased relay.
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Annunciations 7SA510 for LSA

(according IEC 60 870-5-103)

FNo. - Function number of annunciation

Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
\Y : Annunciation with Value
M : Measurand

according to IEC 60 870-5-103:

CA - Compatible Annunciation %
GI - Annunciation for General Interrogation
BT - Binary Trace for fault recordings
Typ - Function type (p: according to the configured "Functi ype'")
Inf - Information number @
03
FNo Meaning
11|>User defined annunciation 1
12 |>User defined annunciation 2
13|>User defined annunciation 3
14|>User defined annunciation 4
15|>Testing via system-interface
16|>Block. of monitoring dir. via sys.-in
51|Device operative / healthy
52 |Any protection operative CA|GI p| 18
55|Re-start of processor system C CA P 4
56[Initial start of processor system CA P 5
59[Real time response to LSA
60 |LED Reset C CA p| 19
61|Logging and measuring functiog! ocked|CG CA|GI p| 20
62 |Test mode CG CA|GI p| 21
63| PC operation via system inte ce CG GI 135| 83
95| Parameters are being set CG CA|GI p| 22
96 |Parameter set A is active CG CA|GI pl| 23
97 |Parameter set B is active CG CA|GI p| 24
98 |Parameter set C is actiy CG CA|GI p| 25
99| Parameter set D is aeti CG CA|GI pl 26
110 [Annunciations lost (b erflow) o 135(130
112 |Annunciations for LSA 1o c 135|131
113 |Fault tag lost BT|135(136
140 |General internal £ u of device CG CA|GI | 47
141 |Failure of inter DC power supply|CG GI 135|161
143 |Failure of interpnal 15 VDC power supply|CG GI 135(163
144 |Failure of inte VDC power supply |CG GI 135(164
145|Failure of infernal 0 VDC power supply |CG GI 135(165
151 |Failure 1 /Qfmodule 1 CG GI 135|166
154 | Supervision 1p circuit CG CA|GI p| 36
160 | Common a CG CA|GI pl| 46
161 |Measur 1 supervision of currents |CG CA|GI el 32
162 |Failure: ent summation supervision |CG GI 135(182
163 |Failure: CUrrent symmetry supervision CG GI 135(183
164 |Measured value supervision of voltages |CG CA|GI pl| 33
167|Failure:, Voltage symmetry supervision CG GI 135|186
168 |Fadlure: Measuring voltages absent CG GI 135(187
169 failure monitor operated (>10s) CG GI 135]188
171 e: Phase sequence supervision CG CA|GI p| 35
1t recording initiated via bin.input BT|135(204
t recording initiated via keyboard BT|135(205
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Ann. |LSA|IEC 60 870-
FNo.| Meaning Op|Ft CA,GI BT
206 |Fault recording initiated wvia PC interf
301 |Fault in the power system CG
302|Flt. event w. consecutive no. C
303|E/Flt.det. in isol/comp.netw. CG
361|>U Line side VT MCB tripped CG
501 |General fault detection of device CG 84
502 |General drop-off of device C 152
503 |General device fault detection: Ph. L1 CG 64
504 |General device fault detection: Ph. L2 CG 65
505|General device fault detection: Ph. L3 CG 66
506 |General device fault detection: Ph. N CG 67
511 |General trip of device 68
516|General trip for fault in forward dir. 166
517 |General trip for fault in reverse dir. 167
521 |Interrupted current: Phase L1(I/In) 171
522 |Interrupted current: Phase L2(I/In) 172
523 |Interrupted current: Phase L3(I/In) 173
561 |Circuit breaker manually closed (p 211
562 |CB close command for manual closin 212
601 [Current in phase IL1 [%] = M CA 1341128
602 [Current in phase IL2 [%] = M CA 1341128
603 |[Current in phase IL3 [%] = M CA 1341128
621 |UL1E [%]= M CcA 134(128
622 |UL2E [%]= M CcA 134(128
623 |UL3E [%]= M CcA 134(128
624 (UL12 [%] = M 134|128
625|UL23 [%] = M 134|128
626 |UL31 [%] = M 134|128
641 [Active power Pa [%] M CA 1341128
642 |[Reactive power Pr [2] M CA 1341128
644 |Frequency f [%] = M CA 134|128
701|Iea [mA] = M 134|128
702 |Ier [mA] = M 134|128
1114 |Fault resistance, rim v 151 14
1115|Fault reactance rim \Y CA pl 73
1117|Fault resist@nc Ohm sec. v 151 17
1118 |Fault reacta sec v 151] 18
1119 |Distance to . fau in km \% 151 19
1120 |Distance 1t in % \% 151| 20
1174 |Circuit b%{ test in progress CG GI 151 74
1181 |Circuit e test: General trip C 151| 81
1261 |E/F detl\ (iSol./comp. net) switched off|CG GI 151|161
1262 |E/F d is6n (isol./comp. net) blocked|CG GI 151162
1263 |E/F tion (isol./comp. net) active |CG GI 151163
1272 |E@xct ault (isol./comp.) L1 detected CG CA|GI p| 48
1273 ult (isol./comp.) L2 detected CG CA|GI pl| 49
127 ault (isol./comp.) L3 detected CG CA|GI pl| 50
12 fault (isol./comp.) forward dir. |CG CA|GI p| 51
1277 fault (isol./comp.) reverse dir. |CG CA|[GI el 52
1278 h fault (isol./comp.) undef. dir. CG GI 151|178
1281 |Trip by earth fault det. (isol./comp.) C 151181
13164>Carrier reception for direct. E/F comp|CG GI l166| 16
1317 |(>Carrier reception for dir. E/F faulty [CG GI l1e66| 17
331 |Earth fault protection is switched off |[CG GI le6| 31
32|Earth fault protection is blocked CG GI 166| 32
1333 |Earth fault protection is active CG GI l66| 33
1334 |Earth fault prot. direct.stage blocked |[CG GI l166| 34
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1341 |Earth fault detection 75% Ie picked up CG BT|166| 41
1342 |Earth fault detection non-direct. Ie CG l166| 42
1343 |Earth fault detection directional Ie CG l166| 43
1352 |Earth fault prot. dir. time expired C 166| 52
1353 |Earth fault prot. non-dir. time expired C 166| 53
1381 |Earth fault dir. comp. is switched off |[CG GI 166 |81
1384 |Carrier transmission for dir. comp. E/F C 1661 B84
1385 (Echo signal for directional comp. E/F C L6685
1386 |Transient block. of E/F protection C 16%,| 86
1511 |Thermal overload prot. is switched off |[CG GI Le7| 11
1512 [Thermal overload protection is blocked |[CG GI 167| 12
1513 |Thermal overload protection is active CG GT 167 13
1515 |Thermal overload prot.: Current warning|CG GI 167| 15
1516 |Thermal overload prot.: Thermal warning|CG GT 167| 16
1517 |Thermal overload prot.: Pick-up thermal [CG GI 167 17
1521 |Thermal overload protection trip C BT|167| 21
2051 |Emergency O/C protect. is switched off [CG GI 61| 51
2052 |Emergency O/C protection is blocked CG GI 6l| 52
2053 |Emergency O/C protection is active CG GI 6l| 53
2054 |Emergency O/C protection is running CG CA|GI p| 37
2061 |Emerg. O/C prot.: General fault detect. CG BT| 61| 61
2062 |Emerg. O/C prot.: Fault detection L1 CG 6l| 62
2063 |Emerg. O/C prot.: Fault detection L2 CE 6l| 63
2064 |Emerg. O/C prot.: Fault detection L3 eG cl| o4
2065 |Emerg. O/C prot.: Earth fault detection CG 6l| 65
2071 |Emerg. O/C earth fault detection ond¥ C ol| 71
2072 |Emerg. O/C fault detection L1 only C 61| 72
2073 |Emerg. O/C fault detection LI1E C 61| 73
2074 |Emerg. O/C fault detection L24only C 61| 74
2075 |Emerg. O/C fault detection L2E C 61| 75
2076 |Emerg. O/C fault detection LI2 C 61| 76
2077 |Emerg. O/C fault detection LL2E C 61| 77
2078 |Emerg. O/C fault detection fL3Jenly C 61| 78
2079 |Emerg. O/C fault detection "L3E C 61| 79
2080 |Emerg. O/C fault detectién LIS C 61| 80
2081 |Emerg. O/C fault detectilon L13E C 61| 81
2082 |Emerg. O/C fault detectionml23 C 61| 82
2083 |Emerg. O/C fault detgctiem L23E C 61| 83
2084 |Emerg. O/C fault degseetion L123 C 61| 84
2085 |Emerg. O/C fault detectiIon L123E C 61| 85
2091 |Emerg. O/C phase gfdult®fdetection I>> CG 61| 91
2093 |Emerg. O/C phasel\fault detection I> CG cl| 93
2097 |[Emerg. O/C earth, fawlt detection IE> CG ol| 97
2121 |Emerg. O/C prpt4:qeTime TI>> expired C 61121
2123 |Emerg. O/Cqpraot. :/ Time TI> expired C 61123
2127 |Emerg. O/C pret.: Time TIE> expired C 61127
2141 |Emerg. O/Cgprotection: General Trip C CA pl 72
2145 |Emerg.“Q/@ protection: Trip 3pole C 61145
2704 |>AR: Reseg, afito-reclose function CG GI 40 4
2709 |>AR: Block“delayed auto-reclose CG GI 40 9
2711 |>AR: External start for internal AR CG GI 40| 11
2781 |AR: Autosreclose is switched off CG GI 40| 81
2782 |ARg Auto-reclose is switched on CG CA|GI pl 16
2783 |AR:\Auto-reclose is blocked CG GI 40| 83
2784 | ARTgAuto-reclose is not ready CG CA|GI|BT p|130
2785WAR: Auto-reclose is dynamically blocked|CG GI 40| 85
278M|ARY Circuit breaker not ready CG GI 40| 87
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FNo.| Meaning Op|Ft|No. |[CA|GI|BT|Typphinf
2801 |AR: Auto-reclose in progress CG|CG GI 401101
2814 |AR: 3pole dead time for RAR is running |[CG|CG GI 40(114
2833 |AR: 3pole dead time 1 for DAR running CG|CG GI 401133
2834 |AR: 3pole dead time 2 for DAR running CG|CG GI 40(134
2835|AR: 3pole dead time 3 for DAR running CG|CG GI 401135
2851 |AR: Close command from auto-reclose C Ch BT pll28
2854 |AR: Close command after 3pole DAR cycle|C CA pl1l29
2863 |AR: Definitive trip C 40163
3651 |Distance protection is switched off CG GI 28| 51
3652 |Distance protection is blocked CG GI 28| 52
3653 |Distance protection is active CG GI 28| 53
3671 |Dist.: General fault detection /e 28| 71
3672 |Dist.: Fault detection , phase L1 CG GI|BT| 28| 72
3673 |Dist.: Fault detection , phase L2 CG GI|BT| 28| 73
3674 |Dist.: Fault detection , phase L3 CG GI|BT| 28| 74
3675|Dist.: Fault detection , earth fault CG GI|BT| 28| 75
3681 |Dist.: Fault detection only phase 4l C 28| 81
3682 |Dist.: Fault detection phase L1,E C 28| 82
3683 |Dist.: Fault detection only phase L2 C 28| 83
3684 |Dist.: Fault detection phase L2 E C 28| 84
3685|Dist.: Fault detection phase Ll,2 C 28| 85
3686|Dist.: Fault detection phase LIy2,E C 28| 86
3687 |Dist.: Fault detection only phaseli3 C 28| 87
3688 |Dist.: Fault detection phase L8, E C 28| 88
3689 |Dist.: Fault detection phageLl,8 C 28| 89
3690 |Dist.: Fault detection phalse/ L1V 3, E C 28] 90
3691 |Dist.: Fault detectionfphase, L2, 3 C 28| 91
3692 |Dist.: Fault detectigh phase L2,3,E C 28| 92
3693 |Dist.: Fault detectionyphase L1,2,3 C 28] 93
3694 |Dist.: Fault detectiéem phase L1,2,3,E C 28| 94
3719|Dist.: Fault det. in, fexward direction C CA BT p| 74
3720 |Dist.: Fault det. @An/®everse direction C CA BT pl 75
3771 |Dist.: Time Tl ( Zonme Z1 ) expired C CA p| 78
3774 |Dist.: Time T2 4 ZonerZ2 ) expired C CA pl 79
3777 |Dist.: Time &3 ( Zone 723 ) expired o CA p| 80
3778 |Dist.: Time T4y (diwfect. zone) expired o CA p| 81
3779 |Dist.: Time , I5 "fmon-dir. zone) expired o CA p| 82
3780 |Dist.: Time T&B ( Zone Z1B ) expired o 281180
3783 |Dist.: TimelT1» ( Zone Z1lL ) expired o 281183
3801 |Distancefprotéction: General trip C 281201
3805|Dist.: Trip |Bpole C 281205
4051 |Dist. stkeleprotection is switched on CG CA|GI p| 17
4052 |Dist§ twelheprotection is switched off CG GI 29| 52
4054 | Dst fteleprotection: Carrier reception C CA pl| 77
4055 (bisty, teleprotection: Carrier faulty CG CA|GI pl| 39
4056 |Dist . teleprotection: Carrier send C CA pl 76
4060 BOTT gteleprotection: Carrier echo send |C 29| 67
4068 [ BOTE teleprotection: Transient block C 29| 68
4164 |Power swing detection CG GI 291164
4166 |Out-of-step trip 3pole C 291166
4431J0Ext. trip via binary input: Trip C 51| 31
4435|Ext. trip via binary input: 3pole C 51| 35
4436 |Ext. trip via binary input: Without AR C 51| 36
6254 |Output signal of user defined timer T1 |[CG GI 214 54
0255 |0Output signal of user defined timer T2 |[CG GI 214 55
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Annunciations 7SA510 for PC, LC-display and binary inputs/outputs

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
M : Measurand
E - Earth fault annunciation
I0T - I: can be marshalled to binary input
O: can be marshalled to binary output (LED, signal
T: can be marshalled to trip relay
FNo. [Abbreviation Meaning
3[>Time Synchro|>Time synchronization
4>Start FltRec|>Start fault recording
5|>LED reset >Reset LED indicators
7|>ParamSelec.l|>Parameter set selection 1 (
8| >ParamSelec.2|>Parameter set selection 2 (
11|>Annunc. 1 >User defined annunciation 1
12 [>Annunc. 2 >User defined annunciation 2 CG
13|>Annunc. 3 >User defined annunciation 3 CG
14 |>Annunc. 4 >User defined annunciation 4 CG
15[>Sys-Test >Testing via system—-inter
16|>Sys-MM-block|>Block. of monitoring dig. i s.-int
51|Dev.operative|Device operative / healt CG
52 |Prot. operat.|Any protection operativ CG
56[Initial start|Initial start of process system C
60 |LED reset LED Reset C
61 |LogMeasBlock |[Logging and measurin ions blocked|CG
62 |Test mode Test mode CG
95| Param.running|Parameters are set CG
96| Param. Set A |Parameter set ctive CG
97| Param. Set B |Parameter set i s tive CG
98| Param. Set C |Parameter set active CG
99| Param. Set D |Parameter setl D active CG
100 |Wrong SW-vers|Wrong softwa sion C
101 |Wrong dev. ID|Wrong devi i tification C
110 [Annunc. lost Annuncjat' ns dost (buffer overflow) C
111 |Annu. PC lost|Annuncia®i for PC lost C
115|Flt.Buff.Over|Fault n iation buffer overflow
116|E/F Buff.Over|E/F r overflow
120 |Oper.Ann.Inva Ope;5‘§ishl annunciations invalid CG
121 |Flt.Ann.Inval|Fa nciations invalid CG
122 |E/F.Prot Inva|Eakth ult annunciations invalid CG
123 |Stat.Buff.Inv imstic annunciation buffer invalid CG
124 |LED Buff.Inva annunciation buffer invalid CG
129 |VDEW-Stat state invalid CG
135|Chs Erro or in check sum CG
136|Chs.A ror in check sum for parameter set A |CG
137|Chs.B rror in check sum for parameter set B |CG
138|Chs.C Er Error in check sum for parameter set C |[CG
139|Chs.D Erro Error in check sum for parameter set D [CG
141 |Failure 24V Failure of internal 24 VDC power supply|CG
143 |Failure 15V Failure of internal 15 VDC power supply|CG
144 |Fadlure 5V Failure of internal 5 VDC power supply |CG
allure 0V Failure of internal 0 VDC power supply |CG
e I/0 1|Failure in I/0 module 1 CG
. TripRel|Supervision trip circuit CG
disrupted|LSA (system interface) disrupted CG

I0T
I0T
I0T
IO
IO

OO0OO0O0OO0

oT
oT
oT
oT
oT
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FNo. |Abbreviation Meaning Op|Ft oT
161|I supervision|Measured value supervision of currents
162 |Failure I Failure: Current summation supervision |[CG T
163 |Failure Isymm|Failure: Current symmetry supervision CG oT
164 |U supervision|Measured value supervision of voltages 0
167|Failure Usymm|Failure: Voltage symmetry supervision CG N oT
168 |Failure Umeas|Failure: Measuring voltages absent CG oT
169 |Fuse-Failure |Fuse failure monitor operated (>10s) oT
170 | FFM pick-up Fuse failure monitor pick-up
171|Fail.PhaseSeq|Failure: Phase sequence supervision oT
203 |Flt.RecDatDel |Fault recording data deleted C
204 |Flt.Rec.viaBI|Fault recording initiated via bin.i C
205|Flt.Rec.viaKB|Fault recording initiated via C
206 |Flt.Rec.viaPC|Fault recording initiated via PCWinterf|C
244D Time= Diff. time of clock synchroni M
301|Syst.Flt Fault in the power system CG|C
302 |Fault Flt. event w. consecutive . C
303|E/F Det. E/Flt.det. in isol/comp.ne CG
354 (>CB Aux.3p cl|>CB aux. contact:3poles ed (series) I0T
356 |>Manual Close|>Manual close I0T
357|>CloseCmd.Blo|>Block all close co s om external |CG I0T
361 (>VT mcb Trip [>U Line side VT MCB tni d CG IOT
383 |>RAR Release |>Release overrea R CG|CG I0T
384 |>DAR Release |>Release overre n DAR CG|CG I0T
501 |Device FltDet|General fault dgﬁ&iﬁ‘e of device oT
502 |Dev. Drop-off|General drop-o o vice C
503 |Dev.FltDet L1l|[General device 1t detection: Ph. L1 oT
504 [Dev.FltDet L2|General devi ault detection: Ph. L2 OoT
505|Dev.FltDet L3|General devi 1t detection: Ph. L3 OoT
506 |Dev.FltDet N |General ic ult detection: Ph. N oT
511 |Device Trip of device G oT
515|Dev.Trip 3p le trip of device oT
516 |Dev.Trip forw for fault in forward dir. oT
517 |Dev.Trip rev. for fault in reverse dir. C oT
521(IL1/In= current: Phase L1(I/In) C
522(1IL2/In= Int ed current: Phase L2(I/In) C
523 |IL3/In= I ted current: Phase L3(I/In) C
545 (T-Drop &|T rom fault detection to drop-off
546 |T-Trip rom fault detection to trip
561 |Manual Clos uit breaker manually closed (pulse) |(C OoT
562 |Man.Clos B close command for manual closing oT
563 |CB Alarm alarm suppressed oT
601 |IL1[%] = urrent in phase IL1 [%] = M
602 |IL2[%] Current in phase IL2 [%] = M
= Current in phase IL3 [%] = M
UL1E [%]= M
UL2E [%]= M
UL3E [%]= M
UuLl2 [%] = M
UL23 [%] = M
UL31 [%] = M
Active power Pa [%] = M
Reactive power Pr [%] = M
Frequency f [%] = M
Current in phase IL1 = M
Current in phase IL2 = M
Current in phase IL3 = M
Voltage ULLE = M
Voltage UL2E = M
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673 |UL3E= Voltage UL3E = M
674 |UL12= Voltage ULl2 = M
©675|UL23= Voltage UL23 = M
676 |UL31= Voltage UL31 = M
691 | Pa= Active power Pa = M *
692 | Pr= Reactive power Pr = M
701 |Iea[mA]= Iea [mA] = M
702 | Ier[mA]= Ier [mA] = M
711 |Iea = Iea = M
712 | Iexr = Ier =
g80l|e/0trip = Temperat. rise for warning and trip
802|©/0tripLl= Temperature rise for phase L1
803|©/0tripL2= Temperature rise for phase L2
804|©/0tripL3= Temperature rise for phase L3 M
999 | Trip No = Number of trip commands issued
1004 (YIL1/In= Summated current tripped IL1/In M
1005 (yIL2/In= Summated current tripped IL2/In M
1006 (YIL3/In= Summated current tripped IL3/In M
1012 |AR 3pole= No. of auto-reclose commands: M
1013 |DAR 3pol= No. of auto-reclose commands: M
1106 |>Start FltLoc|>Start fault locator CG I0T
1114 |Rpri= Fault resistance, Ohm pri C
1115|Xpri= Fault reactance, Ohm prim. C
1117 |Rsec= Fault resistance, Ohm se& C
1118 |Xsec= Fault reactance, Ohm se C
1119|d km= Distance to fault in km C
1120|d & = Distance to fault in C
1156 |>CB Test >CB test start I0T
1174 |CB in Test Circuit breaker i ogress CG oT
1181|CB Test Trip |Circuit breaker General trip OT
1185|CB Test 3p Circuit break Trip 3pole C oT
1251 |(>E/F Det. on |>Switch on E/F or isol./comp. net I0T
1252 (>E/F Det. off|>Switch off E/ . for isol./comp.net I0T
1253 |>E/F Det.bloc|>Block E/F deft. isol./comp. net I0T
1261 |E/F Det. off |E/F det. (is mp. net) switched off|CG oT
1262 |E/F Det.block|E/F detec ol./comp. net) blocked|CG oT
1263 |E/F Det.activ|E/F defgection [(isol./comp. net) active oT
1271 |E/F Detection|Earth f it isol./comp. net detected c |E| oT
1272 |E/F Detec. L1|Earth 3$§~(isol./comp.) L1l detected El OT
1273 |E/F Detec. L2|Ear 1t (isol./comp.) L2 detected E[ OT
1274 |E/F Detec. L3|Eart (isol./comp.) L3 detected E[ OT
1276 |E/F forwards |Ea t (isol./comp.) forward dir. E[ OT
1277 |E/F reverse ult (isol./comp.) reverse dir. E[ OT
1278 |E/F undefined ault (isol./comp.) undef. dir. E[ OT
1281 |E/F Det. Trip by earth fault det. (isol./comp.) c [E| oT
1289 | Iea tive component Iea E
1290 | Ier ctive component Ier E
1303 |>E/F b lock E/F protection 10T
1311 |>E/F c >Switch on directional E/F comparison I0oT
1312 |>E/F com >Switch off directional E/F comparison I0T
1316 |>E/F Recep >Carrier reception for direct. E/F comp|C |C I0T
1317 |(>E/F Rec.Fail|>Carrier reception for dir. E/F faulty [CG I0T
1331 |E/F Prot% off [Earth fault protection is switched off |CG oT
cked Earth fault protection is blocked CG|CG oT
active Earth fault protection is active oT
ir.block|Earth fault prot. direct.stage blocked oT
1t75%Ie>|Earth fault detection 75% Ie picked up CG oT
Flt Ie<->|Earth fault detection non-direct. Ie C oT

246

C53000-G1176-C115



7SA510 v3 Appendix
FNo. |Abbreviation Meaning Op|Ft oT
1343 |E/F Flt Ie ->|Earth fault detection directional Ie C
1344 |E/F Ue> Earth fault displacement voltage Ue> T
1351 (E/F T-Delay Earth fault protection time expired OoT
1352 |E/F T-> Earth fault prot. dir. time expired oT
1353 (E/F T<-> Earth fault prot. non-dir. time expired .J OoT
1361 |E/F Trip Trip by earth fault protection C OoT
1381 |E/F Dir off Earth fault dir. comp. is switched of oT
1384 [E/F Send Carrier transmission for dir. com E C oT
1385|E/F Echo Echo signal for directional comp. E OoT
1386 |E/F TransBloc|Transient block. of E/F protectio C oT
1501 ({>0/L on >Switch on thermal overload prot I0T
1502 (>0/L off >Switch off thermal overload pr i@’l I0T
1503 (>0/L block >Block thermal overload protectil I0T
1511|0/L Prot. off|Thermal overload prot. is swi edvff [CG oT
1512|0/L blocked Thermal overload protectioni cked |[CG oT
1513|0/L active Thermal overload protection i ctive oT
1515|0/L Warn I Thermal overload prot.: Cu nt warning|CG oT
1516(0/L Warn @ Thermal overload prot mal warning|CG oT
1517({0/L pickup ©® |[Thermal overload pro up thermal [CG OoT
1521 (0/L Trip Thermal overload pro trip C OoT
2003 |>Emer. block [>Block emergency over nt protection I0T
2010 |>I>> block >Block I>> stage g. 0/C protec. [CG I0T
2051 |Emer. off Emergency O/C p . 1s switched off |[CG oT
2052 |Emer. block Emergency 0O/C p% n is blocked CG oT
2053 |Emer. active |[Emergency O/C pfot ion is active OoT
2054 [Emer. mode Emergency 0O/C ection is running CG OoT
2061 |Emer.Gen.Flt |Emerg. O/C p : “General fault detect. oT
2062 |Emer. Flt L1 |Emerg. 0O/C Fault detection L1 oT
2063 |Emer. Flt L2 |Emerg. r : Fault detection L2 OT
2064 |Emer. Flt L3 |Emerg. rot.: Fault detection L3 oT
2065 |Emer. Flt E Emerg prot.: Earth fault detection oT
2071 |Emer. Flt E Emerg arth fault detection only C
2072 |Emer. Flt L1 |Emer ault detection L1 only C
2073 |Emer. Flt L1E|Eme fault detection L1E C
2074 |Emer. Flt L2 |(Eme C fault detection L2 only C
2075 |Emer. Flt L2E|E g /C fault detection L2E C
2076 |Emer. Flt L Emergl O/C fault detection L12 C
2077 |Emer.Flt L12 . 0/C fault detection L12E C
2078 |[Emer. Flt L g. 0/C fault detection L3 only C
2079 [Emer. F1 merg. O/C fault detection L3E C
2080 |Emer. Flt erg. 0/C fault detection L13 C
2081 |Emer.F1l 3 merg. O/C fault detection LI13E C
2082 |Emer. F L Emerg. O/C fault detection L23 C
2083 [Emer. Emerg. O/C fault detection L23E C
2084 |Emer 123 |Emerg. 0/C fault detection L123 ¢
2085 |Efer \F1t/123E [Emerg. O/C fault detection L123E ¢
Emerg. O/C phase fault detection I>> C oT
Emerg. O/C phase fault detection I> C oT
Emerg. O/C earth fault detection IE> C oT
Emerg. O/C prot.: Time TI>> expired oT
Emerg. O/C prot.: Time TI> expired oT
2127 |Emer. TIE> Emerg. O/C prot.: Time TIE> expired oT
2141 {Emer.Gen.Trip |Emerg. O/C protection: General Trip oT
2145 |(Emer.Trip 3p |[Emerg. O/C protection: Trip 3pole C oT
701 |>AR on >AR: Switch on auto-reclose function IO0T
702 |>AR off >AR: Switch off auto-reclose function IO0T
2703 |>AR block >AR: Block auto-reclose function CG I0T
2704 |>AR reset >AR: Reset auto-reclose function C IO0T
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2708 | >RAR block >AR: Block rapid auto-reclose CG I0T
2709 |>DAR block >AR: Block delayed auto-reclose CG I0T
2711 |>Start AR >AR: External start for internal AR C I0T
2716 |>Trip 3p AR >AR: Ext. 3pole trip for internal AR C I0T
2721 |>DAR aft. RAR|>AR: Delayed AR only after rapid AR CG I0T P
2730 |>CB ready >AR: Circuit breaker ready for reclose I0T
2731 |>Sync.release|>AR: Synchronism from ext. sync.-check
2781 |AR off AR: Auto-reclose is switched off CG O
2782 |AR on AR: Auto-reclose is switched on
2783 |AR inoperativ|AR: Auto-reclose is blocked CG oT
2784 |AR not ready |AR: Auto-reclose is not ready oT
2785|AR block.dyn. |AR: Auto-reclose is dynamically blocked oT
2787 |CB not ready |[AR: Circuit breaker not ready oT
2788 |AR T-CB Exp. |[AR: CB supervision time expired oT
2801 |AR in prog. AR: Auto-reclose in progress C oT
2811 |RAR only AR: Only rapid auto-reclosing allowed oT
2812 |RAR T-act.run|AR: Action time for RAR is runnin oT
2814 |RAR T-3p run. [AR: 3pole dead time for RAR is r C oT
2817 |RAR Zone Rel.|AR: Zone extension for rapid oT
2831 |DAR Only AR: Only delayed auto-reclosi ed oT
2832 |DAR T-act.run|AR: Action time for DAR is run oT
2833 |DAR T-3pl run|AR: 3pole dead time 1 for ning C oT
2834 |DAR T-3p2 run|AR: 3pole dead time 2 fo ning C OoT
2835|DAR T-3p3 run|AR: 3pole dead time 3 for R*punning C OoT
2837 |DAR Zone Rel. |[AR: Zone extension for a reclose oT
2851 |AR Close Cmd. [AR: Close command from augo-reclose Cc |C oT
2853 |RAR 3p Close |[AR: Close command aft e RAR cycle OT
2854 |DAR 3p Close |AR: Close command af le DAR cycle OT
2861 |AR T-Recl.run|AR: Reclaim time u g oT
2862 |AR successful |AR: Auto-reclos e successful oT
2863 |Definit.Trip |AR: Definitive, t oT
2865|Sync.Meas.Reqg|AR: Sync-check q t oT
3603 |>Dist. block |>Block distan tection I0T
3611 |>Extens. Z1B |>Dist.: Zone ension from external |CG I0oT
3612 |>Extens. Z1lL |>Dist.: Zone tension from external |CG I0oT
3651 |Dist. off Distance p e on is switched off CG oT
3652 |Dist. blocked|Distangge otection is blocked CG oT
3653 |Dist. active |Distanc ction is active oT
3661 |DisZ1B AR blk|Dist.:,/Blo AR by fault detec. Z1B C oT
3662 |DisZl1L AR blk|Dis ock AR by fault detec. Z1L C oT
3671 |Dist.Gen.Flt. Disg,‘~§sh ral fault detection oT
3672 |Dist.Fault L1 |Dig€7: 1t detection , phase L1 oT
3673 |Dist.Fault L2 |Dist.:|Fault detection , phase L2 oT
3674 |Dist.Fault L3 |Dd Fault detection , phase L3 oT
3675|Dist.Fault E .: Fault detection , earth fault oT
3681 |Dist.F1lt sf£.: Fault detection only phase L1 C
3682 |Dist.F1lt t.: Fault detection phase L1,E C
3683 |Dist.F Fault detection only phase L2 C
3684 |Dist.F Fault detection phase L2,E C
3685 |Dist.F1t™ Fault detection phase L1,2 C
3086 |Dist.Flt.L Fault detection phase L1,2,E C
3687 |Dist.F1t.L3 Dist Fault detection only phase L3 c
3688 Dist.Eﬂi‘lSE Dist Fault detection phase L3, E C
3689 |Digt.F1t.L13 |Dist Fault detection phase L1,3 C
i F1t.L13E|Dist Fault detection phase L1,3,E C
1t.L23 |Dist Fault detection phase L2,3 C
.F1t.L23E|Dist Fault detection phase L2,3,E C
.F1t.L123|Dist Fault detection phase L1,2,3 C
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FNo. |Abbreviation Meaning Op|Ft|E @‘
P

3694 |Dist.F1t.123E|Dist.: Fault detection phase 1L1,2,3,E C
3701 |Loop L1-E £ Dist.: Loop L1E selected forward C T
3702 |Loop L2-E f Dist.: Loop L2E selected forward CG oT
3703 |Loop L3-E f Dist.: Loop L3E selected forward CG oT
3704 |Loop L1-2 £ Dist.: Loop L12 selected forward C oT
3705|Loop L2-3 £ Dist.: Loop L23 selected forward C oT
3706 |Loop L3-1 £ Dist.: Loop L31 selected forward CG oT
3707 |Loop L1-E r Dist.: Loop L1E selected reverse CG oT
3708 |Loop L2-E r Dist.: Loop L2E selected reverse CG oT
3709 |Loop L3-E r Dist.: Loop L3E selected reverse CG oT
3710 |Loop L1-2 r Dist.: Loop L1l2 selected reverse CG oT
3711 |Loop L2-3 r Dist.: Loop L23 selected revers CG oT
3712 |Loop L3-1 r Dist.: Loop L31 selected reverse CG oT
3719 |Dist. For.Dir|Dist.: Fault det. in forward OoT
3720 |Dist. Rev.Dir|Dist.: Fault det. in revers OoT
3771 |Dist. T1 Dist.: Time Tl ( Zone Z1 ) oT
3774 |Dist. T2 Dist.: Time T2 ( Zone Z2 oT
3777 |Dist. T3 Dist.: Time T3 ( Zone Z oT
3778 |Dist. T4 Dist.: Time T4 (diregt oT
3779 |Dist. T5 Dist.: Time T5 (non- e) expired oT
3780|Dist. T1B Dist.: Time T1B ( ) expired oT
3783 |Dist. T1L Dist.: Time T1L ) expired oT
3801 |Dis.Gen. Trip|Distance protec eral trip oT
3805|Dis.Trip 3p Dist.: Trip 3po§§£’~'p C oT
3808 |Dis.Trip back|Dist.: Trip in c stage oT
3812 |Dis.Tripzl/3p|Dist.: Trip 3po in zone Z1/T1 OoT
3814 |Dis.TripZl1B3p|Dist.: Trip e %n zone Z1B/T1B OoT
3815|Dis.Trip Z1L |Dist.: Trip ult in zone Z1L/T1L OoT
3817|Dis.Tripz2/3p|Dist.: 3 in zone Z2/T2 OoT
3818 |Dis.Tripz3/T3|Dist.: for fault in zone Z3/T3 OoT
3819 |Dis.Trip FD->|Dist.z by fault detection, direct oT
3820 |Dis.Trip <-> |Dist.: by fault detec., non-direct oT
4004 |>Dis. Recept |>Dist eprotection: Carrier receive |C |C I0oT
4005|>Dis.RecFail |>Di leprotection: Carrier faulty CG IOT
4011|>Dis.POTT on |>Di itch on teleprotection POTT IOT
4012 |>Dis.POTT off|> witch off teleprotection POTT I0T
4021|>Dis.PUTT o :Switch on teleprotection PUTT I0T
4022 |>Dis.PUTT of :Switch off teleprotection PUTT IO0T
4051 |Dis.Tele.on teleprotection is switched on oT
4052 |Dis.Tele. teleprotection is switched off CG OoT
4054 |Dis. teleprotection: Carrier reception OoT
4055 |Dis. teleprotection: Carrier faulty CG OoT
4056 |Dis. teleprotection: Carrier send C oT
4067 |Dis. teleprotection: Carrier echo send |C oT
4068 |Di POTT teleprotection: Transient block C oT
4164 Power swing detection CG oT
4165 Power swing action time running oT
416 Out-of-step trip 3pole Cc |C oT
44 >Block external trip function CG I0T
4415 >External trip L123 via binary input C IO0T
4416 Trp woAR | >External 3pole trip without AR CG I0T
4431 |Ext.Gen. Trip|Ext. trip via binary input: Trip oT
4435/Ext.Trip 3p Ext. trip via binary input: 3pole C oT
4436 |Ext.Trip woAR|Ext. trip via binary input: Without AR C oT
6206 |>User TlStart|>Start of user defined timer T1 CG|CG I0T
07|>User TlReset|>Reset of user defined timer T1 c |C I0T
208 |>User T2Start|>Start of user defined timer T2 CG|CG I0T
6209 [>User T2Reset|>Reset of user defined timer T2 c |C IO0T
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FNo. [Abbreviation Meaning Op|Ft|E]|IOT O

6254 |User output 1|Output signal of user defined timer T1 |CG|C oT
6255 |User output 2|Output signal of user defined timer T2 |CG|C oT
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Reference Table for Functional Parameters 7SA510 O

1000 PARAMETERS

O

1100 POWERSYSTEM DATA PN

1101 CT STARPNT
TOWARDS LINE
TOWARDS BUSBAR

1102 SYSTEMSTAR
SOLIDLY EARTHED
COMPENSATED
ISOLATED

1103 Un PRIMARY
min. 1
max. 1200

1104 Un SECOND.
min. 80
max. 125

1105 In PRIMARY
min. 10
max. 5000

1112 Ie/Iph
min. 0.001
max. 20.000

1117 RE/RL
min. =-7.00
max. 7.00

1118 XE/XL
min. -7.00
max. 7.00

Current transformer polarity
[ ] Towards line
[ ] Towards busbar \
System star-point condition
[ ] Solidly earthed
[ ] Compensated
[ ] Isolated
Primary rated voltage
kv

Secondary rated v
\Y

Primary rate r t
A

Matchin @ Ie/Iph for earth current
Re& compensating factor RE/RL

e ual compensating factor XE/XL

L 4

1122 X SEC K Secondary reactance per unit line length Xsec
min. 0.010 Q/km
max. 5.000 O

1124 LINELENGT Line length

min. 1.0
max. Qﬁgi~.
1130 T-ITRIBHI>

1131 T-TRIP I<
iq. 0.01
ax. 32.00

m
m,

-CLOSE
min. 0.01
max. 32.00

km

Trip command min.duration for I > I-RES
s

Trip command min.duration for I < I-RES
s

Maximum close command duration
s

C53000-G1176-C115
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1145 T-M/C-PROL Prolongation time after manual closing
min. 0.01 s
max. 32.00 e

1149 T-EXT.STAB Stabilization time for external trip 0
min. 0.00 s
max. 32.00 E—

1150 FILTER Filter for measured quantities ¢
NORMAL [ 1] Normal
LONG [ 1] Long

1200 DIST.PROT. GENERAL SETTINGS

1201 DIST.PROT. Distance protection functioo
ON [ ] on
OFF [ 1 off

1202 DIR. FD&T4 Direction for fault d 16n directional trip
FORWARDS [ 1 Forwards
REVERSE [ 1 Reverse
NON-DIRECTIONAL [ ] Non-directional

1203 T4 Delay T4 faul on directional trip
min. 0.00 s
max. 32.00/e  — x

1204 TS Delay TS5 f tection non-directional trip
min. 0.00 ]

1205

1216

1217

1218

1221

max. 32.00/e

MAN. CLOSE

Z1B DIRECTIONAL
Z1B NON DIRECT.
FD EFFECTIVE

Z1 EFFECTIVE

RAR -> Z1B
YES

NO

z1; T1

Z1l; T1B

WITHI
OUTSIDE

BLK .%R Z1L
NO
ITHIN
UTSIDE

Dista zone effective with manual close
[ ] Z1B"@ir ional
[ 1 21 rectional
[ ] F etection
[1 2 ctive

'S Distance zone Z1B effective before 1lst RAR

DAR BLOCK \{ Effective zone if DAR is blocked

z1l; T1
[ 1 Z21; T1B

Distance zone Z1lL effective before DAR
yes
no

Autoreclosure is blocked for Z1B faults
[ ] no
[ 1] Within
[ ] Outside

Autoreclosure is blocked for Z1L faults
[ ] no
[ 1] Within
[ ] Outside
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1300 DIST.PROT. INDEPEND. ZONES

1301 R1 Zone 1: Resistance (phase-phase) R1 O
min. 0.05 Q
max. 65.00 e

1302 X1 Zone 1: Reactance (reach) X1
min. 0.05 Q e

max. 130.00 E—

1303 R1E Zone 1: Resistance (phase-eart R%
min. 0.05 Q
max. 130.00 E—

1304 DIREC. Z1 Zone 1: Direction
FORWARDS [ ]

Forwards
REVERSE [ ] Reverse
NON-DIRECTIONAL [ ] Non-directional
1305 T1 1PHASE Zone 1: Delay for single ase faults T1 1PH
min. 0.00 S

max. 32.00/e  —

1306 Tl >1PHASE Zone 1: Delay for i -phase faults T1
min. 0.00 S
max. 32.00/e —

1311 R2 Zone 2: Res] & (phase-phase) R2
min. 0.05 Q

min. 0.05
max. 130.00 E—

Q
1313 R2E ZO\
in. 0.05

min.
max. 130.00 e

max. 65.00 _—
1312 X2 zOnQe nce (reach) X2

esistance (phase-earth) R2E

1314 DIREC. Z2 /'S Zone 2: Direction
FORWARDS wards
REVERSE everse

[
NONDIRECTIO% Non-directional

1315 T2 1PHASE Zone 2: Delay for single phase faults T2 1PH
min. 0.00 S
max. 32.0 —_—

S

Zone 2: Delay for multi-phase faults T2

1316 T2 >1
i 0. s
. .00  —

1321 Zone 3: Resistance (phase-phase) R3
Q
max. 65.00 _—
1322 X3 ¢ zone 3: Reactance (reach) X3
min. 0.05 Q
ax. 130.00 _
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1323 R3E Zone 3: Resistance (phase-earth) R3E
min. 0.05 Q
max. 130.00 e
1324 DIREC. Z3 Zone 3: Direction 0
FORWARDS [ ] Forwards
REVERSE [ ] Reverse
NON-DIRECTIONAL [ 1] Non-directional P
1325 T3
min. 0.00

max. 32.00/e  —

Zone 3: Delay for all faults T3 %
S \

1400

1401

1402

1403

1404

1405

1406

1411

1412

1413

1414

DIST.PROT. CONTROLLED ZONES E

R1B

min. 0.05

max. 65.00 _—
X1B

min. 0.05

max. 130.00 E—
R1BE

min. 0.05

max. 130.00 E—

DIREC. Z1B
FORWARDS
REVERSE
NON-DIRECTIONAL

— e
[ —

T1B 1PHASE
min. 0.00
max. 32.00/e  —

T1B >1PHAS
min. 0.00

L 4

Zone 1B: Resistance (pha@h ) R1B
Q

Zone 1B: Reactancey ( X1B

Q

Zone 1B: Resit& hase-earth) RI1BE
Q

Zone 1B: D4 tion
Forwards
Reversge

¢ 1

iona

Zon Delay for single phase faults T1B 1PH
s

B: Delay for multi-phase faults TI1B

S
max. 32.00/e AX
R1L one 1lL: Resistance (phase-phase) R1L

min. 0.05 &K
max. 65.00
X1L
min. 0.05
max. MN&-~ -
.05
0

R1
mi
max.

DIREC. Z1L

FORWARDS [ ]

REVERSE [ ]

NON-DIRECTIONAL [ ]
1L

min. 0.00

max. 32.00/e _—

Q

zone 1L: Reactance (reach) XI1L
Q

Zone 1lL: Resistance (phase-earth) RILE
Q

Zone 1L: Direction
Forwards

Reverse
Non-directional

Zone 1L: Delay for all faults T1L
s
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1500 DIST.PROT. FAULT DETEC.PROG
1501 PROG. U/I Program for U/I fault detection

LE:Uphe/LL:Uphph
LE:Uphph/LL:Uphp
LE:Uphe/LL:Uphe
LE:Uphe/LL:I>>

LE:Uphe/LL:Uphph
LE:Uphph/LL:Uphp
LE:Uphe/LL:Uphe
LE:Uphe/LL:I>>

— e

1503 PROG. ZA Program for impedance fault detection ¢
LE:Zphe/LL:Zphph [ ] LE:Zphe/LL:Zphph
LE:Zphe/LL:I>> [ ] LE:Zphe/LL:I>>
1600 DIST.PROT. FAULT DETECTION
1601 Iph>> Overcurrent detection Iph>0
min. 0.25 I/In
max. 4.00 — Q
1602 Ie> Earth fault detectio
min. 0.10 I/In
max. 1.00 _—
1611 Iph> Minimum curre ault detection Iph>
min. 0.10 I/In
max. 1.00 — \
1612 Uphe (I>>) Undervolta e&ck—up at I>> (phase-earth)
min. 20 \
max. 70 e
1613 Uphe (I>) Und age pick-up at I> (phase-earth)
min. 20 \
max. 70 —_— \
1614 Uphph (I>>) d oltage pick-up at I>> (phase-phase)
min. 40
max. 130
L 4 .
1615 Uphph (I>) ervoltage pick-up at I> (phase-phase)
min. 40 \Y
max. 130 \
1621 Minimum current for fault detection Iph>
I/In
1622 Fault detection forward reach X+A
Q
1623 Fault detection reverse reach X-A
Q
1624 Fault det. resistance (ph-ph, phi<PHI A) RAl
min. 0.10 Q
ax. 200.00 —

OO
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1625 RA2 Fault det. resistance (ph-ph, phi>PHI A) RA2
min. 0.10 Q
max. 200.00 —_—

1626 RALE Fault det. resistance (ph-e, phi<PHI AE) R@
min. 0.10 Q
max. 200.00 —_—

1627 RAZE Fault det. resistance (ph-e, phi>PHI AE) RgéE
min. 0.10 Q
max. 200.00 —_—

1628 ANGLE PHIA Fault det. ph-ph angle betw. q~~!~,PHI A
min. 30 ’
max. 80 —

1629 ANG. PHIAE Fault det. ph-e angle betw. 1E/RA2E PHI AE
min. 30 ’
max. 80 —

1700 FAULT IN EARTHED NETWORKS

1701 Ue> Displacement v or earth fault det. Ue>
min. 2 \Y%
max. 100/ - \

1703 PHPHE FLTS Loop selectiompwith Ph-Ph-E faults
PHASE-PHASE ONLY [ ] Phase to p ly
LEADING PH-E [ ] Leadin rth
LAGGING PH-E [ 1 Laggi a arth

1704 3PH FAULTS Lo ction with 3phase faults
E/F CONTROL [ 1 Dep e on E/F det
PHASE-PHASE ONLY [ ] Ph hase only
PHASE-EARTH ONLY [ ] O earth only

1705 1PH FAULTS elect. for single ph. w/o earth flt.det.
PHASE-EARTH J:] e—earth
PHASE-PHASE \ se-phase

1800 FAULT NON-EA E T

1801 TIe 1PHAS Delay time for single phase flt. det. TIe 1PH
min. 0.00 s
max. G~i2- -

1802 Ue>, Displacement voltage for earth fault det. Ue>
mi Y
max. —
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1803 PHASE PREF Phase preference for double earth faults
L3(L1l) ACYCLIC [ ] L3(L1) acyclic
L1(L3) ACYCLIC [ ] L1(L3) acyclic
L2 (L1l) ACYCLIC [ ] L2(L1) acyclic
L1(L2) ACYCLIC [ ] L1(L2) acyclic
L3 (L2) ACYCLIC [ ] L3(L2) acyclic
L2 (L3) ACYCLIC [ ] L2(L3) acyclic
L3(L1l) CYCLIC [ ] L3(L1) cyclic P
L1(L3) CYCLIC [ ] L1(L3) cyclic
2000 POWER SWING
2002 P/S PROGR. Program of power swing (P/S) E@m
BLOCK ALL [ 1 Block all zones
BLOCK Z1 ONLY [ 1] Block Z1 only
BLOCK ALL BUT Z1 [ ] Block all but Z1
OUT-OF-STEP TRIP [ ] Out-of-step trip Q
2003 Delta R Distance between P/S 1t detect. polygon
min. 0.10 Q
max. 50.00 e
2004 dRr/dT Rate of chang vector dR/dT
min. O Q/s
max. 200 _— \
2005 P/S T-ACT. Power swin &ion time P/S T-ACT.

min. 0.01 s
max. 32.00/e  —

2100 TELEPROTEC PERM. UNDERRNZ
2101 PUTT ber sive underreach transfer trip
ON [ ]
OFF [ f
L 4 L .
2102 PUTT MODE Q~,~z missive underreach transfer trip mode
[ 1

Z1B ACCELERATIO B acceleration
FD ACCELERAT]K] FD acceleration
2103 T-SEND-PRL Send signal prolongation for PUTT

min. 0.01 s
max. 32.0 _

\

2104 Receive signal prolongation for PUTT

S

2106 Send signal delay for PUTT

S
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2200 TELEPROTEC PERM. OVERREACH
2201 POTT Permissive overreach transfer trip O
ON [ ] on
OFF [ ] off
2202 POTT MODE Permissive overreach transfer trip mode

2203

2204

2206

2210

2212

2220

2221

2222

2223

Z1B RELEASE

FD DIREC RELEASE
Z1B UNBLOCK

FD UNBLOCK

Z1B BLOCKING
PILOT WIRE COMP.
REVERS INTERLOCK

T-TRANSBLO
min. 0.01

max. 32.00 e

T-WAIT
min. 0.01

Z1B release PN
Direct. comparison

Unblocking with Z1B

Unblocking with FD

Blocking with Z1B \

Comp. via pilot wire

— e e

Reverse interlocking

Transient blocking time aft@lrnal fault

S

Waiting time for trans.b k. (missing recept)
S

max. 32.00/e  —

T-SEND-PRL
min. 0.01

max. 32.00 e

POTT DirFD
FORWARDS
REVERSE
NON-DIRECTIONAL

T-SEND DEL

min. 0.00

max. 32.00 e
ECHO

ON

OFF

T-ECHO-DEL

Send signal prolongat for POTT
S

Effect. dire&&or directional comparison

Forwards

Reverse
Non-direc

— e
[E R —

min. 0.01 \

max. 32.00/

T-ECHO-IMP Duration of echo impulse
min. 0.02 S

max. 32.00

T-ECH L Echo blocking time

min. . S

ma 3200 e

USER LOGIC FUNCTIONS

T—PI%KUP 1
in. 0.00
x. 32.00/«

1st user logic function: Pick-up time
s
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Drop-off time

Pick-up time 0

Drop-off time ¢

ite [fime protection

(DT) I>

Manual close

Auto reclose

IE>

2303 T-DROP 1 1st user logic function:
min. 0.00 s
max. 32.00/e —_—
2305 T-PICKUP 2 2nd user logic function:
min. 0.00 s
max. 32.00/e —_—
2306 T-DROP 2 2nd user logic function:
min. 0.00 s
max. 32.00/e —_—
2600 EMERGENCY OVERCURRENT PROT
2601 EMERG. 0O/C Emergency overcurrent defi
ON [ ] on
OFF [ 1 off Q
2602 I>> Highset phase overcu reshold (DT) I>>
min. 0.50 I/In
max. 9.99 _—
2603 T-I>> Delay time fo >
min. 0.00 ]
max. 32.00/e = — \
2612 I> Phase overc&lt threshold
min. 0.10 I/In
max. 4.00 _—
2613 T-I> Del e for I> TI>
min. 0.00 s
max. 32.00/e ~ —— \
2621 M/CLOSE PH Pha overcurrent stage effect.:
I>> UNDELAYED [ ] delayed
I> UNDELAYED [ > delayed
INEFFECTIVE .[ Ingffective
2623 RAR ZONE P q~\\Phase overcurrent stage effect.:
I>> WITH AR ] I>> only with AR
I>> ALWAYS I>> always
2642 IE> Earth overcurrent threshold (DT)
min. 0.10 O I/In
max. 4 O‘:E:, e
2643 Delay time for IE> TIE>
S
2651 Earth overcurrent stage effect:

IE> UNDELAYED
INE;FECTIVE

Ie> undelayed
Ineffective

Manual close
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2700 THERMAL OVERLOAD PROT.
2701 THERMAL OL State of thermal overload protection O
ALARM ONLY [ 1] Alarm only
ON [ ] on
OFF [ ] off
2702 K-FACTOR K-factor for thermal overload protection P
min. 0.10
max. 4.00 _— ‘:E:,
2703 T-CONSTANT Time constant for thermal overloa retection
min. 1.0 min
max. 999.9 — (b
2704 © WARN Thermal warning stage
min. 50 %
max. 100 _—
2705 I WARN Current warning stage Q
min. 0.10 I/In
max. 4.00 _—
2706 O/L CALCUL Calculation method fo¥ythermal stages
® MAX [ 1] Theta max
® MEAN [ ]
[

® FROM IMAX

f—

Theta mean
Theta from Irm&&
2900 MEAS.VALUE SUPERVISION @

2901 SYM.Uthres Sy hreshold for voltage monitoring
min. 10 \
max. 100 _—
2902 SYM.Fact.U S factor for voltage monitoring
min. 0.58
max. 0.95
L 4 . .
2903 SYM.Ithres etry threshold for current monitoring
min. 0.10 /In
max. 1.00
2904 SYM.Fact.I Symmetry factor for current monitoring
min. 0.10
max. 0.95
2905 SUM.I e@ Summation threshold for current monitoring
min. I/In
ma —
2906 SUM. Factor for current summation monitoring
min .
max. 0.95 E—
29 UMEAE U< Threshold for voltage failure monitor
in. 10 \
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2908 UMEAS I> Minimum current for voltage failure monitor
min. 0.06 I/In
max. 1.00 —_—

2910 FUSE-FAIL Fuse failure monitoring (FFM) 0
ON [ ] on
OFF [ 1 off

2911 FFM 3*Uo> Displacement voltage level for FFM ¢

min. 30 \
max. 100 _—
2912 FFM Ie< Earth current for fuse failure@\ring

min. 0.10 I/In

max. 1.00 E— ;
3000 EARTHFAULT NON-EARTHED NET Q
3001 EARTHFAULT Sensitive earth faulm in non-earthed net

ALARM ONLY [ 1] Alarm only
ON [ ] on
OFF [ 1 off
3002 Ue> Displacement v gevlevel Ue>
min. 10 v

max. 100 — &
3003 Uph< Phase—earm age of faulted phase Uph<

min. 10 v
max. 100 _—

3004 Uph> Phas rth voltage of healthy phases Uph>
min. 10 v
max. 100 _—

3005 Ie> L@c level for directional determination
min. 0.003
max. 1.000

3006 CT ERR. Il q~~~§econd. current I1 for max error angle of C.T.

min. 0.003 S A
max. 1.600

3007 @rror angle of C.T. at Il
3008 iecond. current I2 for max error angle of C.T.
3009 - @rror angle of C.T. at I2

0 - Duration of displacement voltage for E/F det.

S

C53000-G1176-C115 261



7SA510 v3 Appendix

3100 EARTHFAULT DIREC/NON-DIREC

3101 E/F D.T. Earth fault definite time protection O
ON [ ] on
OFF [ 1 off

3103 Ie> Pick-up value for earth current detection
min. 0.10 I/In PN
max. 4.00 _—

3104 Ue> Minimum voltage for directional e@ation
min. 1.0 \
max. 10.0 _—

3106 T-DIRECT. Delay time for directional txni
min. 0.00 s

max. 32.00/e  —

3107 DIRECTION Direction for direction s e
FORWARDS [ 1] Forwards

REVERSE [ ] Reverse
NON-DIRECTIONAL [ 1] Non-directional

3108 T-NON-DIR. Delay time for non- ctional trip
min. 0.00 S
max. 32.00/e —
&

3109 T-BLOCK Blocking tim dist.prot. has dropped off
min. 0.01 s
max. 320.00 —_—

3200 EARTHFAULT DIREC.COMPAR

3201 E/F COMPAR Di nal comparison for E/F def. time prot
ON [ ] o
OFF [ ] o

3202 T-DELAY /'S Delay time for transmission and trip on recept

min. 0.00
max. 32.00/e t
3203 T-TRANSBLO \ Transient blocking time after external fault

min. 0.01 S
max. 32.00

3204 T-WAIT Waiting time for trans.block. (missing recept)
min. 1 s

3210 Echo function for directional comparison
[ ] on
[ 1 off
3211 T—EgﬁO—DEL Echo delay time
min. 0.01 s
ax. 32.00/e _—
-ECHO-IMP Duration of echo impulse
min. 0.02 s

max. 32.00 _—

262 C53000-G1176-C115



7SA510 v3 Appendix
3213 T-ECHO-BLO Echo blocking time
min. 0.01 s
max. 32.00 e ;
3300 EARTHFAULT NON-DIRECTIONAL
3301 E/F I.T. Non directional inverse time E/F protectigh
ON [ ] on
OFF [ ] off
3302 E/F CHARAC Trip time characteristic ‘--.
NORMAL INVERSE [ ] Normal inverse
VERY INVERSE [ ] Very inverse
EXTREMELY INVERS [ ] Extremely inverse
3303 Ie> Pick-up value for earth r detection
min. 0.10 I/In
max. 4.00 _—
3304 T-Ie> Delay time multipdie
min. 0.00 s
max. 32.00/ _
3305 T-BLOCK Blocking tim r dist.prot. has dropped off
min. 0.01 s
max. 320.00 e
3400 AUTORECLOSE FUNCTION
3401 AR FUNCT Auto lose function
ON [ 1 on
OFF [ 1 of
3402 AR BLO REV A eclose block with reverse faults
YES [ e
NO .[ no
3403 MC BLOCK uto-reclose block with manual close
YES ] yes
NO no
3405 T-RECLAIM Reclaim time after successful AR
min. 0.50 s
max. 320@ —
3406 T-L Lock-out time after unsuccessful AR
mi s
3407 T-BLO Blocking duration with manual close
min. 0.50 s
maxe 320.00 _
4 CB? 1.TRIP CB ready interrogation at 1st trip command
ES [ 1 yes
NO [ 1 no
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3413 CB? CLOSE CB ready interrogation before reclosing
CB? NEVER [ 1 CB? never
CB? WITH EACH AR [ ] CB? with each AR
CB? WITH 2nd AR [ ] CB? with 2nd AR < ,
3415 T-CB-SUPV Circuit breaker supervision time
min. 0.01 S
max. 320.00 e S
3419 SYN-REQUST AR request for synchro-check
BEFORE 3POLE AR [ ] Before 3pole AR
ONLY BEFORE DAR [ ] Only before DAR
BEFORE 2nd DAR [ 1] Before second DAR
NEVER [ ] Never (b
3424 RAR T-ACT. Rapid auto-reclose action tim
min. 0.01 s
max. 320.00/e —
3425 RAR T-3POL RAR 3pole dead time
min. 0.01 s
max. 320.00 e
3442 DAR PROG. Delayed auto-reclos ogram
NO DAR [ ] No DAR
DAR WITHOUT RAR [ 1] DAR without R
DAR AFTER RAR [ 1] DAR only after R
3444 DAR No.3PH Number of DA&)ts after 3 pole initiation

min. 0.01
max. 320.00/e _

min. O
max. 9 E—
3445 DAR T-ACT. DelaQtoreclose action time
s
3446 DAR T3POL1 D \e dead time for 1st shot
min. 0.01 s
max. 1800.00
L 4 ,
3447 DAR T3POL2 3pole dead time for 2nd shot

min. 0.01

min. 0.01 s
max. 1800.

max. 1800.00 \&
3448 DAR T3POL3 c DAR 3pole dead time for 3rd and further shots

3800 FA C ON
3802 STAR Start condition for fault locator
DROP-0O or TRIP [ ] Drop-off or trip
TRIP COMMAND [ ] Trip command
L 4
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Tests and Commissioning Aids 7SA510

4000 TESTS

QO

4200 DIRECTION/ IMPEDANCES
4201 DIREC. TEST Direction test L1-E

4202 IMPEDANCES Impedance test L1-E

.
4203 DIREC. TEST Direction test L2-E @
4204 IMPEDANCES test L2-E 0
2

Impedance

4205 DIREC. TEST Direction test L3-E
4206 IMPEDANCES Impedance test L3-E
4207 DIREC. TEST Direction test L1
4208 IMPEDANCES Impedance test L1-
4209 DIREC. TEST Direction te -
4210 IMPEDANCES Impedance téﬂ 3
4211 DIREC. TEST Direction t“B3-L1
4212 IMPEDANCES Impe L3-1L1

4300 CB TEST TRIP-CLOSE CYS®

t breaker test with AR 3pole

4304 CB TEST

4400 CB TEST LIVE TRK
4404 CB TRIP \ Circuit breaker trip test 3pole

4900 TEST FAU ORDING

4901 FP%\ Initiation of fault recording

L 4
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Annunciations, Measured Values etc. 7SA510 Q
5000 ANNUNCIATIONS < ,
5100 OPERATIONAL ANNUNCIATIONS P
5200 LAST FAULT \:b
5300 2nd TO LAST FAULT E
5400 3rd TO LAST FAULT
5500 ISOLATED EARTH FLT DATA
5600 CB OPERAT. STATISTICS &
5602 AR 3pole= No. of aut close commands:3p RAR
5603 DAR 3pol= No. of au ose commands:3p DAR
5604 Trip No = Numbe t commands issued
5607 »IL1l/In= Su urrent tripped IL1/In
5608 »IL2/In= Su current tripped IL2/In
5609 »IL3/In= Su urrent tripped IL3/In
5700 OPERATIONAL MEASURED@%
L 4
5701 IL1 = rent in phase ILl1 =
5702 IL2 = urrent in phase IL2 =
5703 IL3 = urrent in phase IL3 =
5704 ULlE= Voltage ULIE =
5705 ULZE= Voltage UL2E =
5706 UL3E= Voltage UL3E =
5707 UL1l2= Voltage ULl2 =
5708 UL23= Voltage UL23 =
5709 UL31= Voltage UL31 =

Active power

N

Current in
Current in
UL1E [
UL2E [
UL3E [
ULl2 [
UL23 [
UL31 [%] =

Active power

Reactive power Pr

Pa =

Reactive power Pr =
Frequency f [%] =

= Current in phase IL1 |
phase IL2 [
phase IL3 [

o0 o° o

i
([

Pa [%]
[

3] =
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5800 ISOL. E/F MEASURED VALUES O
5801 Tea = Iea =
5802 TIer = Ier =
5803 Iea[mA]= Iea [mA] =
5804 Ier[mA]= Ier [mA] =
4
5900 OVERLOAD MEASURED VALUES %
5901 ®/0tripLl= Temperature rise for phase L1 .--.
5902 ®/0triplL2= Temperature rise for phase L2
5903 @/@tripL3= Temperature rise for phase
5904 ©/0trip = Temperat. rise for warning andytrip
‘QQJEL ’
L 4
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Reference Table for Configuration Parameters 7SA510 O

6000 MARSHALLING < ’

6100 MARSHALLING BINARY INPUTS

6101 BINARY INPUT 1 Binary input 1

\@.
SZT

6102 BINARY INPUT 2 Binary input 2 Q

6103 BINARY INPUT 3 Binary input

6104 BINARY INPUT 4 Bl;%r put 4
O

6200 MARSHALLING SI LAYS

6201 SIGNAL RELAY() Signal relay 1

6202 SIGNAL'RELAY 2 Signal relay 2

L Z
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6203

6204

6205

SIGNAL RELAY 3 Signal relay 3 O

SIGNAL RELAY 4 Signal relay 4

SIGNAL RELAY 5 Signal relay 5

6300

6301

6302

6303

6304

MARSHALLING LED INDICATORS \§

LED 1 LED 1 K
D

LED 2

L 4
LED 3 LED 3
LED LED 4
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6305 LED 5 LED 5 O

6306 LED 6 LED 6

6400 MARSHALLING TRIP RELAYS

6401 TRIP RELAY 1 Trip relay 1 @
6402 TRIP RELAY 2 Trip relay 2&

\g%

7000 OP. SYSTEM CONFIGUR @

L 4

7100 INTEGRATED OPKN
7102 DATE FORMAT Date format

DD.MM.YYYY [ dd.mm.yyyy

MM/DD/YYYY [ ] mm/dd/yyyy
7105 @ Operational message for 1lst display line
7106 L Operational message for 2nd display line
71 FAUﬂ% st L Fault message for 1lst display line
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7108 FAULT 2nd L Fault message for 2nd display line O
7110 FAULT INDIC Fault indication: LED and LCD 0
WITH FAULT DETEC [ ] With fault detection
WITH TRIP COMM. [ ] With trip command
4
7200 PC/SYSTEM INTERFACES %
7201 DEVICE ADD. Device address \
min. 1
max. 254 —_—
7202 FEEDER ADD. Feeder address 0
min. 1
max. 254 — Q
7203 SUBST. ADD. Substation address
min. 1
max. 254 —_—
7208 FUNCT. TYPE Function type rdance with VDEW/ZVEI
min. 1
max. 254 —_— \
7211 PC INTERF. Data format &Pc—interface
DIGSI V3 [ 1] DIGSI V3
ASCII [ ] ASCII
7214 PC GAPS Tra ion gaps for PC-interface
min. 0.0 S
max. 5.0 _—
7215 PC BAUDRATE
9600 BAUD
19200 BAUD
1200 BAUD
2400 BAUD
4800 BAUD K
7216 PC PARITY \ Parity and stop-bits for PC-interface
DIGSI V3 ] DIGSI V3
NO 2 STOP [ ] No parity,2 stopbits
NO 1 STOP [ ] No parity,l stopbit
7221 SYS I 4 Data format for system-interface
o LE [ ] VDEW compatible
T ED [ 1 VDEW extended
[ ] DIGSI V3
7222 Measurement format for system-interface
[ ] VDEW compatible
VDEﬂ EXTENDED [ ] VDEW extended
7 SYS GAPS Transmission gaps for system-interface
in. 0.0 s
max. 5.0 E—
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7225 SYS BAUDR. Transmission baud rate for system-interface
9600 BAUD [ 1 9600 Baud
19200 BAUD [ ] 19200 Baud
1200 BAUD [ 1 1200 Baud
2400 BAUD [ 1 2400 Baud
4800 BAUD [ 1 4800 Baud
7226 SYS PARITY Parity and stop-bits for system-interface P
VDEW/DIGSIV3/LSA [ ] VDEW/DIGSI V3/LSA
NO 2 STOP [ ] No parity,2 stopbits
NO 1 STOP [ ] No parity,1 stopbit
7227 SYS-SWITCH Online-switch VDEW-DIGSI enable‘--§
NO [ ] no
YES [ 1 yes
7235 SYS PARAMET Parameterizing via system-ifterfdace
NO [ ] no
YES [ 1 yes
7400 FAULT RECORDINGS
7402 INITIATION Initiation of rage

7403

7410

7411

7412

7431

7432

SCOPE
FAULT EVENT

STORAGE BY FD. [ ] Storage by faul
STORAGE BY TRIP [ ] Storage by tr
START WITH TRIP [ ] Start with t

a

Scope of s at
[ ] Fault eve

FAULT IN POW.SYS [ ] Fault o syst.
T-MAX Maxim ime period of a fault recording
min. 0.30 S

max. 5.00
T-PRE

min. 0.05
max. 0.50
T-POST

min. 0.05
max. 0.50
T-BINARY IN

min. 0.10
max. 5.00

T-KE N
mi 0410
ma .00

P gger time for fault recording

~~\g,ost—fault time for fault recording
I,‘:EE S

< ) Storage time by initiation via binary input
s

Storage time by initiation via keyboard
s

7800

SCOB@ OF FUNCTIONS

DIST. PROT.
IST
ON-EXIST

Distance protection
[ ] Existent
[ ] Non—-existent

272
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7813

7820

7821

7823

7826

7827

7830

7831

7834

7838

7885

7899

DIST.F.DET.
OVERCURRENT
IMPEDANCE ZONE
U/I FAULT DET.

POWER SWING
NON-EXIST
EXIST

TELEPROTEC.
NON-EXIST
UNDERREACH
OVERREACH

USER LOGIC
NON-EXIST
EXIST

EMERG. 0O/C
EXIST
NON-EXIST

THERMAL OL
NON-EXIST
EXIST

ISOL. E/F
NON-EXIST
EXIST

EARTH FAULT
NON-EXIST
DIR/NON-DIR
DIREC.COMPARISON
INVERSE TIME

INTERNAL AR
NON-EXIST
EXIST

FAULT LOCAT
EXIST

FREQU&@

N
fNL6O #z

[
[
[
[

[
[

] Overcurrent FD.

] Impedance zone FD.

] U/I fault detection 0
Power swing detection

] Non-existent

] Existent P

Distance protection: Fault detection programo

Teleprotection for distance protec
] Non-existent
] Underreach

] Overreach \
User definable logic functioas
] b

Non-existent
] Existent

Emergency overcurrent time otection
] Existent
] Non-existent

Thermal overload t on
] Non-existent
] Existent
Earth fault (& n for isol./comp. networks

] Non-existen

] Existent
Earth fa tection for earthed networks
] Non- e
] Dir al/non-dir.
] Dixe omparison
] In S ime

auto-reclose function

NON-EXIST % Non-existent
PARAM. C/O
NON-EXIST

EXIST

Parameter change-over
] Non-existent
] Existent

Rated system frequency
] £N 50 Hz
] £N 60 Hz

7900

7940

DEVICE CONFIGURATION

CB ’EST BI
THREE-POLE TRIP
RIP-CLOSE 3POLE

[
[

CB test via binary input program
] Three-pole trip
] Trip-close 3pole
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7912

7921

7926

7930

7931

7941

AR w/ DIST.
YES
NO
AR w/o TELE

YES
NO

AR w/ EMERG
YES
NO

AR w/ IS.EF
YES
NO

AR w/ E/F
YES
NO

AR w/ EXT.
YES
NO

Auto-reclose
yes
no

Auto-reclose
yes
no

Auto-reclose
yes
no

Auto-reclose
yes
no

Auto-reclose
yes
no

Auto-reclose
yes
no

with distance protection

is not oper@

emergency overcurrent prgE.

E/F det. in r@\mp. net

when teleprotect.
with
with

with E/F prot . earthed net

ext Qvia binary input

with
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Operational Device Control Facilities

7SA510

8000 DEVICE CONTROL

QO

-
>

nunciation buffer

al of interrupted currents

8100 SETTING REAL TIME CLOCK

8101 DATE / TIME Actual date and time

8102 DATE Setting new date

8103 TIME Setting new time

8104 DIFF. TIME Setting difference time

8200 RESET

8201 RESET Reset of LED memo

8202 RESET Reset of operation

8203 RESET Reset of fau unciation buffer
8204 RESET Reset of CB {f&ion counters
8205 RESET Reset of t

8206 RESET Rese e

fault report buffer

SYS-VDEW ANNUNC.—MEAS.V’--.

SET BY BIN.INPUT

Set via binary input

8300
8301 SYS TEST g via system-interface
OFF [ f
ON ’[ on
8302 SYS BLOCK .-~Blocking of monitoring direction via sys.-int.
OFF ] off
ON on
8500 PARAMETE GE-OVER
8501 ACT Actual active parameter set
8503 A TI Activation of parameter set
SET [ 1 Set a
SET B [ 1] Set b
SET C [ 1 Set ¢
SEI.D [ 1 Set d
[ ]
]

SET BY LSA CONTR [
0 COPY

511 COPY

Set by lsa control
Copy original parameter

Copy original parameter

set to set A

set to set B

C53000-G1176-C115
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8512

8513

8514

8515

8516

8517

8518

8519

8520

8521

8522

8523

8524

8525

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

COPY

Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy
Copy

Copy

original parameter
original parameter
parameter set A to
parameter set A to
parameter set A to
parameter set B to
parameter set B to
parameter set B to
parameter set C to
parameter set C to

parameter set C
e
t

set to set C

C)O

L 4

set to set D

set A

set C

N

set

N

&
D

parameter s % A
parameter to set B
parametez& to set C

O
N

O
Q>®

L

05
R
>

&
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Corrections/Suggestions

To

SIEMENS AKTIENGESELLSCHAFT
Dept. EV S SUP 2

D-13623 BERLIN

Germany

Dear reader,

printing errors can never be entirely eliminated:
therefore, should you come across any when
reading this manual, kindly enter them in this
form together with any comments or sug-
gestions for improvement that you may have.

From

Narme 00

o
\}Q}

Company/Dept.

Address

Telephone no.

Corrections/Suggestions

&N
>
N

R
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Substantial alterations against previous issue:

Complete revision with regard to firmware version V3.2

L 4
Copying of this document and giving it to others and the use
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