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Conformity

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

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

The device is designed and manufactured for application 'z&trial environment.

The device is designed in accordance with the inter ards of IEC 60255 and the German standards

DIN 57 435 part 303 (corresponding to VDE 0435
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Introduction

1 Introduction

1.1 Application

Numerical distance protection relay SIPROTEC
7SA511 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.

It contains all the vital functions for the protection of a
line feeder circuit and is thus universally applicable.
It can also be used as atime-graded back-up protec-
tion for differential protection systems of all kinds for
lines, transformers, generators, motors and bus-
bars.

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 of com-
pensated networks), highly sensitive earth fault pro-
tection (for high-resistance earth fault in easthed net-
works), automatic reclosure (for overheadulines),
synchronism and voltage check, fault jocation™(for
speedy location of the damaged area).'External ac-
cessories are therefore normally nof required.

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

Continuous monitoringsef thesmeasured values per-
mits rapid annunciation/of@ny fault in the measuring
transformer circuits. ‘Gontinuous plausibility moni-
toring of the ifiterpnal'measured value processing cir-
cuits and monitoring,of the auxiliary voltages to en-
sure that theyiremain within tolerance are obviously
inherent featurest

Serial interfages allow comprehensive communica-
tion with other digital control and storage devices.
Fandata transmission a standardized protocol in ac-
cordance with VDEW/ZVEI and IEC 60870—-5—-103
is used, as well as according DIN 19244 (select-
able). 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—micro-
processor;

— complete digital measuredval@ié,processing and
control from data acquisition and digitizing of the
measured values up teithe trip and close decision
for the circuit breaker;

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

— complete scope of functions required for the pro-
tection 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;

— comprehensive 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, optionally
with 2 kV insulation or for connection of optical
fibre;

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

C53000-G1176—-C98
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1.3 Implemented functions

7SA511 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 and two 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;

— phase segregated trip (for use with single-pole
auto-reclosure).

Power swing supplement (optional with imped-
ance fault detection)

— power swing detection by dR/dt measurement;

— avoids unwanted trip occurrences @urihg power
swings in the system;

— for use of power swing blogking,or out-of-step
tripping.

Universal teleprotection interface
programmable jfor different schemes of
— permissive underreach'transfer tripping (PUTT);

— permissive overreach transfer tripping (POTT) in
release qr block ‘mode.

Dead-fault'protection

— provides high speed operation at either line end
wheén: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 transformer
m.c.b. trips or

— for “emergency operation” in“eas€”of voltage
transformer secondary fuseffailure.

Thermal overload protection

— provides thermal g@plica®of the current heat
losses;

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

— adjustableawarning stages.
Earthsfault 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-pole, three-pole or single and three-pole;

— single- or multi-shot (e.g. RAR and DAR, three-
pole DAR from second shot on);

— with separately allocated action times and dead
times for single-pole, three-pole RAR (rapid AR for
first shot) and three-pole DAR (delayed AR for fur-
ther shots).

Synchronism and voltage check (optional)

— synchro-check before auto-reclosure after three-
pole trip;

— high-speed measurement of voltage difference
AU, phase angle difference Ag and frequency dif-
ference Af;

— settable alternatively for dead-line check and/or
dead-bus check;

— asynchronous switching possible with pre-deter-
mination of the instant of synchronism;

— settable minimum voltage;
— synchro-check, dead-line check or dead-bus
check also possible before manual clese of.the

circuit breaker;

— measured voltages can be connected)either
phase-to-phase or phase-to-earth.

Distance-to-fault location

— can be started by fault detectiomer trip command
or by external commapd®

— calculation of the fault,distance;

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

— optionally with parallel line mutual compensation.
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-monitoringyight from the DC cir-
cuits, through the curfentandvoltage transformer
inputs to the tripping'relays, thus achieving maxi-
mum availability and,a‘more corrective than pre-
ventive maintenance strategy;

— measurement and test routines under normal
load conditions;
measufemenhof load currents and operating volt-
agesy
measurement of power and frequency,
outputiof measured impedances, directional and
phase sequence check;

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

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

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

— counting of tripping and closing commands as
well as recording of fault data and accumulative
addition of the interrupted fault currents;

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

C53000-G1176—-C98
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Design

2

2.

All

Design

1 Arrangements

protection functions including dc/dc converter

are accommodated on two plug-in modules of
Double Europa Format. These modules are installed
in a housing 7XP20. Two different types of housings

ca

n be delivered:

7SA511x-—-xBxxx- in housing 7XP2040—-1 for
panel surface mounting

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

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 each module, a con-
tact area which is electrically connected to the
housing 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
housing. Additionally, terminal 26 is connected to
the case.

All external signals are connected to 100 screwed
terminals which are arranged over cut-outs onthe
top and bottom covers. The terminals are{hum-
bered consecutively from left to right alsthe bet*
tom and top.

The heavy duty current plug connectors‘provide
automatic shorting of the c.t. GircuitsSywhenever
the modules are withdrawn. Thisdoesinot release
from the care to be taken when c.t.\secondary cir-
cuits are concerned.

For the isolated interface toa‘Central control and
storage unit, anfadditional coupling facility has
been provided{Eorthe hard-wired V.24 (RS232C)
serial interface “(ZSA511x—xkxxx—%B), four
screwed terminals are provided. For the interface
for optical fibre connection (model 7SA511x—
*okkAx—*C), two'F—SMA connectors have been
provided.

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

— 7SA511x—-xCxxx— in housing 7XP2040-2 for

panel flush mounting or 7SA511%—*Exxx- for
cubicle installation

The housing has full sheet-metal.coversas 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 teythe guide rail at the bot-
tom on the left-hand side of each module, a con-
tact area which istelectrically connected to the
housing is ingtalled 16 mate with the earthing
spring of the module."Connection to earth is made
before theyplugsimake contact. Earthing screws
havesoeen provided on the rear wall of the hous-

ing.

Allfexterpal signals are connected to connector
modules which are mounted on the rear cover
over cut-outs. For each electrical connection, one
screwed terminal and one parallel snap-in termi-
nal are provided. For field wiring, the use of the
screwed terminals is recommended; snap-in con-
nection requires special tools.

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

Theisolated interface to a central control and stor-
age unit (7SA511x—xkkak—%B) is led to a 4-pole
connection module. In the interface for optical
fibre connection (7SA511x—*xxxx—%C), a mod-
ule with 2 F—SMA connectors is provided instead.

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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O+ NG+ O age connector Heavy current connector
/ e.g. 1A2
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horizontal position 1 | AN
vertical position N
consecutive connection number ! 0|2
o
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Figure 2.1 Connection plugs (rear view) — housing for flush mounting — example
L 4
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2.2 Dimensions

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

O

7SA511 Housing for panel surface mounting 7XP2040—1

234 | 260

7.5 27 9.5
29
51| ofoo|o]o] R (-1 -\Q

000
40
.y
FEF &
266

00
|

& Tolellele

Interface for optical

26 Jele]olelo T T T T T T T fibre below

Reset and pag-
ing buttons

219

Earthing terminal 26 O
Max. 100 termi@

71

"

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

* e.g for glass fibre 62.5/125 ;,um

oss-section max. 7 mm?2

Dimensi in mm

igure’2.2 Dimensions for housing 7XP2040—1 for panel surface mounting
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7SA511 Housing for panel flush mounting or cubicle installation 7XP2040-2

29.5 172 30 225
220
| __— Mounting plate
—— — —2TT
—— ]
+ + 8
l l 7
1.
| | 6
+ + 5
< r —_
<t
b ™ of © B A
o g . —
4
3
2
1
T — 17
Reset and paging
buttons Connector modules
221 +2
N
D) SRR Y
Heavy current connectors:
Screwed terminal for max. 4 mm?2.
Twin spring crimp connector in parallel for
2 5 or M4 max. 2.5 mm?2,

Further connectors:

Screwed terminal for max. 1.5 mm2.

Twin spring crimp connector in parallel for
max. 1.5 mm?2.

0 oB' Optical fibre connectors:
1 integrated F—SMA connector,
o\ - )
Ranel cut-out ﬁ with ceramic post,
\ e.g for glass fibre 62.5/125 jum
\ .
~
\ 0
AN SO Drmensions
Imensions In mm
13.2 180 £05
73 | L " 2065203
1

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

Numerical distance protection 7. 8. o

10.

11.

12.

13. 14. 15. 16.

relay 7SA511 -

A A
Rated current; rated frequency T
1A;50/B60HzZ ... 1
5A;50/60Hz ......... .. .. 5

Auxiliary voltage
24/48 N AC ... 2
60/110/125V dC ... ..o 4
220/250V dC ... 5

Construction

in housing 7XP2040 for panel surface mounting ........ . B
in housing 7XP2040 for panel flush mounting ............... % &

in housing 7XP2040 for cubicle installation
(without glassfront) . ......... .. i E

Operating language
German ...
English ... e e e

French ........ . e

Fault detection systems

Overcurrent fault detectors ....... .« % . 0 S

Overcurrent and voltage controlled underimpedance (U/l)

and polygonal impedance fault'detectors ............ ... ... ... . ...

Overcurrent and underimpedance (U/l) fault detectors ......................

Measured current input{for'earth current

Input for Ig (residu@l current of protected line) .......... ... . o i 0

Input for highly sensitive £arth fault detection in non-earthed systems

Input for Igp (parallel line compensation for fault location) ........................... 2

Serial interface for coupling to a control centre

withoutgserial interface . ... ... ... A
withgisolated serial interface (similar V.24 orRS232C) ..........cco it B

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

(next page)

16
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Numerical distance protection 7. 8. 9. 10. 11. 12. 13. 14. 1

relay 7SA511 - -

Supplements 1

AR = Auto-Reclosure 4
PCO = Parameter Change-Over facility

SC = Synchronism and voltage Check %

without AR, without SC, withoutPCO ............... ... ... .......... \ ......... A
with AR 3pole,  with SC, withoutPCO ............................ @ .......... B
with AR 1/3pole, with SC, withoutPCO .......... ... ...t 0 .............. C

without AR, WithSC, WithPCO .................... ... Q .................. E
with AR 3pole, WithSC, WithPCO ................oo ... (b ...................... F

with AR 1/3pole, with SC, with PCO

Supplements 2

PS = Power Swing option 1)

EF = High-resistance Earth Fault protection for m&ystems 2)

without PS, withoutEF ..................

with PS,  withoutEF ..............

without PS, withEF ................. ..
withPS, withEF .............. @

3
+ O
1) only with polygonal imped cmt detectors (12th figure of ordering code = 2)
2) only with earth current K Ig or Igp (13th figure of ordering code = 0 or 2)
L 4
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3 Technical data

3.1 General data

3.1.1 Inputs/outputs

Measuring circuits

Rated current Iy 1Aor5A

Rated voltage Uy 80 V to 125 V (settable)
Rated frequency fy 50 Hz or 60 Hz (settable)
Burden: ct circuits per phase and residual path

—atly=1A approx 0.05 YA
—atly=5A approx 0.2 VA

— for highly sensitive earth fault detection at 1 A approx 0:05VA

Burden: vt circuits

—at100V <0.5 VA

— for earth fault detection or busbar voltage at 100 V < 0.5VA

Overload capability ct circuits, phases and earth

— thermal (rms) 100 xIyfor 1 second
30 XxIyfor 10 seconds
4  xlycontinuous

— dynamic (impulse) 250 x Iy (half cycle)

Overload capability ct circuit for highly sensitive £arth fault detection

— thermal (rms) 300 Afor 1 second
100 Afor 10 seconds
15 A continuous

Overload capability vt circuits
— thermal (rms) 170 V continuous

Auxiliary DC supply

Auxiliary dc voltage supply Via integrated dc/dc converter

Auxiliary voltage Uy | 24/48 V dc | 60/110/125 V dc | 220/250 V dc
Operating ranges | 19to 56V dc | 48t0 144V dc |1 7610 288 V dc
Superimposed ac veltage, <12 % at rated voltage
peak-to-peak <6 % atthe limits of the voltage ranges
Powersconsumption quiescent approx 12 W

picked up approx 20 W

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

18 C53000-G1176—-C98
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Heavy duty (trip) contacts

Trip relays, number
Contacts per relay
Switching capacity MAKE
BREAK
Switching voltage

Permissible current

5

2 NO

1000 W/VA

30 W/VA

250 V

5 A continuous

30 Afor0.5s

Signal contacts

Signal relays 11

Contacts per relay 1 COor1NO
Switching capacityMAKE/BREAK 20 W/VA
Switching voltage 250 V
Permissible current 1 A
Binary inputs, number 10

Voltage range

for rated control voltage

pick-up value, approx.

Max. control voltage
Current consumption

reconnectable,24tg 250 V dc, up to production series /GG
in 2, from produetion*Series /HH or later in 4 ranges:

24/48\(déw}|,. 60 Vdc | 110/125Vdc | 220/250 Vdc
16 Vdc 44 \/dc 80 Vdc 160 Vdc
288:\/dcC

approxyl. 7 mA independent of operating voltage

Serial interfaces

Operator terminal interface
— Connection

— Transmission speed

Interface for data transfer to a gonttel centre
— Standards
— Transmission speed
— Transmission security
— Connectioft, directly
Transmissiomdistance
Test voltage

— Cennection optical fibre

Optical wave length
Permissible line attenuation
Transmission distance
Normal signal position

non-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

similar V.24/V.28 to CCITT; RS 232 C to EIA;

Protocol according to IEC 60870—-5—-103 or DIN 19244
as delivered 9600 Baud;

min. 1200 Baud; max. 19200 Baud

Hamming distance d = 4

at housing terminals;

2 core pairs, with individual and common screening;
e.g. LI YCY-CY/2 x 2 x 0.25 mm?

max. 1000 m

2 kV with rated frequency

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”

C53000-G1176—-C98
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3.1.2 Electrical tests

Insulation tests

Standards:

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

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

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

IEC 60255-5

2 kV (rms); 50 Hz

2.8 kV dc

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

EMC tests; immunity (type tests)
Standards:

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

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

— Radio-frequency electromagnetic field,

IEC 60255-6, IEC 60255 —22%product standards)
EN 50082-2 (generieystandard)
VDE 0435 /part 308

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

4 kV/6 k¥ eentact discharge; 8 kV air discharge;
both pelarities; 150 pF; R; = 330 Q

10 V/m;27 MHz to 500 MHz

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

— Radio-frequency electromagnetic field,

amplitude modulated; IEC 61000—4—3, classulll

— Radio-frequency electromagnetic field, puise

modulated; IEC 61000—4—-3/ENV 50204, class 111

— Fast transients

IEC 60255—-22—-4 and |IEC 61000—%=-4, class III

— Conducted disturbancesfinduced by
radio-frequency fields, amplitude modulated
IEC 61000—4—6 4clasSNI

— Power frequencyymagnetic field
IEC 61000—4-8, class TV
IEC 60255—-6

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

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

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

EMC tests; emission (type tests)

Standards

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

=yInterference field strength
CISPR 11, EN 55011, class A

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

30 MHz to 1000 MHz

20
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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 |[EC 60068-2

sinusoidal

10 Hzto 60 Hz: 4+ 0.035 mm amplitude;
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'fl ms, 3 shocks in
each direction of 3 orthegonal axes

sinusoidal

1 Hz to 8 Hz +73.5 mm amplitude (hor. axis)
1 Hz to@,Hz: =+ 1.5 mm amplitude (vert. axis)
8 Hz to 35 Hz: 1 g acceleration (hor. axis)

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

sweep,ratésd octave/min
1 gycle i3 orthogonal 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 4class™
IEC 60068—-2—-29

[EC-60255—-21
and |[EC 60068-2

sinusoidal

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

—gecommended temperature during service

-5°C to+55°C (> 55 °C decreased

Spetmissible temperature during service —20 °C to +70 °C  display contrast)
permissible temperature during storage -25°C to+55°C
permissible temperature during transport -25°C to+70°C

Storage and transport with standard works packaging!
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— Permissible humidity

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

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

3.1.5 Service conditions

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

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

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

normally necessary for subsstations of lower volt-
ages.

— Itis not permissible\to withdraw or insert individu-
almodules underyvoltage. In the withdrawn condi-
tion, some camponents are electrostatically en-
dangered;\during¢handling the standards for
electrostaticallyyendangered components must
be obsered) The modules are not endangered
whenypltigged in.

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

3.1.6 Design
Housing 7XP20; refer to Section 2.1
Dimensions refer Section 2.2

Weight from production seriesyHH"or later
(up to /GG in parenthesis)

— in housing for surfacetmounting

— in housing for flédsh mounting

Degree of protection‘accfto EN 60529
— Housing
— Terminals

approx. 10 kg (11.5kQ)
approx. 8kg (9.5kQ)

IP 51 %)
IP 21

") 1IP30 for cubigle installation; the degree of protection required for the point of installation must be ensured by the cubicle.

22
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3.2 Distance protection

Earth impedance matching
Re/RL
Xe/XL

Mutual impedance matching

Rm/RL
Xm/XL

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

for fault location with parallel line
compensation (optional)

—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

Displacement voltage pick-up Ug> (= /3 Up)
in isolated or arc compensated systems

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

L3 (L1) or L1_(L3)aeyclic or
L2 (L1) or K1 (k2) acyclic or
L3 (L2) or'lk2 (L3) acyclic or
L3 (L1)enL1k3) cyclic

10 V,to 100V (steps 1V)

Fault detection

Overcurrent fault detection, general fault detection parametets

Phase currents lpn>>/Iy
Earth current 1>/l

Displacement voltage pick-up Us> (= +/3" Ug)

Drop-off ratios

Measuring tolerances according VDE 0435 gpart 803

0:25 to 4.00 (steps 0.01)
0.10to 1.00 (steps 0.01)
2Vto100V (steps 1V); oo
approx. 0.95

* 5%

Voltage controlled current fault detection (under-impedance fault detection) (optional)

Characteristic

Voltage control

Setting ranges:

— minimum current pick-up lpn>

— Undervoltage pick-up Ugh—e S
, Uph—pn=

Drop-off ratios:

Y

— Uph-e<, Uph-ph<

Measuring tof)

Impedance fault detection (fix-impedance) (optional)

Characteristic
Setting valuegr(based on'ly = 1A*):

X+A = forwards reach (for all faults)

X—A = reverse reach (for all faults)

RAs = resistancetolerance (phase-phase, @psc > @a)
RA¢ = resistance tolerance (phase-phase, @psc < @a)
@a = limit angle between RA; and RA,

RAsg = resistance tolerance (phase-earth, psc > @ag)
RA4g) = resistance tolerance (phase-earth, psc < Qag)
PAEw. = limit angle between RA{g and RAog

loh =, = minimum operating phase current

Drop-off ratios:

=%or R, X

— for lph>

erances according VDE 0435 part 303

two-stage with settable inclination
by Uph—e Or Uph_ph (selectable)

0.10t0 1.00 - Iy  (steps 0.01 - Iy)
20Vto70V (steps 1V)
40Vto 130V (steps 1V)

approx. 0.95
approx. 1.05
* 5%

polygonal, phase angle dependent R—section

0.10 Q10 200.00 Q (steps 0.01 Q)
0.10 Q10 200.00 Q (steps 0.01 Q)
0.10 210 200.00 Q (steps 0.01 Q)
0.10 2to0 100.00 Q (steps 0.01 Q)
30.0° to 80.0° (steps 0.1°)
0.10 Q10 200.00 Q  (steps 0.01 Q)
0.10 210 200.00 Q (steps 0.01 Q)
30.0° to 80.0° (steps 0.1°)
0.10 t0 4.00 - Iy (steps 0.01 - Iy)

approx. 1.06
approx. 0.95 (for | > Iy)

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

C53000-G1176—-C98
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Measuring tolerances according VDE0435 part 303
with sinusoidal quantities

\AYX\ < 5%for 30° < ¢ < 90°
%
R

IA

5% for 0° < s < 60°

Distance measurement
Characteristic

Setting values (based on Iy = 1A%)

X = forwards reach (for all faults)
R = resistance tolerance (phase-phase)
Reg = resistance tolerance (phase-earth)

Measuring tolerances according VDE0435 part 303
with sinusoidal quantities

polygonal, 3 independent + 2 controlled stages

0.05 €2 to 130.00 Q (steps @:01'Q)
0.05 Q2 t0 65.00 Q (steps 0.01%2)
0.05 €2 to 130.00 Q (stepss0.04, €2)

\AYX\ < 5%for 30° < (<90

\%R\ < 5%for 0° < la=/60°

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

Directional determination
For all types of faults

Sensitivity

with,quadrature voltages and
voltage 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 rgverse direction or non-directional. The set times are pure delay times.

Overcurrent emergency protection

with measured voltage failure, eig. T secondary mcb trip or detected fuse failure

High-set phase overcarrenti> >/ly
Definite time delay Jy~ »

Phase overcurrentigh >/l
Definite time delay Tpn¥

Earth overcurrent lg>/In

Definite time delay Tie-

Drop-off ratios
— forh= N
“nfordh =>'0.25 x Iy

Measuring tolerances according VDE 0435 part 303

0.50t0 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%

24
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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 0.10 210 50.00 Q (steps 0101 Q)

(secondary based on Iy = 1A *)

Setting rate of change dR/dT 0 Q/s to 200 Q/s (stepsihL2/s)

Programs block first distanceizonesonly,

block all zones4put first zone,
block all distance Zzones,
out-of-stepgiripping

Action time 0.01 s {0 3200 s (steps 0.01 s)
or{egy(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 fault detection acceleration
zone acceleration (special zone Z1B)

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

release fault detection zone directional
unblocking zone Z1B

unblocking fault detection zone directional
blocking zone Z1B

Transmit signal gprolongation 0.01 s t0 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 s t0 32.00 s (steps 0.01 s); o
Echo pulsé duration 0.02 s t0 32.00 s (steps 0.01 s)
Echo block duration 0.01 s t0 32.00 s (steps 0.01 s)
Transient blocking 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
=\Overreaching transfer via pilot wires NC link with DC control cable and supplementary

auxiliary relay

— Reverse interlocking with NO or NC interlock loop
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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 0.01 s)
time tolerance 1 % of set value or 10 ms

The delay times do not include the inherent operating times.

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 1.0 10 999.9 min  (steps 0.1 min)
Thermal warning stage Owarn/Orrip 50 % to 100 % referred to trip

temperature rise  (steps 1 %)
Current warning stage lwarn/IN 0.10to0 4.00 (steps 0.01)

2
Trip time characteristic ‘o In(l/(k . IN))2 — (lore/ (K - 1y))
=1- &
(/- 1y)) =1

t trip time

T time constant

I load current

lore  preload current

k factor according to IEC 60255-8

refer also to Figures 3.1 and 3.2

Drop-off ratios
©/Orip approx. 0.99
O/Owarn approx. 0.99
I/lwarn approx. 0.99
Tolerances
— referringte k- Iy *+10%
— referringu trip time *10% £ 2s
Influence variables referred to k-l
— Auxiliary dc voltage in range 0.8 < Uy/Uyn < 1.15 <1%
—"femperature in range —5 °C < Ugmp << +40 °C < 0.5%/10K
—\Frequency in range 0.95 < f/fy < 1.05 <1%
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3.7 Earth fault detection in non-earthed systems (optional)

Detection
Displacement voltage Ugs>

Delay
(optional trip)

Measuring tolerance according VDE 0435 part 303

C)O

approx. 1 s (settable up to 320 s) L 4

< 5 % of set value %

10V 1o 100 V (steps 1 V)

Faulted phase determination
Measuring principle

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

Measuring tolerance according VDE 0435 part 303

voltage measureme@to earth

10Vto 100V ( s TV)
10V to 100V, V)

<5% t

Directional determination

Measuring principle

Pick-up value Io> (active or reactive component)3 mA to

CT angle error correction

Measuring tolerance according VDE 0435 part\io

@ment of active and reactive power

A (steps 1 mA)
0/0° t0 5.0° (steps 0.1°) for 2 operating points

of the CT characteristic

< 10 % of set value
for tan @ << 20 (with active component)

&
Q
&

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>/Iy (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 0.1V)

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 (= 8g).and Ug (= v/ 3-Uo)

approxg=14%, to +166°
< 5°

release mode

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
approx. 50 ms

0.00 s to 32.00 s (steps 0.01 s); o
0.00 s to 32.00 s (steps 0.01 s); o
0.00 s to 32.00 s (steps 0.01 s); o
0.01 s t0 32.00 s (steps 0.01 s); o
0.02 s t0 32.00 s (steps 0.01 s)
0.01 s to0 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% or10ms

Inverse time earth fault back-up protection

can be used instead of/the earth fault protection as described before

Characteristics

Pick«wp value Ig>/ly
Time setting Tig~
cortesponds to TM factor

Measuring tolerances
=learth current 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 Auto-reclosure (optional)

Max. number of possible shots 1 RAR (first shot)
up to 9 DAR (further shots)

Auto-reclose modes single-pole or three-pole or
single/three-pole (1st shot RAR);
further shots three-pole (DAR)

Action times 0.01 510 320.00s (steps 0401 S)
RAR dead time single-pole 0.01 st0320.00s (steps 0.04°S)
RAR dead time three-pole 0.01 st0320.00s (steps)0.04:8)
DAR dead times 0.01 sto 1800.00 s (steps 0°@1 s)
Discrimination time for evolving faults 0.01 510 320.00s (steps'0:01 s)
Reclaim time 0.50 510 320.00s (Ssteps 0.01 s)
Lock-out time 0.50 s to 320.00 s%, (steps 0.01 s); oo
Reclaim time after manual close 0.50 s to 320.00's, (steps 0.01 s)
Duration of RECLOSE command 0.01 sto 32.00.s (steps 0.01 s)

3.10 Synchronism and voltage check (Optional)

Operation modes

Check programs for auto-reclose synchro-check
dead-line live-bus check
dead-bus live-line check
dead-bus dead-line check
or combinations

Check programs for manual close same as for auto-reclose, independent setting
Voltages

U< for dead-line or dead-bus check 2Vio 60V (steps 1V)

U> for live-line or live-bus cheek 20Vto125V (steps 1V)

AU measurement

setting range 2Vto50V (steps 1V)

measuring tolerance 2V

Ag measurément
setting rarige 1° to 60° (steps 1°)
measuring toleranée 2°

Af measurement

setting rangeéfor asynchronous switching 0.03 Hzto 1.00 Hz (steps 0.01 Hz)
setting range for synchronous switching 0.01 Hzto 0.10 Hz (steps 0.01 Hz); o
measuring tolerance 15 mHz

min‘eperating voltage 20V

Times

minimum measuring time approx. 80 ms

active time 0.01 s t0 32.00 s (steps 0.01 s)
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3.11 Fault location

Output of fault distance

Start-to-measure command

Setting reactance per unit line length (secondary*)

Parallel line mutual compensation

Measuring tolerances according VDE 0435 part 303
sinusoidal quantities

*) Secondary values are related on Iy = 1 A; for Iy = 5 A the values are to be divided b
1) Output of fault distance in km or miles or percents only for homogeneous lin

the output can be read in miles.

C)O

L 4
by trip signal or by drop-off of fa ection
or by external command via\op t

0.010 /km to 5.000 €2/km 01 Q/km)

in Q primary

in Q secondary

in km line length 1)

in percent line length 1)

can be ordered as an o

setting of matching r to Section 3.2

< 2.5%of line | th (without intermediate

infeed)
for 30° cpso%and Use/Uny > 0.1

tting related reactance in Q/mile,

L 4

Q
o
&

L 4

>
N
N
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3.12 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‘'ngn-earthed systems
(models with sensitive residualfcurrent input)

L1, IL2, Iis

in A primary and in % Iy

0 % to 240 % I

2% of Iyforl < Iy

2 % of meas. value for | > |y

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

2 % of Uy

UL1-12, ULo- Lgmld 3

in kV primary,and iny% Uy
0 % to 120.% Uy

2 % of U

Pa, Pr(@ctive and reactive power)
imMW or MVAr primary and

in %,Sn (= /3 Un - In)

0n% ton20 % Sy

5 %%f Sy

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

— Sum of voltages

phases and earth

phases and earth,
phase-to-phase,
phase-to-phase against phase-to-earth

Steady-state measured value supervision

Current unbalance

Voltage unbalance

(phasesto-phase and phase-to-earth)
Voltage failure (three-phase)

Voltage failure (single-phase)

Phase sequence

Imax/!min > Symmetry factor
aslong as | > ljmit

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

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

clockwise phase rotation
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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, Type 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 instantaneoeus, 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 7SA511

Number of stored reclose events

Total of tripped currents

upte 9 decimal digits;
pole segregated

up to 9 decimal digits;
for each kind of auto-reclosure

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

Trip command and annunciationsyvia binary input
— 1 user definable trip command

— 4 user definable anpunciations

for annunciation processing and direct local trip

for annunciation processing

Commissioning4ids

Phase sequence and directional check
Circuit breaker test

— with autosreclosure

— withodttauto-reclosure

Storage of a'test record

single-pole or three-pole
three-pole

34
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4  Method of operation

4.1 Operation of complete unit

The numerical distance protection SIPROTEC
7SA511 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 signals for the circuit break-
ers.

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
- — = - .
! N HI|H ! LCD display
ot (2x16
&5 --- E characters)
! ][ 4@— Fault !
T L Ready .
D H D, C—
' ][ ' ! ' 11 signals
‘ ' X (can be mar-
! \ shalled)
e e I ' |
= N || s =
1L | — 5
’_I , uG— > . ,
][ : 14 LED (can be
J ' marshalled)
i ¢
- 1 C_—"
' - LED- ; CJ/_
cw[ 74 8] ¢ Q ' _, Reset ' X 5 x 2 trip com-
R |4 [W] 6 ! - é ! , > mands (can be
' ! ' ' halled
oPZ‘::; Fldle| s |_/_:_,T ' — marshalled)
oo 4] ——— — o
Y MSYY | N |+/-| E _ '
Serial
interf
10 binary { . ,/ :Qoelatz((:je — Control centre
inputs (can be !
marshalled) / Serial Personal
! interface computer
Power -/
supply —|— [ '
- - -
Figure 4.1 Hardware structure of distance protection relay 7SA511
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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 quanti-
ties,

— 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, auto-reclosure, etc.,

— Decision about trip and close commands,

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

Binary inputs and outputs to and from the processor
are channelled via the input/output elements. From
these the processor receives information from the
switch-gear (e.g. remote resetting) or from other
equipment (e.g. blocking signals). Outputs include,
in particular, trip commands to the circuit breakefs;
signals for remote signalling of important events and
conditions as well as visual indicators (LEDs) an@ an
alphanumerical display on the front.

An integrated membrane keyboard in connection
with a built-in alphanumerical LCD display enables
communication with the unit. All operational data
such as setting values, plant data, etc. are entered
into the protection from this panel (refer Section6.3).
Using this panel the parameters can be recalled'and
the relevant data for the evaluation of a fault can be
read out after afault has occurred (refer Section 6.4).
The dialog with the relay can be carried out alterna-
tively via the serial interface in thg front, plate by
means of a personal computer.

Via a second serial interface (@ption), fault data can
be transmitted to a central, evaluation unit. During
healthy operation, measuredyvalues can also be
transmitted, e.g. load curkents. This second inter-
face is isolated and thusisatisfies the requirements
for external signals;“iie. isOlation and interference
suppression compypwitirthe requirements accord-
ing to IEC 60255 and VVDE 0435, part 303.

Communication viathis interface is alternatively pos-
sible by‘means:of fibre optic links, provided this in-
terfaceyis aceerdingly ordered (refer Section 2.3 Or-
derin@ data)

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

36
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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 (refer t@
Section 2.3 Ordering data).

lg>

Iy

The overcurrent fault detection operates with high
short circuit currents. If there is no significantdiffer-
ence between normal operation (inclddinggover-
load) and short-circuit, in terms of the currentwhich
will flow — e.g. in networks with highly fluctuating
system impedance or, where short circuit current
limiting devices are installed — then under-imped-
ance fault detection (voltageg€ontrolled current) or
impedance fault detectiofymust'be tised. With these
options comprehensive _facilities” are possible to
match to the network conditions and the user’s phi-
losophy.

4.2.1.1 Earth fault'detection and processing
An important'element for all fault detection methods
is the'detectien’of an earth fault since the determina-
tion of the faulty line loops (Section 4.2.2) essentially
depends on whether it is an earth fault or not. The
model7SA511 is equipped with stabilized measure-
ment of the earth current (with delay facility) as well
as detection of the displacement voltage. Measures
have also been provided to suppress fault detection
in the case of single-phase earth faults in isolated or
compensated systems.

Figure 4.2

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 alsayini-
tially assumed in these systems in the event of ‘&
single-phase fault detection and the detectioRbis
suppressed to prevent faulty pick-up by the oscilla-
tion transients on the occurrence of a simple earth
fault. Pick-up is enabled again following an adjust-

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 occuts.in
another phase can only be a double-phase earth
fault.

4.2.1.2 Overcurrent fault detection

The overcurrent fault detectioni§'aphase-dedicated
fault detection procedure. Followingrnumeric filter-
ing, the currents in each phasegare monitored in
comparison with a set thresholdwalue. A pick-up sig-
nal is output for that (those)phase(s) in which the set
threshold has been gxceeded.

To enable measuredyvalue selection (see Section
4.2.2), the phase-dedicated fault detection signals
are convertediinto“phase-loop information. This is
carried out depending on the earth fault detection
according,Séetion 4.2.1.1 and — in earthed systems
— on thé parameter 1PH FAULTS (address 1705) ac-
cording to,Jable 4.1. In non-earthed system, the
phase:phase loop is always selected in the case of a
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
4.2.1.1.

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

Fault detection Earth fault Parameter Resultant Annunci-

module detegtion 1PH FAULTS loop ation
L1 no PHASE —PHASE L3-L1 L1, L3
L2 po L1-L2 L1, L2
L3 no L2-L3 L2, 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) Snly.for earthed system starpoint

Table 4.1
fault detection

Line loops and phase annunciations with single phase overcurrent
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4.21.3

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 4.35lhe
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 degisiveyfor
the fault reach in the forward (line) direction and in
the reverse (bus-bar) direction. The R interseetions
can be set differently for phase-phase, loops (RA1)
and phase-earth loops (RA1E). It is thus possible
e.g. to permit a larger fault resistance,tolerance for
earth faults (bold dotted line infFigure 4.3).

In order to guarantee unegquivocal criteria for dis-
crimination between load operation and a short-cir-
cuit — especially in the ease/of long, high-loaded
lines — the characteristies,can be set dependent on
the phase angléytheiR section RA2 then applies to
phase anglegfaboveya settable value @p, the R sec-
tion RA1 beglow @a.

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

Phasey angle dependence can separately be
achieved for earth fault with RA2E and ¢ag but for
reasons of simplification this is not illustrated in Fig-
ute 4.3.

Impedance fault detection (fix-impedance) (optional)

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.
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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)
(optional)

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 I > is the first
prerequisite for each phase pick-up. Above this cur
rent, voltage-controlled overcurrent detection is efs
fective whose slope is defined by the parameters
U(l>) and U(I>>). A high-set overcurrent stage
lph>> is superimposed in the case of short-cifcuits
of high current. The bold dots in Figure 4.4 identify
the setting parameters which determine the geome-
try of the current/voltage characteristic.

Fault detection of a phase is resebwhen95 % of the
respective current is fallen below or 105 % of the re-
spective voltage is exceeded.

The device has three such fault’detection modules,
each of which is contrélied‘by the phase-earth volt-
ages or the phase-phasewgltages. Parameters are
used to define whethef'the Voltages Up,_g or the
voltages Upnh_pyy, afefdecisive, or whether this de-
pends on the earth fadlt’detection as described in
Section 4.2.1.1. This enables highly flexible adapta-
tion to the system, conditions. Optimum control
largely depends on whether the system starpoint is
not earthed (isolated or compensated), earthed with
a low,mpedance (resistance earthed) or solidly
earthed. The)position of the starpoint earthing is also
sigfiificant in the latter case. Information on the set-
timg is,contained in Section 6.3.4.5.

Unv

20 1
0 |
Im> :Im>>
0 | | | | | |
0 1 2 33—
/ln
Figure 44 “w\/oltage controlled fault detectors,

U/l characteristic

Control with Upp,_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 1,03
L2 L2 L2—-E no L1-L2 L1, k2
L3 L3 L3-E no L2-L3 L2, '3
L1 L1 L1-E no PHASE—-EARTH Y| 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 Li=E L1, E
L2 L2 L2—-E yes L2 <E L2, E
L3 L3 L3-E yes 3= 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 operation,
the pick-up threshold is higher in the case/of high

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

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

Jhe measured line loop in this case is independent
ofthe 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 L1-L2 irrelevant irrelevant L1-L2 L1, L2
L2 L2 k2-L3 L2-L3 L2, L3
L3 L3 L3-L1 L3-L1 L1, L3
Table 4.3 Ling'loops and phase annunciations with single-phase voltage controlled

faultdetection phase-phase

If the possibility of making the voltage loops depen-
dent on the earth fault detection is used, the high
sensitivity fomphase-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—-C98
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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, L
L2 L2 L2-L3 no L2-L3 L2, L3
L3 L3 L3-L1 no L3-L1 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 L3zE

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

voltages phase-earth with earth fault, voltages phase-phase without ear

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
earthed starpoint, i.e. with earth fault limiting aids

(so-called resistance earthing). In these cases only
earth faults are to be detected by the voltage con-

Fault detection| Measured| Measured E It Parameter Resultant Annunci-
module current voltage tection 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 irrelevant no pick-up and

L2 L2 no annunciation

L3 L3 by Upp_g</I>

Table 4.5 Line loops and S nunciations with single-phase voltage controlled

fault detection
without eart

%

trolled fault detectio
that phase-phas
pedance fault d

@
ortei

t

ually even undesirable

rcuits lead to under-im-

hasésearth, with earth fault detection only;

ercurrent fault detection I>> must 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:

Lh1-Z.-lo-Z. =V g —Up_E

where U, | are (complex) measured values
and

Z = R + jXis the (complex) line impedance.

The line impedance is thus

— QU—E _ QLZ—E

IN

L
1L1 - 1L2

Ip4 Z

:*E

Phase-phaseéshort Gircuit loop

Figure 4.5

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

lg 2 —lg-Ze = Uz g

Zz iS\eplaced by % .7, which gives us

4y
Z
1L3'ZL_1E'ZL'E_E=QL3—E

ftom which one obtains the line impedance
QLS—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
Figure4.6 (, Phase-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 |1 1,
ILo, I 3. The star point lead for the current transform-

ers shall be connected to the Ig current path of the
relay. If the Ig current path of the relay is fed from the
star point lead of the current transformer set of a par-
allel line (for parallel line compensation of the fault 10-
cator, if this option is available), the relay calculates
the earth fault current from the sum of the three
phase currents. If the voltage transformers haveires
sidual voltage windings, these should be connected
in open delta to the voltage input provided for the
purpose: this allows the relay to give complete moni-
toring of the voltage transformers’/segondary cir-
cuits.

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-L2 PHPHEFLTS =
L2, L3, E L2-1L3 PHASE —PHASE ONLY
L1, L3, E L3-L1
L1, L2, E L1-E PHPHE FLTS =
L2, L3, E L2—-E LEADING PH-E
L1, L3, E L3-E
L1, L2, E L2-E PHPHE FLTS =
L2, L3, E L3=E LAGGING PH-E
L1, L3, E M -E
L1, L2, L3, [ 3-L1 3PH FAULTS =
L1, L2, L3, IL3-E E/F CONTROL
L1, L2, 43, L3-L1 3PH FAULTS =
L1, L2, LS8y L3-L1 PHASE —PHASE ONLY
L1, L2, L3, L3-E 3PH FAULTS =
L1, L2, LS, L3-E PHASE —EARTH ONLY
Table'4.6

fault detection

Selected measurement quantities in earthed systems, with overcurrent or under-impedance
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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-

Uy
/7 \
/ \
// \\
/) N\

Z

UysE——m————— U

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 curé
rent pick-up. 7SA511 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/coms
pensated networks, it is sufficient to eliminate gne
fault. The second fault remains in the netork as a
simple earth fault. Which one of the faults will be in-
terrupted, is dependent upon the double earth fault
priority which is set to be the samegythreughout the
whole galvanically connected “network. With
7SA511 the following double @arthgfault priorities
can be selected:

acyclic L3 before L1 béfore|l2,

abbreviated L3(L1) acyclic;
acyclic L1 before £8 before [2,

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

abbreviated L2(L3) acyclic;

earth voltage of the faulty phase is zero throughout
the whole galvanically interconnected network. This
would lead to a measured impedance equal zerogfor
the faulty phase-earth loop, at each measuring
point. For this reason pick-up of one single phasees
earth fault detector is avoided in 7SA511 relay.

b).earth fault in phase L1

cyclietL3hefore L1 before L2 before L3,
abbreviated L3(L1) cyclic;

cyclic,L 1%before L3 before L2 before L1,
abbreviated L1(L3) cyclic.

One earth fault will be cleared in accordance with the
selected preference; a second (cross-country) fault
would remain on the network and can be detected
by the earth 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
L3 L2-L3
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 underimpedance fault detection

C53000—-G1176—-C98

47



7SA511v3

Method of operation

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-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-L3
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) ACYCL
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 K
L3-L1, L1-L2 L3-L1
L1-L2, L2-L3, L3-L1 L3-L1
L1-E, L2-E L2-E H PREF =
L2-E, L3-E L2-E L2(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-L3
L3-L1, L1-L2 L1-L.
L1-12, L2-L3, L3-L1 L1
L1-E, L2-E L PHASE PREF =
L2-E, L3-E L1(L2) ACYCLIC
L1-E, L3-E &
L1-E, L2-E, L3-E L
L1-L2, L2-L3 Li~L2
L2-L3, L3-L1 —-L1
L3-L1, L1-L2 L1-L2
L1-L2, x L1-L2
L1-E, L2-E PHASE PREF =
L2-E, L3-E L3(L2) ACYCLIC
L1-E, L3-E

L3-E

L2-L3

L2-L3

L3-L1

L2-L3

C)O

-
>
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Table 4.9 Selected measurement quan

Fault detection Selected Selected

phase loops loop setting parameter O
L1-E, L2-E L2-E PHASE PREF = < )
L2-E, L3-E L2-E L2(L3) ACYCLIC
L1-E, L3-E L3-E
L1-E, L2-E, L3-E L2-E
L1-L2, L2-L3 L2-L3 14
L2-L3, 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 PHA E
L2-E, L3-E L3-E L1(L3)
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 K
L3-L1, L1-L2 L3-L1
L1-L2, L2-L3, L3-L1 L3-L1
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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-—=- +Ri=u,
dt

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- (d_lf_ d_lf) + R (i —ip) = Uy_g 7V ¢

For calculation of a phase-to-earth logp (aecording
to Figure 4.6)

(dis X die A W Red )\ _
L (W X_L Gt +R-(is RLIE = Ug_g
R and L are the requiredyimpedance components.

The calculated reactance isghe line reactance X up
to the point of fault. This determines the distance to
fault. The resistance value on the other hand con-
tains, in addition to the conductor resistance Ry, the
fault resistance Rg {refer to Figures 4.8 and 4.9).

Note: Thefaetors Re/R. and Xg/X|_are purely mathe-
maticahvales and have no physical meaning. They
can beyelatively easily calculated from the line data
— witheut using complex forms — from the formulae:

and

Xe _ 1. (%o _

X, 3 \X
refer to Section 6.3.3.2.
The separate setting facilities for therfactors allows
the possible phase differehice between earth and
conductor impedance to,be taken into account, in

addition to the relationshipyZg/Z, . This difference
can be of significant valueyn cable networks.

L1

L2

[ e—iii— 3

U e
Yy — - E
Figure 4.8  Phase-phase short circuit loop
L3 RL XL
L3
Us_e RF
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. ltisthus ensured that the relay correctly deter-
mines the direction of all types of fault, even when
the short-circuit voltage has collapsed. The depth of
the stored voltage varies dependent on the measur-
ing conditions. The stored voltage is only of impor-
tance, if the measuring-circuit voltage is not suffi-
cient for a precise directional determination. Since
the phase relationship of the stored voltages is fre-
quency dependant, the frequency is measured and
fed into the calculation.

A\U

Uis Ul
Uio1s

a) Loop phase—earth (L1-<E)

The reference voltage for both a phase-eafth logp
and a phase-phase loop is always at rightsanglesfto
the short circuit voltages (Figure 4.10). This i§ con-
sidered in the calculation of the directionalsvector.
Table 4.10 shows the allocation of measured values
for the calculation of distance and direction to the 6
possible fault loops.

The theoretical directionalyline” isghown in Figure
4.11. In practice, the position‘ef.the directional char-
acteristic is dependentfiponithe source impedance
as well as the load cugrentcarried by the lineimmedi-
ately before fault inceptien.

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
L1-12 Iy = lio Ui U 13— Uia 14
2-13 lo =13 U3 Ui 11 -YUii_e
[3—-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 7SA511, directional characteristics
X
Z +Zs2
F
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 asyiforwards” (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 loadiis carried by the line, then this results in a volt-
age drop, at the source impedance (Figure 4.13a).
Since) at the measuring point, the voltage U is mea-
sured, not 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

4.13b

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
7SA511 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:

— 1stzone (instantaneous zone Z1), with the setting
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 sifigle*
phase and multi-phase faults);

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

X3 Reactance = reachy

R3 Resistance phase—~phase,
R3E Resistance phase.earth,
T3 Delay.

Besides these independent zones, two controlled
zones are available which can be activated bygoeg-
ical conditions:

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

X1B Reactance = reach,

R1B Resistance phase—phase,

R1BE Resistance phase—earth,

T1B T1B = 0 or delayed, if reguired, separate
time settings for singlesphase and multi-
phase faults.

— Overreach zone Z1k, activated by multi-shot AR
(2nd and further;eycles, so-called DAR)or con-
trolled viggbinary input, with the setting parame-
ters:

X1L “Reactance = reach,

R1LY, Resistance phase—phase,
R1LE Resistance phase—earth,

T1LEN, T1L = 0 or delayed, if required.

Allizones can 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 Section 4.2.1). For models with imped-
ance fault detection (4.2.1.3), fault detection zone
ZAis provided, as shown in Figure 4.3. The reaches
of the other types of fault detection are dependent
on the infeed characteristics (e.g. system imped-
ance ratio), so that they have no fixed shape in the
R—-X-plane.
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R3

O

O

L 4

@Q)

R2

T4 (+); T5

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.

In stages Z1 and Z1B, and if desired in stage Z2,
single-phase faults can be tripped single-pole. This
is always meaningful when the network practice re-
quires single-pole auto-reclosure. Multi-phase faults
will always result in three-pole clearance. If the AR
function is not ready to carry out an auto-reclosure
cycle (see Section 4.10) three-pole clearances will
always result. If single-pole auto-reclosure is not
available, each clearance will equally be three-pole.
If an external AR—relay is used, the tripping com-
mand can also be coupled, three-pole, via a binary,
input.

Moreover, external binary inputs can be used to rex
lease the overreach zones Z1B and/or Z1L.

Figure 4.15 illustrates the block diagram ofsthe trip*
ping logic.

The integrated switch-onto-fault legic (Section
4.2.7) can be set to activate eitherjzone'Z1B (direc-
tional or non-directional) or faulisdeteetion (non-di-
rectional and non-delayed).

For the issue of tripping commands to the circuit
breaker, appropriately pewerfulftripping relays are
provided, each with'two clesing contacts. The trip-
ping relays are automatically reset, when the fault
detector resets andjtheffault current has been
switched off (reset of*minimum current monitor
0.1 Iy). Up to that point, the tripping circuit must be
broken by an auxilidry contact on the circuit 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 cennection 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 overreaching zone Z1B (non-directional),
or pick-up of the fault detector (selectable) without
delay.

The integrated switch-onto-fault logic of 7SA511 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

7SA511 provides an overcurrent protection. This
feature may, for example, be useful whenddring
first commissioning, voltage transformer output is
not available.

The overcurrent function may also come automati-
cally into operation when the, meastred voltage is
not available, e.g. during shortcCircuit or an interrup-
tion in the VT circuits.

Overcurrent protection’backs up the distance pro-
tection when failure'@f thegmeasured voltages is de-
tected by any one of the'following conditions:
operation of the fuse failure monitor (refer Section
4.14.4.3) 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.

E1

| = % :|~ at measuring point'™

Figure 4.17 Power swing

In order to prevent uncéntrolled tripping, the dis-
tance protection devicesiare pprovided with power
swing blocking deviCes’” In certain strategic loca-
tions within the Aetwark, out-of-step tripping devices
are installed,#so that, the network can be split into
part networks inthe case of loss of synchronism due
to strong (unstable)fpower swings.

In models with impedance fault detector, the protec-
tion relay 7SA511 can be equipped with a powerful
poweér swing supplementary function (dependent of
the,ordered model), which prevents tripping by the
distance’ protection during power swings (power
swinghblocking), but also allows tripping at predeter-
mined locations in the case of unstable 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 phasésphase differ from each
other by more than 25 %,4power 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 powerswings

4.3.2 Power swing blocking

When the criteria for power swing detectiop have
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 pretection (Z1 and
Z1B) cannot trip. Faults fromrthe se€ond stage
onwards (T2 expired) are tripped after their delay
time.

— Blocking of all stagessbutithedfirst:
Only the first stage of theydistance protection (Z1
or Z1B) is availabledHigher stages are not avail-
able.

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

The selectéd: xeaction remains effective until the
measured, impedance vector leaves the power
swing‘polygon PPOL or when, due to earth fault
pickstipzor asymmetry, the power swing criteria are
nealonger 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, 7SA511 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. 7SA511_per-
mits:

— underreach transfer trip via fault dete€tion‘zene
(FD non-directional),

— underreach transfer trip via overreachzone Z1B
acceleration (directional).

For the comparison (overreachptransfer modes the
relay will already incorporate a¥ast overreach zone.
This can, however, give a trip'signalonly when a fault
is also detected at the otherling end in an overreach
zone. Either a release orya blocking signal can be
transmitted.

Distinction is madeybetWeen

Release modes:

— Permissive “overreach 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 transfer4fip via pilot,
— Reverse interlockingy

The comparison via pilet wire is particularly useful in
cable networks with shortdistances. Here the infor-
mation exchange,between the line ends can be
made via oneypilot Wire pair or control cores, using
direct current. The reverse interlocking scheme
works with diCjeontrol signals, too.

For thelother teleprotection modes, a voice frequen-
6y.Ghannel is most frequently used (e.g. Siemens
transmission device SWT 500 F6 with frequency
shift modulation). The voice frequency is transmitted
via telephone 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 7SA511, 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. If instantaneous 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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Permissive underreach transfer
trip with fault detection

4.4.1

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).

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 will transmit an intertrip signal to the oppositefine
end (if desired, delayed by Tq). There, a trip ¢om-
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 thakat the receiv-
ing end the tripping area is defined by théextended
zone Z1B directional. The duration of the transmit
signal can be increased by T, the duration of the re-
ceive signal can be increased by Ty

Figure 4.20 shows a simplifiediblock scheme of this
function.

If the transmission linkyis faulty, the overreach zone

Z1B can be initiatedhby the auto-reclosure function
(see Sectiom4.10.1).
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Fault detection @

Fault detection @ |
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Fault detection @
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Fault detection @ |
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. \ / .
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\ /
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Py / \ T,
I r
- R |e— —/ \ .. R — -
Z1 Fault in first distance zone T1 Delay of first zone (normally 0)
Forw.direc. “*Fault in parameterized direction Tq Delay of transmission signal
T Transmitter Ts Prolongation of transmission signal
R Receiver Ty Prolongation of received signal

Figure 4.19 Permissive underreach transfer trip (FD acceleration) — block scheme
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Figure 4.20 Zone accelération'”Z1B — block scheme

4.4.3 Permissive overreach transfer trip with Z1B

The permissive overreach transfer trip function uses Figure 4.21 shows a simplified block scheme.

a permissive release principle. Zone Z1B is of signifi-

cance as it igyset to include the next station and be-
yondi This method of signal comparison can also be
used,for extremely short line lengths, when a setting
{0 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.

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 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 linefendsnly, no re-
lease signal can be formed at the unfed'line end,
since no pick-up can occur theresln‘@xder 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.

Fault detection @

If the transmission channel is monitored and a fault
is detected, this will only block the directional'eem-
parison function, via the input channel(fReception
faulty”.

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

For lines which are fed ftrem one line end only, no re-
lease signal can beyformed at the unfed line end,
since no pick-up cag,.occur there. In order to achieve
even in this case immediate tripping over 100 % of
the line lepgthy,an*additional echo function is avail-
able (see'Section 4.4.10).

z1@|

Fault detection @

{H

Fault detection @

|z1@

Fault detection @

Flt.det. Ty Ty Flt.det.
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\ /

\ /

\ /

— T, / T, —

&= \ / — || &
\/ ]
A
/\
\\
Forw. / Forw.
] & / \ - & .
direc. 21 > Trip / \ Trip - 21 direc.
/ \

Z1 and / \ Z1 and
further / \ further
zones / \ zones

- R « — —/ S + R -
T Transmitter Tq Delay of transmission signal
R Receiver Ts Prolongation of transmission signal

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 7SA511. If the PLC system incorporates
channel monitoring (e.g. Siemens voice frequeney
unit SWT 500 F6) then the monitoring frequency fyis
switched to a working frequency. If the relay detects
a fault within the overreach zone ZiB, it initiates
transmission of the working frequefcysfj(unblock-
ing frequency, can be delayed bydy). Under normal
conditions or with a fault outsidesthe ZiB zone, or in
the direction opposite to that setthesmonitoring fre-
quency fy is transmitted. If the transmission channel
is distorted, the receiver unit willissue the fault signal
F. Received signal and faulysighal pass through an
unblocking logic circdit which can be seen in Figure
4.25.

z1@|

Fault detection @

Z1B® Fault det. @|
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Fault det. @ |Z1B @
| z1(®
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Tq
® | & 5 T
\
\
\
T1B \
— - T
s \
& |
Forw.
g &
irec.
21 > Trip
/
Z1 and /
further //
ones
Z gl Unblock v /
- ) F R — -
logic
Z1B Fault in overreach zone Z1B
Forw.direcg, Fault in parameterized direction
T Transmitter
R Receiver

Fault detection @ ‘

T, Z1B
T &L ®
/
/
// T1B
/ I, s —
/ ] _
\/
\/
/A\
Forw.
\ e
\ . >1 & direc.
\ Trip * =
\ | Z1 and
\ — | further
\\__.> o E Unbllock R= zones
logic

T1B Delay of overreach zone (normally 0)

Ty
Ts

Delay of transmission signal
Prolongation of transmission signal

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-
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 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).

Fault detection @

If the transmission device has no channel superyi=
sion facility but only demodulates the two frequen-
cies (unblocking frequency and blocking frequen®
cy), the fault signal F can be produced by aisimple
logic according to Figure 4.26. Instead ofitheyAND
gate, an exclusive—OR gate can be incorporated.
Standing transmission faults will be recognized by
7SA511 after approximately 10 s and annunciated.

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

For lines which arefed from one line end only, no re-
lease signal can be formed at the unfed line end
since no pick-up,can occurthere. In order to achieve
even in this'case immediate tripping over 100 % of
the line length, jJah additional echo function is avail-
able (seg,Seection 4.4.10).

z1@|

Fault detection @
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T Transmitter Tq Delay of transmission signal
R Receiver Ts Prolongation of transmission signal
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 7SA511. 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 farther 100 ms.
When the fault signal disappears again, the quies-
cent condition is reestablished afteranother 100 ms
(reset delay of time stage 100/4,00 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 78A511 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 sig-
nal as long as no blocking signal is received from the
opposite line end. Because of possible differences
inthe pick-up times of the relays at each line end and
because ofthe 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 (Ts in Figure 4.27). Also the receive
signal 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
transient blocking time again comes into operation
to render harmless fault signals which may have

been caused by transient oscillations after the'inter-
ruption of external faults or by reversal of direction of
flow after interruption of faults on paralleffline.(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 charaeteristie,of the blocking function is
that rapid discomnection of single end fed faults is
ensured even!witheut special measures since no
blocking signal®ean be formed at the non-feeding
end. Alsothe/precedure 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.
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Fault detection @
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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—-2A is
therefore necessary (Figure 4.28). Connection dia-
grams 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<.
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 logp xse-
mains open.

Substation A

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

For lines shorter than the shortest distance settifng
one must nevertheless observe that the first\dis-
tance zone shall be set to be either ineffective orthe
time T1 shall be set equal to the second distance
zone.

With single end feed, instantaneousdfip will equally
be achieved for the total protected lingdength. Since
no pick-up results at the non-feeding end¢the loop is
not interrupted there. When, atgthe%ether end the
fault is detected within Z1B the loopyis again closed
and the trip signal released.

So that sufficient time is available to open and close
the pilot wire loop between¥pick-up and trip signal
from the relay, T1B mustbe slightly delayed. If the
overreaching zone cemparison via pilot wires is
achieved with two'different relay types at the two line
ends (e.g. ZSA511fat/6he end and a conventional
relay at the other),ilnust be ensured that possible
fundamental “differences in pick-up and tripping
times of both,relays do not lead to false release sig-
nals. J histis, also to be covered by the delay time
T1B.

The nermally closed d.c. pilot wire loop allows con-
tinugus monitoring of the pilot wires. Since, with
each line fault, the loop is interrupted, the pilot wire
interrdption 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
7SA511 is not used, because a pilot wire fault will be
recognized within the relay itself.

Substation B

[7sAas11 1 [7PAsato N, | [7PAs210 1 [7sas11 1
| | —Kd | —K1 '
Fault — & Signal send D L-2 L-3 D Signal send & — Faurt
Z1B TiB L+1‘—;\;~_._ L TiB Z1B
'| direc ' ' - ' ' ||| direc |
& | Trip Pilot Trip e &
] _C ' ] _K2 | eres _K2 | ] :)_ |
L—1 D .- -
| | @ sl L. Signal y L+2 | ! | Signal s al_| |
- receive | E— L+3A—oo” receive -
Rif= - R
Fau ] L _ L _ | —ram
L+1,L-1 Pilot wire loop voltage
L+2,L-2 } Protection voltage
L+3,L-3J (respective substation)

Figure 4.28 Overreaching zone comparison via pilot wires — schematic diagram
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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:

— Faultin 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.

(" Comparisen (release) logic
R
&
— —gS Q
Re-
cep-
tion
—
Fault — 0 IT_ |
det. d & ECHO- =1 EcHo [+ Send
DEL IMP
N |
signal Pso
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 reasonablegonly“Wwhen 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).

Forw. g & 40 1B Block transmission
direc. ! ! and release signal
Fault

detec.

Re- W TB

cep- & I { —— Block release signal
. —CO

tion

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

7SA511 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 to'Figure,4.33),

— 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 7SA511 /Thersignal is coupled as “Exter-
nal signal” viadabinaryinput. Like the internal protec-
tion and supetvisien signals, it can be annunciated
as “Externalfault’, 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

7SA511 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 Section
4.14.4.3) 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 measured
voltages have reappeared, the system switches
back to distance protection.

The emergency overcurrent time protectionis,de-
signed two-stage for phase current, with/amaddi-
tional earth current stage. All stagessare indepen-
dent from each other and can be sét individually:

— I>> high current limit Jaluefthreshold for
phase currents

— Ti=> corresponding delaytime

— lpn>  definite time fimits/value threshold for

phase curfents
- T correSponding delay time

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

Under conditions of manual closing onto fault, the
emefgency overcurrent protection can also provide
a rapiditrip. 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-reclosure.
Inthese cases the | > > stages becomes valid before
reclosure.

4.7 Thermal overload protec-
tion

The thermal overload protection preventsithe pewer
line, particularly in case of cables, from damage
caused by thermal overloading.

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

dae
at *

A2

.0 =

al—
=

where

® - instantaneous temperature rise related
on the final temperature rise for the maxi-
mum, permissible cable current k-l

a

— thermal time constant for heating-up of
the cable

I—\instantaneous cable current (rms value)
related on the maximum permissible
cable current lnax = 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:

Imax = K- In

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 (option-

al)

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 possible to trip on directional earth fault in
non-earthed systems.

Uiy

Uis U

a) Healthy network, without earth fault
Uy =0
7

b) Earth fault in phase L1

Figure 4.34 Earth fault in non=earthed neutral
network

Dependent uponhe choser 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
theyphaserto earth voltages,

=,Determination 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 ensuregmeasurement
of stable values, all earth fault,detéctionifunctions
are delayed until 1 second (settable) aftefinception
of voltage displacement. Furtheg,each alteration of
the earth fault conditions (e.g. altered direction) is
recognized only after this delay. Earth fault annunci-
ation is only issued after,earthifault detection is en-
sured according 4.8.2,

4.8.2 Determination of the earth-
faulted phase

After recognition of displaced voltage conditions the
first gbjective of the device is selective detection of
the earth-faulted phase. For this purpose the individ-
ual“phase-to-earth voltages are measured. The af-
fected phase is the one in which the voltage is below
thetsettable 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 7SA511 the earth fault direction is determined
from a highly accurate calculation of active and reac-
tive power using the definitions:

Active power:
t+T

Pe. = J Ug (1) - ig () - dt

—i=

-

Reactive power:

1.
T

t

t+T

P, = Ug (t — 90°) - ic (1) - gt

where T equals period of integration.

The use of an efficient calculation algorithm and si-
multaneous numerical filtering allows the directional
determination to be achievedawith high accuracy
and sharply defined thresholdflimits (see Figure
4.35) and insensitivity to hafmoniefinfluences — par-
ticularly the frequently stréng third and fifth harmon-
ics which occur particularly in"fohmic earth fault cur-
rents. The directionaldecision results from the signs
of active and reactive power.

Ie4 (active component)

| ’

100 mA
10 mA
Reverse Forwards Forwards Reverse
-— — -— —
3 mA

h Ilg leading «-—

— I lagging

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—-C98
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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 Py < 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 4,36, 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”.

Figure 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.

Distance protection 7SA511, dependent upon the
model ordered (see Section 2.3 Ordering data), can
provide 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 “yoltage transformer protective device
tripped™is,sighalled to the relay via a binary input.

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

Afurthertime stage T—NON—DIR will cause tripping
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. Additionally, the earth fault di-
rectional protection is blocked during a single-pole
auto-reclose cycle to prevent from erroneous mea-
surement with the zero sequence quantities which
are now present. In case a fault is cleared by an ex-
ternal protection device, blocking of the earth fault
protection can be extended by an adjustable time
T—-BLOCK to allow a single phase auto-reclosing
cycle to be carried out.
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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 0.75-1g> the relay carries out direc-
tional determination using the earth current Ig (=
3-lp) and the displacement voltage Ug (= /3 - Uy).
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.

Delay by T—DELAY can be appropriate when an ex;
ternal protection relay shall operate in conjunctian
with single pole auto-reclosure. Since the earth fault
directional comparison does not supply any infors
mation about the faulted phase(s), it can only initiate
three-phase auto-reclose.

Any faulty signals which could be caused\by tran-
sient oscillations during the clearance “ef, external
faults or during change of direction afier clearance
of faults on parallel lines, are made hasmless by

—OF
Forw: & - |
Ue> diréc. T _\\
0.75 i
o T- & = Tri
le> DELAY P
/

means of a transient blocking function (Figure 4.40);
The principle of this transient blocking is that after
the occurrence of an external fault the formationfofa
release signal is prevented for a specific (adjustable)
time T-TRANSBLO.

If after fault detection, it is determined that the fault is
inthe reverse direction (opposite to thesset direction)
the transmission circuit and releaselare’suppressed
after a waiting time of 40 ms. Thisybloeking will be
maintained for the transienylocking time T-
TRANSBLO - in Figure 4.40 abbreviated to TB —
even after the blocking critériontissremoved.

Similarly, the release f, direetional trip can be re-
stricted when, after fault detection, no release signal
is received from the opposite line end within the set-
table waiting timeé TWyThis blocking will also be ex-
tended by thetransient blocking time. Normally, this
mode of transient,blocking is necessary only when
the protéetion scheme at the remote line end has no
transient blecking feature. Transient blocking is sup-
pressedwherrthe waiting time TW is set to infinity.

Fonlinesywith single end infeed or star point earthing
at onelline end only, no release can be formed from
the residual-current-free line, since no fault detec-
tion signal occurs at that end. To achieve tripping by
the directional comparison element even in this
case, an echo function is additionally available (Fig-
ure 4.41). 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).

_ Forw. 10—
i T & direc. Ug>
— 0.75
Trip + & T- —
P DELAY le>
\
\_.- R |E>

Rigure'4.39 Earth fault directional comparison protection
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Direc- O 40 TB Blocking of

tion & I / .
transmission
and trip

0.75

|E>

Recep- & '|:'W T|:3 Blocking

tion 0 of trip

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 echo
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 already
been present (RS memory in Figure 4.41). For the
same reason, no echo is permitted for an adjdstable
time T-ECHO-BLO after a tripping command has
been issued.

Independent of the result of the directional compari-
son, the directional earth fault stage described in
section 4.9.1 is effective with the time®T —DIRECT
and the non-directional back-uprstage with the time
T—NON-DIR. If one of these'stages is not required,
the corresponding time must, besset to infinity.

The earth fault directional comparison protection
function is blocked from the distance protection or
emergency overcurrent| protection. Therefore, if a
fault is recognized Bysthe distance protection or
emergency avercurrent time protection then the
earth fault proteetion does not operate. This gives
selective fault evaluation by the distance protection
preference over tripping via the earth fault protec-
tion. Additienally, the earth fault directional compari-
somprotection is blocked during a single-pole auto-
reclose cycle to prevent from erroneous measure-
ment with the zero sequence quantities which are
now present. In case a fault is cleared by an external
pretection device, blocking of the earth fault protec-
tion can be extended by an adjustable time T—
BLOCK to allow a single phase auto-reclosing cycle
to be carried out.

» Comparison logic
R
&
— —QS, 7 Q
Re-
cept.
—
0.75 T— IT— |
lg> d & ECHO- =1 EcHo [ Send
|—O DEL. IMP
Trip t |T_ |
sig- dEcHo-
nal ~BLOC
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-
works, the largest fault currents flow at the ends of

Inverse time overcurrent time protection for earth faults

the faulty line section; the inverse characteristic has
the effect that here the shortest response timesoc-
curs and the remaining relays reset.

The range of definition of the characteristics goes
further than that of the 60 standards. They are de-
fined from 20 % above the set value up to 20 times
the set value. Beyond that point,no furth@freduction
of the tripping time occurs.

The earth fault overcurrent time protection function
is blocked from the distanceprotegtion or emergen-
cy overcurrent protection. Therefore, if a fault is rec-
ognized by the distance protection or emergency
overcurrent time protection, then the earth fault pro-
tection does not operate. This gives selective fault
evaluation by the distance protection preference
over trippingywia the earth fault protection. Addition-
ally, the earthfault directional comparison protection
is blocked,during a’single-pole auto-reclose cycle to
prevent_frem €rroneous pick-up on the zero se-
quence-eurrent which may now be present. In case
a fault is cleared by an external protection device,
blocking, of the earth fault protection can be ex-
tended, by an adjustable time T—BLOCK to allow a
single phase auto-reclosing cycle to be carried out.
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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. Figure 4.42 shows an example for the
time sequence of such an auto-reclose cycle.

If the circuit breaker poles can be tripped individual-
ly, then AR is often carried out single-pole for single-
phase faults, and three-pole for multi-phase faults, in
networks with earthed starpoint. If the short circuit is
still present after the auto-reclosure (arc not
quenched or metallic short circuit), then the protec-
tive relay finally disconnects the power. Multiple
auto-reclosure attempts, often with afirst rapid auto-
reclosure (RAR) and subsequent delayed auto-re-
close cycles (DAR) are possible in some networks.

The stringent loop determination of 7SA511 (see
Section 4.2.2) allows reliably single-pole auto-reclo-
sure. The 7SA511 also allows automatic single- and
three-pole as well as single- and multi-shot reclo-
sure, if the AR function is accordingly ordered (refer,
Section 2.3 Ordering data).

7SA511 can also work in conjunction with @n exter-
nal auto-reclose system. In this case, thetsignal,ex-
change between 7SA511 and the external AR=unit
must be accomplished viathe binary inputsiand out-
puts (see Section 4.10.9).

Furthermore, it is also possible”to allew the internal
AR—function to be triggered from*an external pro-
tection relay (e.g. backiup, ‘relay) "(see Section
4.10.10). The use of two 7SA811 with internal AR—
function is also possibleg@as wellfas the use of one
7SA511 with AR—function,and a second protection
relay with separate ARSunit (example see Section
4.10.11).

The possiblé programs of the internal AR—function
for the first’AR=cycle (designated in the following
with RAR - rapids@auto-reclosure) are:

— RAR PROG = THREE-POLE, i.e. all types of
faults result in three-pole AR.

— RAR'PROG = SINGLE-POLE, i.e. single-phase
faults result in single-pole AR,
multi-phase faults in three-pole

final disconnection. Optionally
single-pole AR is possible, after
two-phase faults without /earth
connection.

— RAR PROG = SINGLE/THREE—-POLei.e. single-
phase fault{6r two-phase without
earth) «esuli#fin Jsingle-pole AR,
multi-phase, fadlts in three-pole
AR.

If more than one reclose attempt will be carried out,
the second and any further auto-reclose cycle are
designated in theifollowing with DAR (delayed auto-
reclosure) independent on the setting of the dead
times of thescycCles. It is possible to skip the RAR
cycle so thatonly,DAR cycles occur. DAR cycles are
alwayshthree-pole. For the DAR—function, the fol-
lowing'programs are selectable:

- DAR PROG = NO DAR, i.e. no DAR occurs; un-
successful RAR results in final trip.

—WPAR PROG = DAR WITHOUT RAR, i.e. DAR cy-
cles can be carried out even wi-
thout a preceding RAR cycle (e.g.
RAR is by-passed because
blocked).

— DAR PROG = DAR AFTER RAR, i.e. the DAR cy-
cles can only be initiated after an
unsuccessful RAR.

The possibilities and functions of the internal AR—
unit are described in the following sections. Prereqg-
uisite for initiation of the AR—function is always that
the circuit breaker is ready for operation when the
AR-function is activated. This information has to be
transmitted to the device via a binary input.

Furthermore, reclosure is blocked if the tripping
command occurs after the action time, which can be
set individually for RAR and DAR. Additionally, the
auto-reclosure function is not ready when, at the mo-
ment of initiation, the circuit breaker is announced
(via abinary input) to be open. This prevents from an
accidental close command, should the auto-reclo-
sure function receive an erroneous trip command
— for any reason (e.g. via a binary input) — even
though the breaker is open (and the line may be
dead).
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4.10.1 Selectivity during automatic reclosure

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 function of 7SA511 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
following 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, Z2, Z3 and the direc-
tional and non-directional final stages of the dis-
tance 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. Thushit.is
not reasonable to set a shorter time delay fof normal
distance zones than for the RAR overrgachyzone
Z1B.

If the distance protection is operated with one of the
carrier signal teleprotection systems dgseribedin
Section 4.4, the overreach zone is controlled by the
universal teleprotection interface, i.e. thetinterface
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. Whetherthe AR —ftinction 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 fordirectional comparison
earth fault protection (refer Section 4.9.2)

However, if the universal teleprotection is switched
off or if the carrierdevice 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
examplencircuit breaker not ready for operation),
then theynormal grading of the distance protection
must, be*valid (i.e. instantaneous tripping only for
faults within stage Z1) in order to maintain selectivity
(Figure 4.43).

it is also possible to block the AR—function if the
transmission system is not working.

z2

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

Z1 Z1B

z2

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

Figure 4.43 Zone reach control with the AR—function
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7SA511 provides a selection procedure which can
improve selectivity during single-pole auto-reclo-
sure in those cases where no teleprotection mode is
available or used (3Ug processing, parameter 3423).
A prerequisite is that the voltage transformers are in-
stalled atthe line side (as seen fromthe circuit break-
er).

When a short-circuit occurs near one end of the line,
even the neighbouring lines are tripped, at first, be-
cause they recognize the fault in their overreaching
zone Z1B (refer Figure 4.44). If the network is inter-
connected and the bus-bar B is fitted with at least
one earthed transformer with a delta winding, the
voltages will be symmetrized there. Thus, distinction
can be made between the faulted line and the un-
faulted lines after disconnection at the locations I, 11,
and III:

Since line B—C is interrupted at one end only, a re-
verse voltage appears from the non-interrupted line
end. Thus, the interrupted phase carries voltage
again. Therefore, the zero sequence voltage mea-
sured atthe relay location I11 is very small. If the relay
at this location recognizes this, it can reclose imme-
diately or with only a small dead time (which may
cover the measuring time). The healthy lines are in
operation very soon by this procedure.

Line A-B has been interrupted at both ends. Thus;
a significant zero sequence voltage is present;
which identifies at both line ends this line as the
faulty line. The normal dead time for single;pele
auto-reclosure becomes valid.

Furthermore, 7SA511 presents the paossibility toitrip
a remaining fault instantaneously overyl00:%*line
length even after unsuccessful autosreclosure: As
line A—B has been identified as the faulted line by
the method previously described, ‘the)overreach
zone can remain effective even aftefyunsuccessful
auto-reclosure so that a persistent’ fault can be
cleared immediately even at linegend 1.

Additionally, different dead times can be set at both
lineends sothatoneend — e.g. atthelocationI —is
reclosed at first. If reclosure has been successful,
then the healthy voltage is present also at the other
line end 11, so that the zero sequence voltage is very
small: this line end can be reclosed with a slightly
higher dead time. If the fault has remained (un=
successful auto-reclosure), it can be instantaneous-
ly cleared at line end I; at line end 11, a significant
zero sequence voltage remains because one single
pole of the circuit breaker is open: seelosure is
blocked. The circuit breaker peles which are still
closed can be tripped by the pole discrepancy pro-
tection or by 7SA511 itself. This method, by the way,
saves the circuit breaker atJdocation II because this
CB need not switch onto thefault again.

The setting parametgrs™er the auto-reclose func-
tions at both line endsy,determine, at which line end
the breaker is reglosed with normal dead time with-
out zero sequence/voltage check, and at which line
end the zeroyseguence voltage is measured to de-
cide whether teclosure takes place with a slightly
higher dead time or not.

If aline to begprotected is composed of overhead line
and cable sections, the controlled zones Z1B and
Z1Lican be used to distinguish between faults onthe
the overhead section and cable faults, to a certain
degree. Reclosure can be blocked for cable faults
using 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 4.45), zone
Z1B is set to cover the cable section, and reclosure
is blocked for faults within Z1B but released for faults
out of Z1B. Conversely, the other line end is set such
that faults within zone Z1B, which nearly covers the
overhead line section, are cleared with auto-reclo-
sure whereas reclosure is blocked for fault out of
zone Z1B. If further segregation is necessary (e.g.
cable — overhead line — cable), distinction can be
made by a further zone Z1L in similar way.

' Z1B

A Z1 : ] c
Lz | 4 ]
Licas 21

I 21 B| 1 I
A,B,C bus-bars
I, 11, TIT  Relay locations
X tripped circuit breakers

Figure 4.44 Example for the 3Ug procedure
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1 2 [
A ) Z1B ) Z1 B
%--- | :
Z1 9 Z1B 9)

Substation A:
) upto Z1B auto-reclosure blocked
2) out of ZIB auto-reclosure permitted

Substation B:
3) upto Z1B  auto-reclosure permitted
4 out of Z1B auto-reclosure blocked

overhead line section
esemememe» Cgble section

Figure 4.45 Line with overhead and cable sec-
tion

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 |>> is blocked. In order to maintain selectiv-
ity, disconnection then is effected with | > afteqexpiry
of the delay time TI>. When the AR—functionyis
blocked or switched off, 1> > is also blogkedNIhis
can be changed in that the | > > stage is effective al-
ways, independent of the RAR.

All protection functions which camopesate direction-
al can block reclosure in case the faulilies in reverse
direction. This applies alsofifatripieommand is given
for a reverse fault before the,action time has
elapsed.

4.10.2 Action times and reclaim times

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

Tripping after faults which arg cléared in a delayed
time should, for reasons ofiselegtivity also not result
in an auto-reclosure.

The AR—functions ofigSAS1l 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 actiontimeyno tripping signal has been giv-
en, reclosure istblocked.

The AR—fufctions of 7SA511 are provided with
three settablereclaim times, which do not discrimi-
nate between RAR and DAR. Generally, the reclaim
time,is the'time period during which no further reclo-
sure attempt is permitted.

The reclaim time T—RECLAIM is started at every re-
elose command. If auto-reclosure has been succes-
sful, all functions reset to the quiescent condition af-
ter expiry of T-RECLAIM; any fault occurring after
the expiry of the reclaim time is considered to be a
new system fault. When a renewed trip command is
given within this reclaim time, the next auto-reclose
cycle is started if multi-shot AR is permitted; if no fur-
ther AR cycle is permitted, a renewed trip command
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 7SA511
relay is blocked after final disconnection. This ap-
plies for all closing attempts which are performed by
the relay. If this time is set to oo, closing is locked out
until the AR function is reset by energization of the
binary input “>AR Reset”. After the reset signal all
functions reset to the quiescent condition.

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
three-pole final trip.
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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 breaker is 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 from the breaker
has to be transmitted to the device via a binary input.
In case that such readiness information is not avail-
able, interrogation can be suppressed since other-
wise no auto-reclose would be possible at all.

When single-shot auto-reclosure is performed it is
sufficient to interrogate the breaker readiness one
single time before initiation of AR. As, for example,
the air pressure for breaker operation will collapse
during the trip execution, no further interrogation
should be carried out.

When multi-shot auto-reclosure is used, it is advan-
tageous to 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
blocked as long as the circuit breaker is not ready for
another TRIP—-CLOSE sequence.

The recovery time of the circuit breaker can be s@-
pervised by the 7SA511 relay. This supervision time
T-CB-SUPV will run as long as the circuit breaker
does not inform about readiness. In this casef the
dead time may be extended when the breakeriis fiot
ready after expiry of the set dead time. But if . the
breaker is not yet ready after expiry of theysupervi-
sion time then reclosure is blocked. Thisblocking 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 funetion is reset
by energization of the binary input “>AR Reset”. Af-
ter the reset signal all functions reset to the quies-
cent condition.

4.10.4 Three-pole auto-reclosure

When the AR function is ready for operation, the
short-circuit protection trips three-pole for all fadits
within the stage valid for RAR (e.g. the distance pro-
tection in zone Z1B). The AR—function is initiated
provided tripping occurs within the action time (refer
Section 4.10.2). With fault clearance, the (settable)
dead time RAR T—3POL commencessfor three-pole
RAR. After this, the circuit breaker reCeives)a closing
command, the duration of which'isisettable. Simulta-
neously, the (settable) reclaimmtimenT —RECLAIM
(Section 4.10.2) is started.

If the fault is cleared (successful RAR), the reclaim
time T—RECLAIM (Sectiomy440.2) expires and all
functions reset to the quiescent condition. The net-
work fault is cleared.

If the fault hias not/begn cleared (unsuccessful AR)
then the short-eircuit protection carries out a final
discongegtion'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, Alse, every fault during the reclaim time will re-
sult/inyfinal disconnection.

After unsuccessful AR (final disconnection) the lock-
outtime T—LOCK (Section 4.10.2) is started. For this
time any close command from 7SA511 is locked.

The above sequence comes into effect with single-
shot RAR. With 7SA511, multiple AR—attempts (up
to 9 DAR-shots, refer Section 4.10.8) are also pos-
sible. Additionally, it is possible to skip the RAR cycle
by a signal via a binary input of the device. In this
case only DAR is effective (refer Section 4.10.8).
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4.10.5 Single-pole auto-reclosure

When only single-pole auto-reclosure is carried out
and the RAR function is ready for reclose, the short-
circuit protection trips single-pole if a single-phase
fault is detected in the stage valid for RAR. For dis-
tance protection e.g. zone Z1B is effective only for
single-phase faults. The relay can also be set to trip
single-pole in case of two-phase faults without earth
connection.

After occurrences of multi-phase faults the short-cir-
cuit protection trips finally, three-pole after the time
that is valid without RAR. For distance protection
e.d. zone Z1 is decisive not Z1B (when the universal
teleprotection is in operation, zone Z1B can remain
effective — see Section 4.4). Every three-poleftripis a
final trip. The lock-out time T—LOCK (Section 4.10.2)
is started. For this time any close command from
7SA511 is locked.

After a single-pole trip, the AR—function is initiated
provided tripping occurs within the action time. With
the clearance of the fault, the (settable) dead time
RAR T—1POL for single-pole RAR commences. Af-
ter this, the circuit breaker receives a closing com-
mand, the duration of which is settable. Simulta#
neously, the (settable) reclaim time T—RECEAIM
(Section 4.10.2) is started. If auto-reclosureis
blocked during the dead time after single-pale4rip,
then the breaker can be tripped three-poleimmedi-
ately (selectable).

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

If the fault has not been cleared (Unsuccessful AR)
then the short-circuit prgtectign carries out a final
disconnection in the stagegthatiis valid without RAR,;
when the universal téleprotection interface is in op-
eration with distance protection (see Section 4.4) or
when the Ugdprocessing feature is operative (see
Section 4.10.1) 4then Z1B can remain effective for
distance protecCtionfAlso, every fault during the re-
claim time will result in final disconnection.

After unsuccessful AR (final disconnection) the lock-
out time T—LOCK (Section 4.10.2) is started. For this
time any close command from 7SA511 is locked.

Inthismode, only single-shot auto-reclosure is pos-
Sible.

4.10.6 Single- and three-pole auto-re-
closure

When the AR function is ready for opgfation;*the
short-circuit protection trips single-polejfor single-
phase faults and three-pole for multi-phase faults.
The relay can also be set to trip single-pole in case of
two-phase faults without earth connéction. The
stage valid for RAR (e.g. thgsdistance protection
zone Z1B) is valid for all types.of fault.

The AR-function is initiated provided tripping oc-
curs within the action({ime |(fefer Section 4.10.2).
With fault clearancey, thef (settable) dead time
RAR T—1POL commences for single-pole RAR, or
the separately settablesdead time RAR T—3POL for
three-pole RAR. After this, the circuit breaker re-
ceives a closing'eommand, the duration of which is
settable. Simultaneously, the (settable) reclaim time
T—-REGLAIM (Section 4.10.2) is started.

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

I 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 (see Section 4.4) or
when the Ug processing feature is operative (see
Section 4.10.1), then Z1B can remain effective for
distance protection. Also, every fault during the re-
claim time will result in final disconnection.

After unsuccessful AR (final disconnection) the lock-
out time T—LOCK (Section 4.10.2) is started. For this
time any close command from 7SA511 is locked.

The above sequence comes into effect with single-
shot RAR. With 7SA511, multiple AR—attempts (up
to 9 DAR-shots, refer Section 4.10.8) are also pos-
sible. Additionally, it is possible to skip the RAR cycle
by a signal via a binary input of the device. In this
case only DAR is effective (refer Section 4.10.8).
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4.10.7 Treatment of evolving faults

When single-pole or single- and three-pole auto-re-
closures are carried out in the network, special at-
tention has to be directed to evolving faults. Evolving
faults are those which, after clearance of the first-de-
tected fault, occur during the dead time.

7SA511 allows several possibilities for the treatment
of evolving faults, dependent upon the requirements
of the network:

The criterion for recognition of evolving faults can be
selected to be either TRIP COMMAND in another
phase during the dead time or any further FAULT DE-
TECTION.

The reaction of the AR—function to a recognized
evolving fault can also be selected:

a) NO special reaction to evolving faults:

As soon as an evolving fault has been detected,
the unit switches to the three-pole auto-reclosure
cycle. A three-pole trip occurs. If three-pole auto-
reclosure is permitted, then the dead time for
three-pole auto-reclosure begins simultaneously
with the interruption of the evolving fault. When
the dead time has expired, the circuit breaker re-
ceives the command to close. The further se-
quence is the same as for single- and three-pole
auto-reclosure.

The total dead time in this case consists of the
dead time for the single-pole auto-reclosure,
which has expired when the evolving fault isfinters
rupted, plus the dead time for the three-pole‘adto-
reclosure. This is useful because only the dead
time for three-pole auto-reclosureris of impor-
tance for the stability of the networls

b) Blocking of reclosure, after evolvingyfaults AL-
WAYS:

As soon as an evolving fault ias been detected,
reclosure is blocked. Thedripisthree-pole and oc-
curs regardless whetherdhree-pole AR is per-
mitted or not.

c) Blocking, after‘evolving faults, after an adjustable
discrimination timeyn>#—DISCRIM:

The discrimination time starts simultaneously
with the dead time. It is used to discriminate from
which paint in time an evolving fault is identified as
such. Ifithelevolving fault occurs before the expiry
of the discrimination time, a three-pole trip is car-
riedoutiand the device is switched to a three-pole
AR—e¢ycle (if permitted), as under a). If however,
the evolving fault occurs after the discrimination
time)has expired, a three-pole trip is carried out
and reclosure is blocked, as under b).

4.10.8 Multi-shot auto-reclosure

The internal auto-reclose feature in 7SA511 will alsg
permit multi-shot reclosure, up to 9 consecutive
DAR-cycles. The second and each further cyclg’are
always three-pole. Anindividual zone Z1L with delay
time T1L is available for the distance protection. Also
the action time and several dead times can be inde-
pendently set for these DAR cycles.

Different numbers of DAR cycles (cafn be set for
single-phase faults and multi-phase fault; tripping
command is, nevertheless, always three-pole. The
set number of DAR cycles does fiot include the first
RAR cycle.

Dead times can be individually set for the first three
AR cycles; further cycles operate with the dead time
of the third cycle. In thisicase, all AR cycles are deci-
sive, i.e. also thefRAReycle. The RAR cycle operates
with its deaditime (RAR T—1POL for single- or RAR
T-3POL for three-pole RAR), the first DAR is the sec-
ond cy€leawith'the dead time for the second cycle
DAR [3POL2, etc.! If no RAR cycle has occurred
(e.g. RAR blocked) then the first DAR cycle operates
withethe dead time for the first cycle DAR T3POL1,
eter

Eachs new pick-up restarts the action time
DAR T-ACT. within which a tripping command must
occur. After fault clearance, the dead time begins. At
the end of this, the circuit breaker is given a new
closing command. Simultaneously, the reclaim time
T—RECLAIM (Section 4.10.2) 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 7SA511 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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4.10.9 Connection of external auto-reclose system

7SA511 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 7SA511 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 inputs:

383 >RAR Release The external AR device re-
leases the RAR stages of all
short-circuit protection func-
tions within 7SA511 which
shall operate with AR (e.qg.
zone Z1B of the distance
protection) via this binary in-
put.

The external AR device is
programmed to reclose only
in case of single-pole trip-

382 >0Only lpole

v 7SA511

Fault deteétion

ping. The RAR stages’ofithe
short-circuit protection func-
tions of 7SA511 arereleased
by binary input| 383 only
when a single-phasesfault is
detected; when a multi-
phase fault is detected the
RAR stages are not released
but the gnormal grading
stagesware effective only.

381 >1p Trip PermThe, external AR device per-
mits single-pole tripping, i.e.
is (ready for reclosure after
single-pole trip. This function
is/ the logical inversion of
three-pole coupling. If this
binary input is not allocated
then only three-pole tripping
can occur.

384 >DAR R€lease The external AR device con-
trols the DAR stage Z1L of
the distance protection (only
relevant when multi-shot
auto-reclosure is used).

1
+ external
AR device

Trip L1

drip L2

\

Trip L3

\

L+

RAR Release

3pole coupling*

1pole only _

>

SpJ ' '
1pole 1/3p

Selection

*)?  3pole coupling can be
) P uPing L+ Switch

inverted in 7SA511

Figure 4.46 Example of connections with external AR—system

C53000-G1176—-C98 91



7SA511v3

Method of operation

Binary outputs:

501 DeviceFltDet Generalfault detection ofthe
device.

Three-pole trip command of
the device.

512 Dev.Trip 1pLlSingle-poletrip command L1
of the device.

515 Dev.Trip 3p

515 Dev.Trip 3p Three-pole trip command of
the device.

513 Dev.Trip 1pL2 Single-pole tripcommand L2
of the device.

515 Dev.Trip 3p Three-pole trip command of
the device.

514 Dev.Trip 1pL3Single-poletripcommandL3
of the device.

In order to achieve a phase segregated trip signal,
the single-pole trip command for each pole and the
three-pole trip command must be combined to thg
phase trip signal.

Dependent of the features of the external autores-
close device it is also possible to combine the three
single-pole trip commands (FNo 512,513,514)toa
signal “single-pole trip”; the three-pole trip com-
mand (FNo 515) gives the signal “threespole trip”.

For three-pole AR the general faultydetection and
tripping signals are, normally/suificient.

Figure 4.46 shows a connection example for the in-
terconnection between 7SA511 and an external
AR-system using a program selector switch.

4.10.10 Control of the internal auto-reclose function by‘amexternal protective relay

If 7SA511 is fitted with an internal AR—function, this
can be controlled from an external protective device.
This is applicable, for example, for line ends with du-
plicated protection or additional back-up protection,
when a second protective device is used for the
same line end and shall operate with the AR—funcé
tion incorporated in 7SA511.

Signal exchange between 7SA511 and the external
auto-reclose device must be made via the binary ins
puts and outputs of the relay. The following list may
be regarded as a recommendation.

The internal AR—function can be started, for exam-
ple, via the binary inputs
2711 >Start AR General stari signal for AR,

2712 >Trip L1 AR Tripping,command L1 for
AR,

2713 >Trip L24AR #Tripping command L2 for
AR,

2714 >Trip L3 AR Tripping command L3 for
AR.

The general start signal is the criterion for the start of
the actionitimes. At the issue of the tripping com-
mandiit is'decided whether the dead time for single-
polesARyor three-pole AR will be effected, or if, for
threespole tripping, reclosure will be blocked (de-
pendent upon the set AR program). A possibility for

three"pole coupling should be available externally. If
only threespole AR is to be carried out, all three
binary,input for the tripping signals must be allo-
cated, to“a physical binary input module.

To'eouple the external relay three-pole and to re-
lease its overreach zone, the following output func-
tions are suitable:

2864 1lp Trip Perm internal AR is ready for
single-pole reclosure (log-
ical inversion of three-pole
coupling),

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,

2815 RAR 1lp Prog internal RAR programmed
to single-pole reclosure
only, i.e. will reclose only af-

ter single-pole trip.

Depending on the actual philosophy and the used
functions of the auto-reclosure function, one or the
other binary output may be omitted. For example,
the “RAR Zone Rel” output (FNo 2817) is suffi-
cient when only three-pole auto-reclosure is used.
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4.10.11 Two protection relays with two AR devices

If a feeder is equipped with duplicated protection
and each protection relay should control its own
auto-reclose device, certain exchange of informa-
tion is necessary between the two combinations.

This is shown, as an example, in Figure 4.47. Three-

pole coupling should be arranged with an external
coupling unit which interacts directly with the circuit
breaker trip circuits. This ensures three-péle'tripping
under all circumstances of multi-pole faults!

|_ 7SA511 o Second relay
internal |_ 2nd AR —I
AR function ' devicé !
, .
L+ ! S AR block.dyn AR block. ints S L+
pre— ! pre— '
L— , BI ' >AR block AR blocked BI L—
- " o '
' '
BE >Start AR Start AR, BI [ ] ]
] — ' S
181 | >rrip 11 ar fipL1forAR! BI [ ]
' — ' —
Bl >Trip L2 AR Trip L2 for AR | Bl
'u [
! | Bl | >Trip L3 AR Trip L3for AR | BI [ ]
' '
T | l_f it JJ -
Line protection |_2nd protection—l
L+ X function X relay , L+
S Gen. Fault *) Gen. Fault S
[ ' ' ]
S Trip L17) Trip L1 S
' S ! Tripl2® Tripl2 ' S !
' S+ THpL3 ) Tipl3 « S '
L+ L+
' 1 “Dew.Trip 1lpLl ' '
C Dev.Trip 3p Trip L1 (0]
f Dev.Trip 1lpL2 ,
! C Dev.Trip 3p Tipl2 ' C
Dev.Trip 1pL3
' 4 C ' Dev.Trip 3p TripL3 + C '
: . "7
Bl — Binary input ---F———————— ) '
S '\ Signalling output ol | 3pole |
¢*%s Trip comomand | [ ! coupling |
) — for all protection functions L. ]
which operate with AR vy
L1 L2L3

to circuit breaker

Figure 4.47 Connection example for 2 protection relays with 2 auto-reclosure devices
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4.11

The synchronism and voltage check function will en-
sure, when switching a line circuit onto a bus-bar,
that the stability of the network will not be endan-
gered. The function can be programmed to perform
the synchro-check only for auto-reclose, only for
manual close, or for both cases. Different permis-
sion criteria can also be programmed for automatic
close and for manual close.

Bus-bar

Feeder

? -5
i TI rI\L“
! Q
I [ 7sast1_ ]
L+
TRIP EEI-— Protection| |
| F----- 1 Discrep-

CLOSE D-— AR i2?¥r0|

....... switch

_CQ— Sync
U2

Figure 4.48 Synchro-check on closing

For comparison of the two voltages, the synehro-
check element uses the feeder voltage Ug”and“an
additionally connected bus-bar voltage U2, The lat-
ter can be any convenient phase-eathter phase-
phase voltage from the bus-bar yoltage transform-
ers.

Bus-bar
O— s FaN

il _@ TI poy
! Q
| | 7sAs11_ | L|+

TRIP r'._,} Protection »@1
I -------

cllose |:|,= Sync
© |
u2

Rigure 4.49 Synchro-check across transformer

Synchronism and voltage check (optional)

When a power transformer lies between the feedef
voltage transformer and the bus-bar voltage trans-
former (Figure 4.49), its vector group can be
matched at the 7SA511 relay, so that no external
matching transformers are necessary.

The synchro-check function in 7SA511 normally op-
erates in conjunction with the integrated auto-re-
close and manual close functions, Itisthowever pos-
sible to operate with an external“protection relay
and/or with an external autofreclese relay. In this
case, the signal exchange between the devices
must be performed through*hinary inputs and out-
puts.

Furthermore, synchr@nousor asynchronous switch-
ing is possible. Syaghronous switching means that
the closing command'isrgiven as soon as the critical
values (voltage,maganitude difference AU, angle dif-
ference Ap and frequency difference Af) lie within
the settolerances. For asynchronous switching, the
deviceycalculates the correct timing of the closing
commandyfrem the angle difference Ag and the fre-
queney, difference Af such that the voltages at the
bls:barand the feeder circuit are exactly the same
at the instant that the circuit breaker contacts touch.
Forathat purpose the circuit breaker closing time
must be programmed into the relay. For synchro-
nous and asynchronous switching, different fre-
quency difference limits can be programmed.

The synchro-check function operates only when it is
requested to do so. This request can come from the
internal auto-reclose function, from the manual clos-
ing command or from an external auto-reclose relay
by binary input.

The synchro-check function gives permission for
passage of the closing command provided the feed-
eris current-free (I < 0.1 Iy). If not, either the breaker
is not open or a fault is situated between the breaker
and the current transformers.

Optionally, a closing command can be given by the
synchro-check function. This can control the closing
coil of the circuit breaker, or AR closing command
and synchro-check closing command can be con-
nected in series.

The permission time window is limited by an adjust-
able synchronous monitoring time. Within this peri-
od, the programmed conditions must have been
met otherwise closing permission will not be given.
A new synchro-check sequence requires a new re-
quest.
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4.11.1 Operating modes

The closing check procedure can be selected from
the following functions:

— SYNCHR = Release at synchronism. That is,
when the critical values AU, Ag and
Af lie within the set limits.

— U1> U2< = Release for energized line (U1>)
and de-energized bus-bar (U2<).

— U1< U2> = Release for de-energized line (U1 <)
and energized bus-bar (U2>).

— U1< U2< = Release for de-energized line (U1 <)
and de-energized bus-bar (U2<).

— OVERRIDE = Release without any check.

Each of these conditions can be switched to effec-
tive or not effective; combinations are also possible
(e.g. release when U1> U2< or U1< U2> are satis-
fied). Combination of OVERRIDE with other parame-
ters is, of course, not meaningful.

The release conditions can be setindividually for aué
tomatic and for manual closing, e.g. one can permit
manual closing at synchronism or dead ling; whilst
before an auto-reclose, at one line end only freedom
from voltage and at the other, only synchronismiwill
be checked.

4.11.2 Dead-line or dead-bus switching

For release of the closingseommand to energize a
volt-free line from the bus-bafjthe following condi-
tions are checked:

— Does the voltage Ud,lie’below the set value U<?
— Does the voltage U2 lie above the set value U>?

When the conditigns are satisfied, the closing com-
mand is released. The duration of the command can
be adjusted,

Cerresponding conditions apply when switching a
live'line“onto a dead bus-bar or a dead line onto a
dead'bus-bar.

4.11.3 Switching at synchronism

To release a closing command, the following condi-
tions are checked:

— Does the voltage U1 lie above the set value U>?

— Does the voltage U2 lie above the set value U>?

—Is the voltage , magnitide difference
||>U1] — |U2|| withifythespermissible toler-
ance AU?

— Is the angle differéace g1 — 2| within the per-
missible tolerance AQ?

— Is the frequencyddifference |f1 — 2| within the
permissible tolerance Af?

Whefitthe ‘conditions are satisfied, the closing com-
mand is released. The duration of the command can
bevadjusted.

4.11.4 Asynchronous switching

For release of a closing command, the following
conditions are checked:

— Does the voltage U1 lie above the set value U>?
— Does the voltage U2 lie above the set value U>?

— Is the voltage difference | |U1| — |U2|| within
the permissible limit AU?

— Is the frequency difference |f1 — 2| within the
permissible difference Af, but larger than Afgync?

When the conditions are satisfied, the device calcu-
lates the time to the next instant of synchronism,
from the rate of change of angle and frequency dif-
ference. The closing command is then released at
the instant that the closing time of the breaker
equals the difference between instant of command
and the next instant of synchronism. The duration of
the command is adjustable.
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4.12 Distance-to-fault location

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

Distance to fault location in distance protection relay
7SA511 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 input.
Thus, calculation is possible when a different protecs
tion device effects clearance of a short circuit. Fur;
ther, fault calculation can be started without receipt
of any tripping command. In this case,he'start-to-
measure criterion is fault detection by they7SA511
relay.

Evaluation of the measured vall@ies occurs after the
fault has been cleared. From the,stored and filtered
values at least three resultant pairs for R and X are
determined. If less than thrée resultant pairs are
available, no fault lo€atiomis given. From the resul-
tant pairs, averaggvalu€ and'standard deviation are
calculated. After elimination of “exceptions”, which
are recognized by theirfexcessive difference from
the standard deviation, another average is again cal-
culated for X. This average is taken as fault reac-
tance.

As a resultiof the fault location calculation the follow-
ing outputsiare given:

=,the,short circuit loop, from which the fault reac-
tanee is determined,

— the reactance per phase in Ohms primary and
secondary,

— the resistance per phase in Ohms primary‘and
secondary,

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

— the distance to fault in % of thelline 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 thesline“isymade up of sections with
differing reactance/values, e.g. overhead line —
cable combinations;the distance to fault can still be
calculated magually from the reactance determined
by the“faultslecation, if the line characteristics are
knowh

With“earth faults on parallel circuit lines the loop
equationtused for calculation of the impedance (see
Section"4.2.3) is influenced by the coupling of the
earthfimpedances of both conductor systems. If no
special measures are taken this will lead to mea-
surement errors in the result of the impedance cal-
culation. The relay can therefore be fitted with a par-
allel line compensation module for such fault loca-
tion (see Section 2.3 Ordering data). This takes into
account the earth current of the parallel line in the
line equation and thus compensates for the influ-
ence ofthe coupling. For this purpose, this earth cur-
rent must be fed into the relay. The loop equation in
differential form is then as follows:

Lo (G Xe die % die
dt ~ X dt X, at

. Re . Rv .,
R'(IL_R_E'IE_R_'\:"IE)ZUL—E

where ig’ is the earth current of the parallel line and
the ratios X/X_ and Ry/R_ are line constants which
result from the geometry of the double line and the
characteristics of the earth return path. The line con-
stants are input to the relay just as the other line data
are also set.

The parallel line compensation is valid only for faults
on the protected line. For faults beyond the pro-
tected zone and faults on the parallel line, compen-
sation is not possible.
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4.13 Circuit breaker trip test

Numerical distance protection relay 7SA511 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 breaker
ready, AR not blocked) are fulfilled. This applies also
for an external auto-reclose device.

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

When a pure trip test is started, the relay iSsues'a
three-pole trip command.

A TRIP-CLOSE cycle can be performed three-pole
or single-pole. Three-pole trip is initiated only when
the AR function (internal or external) pérmits three-
pole reclosure. Single-pole tripsis initiated only when
the AR function (internal.er extefnal) permits single-
pole reclosure. Single-poletrip test can also be car-
ried out with a sequencefiRIP»L1 — RECLOSE -
TRIP L2 — RECLOSE = TRIR'L3 — RECLOSE.

The test sequenege is Supervised by 7SA511 by
means of the cireuit ‘breaker auxiliary contact posi-
tion provided the auxiliary contact is connected to a
binary inputs|f the breaker does not react correctly
then the test sequence is aborted; a corresponding
message is given in the display or on the PC screen.

Tripatestican also be started by energization of a
binary input. A pure trip test without reclosure (by in-
ternal “or external auto-reclosure) is not recom-
mended for safety reasons.
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4.14 Ancillary functions

The ancillary functions of the distance protection
7SA511 include:

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

— Monitoring functions.

4.14.1 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.

4.14.1.1 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.

4.14.3.20Information 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 4.14.1.1.

The device also has several event buffers, e.g. for
operating messages, circuit breaker operation sta-
tistics etc. (see Section 6.4) which are saved against
supply voltage failure by a buffer battery. These
messages, as well as all available operating values,
can be transferred into the front display at any time
using the keyboard or to the personal computer 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 fault’ Thus,
one network fault can include different faultyevents
(from pick-up until drop-off). This is particularlysad-
vantageous for allocation of time data.

4.14.1.3 Information to a central unit (optional)

In addition, all stored informatien can be transmitted
via an optical fibre connettor ar the isolated second
interface (system interface) to'a control centre, for
example, the SIEMENS localized Substation Auto-
mation System &SA 678. Transmission uses a stan-
dardized tragsmissien protocol according to IEC
60870-5-403 and VDEW/ZVEI, or (selectable) ac-
cording to DIN"19244.

4.14.2 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. For each renewed
fault event, the actudhnewifault data are stored with-
out acknowledgement ofithe old data.

The data can be transferred to a connected personal
computer via thexoperation interface at the front and
evaluatedbytheprotection data evaluation program
DIGSI®, Theé currents and voltages are referred to
their maximum values, normalized to their rated val-
desrand prepared for graphic visualization. In addi-
tionsignals can be marked as binary traces, e.g.
*Rick-up” and “Trip”.

Additionally, the fault record data can be transmitted
te 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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4.14.3 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

Upse primary and in % of rated voltage
UNA/S,
—UL19, U o3, 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;
—®/®trip

overload measured values, referred
to trip temperature rise.

Additionally, the components of the earthfault cur-
rent can be output for relays with highlytsensitive
earth fault detection in non-earthed systems:

active and reactive €empomnent of
earth fault current’ifi nonfearthed
systems.

—lEaa IEr

Even the direction of the energy flow (forwards =
line direction) can bg recalledwpon request. These
data are particulafy useful Wwhen checking that the
transformer connections are correct during com-
missioning (see Section6.7.2).

4.14.4 Monitoring functions

7SA511 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.

4.14.4.1 Hardware monitoring

The complete hardware is m@nitored for faults and
inadmissible functions, fromythelmeasured value in-
puts to the output relays. In“detail this is accom-
plished by monitoring:

— Aucxiliary and reference voltages

The procéssor monitors the offset and reference
voltage of the¥ADC (analog/digital converter). The
proteetion is\blocked as soon as impermissible
deyiations oecur. Permanent faults are annun-
ciated.

Eailure or switchoff 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 (Uy > 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 + k|XiE| >
SUM.lthres x Iy + SUM.Fact.l X Imax
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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.l are setting parameters (refer to
6.3.10). The component SUM.Fact.l x Inox takes
into account permissible current proportional
transformation errors in the input converters
which may particularly occur under conditions of
high short circuit currents (Figure 4.50).

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

— | I = Fault current

Slope:

/ SUM.Fact.|

SUM.Ithres

Imax

Ly

Figure 4.50 Current sum monitoring (cufrent

plausibility check)

In the voltage path, there arg seven input conver-
ters: three connected tdyeachyphase —earth volt-
age, three connected to €ach phase—phase volt-
age, one further connéctedyto the displacement
voltage Ugy or a bus-bar voltage. A fault in the
voltage circuits will' be’recognized when

|U|_1 + ULl uLait kU'uENl >25V.

Factor k(parameter Uph/Udelta) can be set to
correct different ratios of phase and open delta
voltage transformer windings.

Néte: Voltage sum (phase—earth) monitoring can
opetate properly only when an externally formed
open‘delta voltage Ugy is connected to the resid-
ualvoltage input of the relay.

Since the phase-to-phase voltages are separately
formed and measured within the device, a simila
monitoring procedure applies:

|ULi-L2 + Uo—13 + Upa—L1| > 20 V.

Additionally, the phase —phase voltages are com-
pared with the associated phase —earth voltages.
A fault will be recognized when

|UL1-L2 — (U1 —uLo) |5, 20
|ULo—L3 — (Uo—urg)| > 20V
|uLa—L1 — (uz—upq)| >20V

If any of these monitering functions detects that
the measured values are not plausible it will con-
clude that théreyis afault in the analog measure-
ment circuits, After approximately 1 second, an
alarm will"be given.

Commandyoutput channels:

Lhereommand relays for tripping and closing are
controlled by two command and one additional
release channels. As long as no pick-up condition
exists, the central processor makes a cyclic
check of these command output channels for
availability, by exciting each channel one after the
other and checking for change in the output sig-
nal level. Change of the feed-back signal to low
level indicates a fault in one of the control chan-
nels or in the relay coil. Such a condition leads au-
tomatically to alarm and blocking of the command
output.

Memory modules:

The memory modules are periodically checked
for fault by:

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

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

e 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.
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4.14.4.2 Software monitoring

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

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

4.14.4.3 Monitoring of external measuring
transformer circuits

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

— Current symmetry

In healthy operation it can be expected_that(the
currents will be approximately symmetrical. {The
following applies:

[ lmin | /| Imax | < SYM.Faet.!
if
Imax/lN > SYM.lthres / In

Imax is always the largest’ofthe three phase cur-
rents and liin alway§ithesmallest. The symmetry
factor SYM.Factf'represents the magnitude of
asymmetry of the phase currents, and the thresh-
old SYM.lIthres isithe lower limit of the processing
area of this monitoring'function (see Figure 4.51).
Both parameters can be set (see Section 6.3.10).

min

Slope:
SYM.Fact.|

~

SYM.Ithres Iy

Figure 4.51 Current symmetry/monitoring

— Voltage symmetry

In healthy operation it'can be expected that the
voltages Qwill™” be Japproximately symmetrical.
Therefore,itheydevice checks the three phase-to-
phaséwvoltages for symmetry. Monitoring of the
sum ofythe “phase-to-phase voltages is not in-
flueneed by earth faults, which can be a lasting
operating‘condition in non-earthed networks.

Theollowing applies:

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

whereby Unay is the largest of the three voltages
and Upmin the smallest. The symmetry factor
SYM.Fact.U represents the magnitude of the
asymmetry of the sum of the voltages. The thresh-
old SYM.Uthres is the lower limit of the processing
area of this monitoring function (see Figure 4.52).
Both parameters can be set (see Section 6.3.10)

Ynin
Uy
Slope:
SYM.Fact.U
P
| Umax
SYM.Uthres Un
Figure 4.52 Voltage symmetry monitoring
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— Measured voltage failure

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_ph 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 real system fault.

After this monitor has operated, distance protec-
tion is blocked and will not be released until the
cause of the voltage failure has been removed.
The distance protection function will then auto-
matically be restored. Change-over to overcur-
rent emergency protection is possible.

Fuse failure monitor

If any measured voltage is not present, due to
short circuit or conductor breakage in thegoltage
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 VI secéndary cir-
cuit, but instead, for example, fuses,are fitted, the
optional function “fuse failure menitor” can be
made effective, in solidly,earthed networks. Ob-
viously, this function can also be used together
with the above mentigned AT protective m.c.b.

When a zero sequénge yoltage is indicated, with-
out simultaneQus recognition of an earth fault, this
is indicative’of a'single phase fault in the second-
ary circuits offthe voltage transformers. The dis-

tance function is then blocked and the relay gan
be switched to emergency overcurrent opetation
(see Section 4.6). Immediate blocking(fis per-
formed provided at least one phase _curtent/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 longerthan approximately 10
seconds the distance_protection is blocked and
will not be released untilthe cause of the voltage
failure has been remoyed. The distance protec-
tion function will then,automatically be restored.

Note: Wheng for, example, on lines fed by un-
earthed transformers, the earth current during
earth faulis insignificantly small or absent, the
fuse failuré€ menitoring must not be activated! In
non-earthed”networks, this fuse failure monitor-
ing facility is pointless and will be ignored by
LSASIY)!

RPhase 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:

U1 before U s before U 5

This check is carried out when the measured volt-
ages as described in 4.14.4.1 are plausible and
have a minimum value of at least

|[UL1],|UL2],|ULs| > 40 V//3

Counter-clockwise rotation will cause an alarm.

Table 4.11 gives a survey of all the functions of the
measured value monitoring system.
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Monitoring

Failure covered, reaction

1. Plausibility check of currents
|i|_1 + o + i3 + le/lph x iEl >
SUM.lIthres x Iy + SUM.Fact.l x Iy«

Relay failures in the signal acquisition circuits
IL1, 12, I3s e

delayed alarm “Failure XI”

2. Plausibility check of voltages phase—earth
|U|_1 + U + Us + Uph/UdeIta X uENl > 25V

Relay failures in the signal acquisition circuits
Upq, Upo, Urg, U

delayed alarm “Failure XUph-&2

3. Plausibility check of voltage phase—phase

|ULi-L2 + Uo—3 + Ua_11| > 20V

Relay failures in the signal acquisition Circuits
UL1-L2, U213, UL3—L1

delayed alarm “Failure 4XUp-p’

4. Phase—phase voltages against voltage
differences

|uLi-L2 = (Ug—up)| > 20V
|ULo—L3 — (Uo—urg)| > 20V
|Us_L1 — (Ug—upq)| >20V

Connection error in one of the voltage connec-
tions phase-phase and/er phase-earth

delayed alarmy‘Faidure XUp-p”

5. Current unbalance

< SYM.Fact.l

|Imin|

e

and |lmaxl > SYM.lthres

Single, affphase:to-phase short circuits or broken
conductorsyin theic.t. circuits i 1, i 9, i3

or

Unbalanced,lead

delayedalarm “Failure Isymm”

6. Voltage unbalance (phase—phase)

|| t‘:m‘” || < SYM.Fact.U

and |Umaxl > SYM.Uthres

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

or

unbalanced voltage on the system

delayed alarm “Failure Usymm”

7. Measured voltage failure

Uph—ph < UMEAS U< and Iy >,OMEAS 1>

Loss of measured voltages

delayed alarm “Failure Umeas”
and block of distance protection

8. Fuse failure monitor

|U|_1 + U + U|_3| > FFM3xUo and
|i|_1 + i + i|_3| < FEM Je

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

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

9. Phase rotation

up1 before ugbefore ups,
as long as |Up1[WUi2|, |Uis| > 40 V/i/3

Swopped voltage connections or reverse rotation
sequence

delayed alarm “Fail.PhaseSeq”

Bolted figures are getting 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 handlifghand 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, VDEJer national standards)
regarding the correct use of hoisting gear must be observed. Non-obseryance can result in death,
personal injury or substantial property damage.

5.1 Unpacking and repacking

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

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

The transport packing can be re-usedffonfurther
transport when applied in the same way/The stor-
age packing of the individual relaysfis 'not'suited to
transport. If alternative packing is used, this must
also provide the same degree of protection against
mechanical shock, as laid dewn in?"IEC 60255—
21—1 class 2 and IEC 60255212 class 1.

Before initial energization with supply voltage, the
relay shall be situateduin the”operating area for at
least two hourg_in{ordefito ensure temperature
equalization and“te, aveid humidity influences and
condensation.

5.2, Preparations

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

A Caution!

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

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

C53000-G1176—-C98
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5.2.1 Mounting and connections

5.2.1.1 Model 7SA511x-—-%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 26) of the unit
to the protective earth of the panel.

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

— Make connections via screwed terminals.

5.2.1.2 Model 7SA511x-—-xCxxx for panel flush
mounting or 7SA511x-xExxx for cu-
bicle installation

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

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

— Connect earthing screw on the reapofthe unit to
the protective earth of the pangl oricubicle.

— Make a solid low-ohmic and lew-inductive opera-
tional earth connection between the earthing sur-
face at the rear of the uniy@ising at least one stan-
dard screw M4, and {the earthing continuity
system of the pamel“or, cubicle; recommended
grounding strapDIN 72338form A, e.g. Order-No.
15284 of Messts)Dréiseidt; 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 eonductor cross-sections. The use of
the serewed terminals is recommended; snap-in
connection requires special tools and must not be
usedifor 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 awxil-
iary voltage and the rated current of the current
transformers.

5.2.2.1 Control d.c. voltage of binaryinputs
When delivered from factory, the bifary inputs are
designed to operate with a contrelyvoltage which
corresponds with the rated voltage of the power
supply of the relay. In order to'optimize the operation
of the inputs, they shouldybe/matched to the real
control voltage. It dgpends on the hardware state
(production series) ofythe relay how this is carried
out. This state is found orvthe name plate behind the
complete order designation.

The follewing is valid for production series /GG:

TheBinaryinputs react on control d.c. voltages in
the totalyvoltage range from 19V to 288 V. The
picksup threshold lies near 17 V. If the rated con-
trohvoltage for binary inputs is 110 V or higher, itis
advisable to fit a higher pick-up threshold to these
inputs to increase stability against stray voltages
in the d.c. circuits.

To fit a higher pick-up threshold of approximately
65 V to a binary input a solder bridge must be re-
moved. Figure 5.1 shows the assignment of these
solder bridges for the inputs Bl 1 to Bl 4, and their
location on the basic p.c.b. of the basic input/out-
put module GEA-1. Figure 5.2 shows the assign-
ment of these solder bridges for the inputs Bl 5to
Bl 10 and their location on the additional input/
output module ZEA-1.

The following is valid for production series /HH or lat-
er:

Table 5.1 shows the assignment of the preset-
tings of the control voltage of the binary inputs
against the rated supply voltage of the relay. If the
control voltage of a binary input is of the same
magnitude as the supply voltage of the relay, no
matching is necessary. Even with higher control
voltage the binary input will operate. But it is ad-
visable tofit a higher pick-up threshold to increase
stability against stray voltages. Refer to Table 5.2
for possibilities. If a binary input is to be controlled
by a lower voltage, then the pick-up threshold
must be matched! Otherwise it cannot be ener-
gized.
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Binary input 1 : Solder bridge X21

Binary input 2 : Solder bridge X22

Binary input 3 : Solder bridge X23

Binary input 4 : Solder bridge X24

For rated voltages 24/48/60 V—: Solder bridges must be fitted!

For rated voltages 110/125/220/250 V—: Solder bridges may be removed:
Cut and bend aside.

Figure 5.1 Checking for control voltages for binary inputs 1 to4 onbasic module GEA—-1, up to pro-
duction series /GG

Binary input5:  Solder bridge X7

Binary input6:  Solder bridge X8

Binary input 7:  Solder bridge X9
Binary input8:  Solder bridge X10
Binary input9:  Solder bridge X141

Binary input 10:  Solder bridge X312

For rated voltages 24/48/60 M—: Solder bridges must be fitted!

For rated vgltages 110/125/220/250 V—: Solder bridges may be removed: =
Cut and bend aside..

Figure 5.2 Checking for control voltages for binary inputs 5 to 10 on additional module ZEA—-1, up to
production series /GG
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Order code
7SA511x—

Rated auxiliary
voltage range

Presetting of
binary inputs

2ok — oAk
Gk — FokAk

Bokokkok — Aok k

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

24 \/dc
60 Vdc
220 Vdc

Table 5.2 shows the setting possibilities for the
binary inputs Bl 1 to Bl 4 on the basic p.c.b. of the
basic input/output module GEA-2, Table 5.3 for thg
inputs Bl 5 to Bl 10 on the additional input/output
module ZEA—-1. The figures 5.3 and 5.4 show the
printed circuits boards, viewed from the component
side, with the setting plugs for the control voltage of
the binary inputs. They are valid for relays from pro-
duction series /HH. If the actual control voltage is not
found on the p.c.b., select the setting fer the next

Table 5.1 P_resett_ing of c;ontrol voltgge for. lower voltage. The figures showfurther plugs, which
binary inputs for production series must not be changed.
/HH or later
Binary input Settings for rated control voltage
on GEA-2 24/48 Vdc 60 Vdc 140/125(Vde 220/250 Vdc
Bl 1 plug X50—-X51 plug X52—-X53 plug X542 X55 no plug )
Bl 2 plug X56—X57 plug X58—-X59 plag 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 X36to X43

Table 5.2 Checking for control voltages ofsdoinaryinputs 1 to 4 on the basic module GEA-2, valid from
production series /HH
Binary input Settings for rated control voltage
on ZEA-2 24/48 Vdc 60 Vdc 110/125 Vdc 220/250 Vdc
Bl 5 plugi24:V, plug 60 V plug 110V plug 220 V
Bl 6 plug 24:V plug 60 V plug 110 V plug 220 V
Bl 7 plug,24 V plug 60 V plug 110 V plug 220 V
Bl 8 plag 24 V plug 60 V plug 110 V plug 220 V
Bl 9 plug 24 V plug 60 V plug 110 V plug 220 V
Bl 10 plug 24 V plug 60 V plug 110 V plug 220 V
Table'$.3 Checking for control voltages of binary inputs 5 to 10 on the additional module ZEA-2, valid

from production series /HH
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X36 to X43: unused plugs
may be parked here
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— Open housing cover.

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

1\ Caution!

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

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

— For production series up to /GG: check the solder
bridges according to Figure 5.1, remove bridges

5.2.3 Inserting the back-up battery

The device annunciations are stored in NV—-RAMs({
Even the fault recording data are stored ingNV—
RAMSs for relays from production series /GGfor later.
A back-up battery is available so that they“are re-
tained even with a longer failure of the d.eysupply
voltage. The back-up battery is also required forthe
internal system clock with calender to continue in
the event of a power supply failure.

5.2.4 Checking LSA transmission link

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

lf data cables are used, the connections are marked
in_sympathy with ISO 2110 and DIN 66020:

where necessary.
For production series from /HH: check the_plugs
according to Figure 5.3.

— Insert basic module into the housing;ensure that
the releasing lever is pushed fully to theleftbefore
the module is pressed in.

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

— Similarly check on the additional input/output
module ZEA-2.
For production series (up/to /GG: check solder
bridges according toFigure 5.2.
For production‘series/from /HH: check the plugs
according tofFigure'5.4.

— Close hgtising‘cover.

The battery is supplied separately with relays of pro-
duction series up to /GG. It should be inserted be-
fore the relay is installed. Section 7.2 explains in de-
tail how to replace the back-up battery. Join this
section accordingly when inserting the battery for
the first time.

When the production series of the relay is /HH or lat-
er, the battery is installed at delivery so that no activi-
ties are necessary here.

TXD Transmit line of the respective unit
MT Frame reference for the transmit line

RXD Receive line of the respective unit
MR Frame reference for the receive line

The conductor screen and the common overall
screen must be earthed at one line end only. This
prevents circulating currents from flowing via the
screen in case of potential differences.

C53000-G1176—-C98
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Transmission via optical fibre is recommended. It is of the power supply board (centre board) (Figure
particularly insensitive against disturbances and au- 5.5).

tomatically provides galvanic isolation. Transmit and
receive connector are designated with the symbols

—®—> for transmit output and —>® for receive in- Jumper | Position | Normal signal positi
ut.

P X239 1-2 “Light off”

The normal signal position for the data transmission X239 2-3 Light on

is factory preset as “light off”. This can be changed v
by means of a plug jumper X239 which is accessible The figure shows, additionally, the p@sition of further
when the basic input/output module is removed plugs which are preset by the must not
from the case. The jumper is situated in the rear area be changed! 2

N

123 123
xo13 (I D201 xe13 O
x214 (11
x215 (1]
x216 (1]
x217 (0
x240 ]
I x239 [

x238 (111
\ X237 (111

X236
X235

-
N
w

Plug jumper shown as delivere
X239: Position 1-2 = “Light K ;
O 100 100

%, |
o o
o o
N o | 3
(o]
with V.24 interface with optical fibre in-
terface
L 4
Figure 5¢ osition 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 theddc supply
and the voltage transformer circuits!

— Check the continuity of all the current'and voltage
transformer circuits against the plant and€onnec-
tion diagrams:

® Are the current transformers correctly
earthed?

® Are the polarities of the current transformer
connections copsistent?

® |s the phase‘elationship of the current trans-
formers correct?

® Arethe voltage transformers correctly earthed?

® Are the polarities of the voltage transformer cir-
cuits correct?

® ‘Isithe phase relationship of the voltage trans-
formers correct?

® |s the polarity of the window-type summation
current transformer correct (for the model with
earth fault detection)?

® |s the polarity of the open delta winding on the
voltage transformers and the connection Cox:
rect (if fitted)?

® Are the polarities of the bus-bar voltage trans-
formers correct (if used for synchronism or volt-
age check)?

— If test switches have been fitted in the secondary
circuits, check their functiony particularly that in
the “test” position the currept transformer sec-
ondary circuits are automatically short-circuited.

— Ensure that the miniature slide switch on the front
plate is in the “ORE” Q¢ position. (refer Figure
6.1).

— Fit a dc amimetenr,in the auxiliary power circuit;
range approxy1.5 A to 3 A.

— Clgse the battery supply circuit breaker; check
polarityyand magnitude of voltage at the terminals
of theyunit or at the connector module.

= Thelmeasured current consumption should be in-
significant. Transient movement of the ammeter
pointer only indicates the charging current of the
storage capacitors.

— Put the miniature slide switch of the front plate in
the “ON” position © . The unit starts up and, on
completion of the run-up period, the green LED
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—-C98
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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:
@eeeeea

CWw ACCEPTED

CODEWORD WRONG

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

If thejeodeword 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. These set-
tings concern the operation of the relay, cemmuni-
cation with external operating and, Processing
devices via the serial interfaces, and4he interaction
of the device functions.

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

ﬁ?OOOIOP. g'Yls TEM
@CONFIGURATION

Beginning of the block “Operating system configura-
tion”

The double arrow key f switches over to the first
configuratiop block (see below). Use the key 1 to
find the next'address. The display shows the four-
digit address number, i.e. block and sequence 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?”. Confirm
with the “Yes”—key J/Y that the new settings shall
become valid now. If you press the “No”—key N in-
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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.

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 configuration. If you press the “Yes”—key
J/Y instead, another question appears: “SAVE NEW

SETTINGS ?”. Now you can confirm with J/Y cor
abort with N, as above.

When one exits the setting program, the altered pa-
rameters, which untilthen have been stored,intbuffer
stores, are permanently secured in EEPROMSs 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-

wordsentry is' necessary.

When delivered from factory, the date is shown in the
European)format.

ol

R A

o
[}
H

EGRATETD

(@)

2 1

. MM.

E
Y

F O RyM{AJT
Y

=

Y Y

i
— U
o0 N

o,
—

oo

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.
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71060 OPER. 2

UL12 [

% ]

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 theeyice or via
the system interface (if fitted). After ackhowledge-
ment, the operational messagés,of the quiescent
state will be displayed againfasfchosen under ad-
dresses 7105 and 7106.

M7 1070 FavU lst L
*Fault Ty
Trip Type
Prot Pick-up
Prot.Trip
T -Drop
T-Trip
Fault locat
M71osBFaULT 2,80d T
*T—Trip

etc.
M711o0m#26LT 1INDIC
flwrrTe FMufr DETEC
WITH TRIP COMM.

After a fault event, thé firstline of the display shows:
type of fault (faulty phases),

type of trip cammand (tripped breaker pole or three-
pole trip),

protectionifunction which has picked up,
proteetion [ftinction, which has tripped,

the 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.

ﬁ7zoolpc/SYSTEM
IltxTERFACES
f7201IDEVICE ADD
2

f7202|FEEDER ADD
{1

M[72030suBsT Ao
{1

f? o s FruNfCcT TYPE
{1

}7209IDEVICE TYPE
{21

Beginning of the block “Interfaces for personal
computer and central @emputer system”

Identification Aumber of the relay within the substation;
valid for ‘both thefinterfaces (operating and system
interface). Thetpumber can be chosen at liberty, but
mustibetused only once within the plant system
Smallestiypermissible number:

Largest, permissible number: 254

Number of the feeder within the substation; valid for
both the interfaces (operating and system interface)
Smallest permissible number: 1
Largest permissible number: 254

Identification number of the substation, in case more
than one substation can be connected to a central
device

Smallest permissible number:
Largest permissible number:

1
254

Function type in accordance with VDEW/ZVEI and IEC
60870—-5-103; for distance protection no. 128.

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

Device type for identification of the device in Siemens
LSA 678 and program DIGSI® . For 7SA511 V3 no. 21
This address is only for information, it cannot be
changed.

C53000-G1176—-C98
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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) orthe SYS GAPS (address 7224
for the system interface) is relevant only when the
relay is intended to communicate via a modem. The
settings are the maximum time period which is toler-
ated by the relay when gaps occur during transmis-
sion of a telegram. Gaps may occur, when modems
are used, by compression of data, error correction,

and differences of the Baud-rate. With good trans-
mission quality, 1.0 s is adequate. The value should
be increased when transmission quality is not s@
good. It must be noted that GAPS must be smaller
than the setting of “reaction time protection relay” in
the protection software DIGSI® V3. Recommended
value:

"'reaction time protection relay’’
2

GAPS =

Higher values for “reaction time protection relay” re-
duce the transmission speed in'case oftransmission
errors. If the relay interface is connected directly to a
personal computer, then GARS may be set 10 0.0 s.

[y

1l
S I

NTERTFEF .

P

i
o

Q
w

AUDRATE

ARITY

Data format for the RC (operating) interface:

format for Siemens‘protection data processing program
DIGSI® Version V3

ASCII format

Maximumytime period of data gaps within telegrams
which may occur during data transmission via modem
onjthe operating (PC) interface
Smallest setting value:

Largest setting value:

0.0s
5.0s

The transmission Baud-rate for communication via the
PC (operating) interface at the front can be adapted to
the operator’'s communication interface, e.g. personal
computer, if necessary. The available possibilities can
be displayed by repeatedly depression of the “No” —key
N. Confirm the desired Baud-rate with the entry key E.

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

Format of annunciations and fault records fafthe sys-
72210 sYs INTERF .| 00GH interface:

only data in accordance with VDEW/ZVEI (IEC'60870—

}
*VDEW COMPATTIBLE

5-103)

data in accordance with VDEW/ZVEI (IE€ 60870-
VDEW EXTENDED 5-103), extended by Siemens spegified data
DIGSTI V3 formatforS|emens protectiomdataprocessing program

DIGSI® Version V3

L SA format of the former Siemens LSA version

* 72220 s8¢YS MEASUR Format of measured values for the system (LSA) inter-
: face:
f[vbEW coMPATIBLE only data in acg@tdanee with VDEW/ZVEI (IEC 60870—
5-103)
VDEW EXTENDED data in\\Yaccordance with VDEW/ZVElI (IEC

60870—5—-103Wextended by Siemens specified data

Maximum#ftime period of data gaps within telegrams

fl72240svs cars whieh may occur during data transmission via modem

{ 0.0 s omihe'system (LSA) interface
Smallest setting value: 0.0s
Largest setting value: 5.0s
* 72250 8YS BAUDFW . The transmission Baud-rate for communication via the

system interface can be adapted to the system inter-
face, e.g. LSA, if necessary. The available possibilities
can be displayed by repeatedly depression of the
19200 BAUD “No”—key N. Confirm the desired Baud-rate with the
entry key E.

floeoo BAUD

* 722 6bhdY s PARITY Parity and stop-bits for the system (LSA) interface:

+ VDEW/DIGSIV3/LSA format for VDEW-—- prOtOCO' (|EC 60870—-5-— 103) Or
Siemens protection data processing program DIGSI®
Version 3 and former LSA

transmission with NO parity and 2 STOP-bits

N O 1 STOP transmission with NO parity and 7 STOP-bit, e.g. modem
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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 fa-
cility 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 ar-
ranged 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
interface by means of DIGSI® —procedures.

72270 sys
N O

SWITCH

i

E

Switch-over between VDEW transmissionprotocol (IEC
60870—5-103) and DIGSI® —protool/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,

— or‘address 7221 SYS INTERF is set to VDEW
COMPATIBLE or VDEW EXTENDED and, at the
game time, address 7227 SYS SWITCH (see
above) is set to YES.

* 72350 SYS PARAMET Remote parameterizing via the system interface
+ N NO - is not permitted
Y E S YES - is permitted
* 72390 7SM70 AZAd If a fault location output device 7SM70 or 7SM71 is con-
nected to the system interface, address 7239 7SM70/71
filvor cownwHcMED is to be set to CONNECTED. In all other cases the ad-
dress remains NOT CONNECTED.
CONNECGTED
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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 4.14.2). 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

time T—PRE (address 7411) before the reference in-
stant and ends with the post-fault time T-POSTu(@d-
dress 7412) after the recording criterion‘has disap-
peared. The permissible recording time¥or each
record is set under address 7410. Altogether 5 s are
available for fault recording. In this time range upto 8
fault records can be stored.

Note: The settimes are related on a'system frequen-
cy of 50 Hz. They are to beimatehed, accordingly, for
different frequencies.

Data storage can also be,initiated via a binary input
or by operator actionfrom the membrane keyboard
on the front of the relay or via the operating interface.
The storage istriggered dynamically, in these cases.
The lengthrofithe data storage is determined by the
settings invaddresses 7431 and 7432, but max. T—
MAX, ‘address”7410. Pre-trigger time and post-fault
time areladditive to the set values. If the storage time
forstartvia binary input is set to oo, then the storage
time ends after de-energization of the binary input
(statieally), but not after T-MAX (address 7410).

{}FAULT RECORDTINTEGS

H

I AGE TWO"N

STORAGE Y F Dv.

(oo}

f7402|INI
'

S TORAGE BwY TRIP

START W L, TH TRIP

Beginning of block “Fault recordings”

Data storage is initiated:
— fault detection is reference instant
fault detection is storage criterion

— fault detection is reference instant
trip command is storage criterion

— trip command is reference instant
trip command is storage criterion

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

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

4110 T-PRE
0
4120 T-POST
4310 T-BINARY IN
0
4320 T-KEYBOARD
.50 s

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

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

Storage time when fault recording_isinitiated via a
binary input, pre-trigger and péstfault” times are
additive

Smallest setting value: 0.10 s

Largest setting value: 5.00s

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

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

Smallest setting'value: 0.10s

Largest settingvalue: 5.00 s

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

o

900 sYs

0 VALUES

LENGTH

F IpX

3000

VAL .

V ApR

Only for communication with a former LSA system:

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

660 values fix or

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

5.4.1 Introduction

The device 7SA511 is capable of providing a series
of protection and additional functions. The scope of
the hard- and firmware 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.

1st example for configuration of the scope of the de-
vice:

Assume a network comprising overhead lines and
cable sections. For reasons of uniformity, all devices
have been specified with auto-reclose facilities.
Since auto-reclose is only applicable for the over-
head line sections, this function will be “de-config-
ured” for the devices protecting the cable sections.

2nd example for the interaction of the functions:
The device includes distance protection and earth
fault protection (for high resistance earth faults in
earthed networks). The distance protection is re#
quired to operate with single-pole auto-reclosenthe
earth fault protection shall operate without auto-re-
closure. The device will be “informed” of thisieandi-
tion during configuration.

The configuration parameters are inputthrough the
integrated operation keyboard at thegdront of4he de-
vice or by means of a personal computer, €onnected
tothis front-interface. The use of the integrated oper-
ating keyboard is described in detaihin Section 6.2.
Alteration of the programmet parameters requires
the input of the codeword (seeiSection 5.3.1). With-
out codeword, the setting can be read out but not al-
tered.

For the purposenef canfiguration, addresses 78xx
and 79xx argfprovided. One can access the begin-
ning of theonfiguration blocks either by direct dial

— press direct address key DA,
— type in address 7 8 0 0,
— press exeeute key E;

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

Within the bock 78 one can page forwardawith 1 or
back with |. Each paging action leads to a further
address for the input of a configuration parameter. In
the following sections, each address is shown in a
box and explained. In the upperdine of the display,
behind the number and“the bar, stands the asso-
ciated device function. Inthe second line is the asso-
ciated text (e.g. “EXIST).Afithis text is appropriate
the arrow keys 1 or J,canbeused to page the next
address. If the text sheuld be altered press the
“No”—key N; an altetnative 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
mustbe confirmed with the key E!

Use of the double arrow key f brings one to the next
addressablock, in this case 79. There one finds fur-
ther setting parameters which can equally be con-
firmegd or altered.

The configuration procedure can be ended at any
time by the key combination F E, i.e. depressing the
function key F followed by the entry key E. The dis-
play shows the question “SAVE NEW SETTINGS ?”.
Confirm with the “Yes”—key J/Y that the new set-
tings shall become valid now. If you press the
“No”—key N instead, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
ft |, the display shows the question “END 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.
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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 7SA511: 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”)fbut
that the function will have no effect on the result of
the protective process (e.g. no tripping command)s

The following boxes show the possibilities for the
maximum scope of the device. In amyactual case,
functions which are not available will aétlappear in
the display.

Tl780o0MscorE oOF
JlFuncTrIoNs

Beginning of the block “Scepe of functions”

Distance protection:

f7812|DIST.
{EXIST

PROT.

NON-EXIST

Fault detection mode for distance protections

f7813IDIST.F.DET.
*OVERCURRENT

IMPEDANTCE Z.0 N)E

u/1I

FAULT DE T .

Power swing detégtion:

f7820lP0WER
*NON—EXIST

SWING

E X I, SaT

Telepfoteetion mode:

f7821ITELEPROTEC.
*NON—EXIST

UNDERREACH

OVERREACH

User definable logic functions:

M7823 useR
flkon-ExTST

LOGIC

EXIST

Emergency overcurrent time protection:

78260 EMERG .
EXIST

0o/ cC

i

NON-EXIST
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Thermal overload protection: Internal auto-reclosure function:

M7827BrTeERMAL oL fl7essminrernas a
*NON_EXIST *NON-EXIST
EXIST EXIST
L 4
Internal synchronism an vo%‘weck function:
Earth fault detection in non-earthed system:

78300 1sorL. E/F
NON-EXIST

e

EXIST

High resistance earth fault protection in earthed
system:

NON-EXIST

M78310EarRTE FAULT @
*N ON-EXIST Parameter set change-over:

DIR/NONS-DTIR

M7sssmeparamMm. c/o

DIREC.COMPARTI *NON-EXIST

INVERSE TIME EXIST
The rated system freque st comply with the setting under address 7899. If the system frequency is not
50 Hz, address 789 changed.
f 7 8 FREQUENCY

Rated system frequency 50 Hz or 60 Hz

+ f N 5 H z

e
&
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5.4.3 Setting the device configuration — address block 79

The configuration affects the interaction of the protective and additional functions, above all, for 7SA51 1#the
interaction of the auto-reclosing system with the protection functions.

ﬁ 79000DE Beginning of the block “Device configuration?
JllconrFrIcu IO0N
* 79100 C B EST Circuit breaker test via binary iAput is carried out
flrrRie-cr E 3POEL TRIP—CLOSE 3POLE, AhaPis three-pole AR cycle, or
SEQU L Lo 1 each pole one aftethewther with a
_ SEQU. L1—-k2—L30pen and close (this is only applica-
T HREE o . TR ID ble when single-pole AR is used), or
_ THREE —POLE TRIP will be initiated (without reclose)
* 79120AaR / DI T Auto-reel6sing works together with distance protection
* S ornot
v o
fl7o210aw /o TRE When signal transmission is distorted or switched off
+ YES YES - AR operates as set
|N o NO — AR is blocked
} 79260 2R Jws’E M E R Emergency overcurrent time protection operation
+ Y E S YES — AR works in accordance with the setting but
no auto-reclose when only Ig pick-up
No NO -ARis blocked
} 7 9 @0 2 R / IS .E Earth fault detection in non-earthed systems
+ Y Ens YES - AR works in accordance with the setting (only
when tripping on earth fault is allowed)
|N (¢ NO — AR is blocked
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* 79310 AR w/ E/F With earth fault protection (for earthed networks
+ YES YES — AR will be carried out but only three-pe
N O NO  —no AR will be carried out O
L 4
* 79410AR w/ EXT. With external trip via binary inpu
e & s YES - AR will be carried o\%three-pole
u

N O NO —no AR will be carn%

U Y,
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5.5 Marshalling of binary inputs, binary outputs and LED indicators

5.5.1 Introduction

The functions of the binary inputs and outputs repre-
sented in the general diagrams (Appendix A) relate
to the factory settings. The assignment of the inputs
and outputs of the internal functions can be rear-
ranged and thus adapted to the on-site conditions.

Marshalling of the inputs, outputs and LEDs is per-
formed by means of the integrated operator panel or
via the operating interface in the front. The operation
of the operator panel is described in detail in Section
6.2. Marshalling begins at the parameter address
6000.

The input of the codeword is required for marshal-
ling (refer 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.

When the 7SA511 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 in phase L1. This event is gener-
ated in 7SA511 as an “Annunciation” (logicalfunc-
tion) and should be available at certain terminals,of
the unit as a N.O. contact. Since specific unit termi-
nals are hard-wired to a specific (physicalusignal
relay, e.g. to the signal relay 7, the processer must
be advised that the logical sighal “Dist.Fault
L1” should be transmitted to the signakgelay 7. Thus,
when marshalling is performed twog¢statements of
the operator are important: Whichy(logical) annunci-
ation generated in the protection unit program
should trigger which {physical)signal relay? Up to
20 logical annunciations can trigger one (physical)
signal relay.

A similar situation applies to binary inputs. In this
case external information (e.g. voltage transformer
m.c.b. tripped) is cannected to the unit via a (physi-

cal) input module and should initiate a (logical) fuhe-
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 signal can_initiate up to
10 logical functions.

The trip relays can also be assigned, different func-
tions. Each trip relay can be,controlled by each com-
mand function or combinatiog, of command func-
tions.

The logical annunciation functions can be used in
multiple manner. E-gyoneannunciation function can
trigger several signal relays, several trip relays, addi-
tionally be indicatediby LEDs, and be controlled by a
binary input unit. The restriction is, that the total of all
physicalinputfeutput units (binary inputs plus signal
relays plus EEDs plus trip relays) which are to be as-
sociated withvone logical function must not exceed a
number, of 10. If this number is tried to be exceeded,
the display will show a corresponding message.

The"marshalling procedure is set up such that for
each (physical) binary input, each output relay, and
for each marshallable LED, the operator will be
asked which (logical) function should be allocated.

The offered logical functions are tabulated for the
binary inputs, outputs and LEDs in the following sec-
tions.

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

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

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

Tlle% ool
JMa®R saarLrLING

Beginning of marshalling blocks
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One can proceed through the marshalling blocks
with the key { or go back with the key | . Within a
block, one goes forwards with 1 or backwards with |
. Each forward or backward step leads to display of
the next input, output or LED position. Inthe 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 an “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 selectioft place
shall not be assigned to a function, selectionismade
with the function “not allocated”.

You can leave the selection level by pressingthe key
combination F 1 (i.e. depressing the function key F
followed by the arrow key t). The display shows
again the four digit address numierief the physical
input/output module. Now you(€an‘page with key 1
to the next input/output madule'erwith | to the pre-
vious to repeat selection procedure, as above.

The logical functions are also provided with function
numbers which are gqually listed in the tables. If the
function numbehis known,this can be input directly
on the selection level, Paging through the possible
functions isthen@&uperfluous. With direct input of the
function numbeér, leading zeros need not be entered.
After input of theffunction 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 possibleyfunc-
tions, forwards with the “No”—key N orfbackwards
with the backspace key R. If the functiomhas been
changed, another confirmation is necessary with
the enter key E.

In the following paragraphs, @lloecation possibilities
for binary inputs, binary Sutputs’and LED indicators
are given. The arrows f} | or Thatthe left hand side of
the display box indicate/paging from block to block,
within the block or onthe selection level. The charac-
ter F before the arrow indicates that the function key
F must be pressedibefore pushing the arrow key 1.

The function iumbers and designations are listed
completelysimAppendix C.

The marshalling procedure can be ended at any
time bythekey combination F E, i.e. depressing the
functionkey F followed by the entry key E. The dis-
play shows the question “SAVE NEW SETTINGS?”.
Confirm with the “Yes” —key J/Y that the new alloca-
tions shall become valid now. If you press the
“No”-key N instead, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60to 79) with keys
ft I, the display shows the question “END OF
CODEWORD 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 10 binary inputs which are desig-
nated INPUT 1 to INPUT 10. They can be marshalled
in address block 61. The address block is reached
by paging in blocks 1 | 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 a NO
contact, i.e. the control voltage at the input
terminals activates the function;

NC - “normally closed” mode: the input acts as a
NC contact, i.e. control voltage present at the
terminals turns off the function, control volt-
age absent activates the function.

When paging through the display, each input func-
tion is displayed with the index “NO” or “NC” when
proceeding with the “No”—key N.

Table 5.1 shows a complete list of all the binary input
functions with their associated function number
FNo. Input functions naturally have no effect if the
corresponding protection function is not fitted inthe
relay or has been programmed out (“de-configs
ured”, refer to Section 5.4.2).

With direct input of the function number, leading zer-
os need not be used. To indicate the contact mode
the function number can be extended by a decimal
point followed by 0 or 1, whereby

.0 means “normally open” mode, correspends
to “NO” as above.

A means “normally closed” mede, eorresponds
to “NC” as above.

Ifthe extension with .0 or .1 islemitted the display first
indicates the function ¢desighation in “normally
open” mode NO. By pressingsthe “No”—key N the
mode is changed to NC. After direct input other func-
tions can be selected*by paging through the func-
tions forwards withthe “No”—key N or backwards
with the backspace key R. The changed function
then must beyreseonfirmed by the entry key E.

Note:Onelegical function must not be marshalled to
two orimere binary inputs, because an OR-logic of
the signals‘€an not be guaranteed!

Thelassignment 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 5.2 shows all
binary inputs as preset from the factory.

fll6 1o oM MARSHAL LI NG
Jlertnary INPUTS

The first binary input is reached with therkey 1:

Ff6101IBINARY
*INPUT 1

Change over to the selection level with F 1:

f001l INPU
+>LED reset N O

H
-

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

key 1.

i

6101
INPUT 1

BINARY

Marshalling binary input 1

FNo Abbreviation Description
1 [ not allocated | Binary input is not allocated to any input function
3 | >Time Synchro | Synchronize internal real time clock
4 | >start FltRec | Start fault recording from external command viadinaryinput
5| >LED reset Reset LED indicators
7 | >ParamSelec.l | Parameter set selection 1 (in conjunction with FNO 8)
8 | >ParamSelec.2 | Parameter set selection 2 (in conjunction with"§No"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/valueg’are,marked 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 closedi(from,€B auxiliary contact)
356 | >Manual Close | Circuit breaker is manually closed¥(from discrepancy switch)
357 | >CloseCmd.Blo | Block all closing commands
361 | >VT mcb Trip Voltage transformer secondary m:c.b. (feeder) has tripped
362 | >V2 mcb Trip Voltage transformer secondaryam.c.b. (bus-bar) has tripped
381 | >1p Trip Perm | External AR ready for Singlespole reclosure
382 | >0nly lpole External AR is programmed single-pole only
383 | >RAR Release Release RAR stages from'external (e.g. external AR device)
384 | >DAR Release Release DAR stage fromPexternal (e.g. external AR device)
1106 | >start FltLoc | Start fault lo¢ater fromge€xternal command via binary input
1156 | >CB Test Trigger cirguit breaker test
1251 | >E/F Det. on Switch on earth fault detection for non-earthed system
1252 | >E/F Det. off | Switch offlearthifault detection for non-earthed system
1253 | >E/F Det.bloc | Block eath fault detection for non-earthed system
1303 | >E/F block Block garth¥fault protection for earthed system
1311 | >E/F comp. on | Switch'ofn directional comparison earth fault protection
1312 | >E/F comp.off | Switch offdirectional comparison earth fault protection
1316 | >E/F Recept Carrier reception signal for directional E/F comparison
1317 | >E/F Rec.Fail | @arrierfeception for directional earth fault comparison faulty
1501 [ >0/L on Switeh on overload protection
1502 | >0/L off Switch off overload protection
1503 [ >0/L block Block overload protection
2003 | >Emer. blgck 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 offf Switch off internal auto-reclose function
2703 | >ARWblock Block internal auto-reclose function statically
2704 [ >AR reset Reset internal auto-reclose function
2706 | £~ 1pdRAR ‘block | Block single-pole RAR
2707 |"33p RAR block | Block three-pole RAR
2708 | >RARMblock Block complete RAR
2709 | >DAR block Block complete DAR
2711 | >Start AR Start signal from external protection for internal AR
2712 | »Trip L1 AR Trip signal L1 from external protection for internal AR
2013 | >Trip L2 AR Trip signal L2 from external protection for internal AR
2704 | >Trip L3 AR Trip signal L3 from external protection for internal AR
2715 | >Trip lp AR Trip signal single-pole from external protection for internal AR
2716 | >Trip 3p AR Trip signal three-pole 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
2731 | >Sync.release | Reclose release from an external synchronism-check relay
Table 5.1 Marshalling possibilities for binary inputs (continued next page)
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FNo Abbreviation Description

2901 | >Sync. on Switch on internal synchronism and voltage check function

2902 | >Sync. off Switch off internal synchronism and voltage check function

2903 | >Sync. block Block internal synchronism and voltage check function

2906 | >Sync. Start Start-to-measure signal for internal synchronism and voltage check
2907 | >Sync. synch Synchro-check program: check synchronism

2908 [ >Sync. Ul1>U2< | Synchro-check program: live line, dead bus
2909 [ >Sync. Ul<U2> | Synchro-check program: dead line, live bus
2910 [ >Sync. Ul<U2< | Synchro-check program: dead line, dead bus
2911 | >Sync. o/ride | Synchro-check program: override any check

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 functien

4022 | >Dis.PUTT off | Switch off permissive underreach transfer fupetion
4403 | >Ext.Trip blk | Block trip signal from external protection function

4412 | >Ext.Trip L1 Trip signal L1 from external protection function
4413 | >Ext.Trip L2 Trip signal L2 from external protection fufction
4414 | >Ext.Trip L3 Trip signal L3 from external protection function

4416 | >Ext.Trp.woAR | Trip signal from external protectionfunctionwithout auto-reclosure
6206 | >User TlsStart | User definable logic function timer 1istart
6207 | >User TlReset | User definable logic function timer1 reset
6208 [ >User T2Start | User definable logic function timer 2 start
6209 | >User T2Reset | User definable logic functionfimer2yeset

Table 5.1 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 mcb,Trip No| 361 | tripped
6103 |BINARY INPUT 3 from circuit breaker auxiliary contact: CB posi-
INPUT 3 >CB Aux.8p cl NO| 354 | tionis ON
6104 |BINARY INPUT» 4 Manual close command from discrepancy
INPUT 4 >ManualfClose NO| 356 | switch
6105 |BINARY INPUT 5
INPUT 5 >Dis. Recept NO| 4004
from carrier device for teleprotection with dis-
6106 |BINARY, INPUT 6 tance protection
INPUT( 6 >Dis.RecFail NO| 4005
6107 |BINARY INPUT 7
INPUT 7 >CB ready NO| 2730
6108 |BINARY INPUT 8 Binary inputs 7 to 11 are only effective when the
INPUT 8 >AR block NO| 2703 | internal auto-reclose function is available in the
relay and has been configured as EXIST (refer
6108, [BINARY INPUT 9 to Section 5.4.2).
INPUT 9 >AR on NO| 2701
611 0“)| BINARY INPUT 10
INPUT 10 >AR off NO| 2702

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

The unit contains 11 signal outputs (alarm relays).
The signal relays are designated SIGNAL RELAY 1
to SIGNAL RELAY 11 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 5.3 gives a listing of all annunciation functions
with the associated function numbers FNo. Annun-
ciation functions are naturally not effective when the
corresponding protection function is not fitted in the
relay or has been programmed out (“de-configured”
— refer to Section 5.4.2).

Note as to Table 5.3: Annunciations which aré"indi-
cated by a leading “>" sign, represent the, direct
confirmation of the binary inputs and are availableas
long as the corresponding binary input isenergized.

Further information about annunciations see Sec-
tion 6.4.

The assignment of the output signal relays as deliv-
ered from factory is shown'in thesgeneral diagrams
in Appendix A. The following boxes show examples
for marshalling. In the example for signal relay 4 the
group annunciation“er several annunciation func-
tions on one signal relaytis shown. Table 5.4 shows
all signal relays as preset from the factory.

Tlf6200mMARSHEALLING
JlstenNnaL RELAYS

The first signal relay is reached with the key 1:

ﬁ6201ISIGNAL
*RELAY 1

Change over to the selection level with(F #4:

f001IRELAY 1
*Dis. Send

0 02HBRELAWY 1
allogated

e

not

Beginhing,of 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 €elegtion Jevel with key combination F 1. You can go then to the next signal output relay with the
arrow key t. Signal'relay 4 represents — as preset from the factory — an example for a group annunciation, i.e
several logical annunciation functions are given to one output signal relay.

F‘f6204ISIGNAL
*RELAY 4

f001|RELAY 4

+>VT mcb Trip

Allocations for signal relay 4,
Meaning: “Failure in measured quantities”

Signal relay 4 has been preset for:
1st: Voltage transformer secondary m.c.b. has
tripped, FNo 361;
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* 002BRELAY 4 Signal r<_a|ay4has been preset for:
+ . 2nd: Failure detected by measured current sum
Failure 21 monitor, FNo 162:
* 003BRELAY 4 Signal relay 4 has been preset for:
+ ] 3rd: Failure detected by measured voltage sum
Failure 2XUp-e monitor phase-to-earth, FNo 165;
} 004B RELAY 4 Signal relay 4 has been preset for:
+ F i1 s U _ 4th: Failure detected by measuredyvoltage sum
a b b-P monitor phase-to-phase, FNG 166;

f oos50BRELAY 4 Signal relay 4 has begen,preset for:
: 5th: Failure detected by measured current symme-
* Failure lsymm try monitor, FNo 163;
* coe6B RELAY 4 Signalgelay #\has’been preset for:
{ Failure Usymmn 6th: Failure_ detected by measured voltage sym-
metrydmoniter phase-to-phase, FNo 167;
* 0 71 A Y Signalrelay 4 has been preset for:
{ Failure Umeas TthiFailure detected by measured voltage monitor

(measured voltage collapsed), FNo 168;

) Signal relay 4 has been preset for:
+ Fuse-Failure 8th: Failure detected by fuse failure monitor, FNo
169;

Signal relay 4 has been preset for:
9th: Failure detected by phase sequence monitor,
FNo 171;

not allgcgated no further functions are preset for signal relay 4

After input ef all annunciation functions for signal relay 4, change back to the marshalling level is carried out
with F 1:

He 2o e BsTcNaL Allocations for signal relay 4,
+ R(ELAY 4 Meaning: “Failure in measured quantities”
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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 conjunction with FNo 8)
8 | >ParamSelec.2 Parameter set selection 2 (in conjunction 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 markegd with “Test operation”
16 | >Sys-MM-block System interface messages and measured valges 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 activated
99 | Param. Set D Parameter Set D is activated
141 | Failure 24V Failure 24 V internal deisupply.
143 | Failure 15V Failure 15 V internal dc, supply
144 | Failure 5V Failure 5 V internal de'supply:
145 [ Failure 0V Failure 0 V A/D converter
151 | Failure I/0 1 Failure in first input/oUtput module (base module GEA)
152 | Failure I/0 2 Failure in additional iaput/output module (additional module ZEA)
161 | I supervision General failtire detected by current supervision
162 | Failure X1 Failure superyvision 2I (measured currents)
163 | Failure Isymm Failure supervision symmetry |
164 | U supervision Generalfailure,detected by voltage supervision
165 | Failure XUp-e Failure'supervision XU phase—earth
166 | Failure XUp-p Faildre/supervision XU phase—phase
167 | Failure Usymm Failure sdpervision symmetry U
168 | Failure Umeas Failure measured voltage
169 | Fuse-Failure Fusesfailure monitor operated
171 | Fail.PhaseSeq Failure supervision phase sequence
354 | >CB Aux.3p ¢k Circuit breaker position is ON (from CB auxiliary contact)
356 | >Manual Close Circuit breaker is manually closed (from discrepancy switch)
357 | >CloseCmd {Blo Block closing command
361 [ >VT mcb _Trip Voltage transformer secondary m.c.b. (feeder) has tripped
362 [ >V2 mch Trip Voltage transformer secondary m.c.b. (bus-bar) has tripped
381 | >1pWrip Perm External AR ready for 1-pole reclosure
382 [ >0nly dpole External AR is programmed 1-pole only
383 | /SRAR Release Release RAR stages from external
384 | >DAR Release Release DAR stages from external
501 | Devige 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.FltDet L3 Fault detection of the device phase L3
506 | Dev.FltDet E Fault detection of the device earth fault
Jable’5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description
511 | Device Trip General trip of the device
512 Dev.Trip 1lpLl | Trip by the device single-pole L1
513 Dev.Trip 1lpL2 | Trip by the device single-pole L2
514 | Dev.Trip 1lpL3 | Trip by the device single-pole L3
515 | Dev.Trip 3p Trip by the device three-pole L1 -12-L3
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
563 | CB Alarm Supp | Circuit breaker operation alarm suppressed
1106 | >start FltLoc | Startfault locator by external command via binaryfinput
1156 | >CB Test Trigger circuit breaker test
1174 | CB in Test Circuit breaker test is in progress
1181 | CB Test Trip Trip by internal circuit breaker test function, general
1182 | CcB Test 1p L1 | Trip by internal circuit breaker test functiomsingle*pole L1
1183 | CB Test 1p L2 | Trip by internal circuit breaker test function single-pole L2
1184 | CcB Test 1p L3 | Trip by internal circuit breaker test funetiomsingle-pole L3
1185 | CB Test 3p Trip by internal circuit breaker test fnction,three-pole L123
1251 | >E/F Det. on Switch on earth fault detectionfor,non-earthed system
1252 | >E/F Det. off | Switch off earth fault detection fok nen-earthed system
1253 | >E/F Det.bloc | Block earth fault detection46rmon-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 nonsearthed system is blocked
1263 | E/F Det.activ | Earth fault detection forqaon-earthed system is active
1271 | E/F Detection | Earth fault in non-earthed system detected
1272 | E/F Detec. L1 | Earth fault (non-earthed)‘inyphase L1 detected
1273 | E/F Detec. L2 | Earth fault (nop-earthed)n phase L2 detected
1274 | E/F Detec. L3 | Earth fault (@dn-earthed) in phase L3 detected
1276 | E/F forwards Earth fault¢(non=earthed) in forward direction detected
1277 | E/F reverse Earth fault (nen-earthed) in reverse direction detected
1278 | E/F undefined| Earth faultf{hon-earthed) direction undefined
1281 | E/F Det. Trip| Trip by earth fault detection
1303 | >E/F block Blockgearthifault protection for earthed networks
1311 | >E/F comp. on| Switeh ongarth fault protection
1312 | >E/F comp.off | Switch‘eff'earth fault protection
1316 | >E/F Recept Reception signal for directional comparison earth fault protection
1317 | >E/F Rec.Fail"J{_ Reeeption failure for directional comparison earth fault protection
1331 | E/F Prot. offa Earth fault protection is switched off
1332 | E/F blocked Earth fault protection is blocked
1333 | E/F active Earth fault protection is active
1334 | E/F Dir.bleck | Earth fault protection directional stage is blocked
1341 | E/F FRt758Ie> | Earth fault protection low value stage 75 % Ig picked up
1342 | E/E Flt Te<->| Earth fault protection non-directional stage Ig picked up (definite or
inverse time)
1343 | E/F{FltfIe ->| Earth fault protection 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/B T-> Earth fault protection directional delay time expired
1358, | 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
13847 E/F Send Carrier transmission signal for directional comparison E/F
1385 | E/F Echo Echo signal sent for directional comparison E/F
1386 | E/F TransBloc | Transient blocking of earth fault protection after external fault
Table 5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description
1501 | >0/L on Switch on thermal overload protection
1502 | >0/L off Switch off thermal overload protection
1503 | >0/L block Block thermal overload protection
1511 | 0/L Prot. off | Thermal overload protection is switched off
1512 | O/L blocked Thermal overload protection is blocked
1513 | O/L active Thermal overload protection is active
1515 | O/L Warn I Thermal overload protection current warning stage picke@up
1516 | O/L Warn © Thermal overload protection thermal warning stage,picked up
1517 | O/L pickup © | Thermal overload protection fault detection of trip,stage
1521 | O/L Trip Thermal overload protection trip by trip stage
2003 | >Emer. block Block emergency overcurrent time protection
2010 | >I>> block. Block I>> stage of emergency overcurrent time,protection
2051 | Emer. off Emergency overcurrent time protection is switched off
2052 | Emer. block Emergency overcurrent time protectioft is‘blocked
2053 | Emer. active Emergency overcurrent time protectionyis active
2054 | Emer. mode Emergency overcurrent time mode iSiunning
2061 | Emer.Gen.Flt General fault detection of emergengy overcurrent protection
2062 | Emer. Flt L1l Fault detection L1 of emergencyyovereurrent protection
2063 | Emer. Flt L2 Fault detection L2 of emergency, overcurrent protection
2064 | Emer. F1lt L3 Fault detection L3 of emergeney.overcurrent protection
2065 | Emer. Flt E Earth fault detection of'e@mergency overcurrent protection
2091 | Emer. I>> Fault detection of |> >(stage.ef emergency O/C protection
2093 | Emer. I> Fault detection of 1> stage of emergency O/C protection
2097 | Emer. IE> Fault detection of Jge>)stage of emergency O/C protection
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> EmergentyyO/C protection time T—Ig> expired
2141 | Emer.Gen.Trip | Generalttip bysemergency overcurrent protection
2142 | Emer.TriplpLl | Trip single-pele L1 by emergency overcurrent protection
2143 | Emer.TriplpL2 | Trip singlg-peole L2 by emergency overcurrent protection
2144 | Emer.TriplpL3 | Trip_single-pole L3 by emergency overcurrent protection
2145 | Emer.Trip 3p Trip three-pole by emergency overcurrent protection
2701 | >AR on Switch on internal auto-reclose function
2702 | >AR off Switch off internal auto-reclose function
2703 | >AR block. Block internal auto-reclose function (abort)
2704 | >AR reset Reset internal auto-reclose function
2706 | >1p RAR block | “Block single-pole rapid auto-reclosure (RAR, 1st shot)
2707 | >3p RAR block)| Block three-pole rapid auto-reclosure (RAR, 1st shot)
2708 | >RAR bl&ek Block complete rapid auto-reclosure (RAR, 1st shot)
2709 | >DAR black Block complete delayed auto-reclosure (DAR, further shots)
2711 | >Sta¥g AR Start signal from external protection for AR
2712 |#Trip I AR Trip signal L1 from external protection for AR
2713 {=Trip &2 AR Trip signal L2 from external protection for AR
2714 | >Tip L3 AR Trip signal L3 from external protection for AR
2715 | >Trip lp AR Trip signal single-pole from external protection for AR
2716 | >Trip 3p AR Trip signal three-pole from external protection for AR
2721 | >DAR aft. RAR | DAR is permitted only after unsuccessful RAR
2730 | >CB ready Circuit breaker ready for AR cycle
2731 | >Sync.release | Reclose release by an external synchronism-check relay
2781 | AR off Internal auto-reclose function is switched off
2782 | AR on Internal auto-reclose function is switched on

Table 5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description
2783 | AR inoperativ | Internal auto-reclose function is not operative
2784 | AR not ready Internal auto-reclose function is not ready for reclose
2785 | AR block.dyn. Internal auto-reclose 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 cyele
2812 | RAR T-act.run | Auto-reclose function action time for RAR is running
2813 | RAR T-1p run. Auto-reclose function single-pole dead time for RAR is rupning
2814 | RAR T-3p run. Auto-reclose function three-pole dead time for RAR issfanning
2815 | RAR 1lp Prog. RAR function is programmed to perform only singlespole AR
2816 | RAR 3p Prog. RAR function is programmed to perform only threéspole AR
2817 | RAR Zone Rel. Internal AR function is ready to permit trip in RAR stage
2818 | AR evolv.flt Auto-reclose function evolving fault recognized during dead time
2831 | DAR only Internal AR function is programmed to perfarm only DAR cycles
2832 | DAR T-act run | Auto-reclose function action time for DAR is funning
2833 | DAR T-3pl run | Auto-reclose function dead time for firsfDAR,is funning
2834 | DAR T-3p2 run | Auto-reclose function dead time fafsecond DAR is running
2835 | DAR T-3p3 run | Auto-reclose function dead time forfurther'DAR is running
2837 | DAR Zone Rel. internal AR function is ready teppermittrip’in DAR stage
2851 | AR Close Cmd. Reclose command by internal auto-réclose function
2852 | RAR 1lp Close Reclose command after 1-pale,RAR
2853 | RAR 3p Close Reclose command after 3-pole RAR (rapid AR)
2854 | DAR 3p Close Reclose command after 3-pole, DAR (delayed AR)
2861 | AR T-Recl.run | Auto-reclose function reclaimytime is running
2862 | AR successful | Auto-reclosure wasssuccessful
2863 | Definit.Trip Definitive (final) #¥ip signal
2864 | 1p Trip perm. Internal AR functiendis ready to permit single pole trip
2865 | sync.Meas.Req | Internal AR funetion‘request for synchronism or voltage check
2871 | AR Trip 3p Internal AR funetiomytrips three-pole because blocked
2901 | >Sync. on Switch on synghronism and voltage check function
2902 | >Sync. off Switch offssynchronism and voltage check function
2903 | >Sync. block Block synchrénism and voltage check function
2906 | >Sync. Start Start-te-measure signal for internal synchronism and voltage check
2907 | >Sync. synch Synchroeheck program: check synchronism
2908 | >Sync. U1>U2< | &Synchro-check program: live line, dead bus
2909 | >Sync. Ul<U2> | _Synchro-check program: dead ling, live bus
2910 | >Sync. Ul<U2< | Synchro-check program: dead line, dead bus
2911 | >Sync. o/ride [\ Synchro-check program: override any check
2931 | sync. off Synchronism and voltage check function is switched off
2932 | sync. blecked |/ Synchronism and voltage check function is blocked
2934 | sync. #faulty Synchronism and voltage check function is disturbed
2935 | syncdTsup.Exp | Circuit breaker supervision time expired
2941 | Sync.§¥unning Synchronism and voltage check is running
2942 | sync.ovexride | Synchronism and voltage check has stated: override
2943 | sync. Synchro | Synchronism and voltage check has stated: synchronism
2944 | Sync. , Ul>U2< Synchronism and voltage check has stated: live line, dead bus
2945 |¢Sync. Ul<uU2> Synchronism and voltage check has stated: dead line, live bus
2946, ] Sync. Ul<u2< Synchronism and voltage check has stated: dead line, dead bus
29471 Sync. Udiff> Synchronism check AU exceeded
2948y sync. fdiff> Synchronism check Af exceeded
2949 | sync. @diff> Synchronism check Ag exceeded
Table 5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description

2951 | Sync. release| Synchronism and voltage check: closing release

2961 | Sync.CloseCmd| Synchronism and voltage check: closing command

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 ZiB

3662 | DiszlL AR blk| Distance protection blocks reclosure after fault inizone Z1L

3671 | Dist.Gen.F1lt. | Distance protection: General fault detection

3672 | Dist.Fault L1 | 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 —Efin, forward direction

3702 | Loop L2-E f Distance protection: Fault in loop L24E in forward direction

3703 | Loop L3-E f Distance protection: Fault in loop k8= E'in forward direction

3704 | Loop L1-2 f Distance protection: Fault in loop L1—12 in forward direction

3705 | Loop L2-3 £ Distance protection: Fault inleep L2—1'3 in forward direction

3706 | Loop L3-1 f Distance protection: Fault in lopp3—L1 in forward direction

3707 | Loop L1-E r Distance protection: Fadltimieop L1—E in reverse direction

3708 | Loop L2-E r Distance protection: Fault imyloop L2—E in reverse direction

3709 | Loop L3-E r Distance protection: Faulhin 106p L3—E in reverse direction

3710 | Loop Ll1-2 r Distance protection: €ault in‘loop L1—L2 in reverse direction

3711 | Loop L2-3 r Distance protectiomaEaultyin loop L2—L3 in reverse direction

3712 | Loop L3-1 r Distance protectionzFault in loop L3—L1 in reverse direction

3719 | Dist. For.Dir | Distance protectioniEault in forward direction

3720 | Dist. Rev.Dir | Distanceqrotection: Fault in reverse direction

3771 | Dist. T1 Distance,protection: Time T1 (1st stage) expired

3774 | Dist. T2 Distance pretection: Time T2 (2nd stage) expired

3777 | Dist. T3 Distanc¢e protection: Time T3 (3rd stage) expired

3778 | Dist. T4 Distaneg protection: Time T4 (4th stage, directional) expired

3779 | Dist. T5 Distanceprotection: Time T5 (final stage) expired

3780 | Dist. TI1B Distance protection: Time T1B (1st extended stage) expired

3783 | Dist. T1L Distance protection: Time T1L (2nd extended stage) expired

3801 | Dis.Gen. Trip4|, Distance protection: General Trip command

3802 | Dis.Trip 1pLl | “Distance protection: Trip single-pole L1

3803 | Dis.Trip LpL2 |WDistance protection: Trip single-pole L2

3804 | Dis.Trip ApL3Y| Distance protection: Trip single-pole L3

3805 | Dis.Tripg3p Distance protection: Trip three-pole

3808 | Dis.Txipfback | Distance protection: Trip with a higher (back-up) stage

3811 | DisaTripzid/1p| Distance protection: Trip in stage Z1/T1 single-pole

3812 | Dis,.Tripzl/3p| Distance protection: Trip in stage Z1/T1 three-pole

3813 | Dig.TripzlBlp | Distance protection: Trip in extended stage Z1B/T1B single-pole

3814 | Dis.Tripz1B3p | Distance protection: Trip in extended stage Z1B/T1B three-pole

3815 | DisVTrip Z1L Distance protection: Trip in extended stage Z1L/T1L

3816 | Dis.Tripz2/1p| Distance protection: Trip in stage Z2/T2 single-pole

3817 | Dis.Tripz2/3p| Distance protection: Trip in stage Z2/T2 three-pole

3818 | Dis.Tripz3/T3 | Distance protection: Trip in stage Z3/T3

3819 | Dis.Trip FD->| Distance protection: Trip in directional stage (fault detection)

3820 | Dis.Trip <-> Distance protection: Trip in non-directional stage (fault detection)
Table 5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description
4004 | >Dis. Recept Carrier reception signal for distance protection
4005 | >Dis.RecFail Carrier reception faulty signal for distance protection
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
4051 | Dis.Tele. on Teleprotection with distance protection is switched on
4052 | Dis.Tele. off | Teleprotection with distance protection is switched off
4054 Dis. Recept Carrier signal for distance protection received
4055 | Dis. RecFail Carrier reception for distance protection faulty
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
4412 | >Ext.Trip L1 Trip signal L1 by external trip function
4413 | >Ext.Trip L2 Trip signal L2 by external trip function
4414 | >Ext.Trip L3 Trip signal L3 by external trip function
4416 | >Ext.Trp.woAR | Trip signal by external trip funétiomwithout auto-reclosure
4431 | Ext.Gen.Trip General trip by external trip function
4432 | Ext.Trip 1pLl | Trip single-pole L1 by external trip function
4433 | Ext.Trip 1pL2 | Trip single-pole L2 by external trip function
4434 | Ext.Trip 1pL3 | Trip single-pole L3 by externalttip function
4435 | Ext.Trip 3p Trip three-pole by externalgripdfunction
4436 | Ext.Trip woAR | Trip three-pole by@xternalirip function without auto-reclosure
6206 | >User TlStart | User definable l@gic function timer 1 start
6207 | >User TlReset | User definablgylogi¢function timer 1 reset
6208 | >User T2start | User definable logic function timer 2 start
6209 | >User T2Reset | User definablefogicfunction timer 2 reset
6254 | User output 1| Output signal of user definable logic function 1
6255 User output 2 | Output signal ofséiser definable logic function 2
Table 5.3 Marshalling possibilitiesfforisignal relays and LEDs
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Addr | 1st display line 2nd display line FNo Remarks g
6200 | MARSHALLING | SIGNAL RELAYS Heading of the address block
6201 | SIGNAL RELAY 1 Transmission signal for carrier from telepro-
RELAY 1 Dis. Send 4056 | tection with distance protection
4
6202 | SIGNAL RELAY 2
RELAY 2 AR inoperativ 2783 | only when auto-reclese is available
and configured as EK
6203 | SIGNAL RELAY 3
RELAY 3 CB Alarm Supp 563
6204 | SIGNAL RELAY 4
RELAY 4 >VT mcb Trip 361
RELAY 4 Failure XI 162
RELAY 4 Failure XUp-e 165
RELAY 4 Failure XUp-p 166 | Grou ation of all disturbances in
RELAY 4 Failure Isymm 163 sur uantities
RELAY 4 Failure Usymm
RELAY 4 Failure Umeas
RELAY 4 Fuse-Failure
RELAY 4 Fail.PhaseSeq
6205 | SIGNAL RELAY 5 The NC contact of this relay indicates “De-
RELAY 5 Dev.operative vice fault”
6206 | SIGNAL RELAY 6 Trip signal given by either protection func-
RELAY 6 Device Tri 511 | tion of the device
6207 | SIGNAL RELAY 7
RELAY 7 Dist.Fau 3672
RELAY 7 Emer. 2062
L 2
6208 | SIGNAL REL
RELAY 8 Dist. 1t L2 3673 | Fault detection annunciations of
RELAY 8 Flt L2 2063 | the distance protection function
or emergency overcurrent time
6209 | SIGNAL 9 protection
RELAY 9 t.Fault L3 3674
RELAY 9 Emer. Flt L3 2064
6210 | S RELAY 10
L 10 Dist.Fault E 3675
Emer. Flt E 2065
6211 | SIGNAL RELAY 11 Fault in reverse direction
R‘%.AY 11 Dev.Trip Rev. 517
Ta Preset annunciations for signal relays
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5.5.4 Marshalling of the LED indicators — address block 63

The unit contains 16 LEDs for optical indications, 14
of which can be marshalled. They are designated
LED 1 to LED 14 and can be marshalled in address
block 63. The block is reached by paging in blocks
with {} | or by directly addressing with DA 6200
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 LEDs (see also Section 5.5.1).

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

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

With direct input of the function number it is not nec-

essary to input the leading zeros. To indicate wheth#
er the stored or unstored mode shall be effective the
function number can be extended by a decimal
point followed by 0 or 1, whereby

.0 unstored indication (not memorized) corre-
sponds to “nm” as above,

.1 stored indication (memorized) coerresponds to
“‘m” as above.

If the extension with .0 or .1 isF@mitted the display
shows first the function designation in unstored
mode with “nm”. Press the “N@” <key N to change to
stored mode “m”. After direct input other functions
can be selected by paging thseugh the functions for-
wards with the “No’,=keyN, or backwards with the
backspace key R.JIhewehanged function then must
be re-confirmed by the enter—key E.

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

6 30o0oMMARSEALLING
JltEp INDICATORS

The first marshallable LED is reached with the key 1:

f6301lLED 1

Change over to the selegtion level with F 1:

f001ILED 1

+>VT mcb Trip n m

02 B LED 1

F,a i 1l ure 21 n m

- —

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:
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LED 1 has been preset for:
00 3 L E 1 .
1 . . 3rd: Failure detected by measured voIta@
Failu ZUp-e monitor phase-to-earth, FNo 165; O
Moo an 1 LED 1 has been preset for:
+ D1 s 4th: Failure detected by measured vgltage sum
Failu Up -p monitor phase-to-phase, FNo_166;
Mo osn D LED 1 has been prese
+ 1 I 5th: Failure detected red currentsymme-
Fazi re S mm try monitor, FNo 163;
Moo sl D 1 LED 1 has b for:
+ Failure Usvmm 6th: Failure detected by measured voltage sym-
metry m se-to-phase, FNo 167;
f oo70 L 1 een preset for:
{ Failure Umeas “Failure detected by measured voltage monitor
& ured voltage collapsed), FNo 168;
f oosll LE 1 &D1 has been preset for:
+ th: Failure detected by fuse failure monitor, FNo
Fuse-Failu e .
169;
MooomrLeD 1 LED 1 has been preset for:
+ . 9th: Failure detected by phase sequence monitor,
Fail P hase e q FNo 171;
1 LE 1 .
* 0108 no further functions are preset for LED 1
+ n o allo e

F 1:
MlesoimTep 1
' .

After input of al@on functions for LED 1, change back to the marshalling level is carried out with

Allocations for LED 1,
Meaning: “Failure in measured quantities”

h mplete presettings for LED indicators are listed in Table 5.5.
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Addr | 1st display line 2nd display line FNo Remarks
6300 | MARSHALLING | LEDs Heading of the address block O
6301 | LED 1
LED 1 >VT mcb Trip nm| 361
LED 1 Failure X1I nm 162
LED 1 Failure X Up-e nm 165
LED 1 Failure XUp-p nm| 166 [ Group annunciation of all disturbances in
LED 1 Failure Isymm nm| 163 | measured quantities
LED 1 Failure Usymm nm| 167
LED 1 Failure Umeas nm 168
LED 1 Fuse-Failure nm 169
LED 1 Fail.PhaseSeq nm| 171
6302 | LED 2 ‘ i ’
LED 2 Dist.Fault Ll m 3672
LED 2 Emer. Flt L1 m 2062
6303 | LED 3
LED 3 Dist.Fault L2 m 3673
LED 3 Emer. Flt L2 m | 2063 | Fault detecti nuhciations of the
distance pr unction or the emer-
6304 | LED 4 gency u 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 when the internal auto-reclose function
LED 6 AR not ready nm vailable and configured as EXIST
6307 | LED 7
LED 7 Dist. T1 m
LED 7 Emer. TI>> 1
6308 | LED 8
LED 8 Dist. T2 3774
6309 | LED 9 Indication of expiry of the distance protec-
LED 9 Dist. m | 3777 | tion stages or of the time stages of the
emergency overcurrent time protection
6310 | LED 10
LED 10 Dis@ n | 3778
6311 | LED 11
LED 11 T5 m 3779
LED 11 . TI> m 2123
LED 11 er. TIE> m 2127
6312 | LED 1
LED 12 Dev.Trip 1lpLl m 512
LED 12 Dev.Trip 3p m 515
6313 | LED 134 Trip signal given by either protection func-
13 Dev.Trip 1pL2 m 513 | tion of the device
13 Dev.Trip 3p m 515
14
14 Dev.Trip 1pL3 m 514
LED 14 Dev.Trip 3p m 515

eb55 Preset LED indicators
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5.5.5 Marshalling of the command (trip) relays — address block 64

The unit contains 5 trip relays which are designated
TRIP RELAY 1 to TRIP RELAY 5. 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 5.3 can be marshalled to output com-
mand relays. But those listed in Table 5.6 are particu-
larly suitable for trip relay output. Regard the table as
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 relays as delivered from

factory is shown in the general diagrams in Appen-
dix A. The following boxes show examples for mar-
shalling of trip relays 1 and 3. In the exaniple foFtrip
relay 3 the group command for several,command
functions on one trip relay is shown. Table 5:7'shows
all trip relays as preset from the factory.

Important note: With single-pele auto-reclosure it is
imperative that for each gircuit lareaker pole the cor-
responding phase segregateds’command, e.g.
“‘Dev.Trip 1pLl” (FN6"512)%or pole L1, as also
the three-pole command *Pev.Trip 3p” (FNo
515) is marshalled totthe'eerrect tripping relay. This
is taken care of in the presetting of the relay but must
also be considered ifthe allocation of the trip relays
is altered.

If further gproteetion functions shall trip the same
breaker, each command relay must be triggered by
the cortesponding command function. Similar is val-
id ferclosing commands.

Tl a0 0B MARSHALLING
Iltrr1P RELAYS

The first trip relay is reached with the keygt:

64010 TRIP
RELAY 1

i

Change over to the selection lgvel with F 1:

f001ITRIP REL . 1
*AR C lgo s9e Cmd.
fOOZITRIP REL . 1

allocated

Beginning of the block “Marshalling of the trip re-
lays”

Allocations for trip relay 1

Trip relay 1 has been preset for:
Auto-reclose command by internal auto-reclose
function, FNo 2851;

no further functions are preset for trip relay 1

| eave the selection level with key combination F 1. You can go then to the next trip relay with the arrow key 1.
Trip relay 3 represents — as preset from the factory — an example for tripping of the circuit breaker pole L1. For
this, all command functions which shall trip pole L1 are allocated.
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i

6 403 TRIP
RELAY 3

Allocations for trip relay 3:
“Trip circuit breaker pole L1”

o1l

TRTIP REL.
lplLl1

3 Trip relay 3 has been preset for:
1st: General single-pole trip command of the de-
vice for breaker pole L1, FNo 512

Mooz2mTr1P REL. 3 Trip relay 3 has been preset for;
+ Dev.T i 3p 2nd: General three-pole trip command of the de-
vice, FNo 515
FNo Abbreviation Logical command function
1 | not allocated No function allocated

501 | Device FltDet General fault detection of the device

512 | Dev.Trip 1lpLl Trip by the device single-pole,L1

513 | Dev.Trip 1pL2 Trip by the device single-polei.2

514 | Dev.Trip 1pL3 Trip by the device single-pole L3

515 | Dev.Trip 3p Trip by the device threezpole 4= L2-L3

516 | Dev.Trip forw Trip by the device on faultiin forward (line) direction

517 | Dev.Trip rev. Trip by the device op faullin reverse (bus-bar) direction

562 | Man.Close Cmd Manual close cemmand for the circuit breaker
1182 | CB Test 1p L1 Trip by internal circuit breaker test function single-pole L1
1183 | CB Test 1lp L2 Trip by internalycircuit breaker test function single-pole L2
1184 | CB Test 1lp L3 Trip by internal Cireuit breaker test function single-pole L3
1185 | CB Test 3p Trip by internal Gircuit breaker test function three-pole L123
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<-> Earthifaultfprotection non-directional stage Ig picked up (definite

time Oninverse time)
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 time expired
1361 | E/F Trip Trip by earth fault protection (general)
1384 | E/F Send Carrier transmission signal for directional comparison E/F
1521 | O/L Trép Thermal overload protection trip by trip stage
2061 | Emerg.GengF1t General fault detection of emergency overcurrent protection
2142 | Emer.Tr¥iplpLl Trip single-pole L1 by emergency overcurrent protection
2143 | EmexruTripdpL2 Trip single-pole L2 by emergency overcurrent protection
2144 | Emer.TRiplpL3 Trip single-pole L3 by emergency overcurrent protection
2145 | Emer.Trip 3p Trip three-pole by emergency overcurrent protection
2851 | AR Close Cmd. Reclose command by internal auto-reclose function
28524] RAR 1p Close Reclose command after 1-pole RAR
2853 |\RAR 3p Close Reclose command after 3-pole RAR (rapid AR)
2854 |"DAR 3p Close Reclose command after 3-pole DAR (delayed AR)
296 Ssync.CloseCmd Synchronism and voltage check: closing command
3671 | Dist.Gen.F1lt. Distance protection: General fault detection
Table 5.6 Command functions (continued next page)
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FNo Abbreviation Logical command function
3802 | Dis.Trip 1pLl Distance protection: Trip single-pole L1
3803 | Dis.Trip 1pL2 Distance protection: Trip single-pole L2
3804 | Dis.Trip 1pL3 Distance protection: Trip single-pole L3
3805 | Dis.Trip 3p Distance protection: Trip three-pole
3808 | Dis.Trip back Distance protection: Trip with a higher (back-up) stage
4056 | Dis. Send Transmission signal from distance protection
4166 | O0/S Trip Out-of-step trip command
4432 | Ext.Trip 1pLl Trip single-pole L1 by external trip function
4433 | Ext.Trip 1pL2 Trip single-pole L2 by external trip function
4434 | Ext.Trip 1pL3 Trip single-pole L3 by external trip function
4435 | Ext.Trip 3p Trip three-pole by external trip function
4436 | Ext.Trip woAR Trip three-pole by external trip function without AR
6254 | User output 1 Output signal of user definable logic function 1
6255 | User output 2 Output signal of user definable logic function‘
Table 5.6 Command functions
Addr | 1st display line 2nd display line FNo Remarks
6400 | MARSHALLING [ TRIP RELAYS Heading of the address block
6401 | TRIP RELAY 1 only when internal auto-reclose function is
TRIP REL. 1| AR Close Cmdé 2851 | available and configured as EXIST
6402 | TRIP RELAY 2
TRIP REL. 2 | Device FltbBet 501 | General fault detection of the device
6403 | TRIP RELAY 3
TRIP REL. 3 | Dey.Trip IpLl 512 | Trip command for circuit breaker pole L1
TRIP REL. 3 | Dev.Trip,3p 515
6404 | TRIP RELAY 4
TRIP REL. 4 | Déw.Trip 1lpL2 513 | Trip command for circuit breaker pole L2
TRIP REL. 4| Dey.Trip 3p 515
6405 | TRIP RELAY 5
TRIPQREL) 5/ Dev.Trip 1pL3 514 | Trip command for circuit breaker pole L3
TRIP REL. 5 | Dev.Trip 3p 515
Table 5.7 Presét command functions for trip relays

C53000-G1176—-C98

147



7SA511v3

Operating instructions

6  Operating instructions

6.1 Safety precautions

A Warning

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

A Caution!

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

6.2 Dialog with the relay

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

6.2.1 Membrane keyboard,and.dis-
play panel

The membrane keyboard afid display panel is exter-
nally arranged similar t@,a pocket calculator. Figure
6.1 illustrates the frant view;

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

During dialegythe upper line gives afour figure num-
ber, followed 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 numigers,
Yes/No and control buttons. The significance of.the

keys is explained in detail in the following.

Numerical keys for the input of numerals:

0 |to| 9 | Digits O to 9 fomgumerical input
. Decimalypoint
o0 Infinitytsymbol
+/— €hange of sign (input of negative
numbers)

Yes/Norkeys 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
CwW 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

DA Direct addressing: if the address

number is known, this key allows
direct call-up of the address

M/S Messages/Signals: interregation
of annunciations of faulizand oper-
ating data (refer Section 6.4)

The three keys 1 ; {} ; RESET whichyare somewhat
separated from the rest of gheykeys, can be ac-
cessed when the front covériis,closed. The arrows
have the same functionfas the keys with identical
symbols in the main fieldiandenable paging in for-
ward direction. Thus all’setting values and event
data can be displayed with the front cover closed.
Furthermore StoredibED indications on the front can
be erased yia the RESET key without opening the
front cover."During feset operation all LEDs on the
front will be illuminated thus performing a LED test.
With this reset, additionally, the fault event indica-
tions in the display on the front panel of the device
are dcknowledged; the display shows then the op-
erational values of the quiescent state. The display is
switehed 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 thé operator
panel, all the appropriate settings, initiation of test
routines and read-out of data, but with the"added
comfort of screen-based visualization and a menu-
guided procedure.

All data can beread infrom, orcopied onto, magnet-
ic data carrier (floppy disc) (exg. fer'settings and con-
figuration). Additionallygallthesdata can be docu-
mented on a connectedprinter. It is also possible, by
connecting a plottefzto ‘print out the fault history
traces.

For operation,af theYpersonal computer, the instruc-
tion manuals ofthis device are to be observed. The
PC program DIGSI® is available for setting and pro-
cessing, of all digital protection data. Note that the
operatingiinterface in the front of the relay is not gal-
vanieallyyisolated and that only adequate connec-
tionteables are applied (e.g. 7XV5100-2). Further
infermation 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)

Readiness indication

(green) Unit faulty indication
/ (red)
(7 / ™
/ SIEMENS
T
/ | | LED 1tog4
/ (red) can be
Betrieb/Senvic O O 7 marshalled;
presetting be-
Two line display Stérung/Blocked O O 8 low
(LCD) with 16 charac- 10 O s
ters each
2 O O 10
On/Off switch for
integrated power s O O n
supply J e} O .12
|:| 1o} A 5 O Oni3
Additional keys, Q 6 O Q' 14
can be accessed 9 Operator
when cover is | P |
closed pane

\

SIEMENS

Uy = 804
Uy =

Distanzschutz
Distance Protection

In = 1A 50, 60fHz

60,110, 125M.DC
Diagr.: c53207> A3192X1-1A-12

125 VAC

@:UH
CEA

Operation only*with fixed cover
Betrieb nufmit angeschraubter Kappe

[¥7.m]

000000000000000
0000000000000000

!

F.ANrBF ..

7SA5114=4CA72-2CG1/HH

\

25-pole socket
for connecting a
personal com-
puter

]

|

NC

] _/

Basic module

Factory presetting LEDs:

~N O O s 00 Ny —

Meas. values faulty 8
Fault L1 9
Fault L2 10
Fault L3 11

Fault E 12
AR not ready 13
T1/TI>> expired 14

T2 expired

T3 expired

T4 expired
T5/TI> expired
Trip L1

Trip L2

Trip L3

Additional module

Figure 6.1 Front view of operating key board and display panel

up to production series /GG:
C73207-A299-A1—. (7SA511 1A)
C73207-A299-A2—. (7SA511 5A)
C73207-A299-A3-. (7SA511 I1-ERD)
i.e. sensitive earth
current input
from production series /HH:
C73207-A299-A21—. (7SA511 1A)
C73207-A299-A22—. (7SA511 5A)
C73207-A299-A23—. (7SA511 I-ERD)
i.e. sensitive earth
current input
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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 addressgi.e.
block and sequence number (e.g. 1104 %er block
11, sequence number 4). Behind the bagappears
the meaning of the required parametér, in'the sec-
ond display line, the value of the parameter’ When
the relay is delivered a value has beenpreset. In
the following sections, this valae issshown. If this
value is to be retained, no Other‘ipput is neces-
sary. One can page forwards ogbackwards within
the block or to the next (or previous) block. If the
value needs to be altergd, it can be overwritten us-
ing the numerical keystandy'if required, the deci-
mal point and/or change sign (+/--) or, where ap-
propriate, infifity Sigh o0. The permissible setting
range is given inthe following text, next to the as-
sociatedébox4Entered values beyond this range
will be rejeeted. The setting steps correspond to
the last decimallplace as shown in the setting box.
Inputs with more decimal places than permitted
will be truncated down to the permissible number.
The value must be confirmed with the entry key
E! The display then confirms the accepted value.
The changed parameters are only saved after ter-
mination of parameterizing (refer below).

— Addresses which require text input

The display shows the four-digit address, i.e.
block and sequence number (e.g. 1102 for block
11, sequence number 2). Behindthe bar appears
the meaning of the required parameter, in the sec-
ond display line, the applieable text. When the
relay is delivered, afext 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 or to
the next (or previeus) block. If the text needs to be
altered, press the General trip of the device
“‘No”—key N. The next alternative text, also
printedtinthe display boxes illustrated in the fol-
lowingasections, then appears. If the alternative
text isinotdesired, the N key is pressed again, etc.
The alternative which is chosen, is confirmed
withithe entry key E. The changed parameters
are'only saved after termination of parameterizing
(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 F E, 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.
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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 (optional)

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

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

If the switch-over facility is to befusedsfirst set all pa-
rameters for the normal status ‘of parameter set A.
Then switch over to parameéter set B:

— Fist complete thefparameterizing procedure for
set A as descried in’Section 6.3.1.1.

— Press key combinatieft 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

® Key combination F 3:
access‘to,parameter set C

® Key combination F 4:
access to parameter set D

Input of the codeword is again neécessary for the set-
ting of a new selected'pasameter set. Without input
of the codeword, theétsettings can only be read but
not modified.

Since only afew,parameters will be different in most
applications, itjis pessible to copy previously stored
parameter, setsiinto another parameter set.

It is additiepally possible to select the original set-
tings,he. the settings preset on delivery, for a modi-
fiedand stored parameter set. This is done by copy-
ingthe “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
6.5.5 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.

'ﬁ 85000 PARAMETER

Beginning of the block “Parameter change-over”; pro-
4} GQHANGE-OVER

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 be setiif the the real time clock
8515 SET A SET C y i o
is available. Setting is carried/out in block 81 which is
8516 SET A SET D reached by direct addressing DA 8100 E or by
paging with f} and¥. Input of the codeword is re-
8517 SET B SET A quired to change‘the data.
8518 SET B SET C Selection @ffthe ihdividual addresses is by further
scrolling using 1¥| as shown below. Each modifica-
8519 SET B SET D tion mlst besednfirmed with the enter key E.
8520 SET C SET 2 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-
8525 SET D SET C ference can be calculated prior to the input, and the
synchronization of the clock does not depend on the
, moment when the enter key E is pressed.
Table 6.1 Copying parameter sets
ﬁ 81000 SETTING Beginning of the block “Setting the real time clock”
Jlreacr t1mMmecwock Continue with 1.
* 1779997 At first, the actual date and time are displayed.
{ 5 Continue with 1.
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 881030 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 DI F 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 Siemensg
relays have an MLFB (machine readable type number). When the device is operative and displays a quiescent
message, any desired address can be reached e.g. by pressing the direct address key DA followed by'the
address number.

ﬁ oB7sas511 v 3 . x The relay introduces itself by giving its type number,

: the version of firmware with which it is equipped, and
@ 7 SAS5 1 1 * % % % % % % % % % a hardware identifier. The second displayine shows
the complete ordering designation:

After address 1000, the functional parameters begin. Further address possibilities are listedunder “Annunci-
ations” and “Tests”.

fff 10008m Commencement of fungtiohal parameter blocks
IffparamMETERS

6.3.3 Power system data — address block 11

6.3.3.1 General data

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

T 1100nm

4} POWERSYSTEM DATH Beginning of the block “Power system data

Current transformer polarity:
Ml 1101mcr sTARPWT LINE — c.t. star-point towards line
{ TOWARDS LINE BUSBAR — c.t. star-point towards busbar
This setting determines the measurement
TOWARDS B#%S BAR direction of the relay (forwards = line direction)

* 1 System star-point condition:
110 2INY T EMSTAR Important for earth fault and double earth fault
*SOLIDLY EARTHED conditions

* 2 03Bun PRIMARY Voltage transformer primary voltage (line-to-line)
Smallest setting value: 1 kV
W™ o xv Largest setting value: 1200 kV
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Voltage transformer secondary voltage (line-to-line)
Smallest setting value: 80V
Largest setting value:

M 1104B un
100 v

SECOND.
125V

Current transformer primary rated current (phases)
Smallest setting value: 10A
Largest setting value: 5000 A

11050 In PRIMARY

1000 A

i

With addresses 1109 to 1116, the device is in-
structed as to how the additional current and voltage
inputs are connected. This information is important
for the treatment of earth faults (in earthed net-
works), earth leakage (in unearthed networks), par-
allel line compensation for fault location (if used),
synchronism and voltage check (if used), and the
monitoring of measured values.

The additional voltage input is designated in ad-
dress 1109 with Ux CONNECT; it can be declared as
NOT CONNECTED or Udelta TRANSFORM or U2
TRANSFORMER.

If the voltage transformer set has e—n (open delta)
windings, and if these are connected to the device
(refer Figure B.6 in Appendix B), then this has to bg
recorded in address 1109 with Ux CONNEGH, =
Udelta TRANSFORM. Since the ratio of thefvoltage
transformers is normally

l-JNgrim . UNsec .UNsec
v3 V3 3

the factor Uph/Udelta (secondafy,values, address
1110) shall be set as 3/\/3 = 4/3 ~%.73 when the
delta windings are connected. If the ratio is different,
e.g. when the displacementvoltage is formed by in-
termediate transformers, the factor has to be se-
lected accordingly.

If the synchronism, and,veltage check function is to
be used at the feedemthen the additional voltage in-
put of the devicé must be connected to the bus-bar
voltage. In this.case, address 1109 must be set as
Ux CONNECT =fU2 TRANSFORMER (refer Figure
B.9 in Appendix B). Under address 1116 the device
must be infarmed to which voltage of the bus-bar
voltage transformers is used (phase-to-phase or
phase-to-ground and which phase(s)). The device
automatically selects the corresponding feeder volt-
age for synchronism and voltage check.

Three possibilities exist fornthe easth current path:

— Connection of the eafth cutrent from the star point
of the current transformers (standard circuit ar-
rangement, see also%Appendix B, Figure B.2):

Address 1111 isithen set as
le CT = PROTECTED LINE
Address 1112'is set as le/lph = 1.000
=xConnection of the earth current from the trans-
fermerstar point of a parallel line (compensation
of fault location for parallel lines — only for type
TSAS11x —KArkk—2xkk, see also Appendix B,
Figure B.3):

Address 1111 is then set as

le CT = PARALLEL LINE
Address 1112 is set as le/lph = 1.000
but, if the transformers of the parallel line have a

ratio which differs from those of the protected line,
the relation of these ratios has to be set for le/Iph,

e.g.

1000A/1A
1200A/1A

current transformers protected line
current transformers parallel line
results in le/lph = 1200/1000 = 1.200
— Connection of the earth current from a separate
earth current detection transformer (e.g. window

type current transformer for earth fault detection,
see also Appendix B, Figure B.4).

Address 1111 is then set as
le CT = PROTECTED LINE

For units with highly sensitive earth current input,
address 1111 needs not be set; it is not available.
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Address 1112 is set as

ratio of the earth current CT

le/lph = ratio of the phase current CT

Example:
Phase current transformers 400 A/5A
Window type summation transformer 60 A/1 A

Relay type for highly sensitive earth fault detection

60/1
le/Iph = 20075 = 0750

NOT CONNECTETD

11090 Ux CONNECT

U

en TRANSFORM

U

2 TRANSFORMER

1

11100 Uph/Udelta
.73

The additional measured voltage input Ux of the
device is

NOT CONNECTED or
connected to the e—n (open delta) windings of
the voltage transformer set of theffeeder or

connected to the a voltage trapsformer of the
bus-bar (for synchronism and voltage check)

Matching factor for residual voltage:
rated secondary voltage,of wt. phase winding
rated secondanyvoltage of open delta winding

normally 1.73
Smallest settingwalue: 0.10
largest setting value: 9.99
* ™ Current whieh is connected to the Ig measuring
11118 Ie CT input of the,relay
+ PROTECTED LINE Note:"Address 1111 is only available in models with
parallel line compensation (7SA51 1k —AkAkk —2%Ak); in
PARALTLTETL LINE othier cases, PROTECTED LINE is internally fixed
* 11120 Te/Iph Matching fact.orf.or earth currc.ent:
* 1.000 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: 0.100
Largest setting value: 20.000
* ™ Phase allocation for the bus-bar voltage U2 if it is used
11160y HONNECT for synchronism and voltage check
* L1-1L2
When synchronism or voltage is to be checked before
L2-L3 closing of the circuit breaker, the bus-bar voltage con-
nected to the U2 voltage input of the relay is compared
L 3 -1l with the voltage of the feeder voltage transformers as se-
lected in this address
L ¢l =B
Ly 2%= E
L 3 -E
156
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6.3.3.2 Line data, general

General line data are 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-
tance ratio 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!

The setting parameters can be determined from the
line data using the following formulae:

Resistance ratio
_E _ l . & -1
R, 38 \R,

Reactance ratio

0

Whereby
Ro— Zero sequence line resistance
Xg — Zero sequence line reactance
R1— Positive sequence line resistance
X1 — Positive sequence line reactance’

It is unimportant whether total line valugs oryvaltes
per unit length are used, since the ratios{arg inde-
pendent of the line length.

Calculation Example

110 kV overhead line Alu/Steel240/40 mm?2 with the
line parameters

s (length) = 60 km

Ri/s = 0.18Q/km
X4y/s = 0489 Qfkm

ngi : ?.'?g Sfm } 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:

Re _ 1. (Ro_4)\_

R, 3 \R;
1 (0.38 Q/km
(=220 ) = omea
3 (0.139/km 1) =06

Xe _ 1 (%o _ e

X~ 3 \X,
1 (1.15Q/km
T2 1) =0
3 (O.SQQ/km 0.6

With double lines there is mutual coupling between
the two copductonsystems. This is only relevant for
7SA511 when itincorporates the parallel line fault lo-
cation featuregand has been ordered with parallel
line compensation. This compensation can only be
effective_for fault location when, additionally, ad-
dressi8805 is set as PARALLEL LINE = YES (Section
6.3415).

The setting parameters can be determined by the
following formulae:

Resistance ratio

Where Xgu —mutual reactance (couple reac-
tance) of the line systems
Xy  — positive sequence reactance of the
lines

These data can be set either for the total parallel cir-
cuit line length or as length related values, since the
quotients are independent of length.
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A 11170 RE/RL
.00

A 11180 XE/XL
.00

Matching of earth impedance, resistance ratio
Smallest setting value: --7.00
Largest setting value: 7.00

Matching of earth impedance, reactance ratio
Smallest setting value: --7.00
Largest setting value: 7.00

Only for parallel circuit lines if fault locator is used with parallel line compensation:

11190RM/RL
0.00

i

f 11200 xM/ XL
.00

Matching of mutual impedanceyresistance ratio
Smallest setting value: --7.00
Largest setting value: 7.00

Matching of mutual impedance, reactance ratio
Smallest settingwvalue! --7.00
Largest setting value: 7.00

Some additional data are requested for various pro-
tection functions. These have to be entered to the
relay under the addresses 1122 to 1132.

The reactance per unit line length (address 1122)is
entered as secondary value. This can be derived
from the primary value using the formula

N

ct IN
Nt

XSEC =

prim

Wherewn Nt — c.t. ratio
Ny — vt ratio
In/A — rated current of the current trans-
formers = rated current of the de-
vice

Finally, the line length is entered under address
1124. It is used for fault location.

M| 11220 sE
tlfo - 500 Q/ kM

A 11240 L ¥NELENGTH
flltoo.0 xm

Line reactance per unit line length, secondary, only for
fault location (refer to Section 6.3.15)

Smallest setting value: 0.010 Q/km

Largest setting value: 5.000 Q2/km

Length of the total line, secondary, only for fault loca-
tion (refer to Section 6.3.15)
Smallest setting value:
Largest setting value:

1.0 km
550.0 km

Note:iWhenithe line length is entered in miles instead of kilometers, and the line constants are entered
in ohms per mile, then the relay will operate properly.
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6.3.3.3 Additional plant data

Additional plant data are requested for some device
functions.

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 can issue
a trip signal. Distinction can be made bgtweensthe
minimum trip command duration with cdrrentflow T
TRIP |> (address 1130) (I > 0,1 Iy) and thewddration
without current flow T TRIP I< (address 1131).

A 11300T-TRIP I>
fllo .00 s
11310 T-TRIP I <

0 15 s

e

Minimum duration of trip command with current flow
Smallest setting value: 0.00s
Largest setting value: 32.00s

Minimum duration ofstrip“‘eée@mmand without current
flow

Smallest setting valte:
Largest setting'value:

0.01s
32.00 s

If the synchronism and voltage check function is
used, note the following:

The feeder voltage is designated with U1; it is the ref-
erence voltage for all device functions which operate
with measured voltages. The bus-bar voltage is des-
ignated U2. The mode of connection @f U2{(i.e.
which voltage, phase—phase or phase—eatrth) has
been entered to the relay under address™4109%and
1116. If a power transformer is installed between the
bus-bar and the location of the feedgfVoltage trans-
formers then the phase displagement according to
the power transformer connection,grétip must be
compensated. This can be dong using the parame-
ter address 1132.

The secondary rated voltages| of the voltage trans-
formers must be equal, Additionally, the primary
rated voltages of the fegder voltage transformers on
the one hand andthe bus<bar voltage transformer(s)
on the otheghand must relate to the transformation
ratio of thelpower transformer.

If no phase shifting transformer is installed between
feeder and bus-bar, then address 1132 remains 0°;
otherwise it hust be changed. The voltage is de-
finedfrom U1 to U2.

Example:

Bus-bar 400 kV primary
110 V secondary

Feeder 110 kV primary

110 V secondary

A power transformer should be installed between
bus-bar voltage transformers and feeder voltage
transformers:

400 kV/110 kV
connection group Dy(n)5

Power transformer

The connection group of the power transformer is
defined from the upper voltage side to the lower volt-
age side. The feeder voltage transformers, which
are the reference voltages for the protection relay,
are installed on the lower voltage side of the power
transformer. Thus, the phase displacement accord-
ing to the connection group numeral, i.e. 5 x 30°,
must be entered as negative value.

Setting will be

address 1132 PHI U1-U2 = —-150°

1132QU1-U2
0 o

ANGL

——

Phase displacement between U1 (feeder voltage) and
U2 (bus-bar voltage), for synchronism check
Smallest setting value: -179 °

Largest setting value: +180 °
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6.3.3.4 General device data

Under addresses 1133 to 1150, some additional
general device data are entered to the protection
relay, to match it to the switch gear conditions.

The closing time of the circuit breaker (address
1133) is necessary if the synchro-check function of
the relay is used also for asynchronous switching. In
this case, the protection calculates the ideal closing
instant such that the two voltages (bus-bar and feed-
er) are in synchronism at the instant when the break-
er poles contact each other.

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.

The phase(s) in which fault detection is registered,
are decisive for the selected line loop and thus, for
the trip command being single-pole or three-pole, in
7SA511. Another pick-up during output of the trip
command results in three-pole coupling of the trip

command. This corresponds to the presetting of ad-
dress 1136 3—P. COUPL = WITH FAULT DETECTIf
address 1137 is setto WITH TRIP COMM, threespole
coupling of the trip command is suppressed when
pick-up in another phase is registered only after the
single-pole trip is initiated. This setting is reasopable
when is can be assumed that a furthempick-up after
initiation of the trip command must(arise from a dif-
ferent, independent fault event. This setting is valid
for all protection functions of therelaywhich can trip
single-pole.

Address 1137 determines whether the short-circuit
protection functions willtripsingle-pole in case of an
isolated two-phase fault (i‘e, without earth), as long
as single-pole trippingyis allowed. This parameter
can be changedf single-pole auto-reclosure should
be performéd,with(this fault type.

The par@meter® —M/C—PROL (address 1145) is op-
erative onlaftermanual closing of the breaker. This
time is decisive for those protection stages which
shalloperate only during manual closing (e.g. over-
reaeh zene of the distance protection).

Circuit breaker closing time (relevant only in case
asynchronous switching is used in connection with
synchro-check)

Smallest setting value: 0.01s
Largest setting value: 0.50 s

1330 T

1
Q

B CLOSE

Maximum duration of close command
* 11350 T-CcLoO S Smallest setting value: 0.01s
+ 1 00 s Largest setting value: 32.00s

* 1136043 - P COUPL Three-pole coupling
* WITH ®AUINT DETESC — each multi-phase FAULT DETECtion results in
three-pole coupling of the trip command
WITH TRIP COMM. — after initiation of a single-pole TRIP decision,

no three-pole coupling is effective
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* 11370 TRIP2phFLT With two-phase faults without earth

fITEREE-POLE — three-pole trip will always occur O

_ — single-pole trip of the leading phase will gccur
! POLE LEADING provided single-pole trip is allowed
1-POLE LAGGING — single-pole trip of the lagging phase will occur

provided single-pole trip is allowed

L 4
Prolongation time after man cl@or which the
450 T-M/C-PROL associated protection stage sh te
0 .30 s Smallest setting value: 01s
Largest setting value: 2.00 s
Stabilization time ( Qexternal trip command
490 T-EXT.ST2AB via binary input
0.01 s Smallest settinggval 0.00 s
Largest settin% 32.00s

* 11500 FILTER Filter ured quantities

flnormMaL NO%r

LONG L filter for difficult measuring conditions
XS

S
&

Q>®

i
-
-

e
-
-
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6.3.4 Settings for distance protection

Since the main function of 7SA511 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

7SA511 comprises 5 distance zones and 7 time
stages arranged as follows:

Independent distance stages:

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 fimés can be set
for single-phase faults and multigphase” faults re-
spectively.

In address block 12, the difectionsof the directional
stage and the delay times T4 and T5 are set.

NOTE:
The direction which iSyset for the directional final

stage (address 1202)is not valid for other direction-

zone Z1 delay T1 J '
zoneZ2  delay T2 ally dependent functions of the fault detection func-
zone Z3 delay T3 tions, for example, for directional comparison when

this is s€leeted!

Beginning“ef the block
“Distanceyprotection general settings”

o
H

1} 12000 DIST.PR
SETTINGS

* 12010DIST.PROT. Distance protection is
+ 0N ON  switched on
or
OFTF OFF  switched off
* 12020 DIR. # P DWT 4 Direction for directional trip with fault detection,
+ which can be set
FORWARDS FORWARDS (line direction) or
REVERSE REVERSE (busbar direction) or

NON-DARECTIONAL NON-DIRECTIONAL  (either direction)

Delay for T4 (fault detection directional trip)
* 12030 T4 Smallest setting value: 0.00 s
V1o s Largest setting value: 32.00 s
and oo (no directional trip)

Delay for T5 (fault detection non-directional trip)
Smallest setting value: 0.00 s
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-recloszre. 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 separate

distance zone Z1L is available. Release of this zene
before a DAR cycle can be blocked by setting,ads
dress 1218 DAR —>Z1L to NO. The DAR cycles can
also be blocked by a binary input. One canseleetihe
stage that should be effective during blocking(of the
DAR cycles (address 1217): Normally, Z1%with T1 is
effective in this case, this can be changed to Z1 with
T1B.

Ifaline to be protected is composead,of overhead line
and cable sections, the centrolled zones Z1B and
Z1L can be used to distinguishibetween faults on the
the overhead section and/cable faults, to a certain
degree. Reclosure can be blocked for cable faults
using addresses 1221%nd 1222. If, for example, a
cable section is follewed by an overhead line sec-
tion, zone Z1B{is set to cover the cable section and
address 1221%is,set such that reclosure is blocked
for faults WITHIN Z9B. If further segregation is neces-
sary (e.g.'cable|— overhead line — cable), distinction
can be madeby address 1222 in similar way. In all
other casesyboth addresses remain in position NO.

5@ MAN.
DIRECTTI

CLOSE
ONAL

i
N
-
(o]

60 R AR - > Z 1B

R
=
=

Ml 12170paRrR BLOCK
flz1; o71
zW ; T 1B

Distance measuring range which is valid when the
circuit breaker is closed manually:

Z1B 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 before RAR
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

C53000-G1176—-C98
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1218gDAR -> 2z 1L

f 122101 BLK.AR Z 1B

f 12220 BLK.AR Z 1L

WITHIN

OUTSIDE

WITHIN

OUTSIDE

Zone Z1L is effective before DAR
YES or

Auto-reclosure is blocked for faults

normal setting

zone Z1B

of zone Z1B

Auto-reclosure ist blocked forfaults

normal setting

zoneZ1L

of zone Z1L

6.3.4.2 Setting of the distance stages — address blocks 13 and 14

The relevant parameters are set for each distance
stage. The reactance X determines the reach oflits
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 eafthsfaults with high-
er fault path resistance.

Measurement direction can betset individually for
each zone. This allows freg choice of forwards, re-
verse or non-directiondlstages, e.g. attransformers,
generators or bus-bar couplers.

The delay times T1%and T2{€an each be set individu-
ally and differently for'single phase faults and multi-
phase faults. Thus one can, for example, make a set-
ting for single polg, faults higher than that of an
associated{differential earth fault protection (T1
1PHASEggrater than T1 >1PHASE) or, set a shorter
reserve time for multi-pole faults close to a power
station, (T2*>1PHASE less than T2 1PHASE).

The independent zones Z1, Z2, Z3 operate indepen-
dently“from one another and independently of the
overreach zones Z1B, Z1L.

It is recommended 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
the line lengths with their primary reactances X in €2/
phase. These 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
protected 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.

164
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The values determined from the grading plan must Calculation Example
be converted for the secondary side of current and
voltage transformers. In general: 110 kV overhead line Alu/Steel 240/40 mm?2 with
the characteristics:
Z =
secondary ) s (length) = 60 km
Current transformer ratio -
Voltage transformer ratio "™ Rq/s = 0.13 Q/km

X4/s = 0.39 Q/km
Ro/s = 0.38 Q/km

The secondary values given to the relay must be re- Xofs = 1.15 Q/km

lated to a current of 1 A. Thus the conversion formu-

la for reach for any distance zone is: Current transformers 600 &5 A

Voltage transformers 190kV/0.1 kV

N, I
Xsec = N_VI * Korim * KN Maximum overloagk
Pmax = 130 MVAxeorresponding
. Imax = 680A
Where Ng —c.t. ratio
Nyt —v.t. ratio Figure 6.2(shoWs,a sample network section with pri-
In/A —rated relay current in Ampere = marylgrading plan.
secondary rated current of cur-
rent transformers Whieh gives the line data:
Resistance setting R allows a margin for fault resis- Xqa ® = 039Q/km-60km= 23.4Q
tance, which appears as an in-phase resistance ad- R = 013Q/km-60km= 7.8Q
dition to the line impedance, at the point of fault. It
comprises, for example, arc resistances, tower foot- Xp = 039Q/km-30km= 11.7Q

ing resistances or similar. The setting should take Ro = 013Q/km-30km= 3.9Q

these fault resistances into account but nat be set

higher than absolutely necessary. An adequaté dif- Xe = 039Q/km-40km= 156 Q
Rc = 013Q/Km-40km= 52Q

ference from the operating impedance mustibe en-
sured, even under conditions of temporary, over-
load. The resistance margin can be set separately
for phase—phase faults and for phase —earth faults.

Thus the following zone limits arise:

Zone 1 primary 85 % of line length

Xlprim= 0.85 X3 =0.85-23.4Q = 19.89 Q

v "

A Z1

XC? I:{C I

Xa, Ra : )dj’ Rb

| | '
F—— X;=0.85.X, — |
|
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 1 _secondary

— th . . IN

Xlgee = _N\n X1 pim A
_ 600/5 5A _
—110/0.1 19.89 Q A = 10.85 Q

Zone 2 primary 80 % up to Z1 of the next line b

=0.8-(23.4 Q + 0.8511.7 Q)
=26.68 Q

Zone 2 _secondary

— th . . IN

X2e = N_\n X2,im A
_ 600/5 5A _
—110/0.1 26.68 Q A = 14,55 Q

Zone 3 primary 80 % up to Z2 of the next line b

= 08 [234Q+08(11.7Q+

0.8515.6 Q)]
= 34.69Q

Zone 3 secondary

Nt

_ Iy
XBoeo = 2 * Xy A
_ 600/5 5A .
= Tiojoq 3469934 ¢ 18€20

Resistance setting

For resistance setting in relation to overhead lines,
consideration of the arc resistance®is most impor-
tant. In cable networks,an exteénsive arc is not possi-
ble; thus the effective resistance of the cable itself
normally plays thefmore important role. With very
short cable lengths, /howeyer, it must be ensured
that the resistance oftandrc 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, thi§
corresponds to 12 Q primary. For the resistance set-
ting of the first zone, this results in

1

R-Iprim = I:Hline + § : I:{arc
- 6.63§2+%- 12Q = 1263 Q
— th' . IN

ms“_N_w R prim A
_ 600/5 5A
~ 110/0.1 &85 A
=69Q

Only half of the arciresistance value was used, be-
cause it is additive tosthe loop impedance and only
half should beyadded to the impedance per phase.

For earth faults, a separate resistance tolerance can
be set: [Fan arc resistance of 9 Q and a resistance of
25 Qor the tower footing earth path are assumed,
thistthenileads to

I:HEprim = I:HIine + I:{arc + I:{tower
=6.63Q2+9Q+25Q
= 40.63 Q

— th . . IN
R1Eg. = N, R1E,m A

_ 600/5 5A
~ 110/0.1 40.63 2 A

222 Q

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.

NOTE: The setting values R for each zone should, if
possible, not exceed 6 times the set X—value.

Independent zones Z1, Z2 and Z3 - address block 13

ﬁ 3 00@B DIST.PROT.
{}INDEPEND. ZONES

Beginning of block
“Distance protection, independent zones Z1, Z2
and Z3”
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First zone Z1

AM| 13010 Rr1
flr .25 @

A 13020%x1
fll2 .50 @

3030 R1E

*FORWARDS

M 1304@DIREC.

Z

1

REVERSE

NON-DIRECTIONATL

fllo .00 s

—
=
w
o

60 T 1 > 1
2

S

vllo .

o
o

Normally, addresses 134@&06 are set to the same value.

Resistance for phase—phase
Smallest setting value:
Largest setting value:

Reactance value (reach)
Smallest setting value:
Largest setting value:

Resistance for phase— m

Smallest setting valu
Largest setting value:

0.05 Q
130.00 Q2

Direction for 1:¢can be
FORWA (line direction) or
REVERS (busbar direction)

NON=DIR NAL

&

Smallest setting value:
Largest setting value:

(either direction)

* 13050 T1 1PHASE %for zone Z1, single-phase faults

0.00s
32.00 s

and oo (no trip in zone Z1 for single-phase faults)

Delay for zone Z1, multi-phase faults

Smallest setting value
Largest setting value:

0.00 s
32.00 s

and oo (no trip in zone Z1 for multi-phase faults)

Secondz@
Ml 13310 R2

V. 50 @

13120 x2
5.00 Q

Resistance for phase-phase
Smallest setting value:
Largest setting value:

Reactance value (reach)
Smallest setting value:
Largest setting value:

0.05 Q
65.00 Q

0.05 Q
130.00 Q2
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i

e

13130 R2E

5 00 Q

13140 DIREC. 7 2
FORWARDS
REVERSE
NON-DIRECTIONA AL
1 150 T2 1 PHASE
0 30 s

1 160 T2 >1PHASE
0 30 s

13170 TRIP 1P 22
N O

YES

Resistance for phase-earth
Smallest setting value:
Largest setting value:

0.05 Q
130.00 Q2

Direction for zone Z2: can be
FORWARDS (line direction) or
REVERSE (busbar direction)
NON-DIRECTIONAL (either direction)

Delay for zone Z2, single-phase,faults

Smallest setting value: 0.00s
Largest setting value: 32.00 s
and oo (no trip in zone Z2 jonsingle-phase faults)

Delay for zone Z2, multigphase faults
Smallest settingvalue:

Largest setting value: 32.00 s
and oo (no trip in zoneZ2 for multi-phase faults)

0.00 s

Single-poleiirip with single-phase fault even in
zone Z27

NO or
YES

Normally, addresses 1315 and 1316 are set to the'same value.

Third zone Z3

Resistance for phase—phase
* 13210 r3 Smallest setting value: 0.05
f{5 .00 @ Largest setting value: 65.00 Q
Reactance value (reach)
* 13220 x3 Smallest setting value: 0.05
fllto.00 @ Largest setting value: 130.00 Q
} 13230 R 3E Resistance for phase—earth
1 0 Q Smallest setting value: 0.05 @
* 0 -0 Largest setting value: 130.00 Q
* 1laMsBDIREC. 7 3 Direction for zone Z3: can be
{ F©@©.R\W A R D S FORWARDS (line direction) or
RBE\W E R S E REVERSE (busbar direction)
NON-DIRECTIONAL NON-DIRECTIONAL (either direction)
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Delay for zone Z3
* 13250 T3 Smallest setting value: 0.00s
{ 0 .60 s Largest setting value: 32.00 s

and oo (no trip in zone Z3)

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
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-

Both stages can also beqased¥er selection between
cable and overhead line sections in case of mixed
lines (refer to Sectiom.3'4.4/for more details). Each
of these stages have their, own delay time whereby,
for Z1B, one can,againgistinguish 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 thetoverreach zones.

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.

Beginning of block
“Distance protection, controlled zones
Z1B and zZ1l”

ﬁ 14000 DIsT
@CONTROLLED

. PR OTN
Z ONE S

Overreach zone Z1B (controlled by RAR, teleprotection signals or binary input)

Resistance for phase—phase
* 140 NG Smallest setting value: 0.05
Plt.50 2 Largest setting value: 65.00 Q
Reactance value (reach)
* 14920 218 Smallest setting value: 0.05 Q2
fl3-00 @ Largest setting value: 130.00 Q
} 14030 R1BE Resistance for phase—earth
3 0 O Smallest setting value: 0.05 Q2
+ - Largest setting value: 130.00 Q
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14040DIREC. Z 1B
FORWARDS
REVERSE
NON-DIRECTIONA AL
14050 T18B 1 PHASE
0 00 s

14060 T1B >1PHAS
0 00 s

Direction for zone Z1B: can be
FORWARDS (line direction) or
REVERSE (busbar direction)
NON-DIRECTIONAL (either direction)

Delay for zone Z1B, single-phase faults

Smallest setting value: 0:.00's

Largest setting value: 32.00ys

and oo (no trip in zone Z1B for singléphase faults)

Delay for zone Z1B, multi-phase fauits

Smallest setting value: 0.00 s

Largest setting value: 32.00s

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)

e

e

e —

i

14110 RrR1L

2 00 Q

1 120 x1L

4 0 Q

1 130 R1LE

4 0 Q

141 4K.D4T ReE C . z 1L
FORWAR DAWS
REVERS.,E
NOJNDIRECTIONA AL
¥ 151 T1L

0. 00 s

Resistance for phase—phase

Smallest'setting value: 0.05 @
Largest setting value: 65.00 Q
Reactance value (reach)

Smallest setting value: 0.05
Largest setting value: 130.00 Q2
Resistance for phase—earth

Smallest setting value: 0.05 Q
Largest setting value: 130.00 Q

Direction for zone Z1L: can be
FORWARDS (line direction) or
REVERSE (busbar direction)
NON-DIRECTIONAL (either direction)

Delay for zone Z1L
Smallest setting value:
Largest setting value:

and oo (no trip in zone Z1L)

0.00 s
32.00 s
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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 configurationf@€écording
Section 5.4.2 (address 7813). The follawing)para-
graphs show the parameters for all fault deté€tion fa-
cilities. When paging through the display, only those
addresses appear which are valid for the selected
fault detection method(s).

ﬁ 15000l DIST.PROT.
{',-FAULT DETEC.PROG

M 1501@BPRrROG. U/
*LE:Uphe/LL:Uphph

LE:Uphph/LL :Uphp

LE:Uphe/LL:Uphe

LE:Uphe/LL:I>>

Beginning of the block “Bistance protection,
fault detection program”

only with voltage controlled (U/I) fault detection:
measurement control

Upn-e withydetected earth fault

Upn—paswithout detected earth fault

Upn <oy Withvdetected earth fault
Upn—pn Without detected earth fault

Upneg ~ with detected earth fault
Upn L without detected earth fault

Upn-e 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/starp@int unless a different protective relay or function is activated for earth

faults.

Ml 1503BpRrROG,. za
*LE:the/LL:thph

LE fzphe/LL:1I>>

only for impedance fault detection

(fix impedance ZA): Measurement control
Zpnh—g  With detected earth fault

Zph—pn Without detected earth fault

Zpnh—g  With detected earth fault
I>>  without detected earth fault
overcurrent pick-up only

C53000-G1176—-C98
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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
currents). The determining factor for overcurrent
setting 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 correctide-
tection of double earth faults must be set below the
minimum expected double earth fault current;

Calculation example

For the line used in the examplein Section 6.3.4.2
the maximum operating, current is 680 A with
600 A/5 A current trapsformers and the minimum
short circuit currentqs assumed to be 1200 A. The
following setting weulditherefore be used:

v Iy § 6. 600A

This value liesy\adequately below the minimum short
circuit current of 1200 A/600 A = 2 - Iy.

Thecondition for the minimum short circuit current is
also valid for earth fault currents in solidly earthed
networks, equally for double earth faults in either
system.

If impedance fault detection is used, the
I> > —stage can be set more sensitive because this
is not an independent stage but supplements the
impedance fault detection phase-to-earth, when a
line loop would be eliminated as described in Sec-
tion 4.2.1.3. For long lines, it can be set such that is
does not operate in case of reverse fault because of
the damping effect of the line itself.

Overcurrent detection threshold value Iy > >
ph

Pl 16010z ptn > Smallest setting value: 0.25 - Iy

fllr .80 &/4n Largest setting value: 4.00 - Iy

Threshold value for earth current detection Ig>
Smallest setting value: 0.10 - Iy
Largest setting value: 1.00 Iy

M| 16,02B e
fllo .50 1/1n

\%
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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
(7SAS11x—4kxk2— Or —kxxkxx3—) 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
1_
60 —

50 —

40—

30

20

10 7

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 jA"systems
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 thepmeasuring
point safely for all earth faults (refer Section 4.2.1.1).
Otherwise, control with Upn_g.forall kinds of fault is
reasonable (address 1501 &E:Uphe/LL:Uphe),
which is less sensitive for@éarth-free short-circuits. In
many cases this can be accepted because phase-
to-phase faults are coveredby the overcurrent fault
detection functions, Ion>1>.

The possibility. to “‘éentrol with the voltage loops
Upnh_g Only wheman earth fault has been detected is
advantaggousiin, systems with a low-impedance
earthed starpoint, i.e. with earth fault limiting aids
(so-callediresistance earthing). In these systems,
onlysearth faults are to be detected by the voltage
controlled fault detection. For phase—phase faults
the high-set overcurrent fault detectors Ipn>> will
pick Up. (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 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 >
fv161101p0> Smallest setting value: 0.10 - Iy
Bllo.20 1/1n Largest setting value: 1.00 - Iy
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Ml 1612Buphe(1>>)
Va8 v

6 130 Uphe (1I>)
48 V

e
-

M| 1614Buphph(1I>>)
fllgo v
6 15 B Uphph (I>)

8 0 \Y

e
-

Undervoltage pick-up value at Iph>> (address 1601)
(Figure 6.3); phase-to-earth voltage

Smallest setting value: 20V

Largest setting value: 70V

Undervoltage pick-up value at Iph> (address 1611)
(Figure 6.3); phase-to-earth voltage

Smallest setting value: 20V

Largest setting value: 700V

Undervoltage pick-up value at Iph> > (address 1601)
(Figure 6.3); phase-to-phase voltage

Smallest setting value: 40V

Largest setting value: 130V

Undervoltage pick-up valtie,at Iph> (address 1611)
(Figure 6.3); phase-to-phase voltage

Smallest setting value: 40V

Largest setting,valte: 130V

6.3.4.6 Settings for impedance fault detection

NOTE: This section applies only for models with_im=
pedance detection facility (7SA511x—*Axk2=
*kkx) and when this method has been selegied
(Section 5.4.2). Otherwise it can be passed over:

The impedance fault detection for phase-—earth is
supplemented by an overcurrent stagéWlpp™>>
where pick-up of the overcurrent stagée onlydeads to
detection if the associated impedance, loop has
been eliminated (refer Section 4.2.1.8), The respec-
tive parameters have been set in Se¢tion 6.3.4.4..

The meaning of the parameters, can be gathered
from the impedance charactéristic shown in Figure
6.4. The bold dotsgdentifyapthe setting parameters
which determine the geometry of the fault detection
polygon. Ipon> is thelginimtim operating current, the
prerequisite for each phase pick-up. It must be set
below the minimum presumed short-circuit current.

Impedanceidetection 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
mustlie below the reactive power impedance, how-
eyer.
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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+Agec = 38 Q
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_Asec = 19 Q

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.

At the upper end, the setting value RA should not ex-
ceed 6 times the setting for X—A.

For long overhead lines it must be considered that
the setting inthe resistive direction must have a suffi-
cient safety margin from the minimum load imped-
ance. The minimum load impedance occurs at maxis
mum load current and minimum operating voltage.
In this example, therefore

R = _Ymn _09-110kV
Lprim ™ -
° \/5 ILmax \/5680A

= 84.06 Q

or secondary

N, |
I:{Lsec = N_v: ) I:{Lprim ) KN
600/5 5A
= 110/0.1 My A

= 45.85 Q

A safety margin of at least 20 % should be main-
tained with respect to this value:

Rmax = 0.8 - 45.85 Q = 36.6 Q

When the power swing blocking functionyisfused,
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 andythe fault detection poly-
gon (refer to Section 6.3:5)

In order to guarantee unequivocal criteria for dis-
crimination betwegen load operation and a short-cir-
cuit, in the case of lohg,high—loaded lines — in oth-
er words if aboye preconditions cannot be fulfilled —
the characteristic can be set dependent on the
phase angle:the R'intersection RA2 (address 1625)
thendapplies t0 phase angles above the value
ANGLE PHIA(address 1628), the R intersection RA1
(@ddress, 1624) to phase angles below ANGLE
PHIA. The'safety margin from the minimum load im-
pedance is necessary only for RA1. The angle
ANGEE PHIA must be set higher than the maximum
phase angle during load transport. Fundamentally, it
is most 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.

Ml 16210 1ph>
fllo.20 1/1n

A 16220 x+A
t12.00 @

Minimum current for impedance detection
Smallest setting value: 0.10 Iy
Largest setting value: 4.00 - Iy

Reactance value (reach) forwards
Smallest setting value: 0.10 @
Largest setting value: 200.00

C53000-G1176—-C98
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16240 RA1

A 16250 RA2

tie - Q
} 6 60 R2A1E
vl 2 Q
} 6 708 RA2E
vl 2 Q

A 16280 ANGLE PHTIA
V14 s °
} 6290 ANG P,HN A E
{45 °

Reactance value (reach) reverse
Smallest setting value: 0.10 Q
Largest setting value: 200.00

Resistance for phase —phase; phase angle below
ANGLE PHIA (address 1628) (load area)
Smallest setting value: 0.10 Q
Largest setting value: 200.00°2

Resistance for phase—phase; phasejangle above
ANGLE PHIA (address 1628) (fault area)
Smallest setting value: 010 Q
Largest setting value: 200.00

Resistance for phase—earth; phase angle below ANG.
PHIAE (address 1629) 0.10 Q
Smallest settinghvalue; 200.00 Q2

Largest setting value:

Resistanceifor phase —earth; phase angle above ANG.
PHIAE (address# 629)

Smallest setting value: 0.10 Q

Larggst setting value: 200.00 Q2

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 petween RAT and RA2 can be made for use on long, heavy-loaded lines. In other cases both
the parameters aretg be sét to 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—phaseslarger
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 asphase—phase loop
will be measured but with eartfrfault detection a
phase loop phase—earthiyJIhegother possibilities
PH—-PH ONLY and PH—-Ex©NLY,are independent of
the Ig pick-up.

Under address 1705, ong,can select whether, under
conditions of a_single,phase pick-up without earth
fault detection{a conductor—earth loop is selected.
The setting_1PH, FAULTS = PHASE—-EARTH only
makes sefise in.earthed networks when no current
or onlyextremely low current can flow in the case of
an earth fault. Forimpedance fault detection, this pa-
r@meteriis irrelevant because impedance fault de-
tectien always is related to a fault loop.

T 17000 Favrc
JlearTeED NETWOREKE
M| 1701BuUue>

V20 v

M 17030 pelpaE FLTS
flpeaseE-pP®aSE onLyY
LEAD'INNG PH-E
LAGGI NG PH-E

Ml 1740 3P FaULTS
*E/F CONTROL
BBHASE-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. Note: Address 1110 has
no influence on this pick-up value

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

C53000-G1176—-C98
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170508 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 earthsfault 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 further earth fault after oc-
currence of a single garthault can only be a double
earth fault.

i 18000 FaAULT
dlyonN-EarRTHED NET
M| 1801BTIe 1PHASE
*0 ]

AM| 1802BUe>

Ve 0 v

Ml 18030 PHASEWNSR
fHlFL3 (1) alegfvfcn1c
L1(L3) ACNCLIC
L2 (L1 )GafvcrIc
L1(L2) ACYCLTIC
L3 M2) acycrIcC
L2, (\L 3) ACYCLTIC
3l (L 1) CcYCLIC
Ll1(L3) CYCLTIC

Beginning of block
“Determinatien of the fault loop in non-earthed
(isolated or compensated) networks”

Delay for [gndetection with single-phase
pick-up ingon-earthed systems
Smallest setting value:

kargest setting value:

andyco (Ig pick-up totally avoided)

0.00 s
0.50s

Displacement voltage (Ue = /3 - Ug) for earth
fault detection in non-earthed systems. Note:
Address 1110 has no influence on this pick-up
value

Smallest setting value:
Largest setting value:

10V
100V

Phase preference for double (cross-country) earth
faults. For isolated or compensated networks the
preference sequence must be the same throughout
the whole electrically interconnected network.
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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 7SA511%x—skikkx—
»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)gshouldsbe
as large as possible; the R—intersectionis decisive.
On the other hand, the power swing polygen 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 7SA511 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.

4 20008 Beginninglef blotk
@ PO W SWING Power swingidetection
* 20020P/S PROGR . Eunctional program of the power swing
+ supplement:
BLOCK AL £ blocking of all distance zones
BLOCK 21 ONL Y — blocking of the first zone only
— blocking of the higher (delayed) zones
BLOCK ALL BUT 4z 1 only, Z1 is released
_ _ — trip in the event of unstable power swing
OUT-OF-STEP JaRGH (asynchronism), all zones are blocked
Distance AR between power swing polygon and fault
* 2 30D e R R detection polygon (secondary, see 6.3.4.6), in Q
+ 5 Q Smallest setting value: 0.10 Q
Largest setting value: 50.00 Q
* 0 044 NG R/ d T Rate of change of the power swing vector between
the power swing polygon and fault detection polygon,
e Q fs in Q/s, below which the power swing is detected.
Smallest setting value: 0Q/s
Largest setting value: 200 Q/s
Power swing action time:
* 20050pP/s T-ACT. The function can be limited to the time P/S T—ACT.
Vilsou), s 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-
tion 5.4.2) one selects whether a permissive under-
reach transfer scheme (UNDERREACH) or a permis-
sive overreaching transfer scheme (OVERREACH)
shall be used for the teleprotection (address 7821). If
the teleprotection is programmed as NON—-EXIST,
this Section is irrelevant.

The function of the various procedures is described
in Section 4.4.

6.3.6.1 Underreach transfer schemes - ad-

dress block 21

For the underreach transfer schemes, the transmis-
sion signal prolongation T-SEND—PRL (address
2103) shall ensure that the transmission signal safe-
ly reaches the opposite line end, even when the sig-
nal from the transmitting line endfis_interrupted
quickly and/or when the transmissientime is rela-
tively long. Similar considerations‘eéan‘@pply for the
received signal prolongationgF<REC—PROL (ad-

dress 2104). Delay of the first zone Z1"does not delay
the transmission signal butian ‘own time delay T—
SEND DEL (address 21Q6) is available.

Beginning of block
“Teleprotection, permissive underreach transfer
schemes”

ﬁ 21000 TELEPROTETC
@PERM. UNDERREACH

Permissive underreach transfer trip is
O N ON, switched on

OFF switched off

Mode selection of permissive underreach
transfer trip:

{ Z 1B ACCELERATBI ON Zone acceleration Z1B with T1B

Trip with fault detection non-directional
(instantaneous)

Prolongation of transmit signal with underreach
modes

Smallest setting value:
Largest setting value:

0.01s
32.00 s

Prolongation of received signal with underreach
modes

Smallest setting value:
Largest setting value:

0.00 s
32.00 s

Delay of transmission signal in permissive under-
reach modes (T1 is not decisive for transmission
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 reception signal has
been received within this timejythereafter a reception
signal can only be effective aftefthe transient block-
ing time T—TRANSBLO (refenals&'Section 4.4.11). If
set to oo, No blocking takesyplace for this case.

Prolongation of the transmiSsion signal T—-SEND—
PRL (address 2208) is only effective during the re-
lease proceduremvhenithe relay has already issued a
tripping command. This also guarantees release of
the other line end when the short circuit is rapidly
cleared by theindependent zone Z1. In the blocking
procedure Z1B'BLOCKING the transmission signal
is always‘prolonged by this time.

If,a'delay T1B is set for the overreach zone Z1B, this
dees not lead to delay of the transmit signal but
transmission can be delayed by the time T-SEND
DEL (address 2212).

EPROTEC
RREACH

=>
N
N

ool TEL
OVE

o1 prProTT

-
(@)
=2

o2l BOTT
REDWDEASE

M ODE

DYI RFE C RELEASE

Z 1B UNBULOCK

UNBLOCK

Z 1B BLOCKTING

PILOT WIRE COMP.

TERLOCK

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-TRANSBL

00 .05 s

22040 T-wAIT

o0 S
} 22060 T-SEND-PRL
fllo .05 s
f 22100 POoTT DirFD
*FORWARDS
REVERSE
NON-DIRECTIONAL
A 22120 T-SEND DEL
fllo .00 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: 0.01s

Largest setting value: 32.00 s

or oo, i.e. no transient blocking with missing.reception
Attention! In blocking mode (address 2202 POTT
MODE = Z1B BLOCKING), the waitingitimesmust be
set to the smallest value in order togensure,transient
blocking after reception!

Prolongation of the transmissiomsignal; effective
only with Z1B BLOCKING(or after a trip signal has
been issued

Smallest setting value
Largest setting value

0.01s
32.00 s

Effective directien for directional POTT modes (FD DI-
REC RELEASE and FD UNBLOCK) (not relevant for the
other POTT mades)

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 epd dees not pick up. For oth-
er transfer schemes the egho 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 bothiline ends cannot result in a false echo
signal intthe,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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22200 ECHO
ON

- —

* 22211 T-ECHO-DEL
+0.04 s

* 22220 T-ECHO-IMP

230 T-ECHO-BLO

N
N

e
o
-
(6}
0n

The echo function for weak-infed line ends is

ON switched on
OFF switched off

Echo delay time

Smallest setting value: 0.01s

Largest setting value: 32,005

and oo (no echo signal when'girctiit breaker is closed)

Duration of echo impulse
Smallest setting valuet 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). Eaeh function
can be triggered by binary inputs,and,marshalled to
binary outputs (LEDs, signal relaysiirip 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.

Tl 230 00 uss Bur
Iflrocre EdScrrions

A 23020 T-PICKUP

A 23030 T-DROP 1

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

fllo .00 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: 32.00ss

and co, i.e. drop-off only by reset signal

23060 T-DROP 2
0.00 s

e

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 protection
are set in block 26. The pick-up value I> (address
2612) must be set above the maximum expected
(over)load current (approximately 1.2 times). The
pick-up value |>> (address 2602) allows a cdrrent
grading. The corresponding delay times T—1> (ad-
dress 2613) and T—I>> (address 2603) @re set in
such a way that they allow the highest possible’de-
gree of selectivity. In a ring network(forexample,
one can set up a deliberate brealk point, with rapid
interruption, to allow for emergency éases’(e.g. fault
inthe v.t. secondary circuit). Theresultant radial net-
works can be protected in accordance with the con-
ventional practice of grading ofdefinite time overcur-
rent protection.

For earth faults, bath thé’pick-up value IE> (address
2642) and the delayitime T41E> (address 2643) can
be set separately. In thisfway, it is often possible to
achieve a separate grading with shorter times for
earth faults.

During emergency operation teleprotection com-
munication,is‘not possible.

If theadistance protection system is required to oper-

ate exceptionally fog@ certain time period (e.g. be-
cause of missing veltage transformers), only as defi-
nite time _“ewercurrent protection, the distance
prote€tion elements can be blocked by input of the
exterpal'signal “v.t. protective m.c.b. tripped”.

Iffparts ofithe overcurrent protection are not required
at all, then the corresponding delay times can be set
at oot

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—I> > 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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OB EMERGENCY
JlovVERCURRENT PROT
M 2601BENMERG 0/ c
tllo
OFF
M 2 201>
*2 I/ n
M 2 3B T-1>>
*0 s
M 2 201>
*l I/In
M 2 sl T-1>
*0 s
M 26210 M/ NBONsE PH
+I>> UNDE ImA %WE D

1> N D Esly AWY E D

I NE FoF BuCOuBsT V E

f 6230 RAR ZONE P
+I>> WITH AR

IN>> ALWAYS

8 (I 20 I E

+O 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>> ie.|>> 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 |>>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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430 T-1E>
fllo.30 s

—
N
o)}

510 M/ CLOSE E
UNDETLAYUED

N
[))

R
H
=
\%

INEFFECTTIVE

Delay for I[g> (earth current)
Smallest setting value: 0.00 s
Largest setting value: 32.00s
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'ddring
manual closure

6.3.9 Settings for thermal overload protection — addressblock 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 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 tafonly
detect short-circuits. Only short delays are” per-
mitted for short-circuit protection. These short tirie
delays, however, do not permit meastres te unload
the overloaded cable nor to utilize its (limited) over-
load capacity.

The protection relay 7SA511 in€ludes*an overload
function with a thermal trip characteristic which can
be matched to the overload®eapacity of the pro-
tected cable. This function is ysually not required for
overhead lines as the current*€arrying capacity of
overhead lines is generally net defined.

The overload protection flnction 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“eurrent for the overload measurement.
The setting.factor k is determined by the ratio of the
continueusly permissible thermal current lyax to the
rated, current:

k = Imax
I

The permissible continuous current depends on
crossssection, insulation material, type of construc-
tion andWmethod of installation of the cable, etc. In
genéral, the'magnitude of the current can be taken
from, widely available tables or otherwise is to be
stated by the manufacturer.

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

Setting value t [min] =
2
1 permissible 1 s current
60 \ continuously permissible current

If the short-time overload capacity is stated for a du-
ration other than 1 s, then that short-term current is
inserted into the above formula instead 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:

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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270 0@ TEERMAL
OVERLOAD PROT.

f 27010 THERMAL OL
{ALARM ONLY

ON

OFF

27020 K-FACTOR
10

i

1

22030 T-CONSTANT
100.0

e

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 alarms of

be switched OFF

Setting value of k—factors lhax/IN
Setting range:

0.10 to 4.00

Time constant T
Setting range:

1.0 t0 999.9 min

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

A further current warning stage is availablex(address
2705). This can be set as a factor of the rated current
and should be equal or less than thescontinuously
admissible current. It can be used Besidés the tem-
perature warning stage or insteadief that” When set-

ting Owarn/Btrip 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 270400 Wagny
Voo =
f 27950 » WARN
.00 N7 11
f 27060 0/1L CALCUL
We "M ax

® MEAN

©®© FROM IMAZX

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 4.14.4. 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 parameters concerning earth Currént, voltage
connections and the matching fagtors;,

ﬁ 29000 MEAS.VALUE
IlsupeErvVvIsION

* 9010 sSsYM.Uthres
B v

A 29020 SsYM.Fact.U
110

A 2 30 s ¥ Ithrtr ess
*O I/ In

A 29040 sYM.Faet.I
V1o

A 29050 uM. Ithres
vllo . 1 I/ Tn

bl 20 6B sumMm.Fact .1
¥ [loma1

Beginning of block
“Measured value supervision”

Voltage threshold(phase —phase) above which the
symmetry monitoering is effective (refer Figure 4.52)
Smallest settingwalue: 10V
Largest setting, value: 100V

Symmetry|factor for the voltage symmetry = slope of
thelssymmietry characteristic (refer Figure 4.52)
Smallest setting value: 0.58

Largest setting value: 0.95

Current threshold above which the symmetry moni-
toring is effective (refer Figure 4.51)
Smallest setting value:

Largest setting value:

0.10 - Iy
1.00 - Iy

Symmetry factor for the current symmetry = slope of
the symmetry characteristic (see Figure 4.51)
Smallest setting value: 0.10

Largest setting value: 0.95

Current threshold above which the summation moni-
toring (refer Figure 4.50) reacts (absolute content, re-
ferred to Iy only)
Smallest setting value:
Largest setting value:

0.10
2.00

Relative content (related to the maximum conductor
current) for operation of the current summation moni-
toring (refer Figure 4.50)
Smallest setting value:
Largest setting value:

0.00
0.95
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M| 2907BumMEAS U<
Vs o v

M| 2908BumMEAS 1>
fllo .06 1T/1In

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 7SA511. The
fuse failure monitor can be switched off under ad-
dress2910.

291 0B FUSE-FAIL
O N

i

OFTF

A 29110 FFM 3*UG®G}»#
V3o v
29120 FFM e <

0 .50 I/ Iln

e

Fuse failure monitor is

ON | switched on
OFF switched off

Displacement voltage 3 - Uy, above which fuse fail-
ure should be detected
Smallest setting value:
Largest setting value:

10V
100V

Earth current, above which no fuse failure is as-
sumed

Smallest setting value:
Largest setting value:

0.10 - Iy
1.00 - Iy
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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 (7SA511x—Akkkk—1xkk,
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.

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 both
earth current and residual voltage are available to
the relay.

The residual voltage Ue> initiates earth fault detec-
tion andis setin address 3002. Since, for earth faults
in isolated or compensated networks, the full dis-
placement voltage appears, the setting value is not
critical; it should lie between 30 V an 60 V. Earth fadlt
is detected and annunciated only when the ‘dis-
placement voltage has been stayed for the duration
T—E/F (address 3010).

For phase determination Uph< (address{3003)"is
the criterion for the earth-faulted phase, when simul-
taneously the other two phase voltagesyhave ex-
ceeded Uph> (address 3004). Accordingly, Uph<
must be set lower than the minimum operational
phase-earth voltage. This settingis, ,however, also
not critical, 40 V (factory setting), should always be
adequate. Uph> must lie above the maximum op-
erational phase-earth yoltage, but below the mini-
mum operational phase-phase” voltage, therefore,
for example, 75V atUyn& 100WV. The identification of
the faulty phase is‘afurtherprecondition for annunci-
ation of an earth fault:

For determination of the direction of the earth fault, in
principle, the threshold current (address 3005)
should be s&t as high as possible to prevent faulty
operationidueto asymmetrical currents in the net-
work @andithirough the current transformers (particu-
larly,intHolmgreen connection). Dependent upon
the treatment of the network star point, the magni-
tude'ebthe capacitive earth fault current (for isolated
networks) or the wattmetric residual current (for

compensated networks) is important.

In isolated networks an earth fault in a cable will al-
low the total capacitive earth fault currents of the en-
tire electrically connected network, with the excep-
tion of the faulted cable itself, to flo#W” through the
measuring point. It is normal towse ‘half the value of
this earth fault current as the threshold®value.

Example: A 24 kV bus-bar feeds seven cable cir-
cuits. Each circuit has a cutrent” transformer set
300 A/1 A. The earth fadlt,current is 2.5 A/km. The
cables might be as follows:

Cable 1 3.00km 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 2.6 km 6.5 A
Total 25.0 km 625 A

Withgan 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
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, Iz - 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 balance or window-
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type transformers are used. Here also, use the
thumb rule: setting at half the expected measured
current, whereby only the residual wattmetric cur-
rent is applicable. This residual wattmetric current is
provided principally by the losses in the Petersen
coil.

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% o0of 625 A =25A.

This real current is superimposed by a reactive cur-

rent which can amount to up to 62.5 A for earth faulis
near the Petersen coill On the secondary sideswe
have

2.5 A/60 = 0.0417 A.
As setting value 0.020 A is selected.

The high reactive current component jn compen-
sated networks and the unavoidable air gap of the
window-type current transformersieften make com-
pensation of the angle errogofthe current transform-
er necessary. This is possible, through addresses
3006 to 3009. The max{angleerror F1 ofthe c.t. with
its associated current|1 as well as another c.t. oper-
ating point I12/F2 above,which the angle error re-
mains practically constant, are entered, for the ac-
tually connectéd burden. The relay then approxi-
mates, with adegquate accuracy, to the characteristic
of the trangfofmer.In isolated networks this angle er-
ror cempengation is not necessary.

4 3oo0oomEARTHFAULT
J}NON—EARTHED NET
f 3001l EARTHFAULT
*ALARM ONLY

O N

OFTF

* 3002p Ue>

+4o \Y

} 30030 Uphc<

Va0 v

A 3004gUph>

*75 \

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>

(= v/3- Ug). Note: Address 1110 has no influence on
this pick-up value
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: 10V

Largest setting value: 100V

Phase-earth voltage of healthy phases which will
certainly be exeeded under earth fault conditions
Smallest setting value: 10V
Largest setting value: 100 V
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* 30050 Ie> Threshold value for directional determination

For isolated network: capacitive earth fault current
y|lo-050 =& For compensated network: ohmic (wattmetric) earth
fault residual current

Smallest setting value: 0.003 A
Largest setting value: 1.000 A O

* 3006 CT ERR. TI1 Secondary current for max. error angle of
current transformer

4
j|o-050 =& Smallest setting value 03 A
Largest sefting value \

Error angle of current transforme

0 : Smallest setting value: .0 deg
Yllo .o - Largest setting value: 5.0 deg

* 3 BcT ERR I 2 Secondary current a h the angle
error is practic c

ylft o000 =a Smallest settin e: 0.003 A
Largest settj : 1.600 A
Error an ent transformer at 12

* 300 ?. ¢cT ERR. F2 Smallest'setting value: 0.0 deg

{ 0.0 Largm value: 5.0 deg

ration of displacement voltage after which earth
1 T-E/F . ; . .
* 30 of / f is detected and annunciated; this delay is also
flr -0 s id for annunciations when the earth fault condi-

ions change (e.g. alteration of direction)

Smallest setting value: 0.0s
. 0 Largest setting value: 320.0 s

&
&
&8

L 4
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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-
sistance earth faults in an earthed network (type
7SA511k—kkkkk—*xxx2/3, see Section 2.3 Order-
ing data), the following possibilities are available for
the detection of high-resistance earth faults:

— directional definite time overcurrent protection
with non-directional back-up stage,

— directional definite time overcurrent protection
with directional comparison and non-directional
back-up stage,

— non-directional overcurrent protection with in-
verse time characteristic.

In 7SA511, one of these three possibilities can be
programmed or earth fault protection can be made
ineffective (see Section 5.4.2).

6.3.12.1 Directional earth fault protection (defi-
nite time) - address block 31

For directional overcurrent time protection with non-
directional back-up stage the parameters are set in

address block 31. The pick-up value le> (address
3103) should be set somewhat below theminimum
expected earth fault current. The set value @f the
earth voltage Ue> (address 3104) shall*netdoe ex-
ceeded by operational asymmetry of the voltages.
Ue means the voltage at the input to the device, with
open delta VT; if this input is not used, the relay cal-
culates

Ue = (U1 + U + U|_3) /\/§

The directional dependent tripping time T—-DIRECT
(address 3106) is_independent of directional com-
parison and received,signhal. The direction set under
address 3107 fis decisive for the directional stage.
Normally, the'line direction is set as FORWARDS di-
rection.

The non:directional back-up stage T-NON-DIR
(address 3108) also operates when no directional
determination is possible because the measured
voltage,is too small, or if the voltage transformer pro-
tectivemcb has tripped out. It thus also performs the
emergency function for earth fault protection as well
as'a back-up stage.

4 31 00mEARTHF A UM T Beginning of block S S
@ “Earth fault directional definite time protection with

DIREC/NON-DTIREgE non-directional back-up stage”

* 3101Q0E/F D% Tw Earth fault definite time protection is

fllo N
ON switched on

OFF OFF switched off

* 3 3 Tle Pick-up value for earth current detection
(0,75 x le> for transmit signal)

o - 2 A Smallest setting value: 0.10 I/ly
Largest setting value: 4.00 I/l

Minimum voltage for directional discrimination
Smallest setting value: 1.0V

+ . Largest setting value: 10.0V
* 3106 T-DIRECT. Delay time for directional trip

Smallest setting value: 0.00s
p|O° - 2 S Largest setting value: 32.00s

and oo (no directional trip)
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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 AR ig'present, this time must be
longer than a single-poletauto-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 (Section'6.3.12.1)
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
+ oo s 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, 7SA511 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

= 10 s tripping time ath2 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 AR is present, this time must be lon-
ger 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 auto-reclosure — address block 34

NOTE: This section is valid only for models with inte-
grated auto-reclose function (7SA511k—kikk—
»xB/C/F/Gx). Otherwise it can be passed over.
Auto-reclose 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 distace 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.
7SA511 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. Tripping occurs
three-pole with all kinds of fault.

If the relay is required to operate with an external AR
device, the relevant binary inputs and outputs are to
be used. Particularly, the corresponding control sig-
nals must be connected to 7SA511, e.g. release of
RAR or DAR stages and single/three-pole tripping (if
necessary); the fault detection and trip signal out-
puts of 7SA511 must be connected to the exténal
AR device. The internal AR function must beé set/as
NON—-EXIST (Section 5.4.2, address 7834),"in(this
case.

With the internal AR function, generally disfinction is
made between the first AR-cycle, identified in the
following with RAR (rapid autosreclesure), and fur-
ther AR —cycles with multi-shot aute:reélésure, iden-
tified in the following with DAR\(delayed auto-reclo-
sure). The above identifications, are regardless
whether the dead timeswaréygeally “rapid” or
“delayed”. Setting address 3401 to 3419 are com-
mon for all types of aute-reelosure.

Most of the shont-cireuit” protection functions of
7SA511 hayé severalstages which operate inde-
pendent oneach other, e.g. for the distance protec-
tion stages, time delay and direction can be selected
for each stagevindividually and independently.
Therefore reclosure is normally blocked if a protec-
tion trips a fault reverse direction. Accordingly ad-
dress)3402 is preset to AR BLO REV = YES.

When switching manually on a dead fault, it is nor-
mally desired that the short-circuit protection trips in-
stantaneously, and the AR function is blocked. Thus,

address 3403 should remain in position MCIBLOCK
= YES.

The reclaim time T—RECLAIM (address 3405) is the
time period after which the network fault is sup-
posed to be terminated after a successful auto-re-
close cycle. A renewed trip ofany protection func-
tion within this time increments“the AR counter
(when multi-shot AR is used) sogthat the next AR
cycle starts; 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 whichrafter an unsuccessful auto-
reclosure further reelosures by 7SA511 are blocked.
If the manual Clese command is led via the 7SA511
then this willlbe blocked also. This time must be
longérthan the renewed readiness for operation of
the cireuitbreaker unless the CB is supervised inthe
relay (see below, address 3415). If this time is set to
oo, breaker close commands are locked. In this case
switching can be unlocked only when the binary in-
put“>AR Reset” (FNo 2704) is energized.

iLhe set time for T-BLOCK MC (address 3407) must
cover the time for safe closing and opening of the cir-
cuit breaker (0.5 s to 1 s). If any of the protection
functions of 7SA511 detects a fault within this time,
three-pole definitive trip command is issued and re-
closure is blocked provided MC BLOCK (address
34083, see above) is switched to YES.

The duration of the closing command has already
been set when setting the general parameters of the
device (address 1135, Section 6.3.3.4).

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:
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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.

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 regeneras
tion time of the breaker after a trip—close cycle.fthe
circuit breaker is not yet ready after this time, reglo-
sure is suppressed.

Finally, address 3419 determines for which reclose
cycles synchronism shall be checkéd by the syn-
chronism and voltage check functionfIn the cases
which are parameterized in this addreSs, reclosure
is blocked as long as the conditions as set for the
synchro-check function (Section 6.8.14) are not ful-

filled.

ol AuToO -
0 s

=
|
a
2
Q
H
H
(@]
2

180 AR FUNCT

20 AR BLO REVY

3l Mc BLOGEK

5B T-RECLATIM

—
w
o

60 T -LoOCK

—
L)
S

Beginning of block
“Auto-reclosure functions”

Auto-recl@se funetion is

ON switched on
OFF switéhed off

AR will be blocked when a fault in reverse direction is
tripped (for all short-circuit protection functions which
can operate 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)
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o7l T -BLOCEK M

2 c

30 c
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e
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Reclaim time after manual closing of circuit breaker
Smallest setting value: 0.50 s
Largest setting value: 320.00 s

CB ready interrogation at the first trip command

YES - normal setting

NO - only if there is no possibilitysto interrogate CB
readiness

CB ready interrogatiorbeforg’reclosing

NEVER ne CB ready interrogation be-
foresreclosing

WITH EACH AR CB ready interrogation before
each reclosing

WITH EACH2nd'AR" CB ready interrogation before

2nd, 4th, 6th, etc. reclosing
(RAR or DAR)

CBisupervision time within which CB must be ready
Smallest setting value: 0.01s
Largest setting value: 320.00 s

Request for synchronism or voltage check (internal or
external) is made

before every 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), several programs
are possibley(address 3422): three-pole, single-
pole, or single-and three-pole.

If the 3Uq precessing feature is used for identifica-
tion ‘of the faulty line, then address 3423 must be
changed accordingly; otherwise it remains in posi-
tion\8UO PROC = INEFFECTIVE. This feature is ex-
plained in detail in section 4.10.1. It must be ensured
that only one end of the line must be parameterized
3U0 PROC = 71—POLE WITH UO (i.e. single-pole
auto-reclosure with Ug interrogation). The other end
is set B3U0OPROC = 1—POLE W/O UO (i.e. single-pole

auto-reclosure without Ug interrogation). If only the
immediate reclosure of the healthy lines should be
used, both line ends can be set to 3U0 PROC =
1—POLE W/O U0. Address 3427 (see below) must
be observed for immediate reclosure of the un-
faulted lines, too.

When setting the action time RAR T—ACT (address
3424), it must be ensured that this time is at least as
long as the command time of the protective relay, in-
cluding any possible signal transmission times, but
smaller than the delay T2 of the second distance
zone (usually 0.2 s).
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With single-pole auto-reclosure, the dead time RAR
T—-1POL (address 3426) must be long enoughtoen-
sure that the fault arc is extinguished and the air sur-
rounding the arc is de-ionized, so that auto-reclo-
sure can be successful. Because of the discharge
and re-charge of the conductor capacitances, this
time increases with the length of the line. Conven-
tional values lie between 0.9 s and 1.5 s.

Address 3427 RAR T1POL2 is only relevant when
the Ug processing feature is used to discriminate the
unfaulted lines during single-pole reclosure. Inthese
cases, address 3427 determines the dead time
which is valid after the line has been identified by the
Ug processing feature as the unfaulted line. It can,
therefore, be very short, 0.1 s is sufficient. This im-
mediate reclosure is independent on whether ad-
dress 3423 has been set to 3U0 PROC = 1—-POLE
WITH U0 or 3U0 PROC = 71—POLE W/O U0. Never-
theless, it must be observed that a slightly higher
single-pole dead time (address 3426) must be set at
the line end with Ug interrogation (3U0 PROC =
1—-POLE WITH U0): it should be higher than the
dead time of the line end without Ug interrogation
plus the circuit breaker closing time plus approxi-
mately 50 to 100 ms.

With three-pole auto-reclosure (address 3425), the
stability of the network is the most important considé
eration. Since the disconnected line can no longer
produce any synchronizing power, only a short dead
time is permitted in most cases. Conventional values
lie between 0.3 s and 0.6 s. If the device is equipped

with the synchro-check function, a longer time may
often be tolerated.

The possibilities for the treatment of multiple and
evolving faults have been described in detail in/Sec-
tion 4.10.7. The recognition of an evolving faultean
be made dependent upon a tripping command or
upon fault detection during the dead time (address
3428). The reaction to evolving faults is set in ad-
dress 3429: blocking in the case of @n evelving fault
either occurs ALWAYS (i.e. with“eachrevolving fault)
or NEVER at all, or blocking occurs only after the fault
is detected after the discriminationtime >TDISCRIM
which has to be set in address 3430. Blocking in
these cases occurs even when three-pole auto-re-
closure is permitted!

Also, for the treatmeént, of evolving faults and for the
discrimination timéyl.—DISCRIM the stability of the
network is of thelutmostimportance. In addition, the
dynamic burden ofythe generators must be taken
into account in the, case of faults close to a power
station. Fer the.discrimination time T—DISCRIM (ad-
dress'8430)it is only meaningful to chose a value
whicliPis smaller than the dead time for single-pole
AR, RAR T—1POL (address 3426).

Finally, address 3431 determines whether the pro-
tection relay should issue a three-pole trip when,
during the dead time of a single-pole auto-reclose
cycle, reclosure is blocked (e.g. because of detec-
tion of an evolving fault).

Ml 34220RrRAR PROG .
'

—
w
i
N

30 3
*INEFFEC

H
o

<

=
o
o
Q

Auto-reclose program for the first AR cycle (RAR)
THREE—-POLE - for each type of fault

three-pole auto-reclosure
SINGLE—-POLE - single-pole AR;

for multi-phase faults no reclosure

takes place (AR blocked)

SINGLE/ — for single-phase faults single-pole
THREE—-POLe AR; for multi-phase faults three-
pole AR

Use of the 3Uq processing for discrimination of the
faulted line:

INEFFECTIVE — 3Uq processing is ineffective

1—-POLE WITH U0 — 3Ugq processing with Ug interroga-
tion

1—POLE W/O U0 - 3Uq processing without Ug inter-
rogation
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_ Action time for RAR (first AR—shot) (if trip signal

f| 34240 rRaR T-nCT. is given after this time, AR is blocked)

+ 0 .20 s Smallest setting value: 0.01s
Largest setting value: 320.00 s
and oo

* 34250 RAR T-3POL Dead time for first three-pole (RAR) cycle

+ 0.5 0 Smallest setting value: 0.01s

: S Largest setting value: 320.00 s
Dead time for first AR cycle (RAR)*single-pole
RAR - .
* 3 s T 1POL Smallest setting value: 0.01s
PllL-20 s Largest setting value: 320.00 s

Dead time for first ARycyclef(RAR) single-pole, when
RAR TI1POL ; . * ’
* 3 71 oLz the line has been identified as unfaulted by the Ug pro-
tllo-50 s cessing feature
Smallest setting value: 0.01s
Largest setting value: 320.00 s
R ition Iving faul ly with single-
* 34280 EV.F.RECOG Ag():ogmtlo obevolving faults (only with single-pole
flwzrs rFPavLT DETEC WITH FABET DETECtion —each fault detection during
single-pole dead time is
recognized as an evolving
fault
WITH TRIP COMM, WITH TRIP COMMand  —faults during single-pole

dead time are recognized
as evolving faults only when
the relay trips

Treatment of evolving faults (only with 1pole AR)
— each evolving fault results in final three-pole trip;

{ ALWAYS reclosure is blocked
— no blocking of reclosure in the case of evolving
NEVER faults; a change from single-pole AR to three-

pole AR occurs (when permitted)

— before expiry of T-DISCR a change to three-
pole AR (when permitted) occurs,
after expiry of T—DISCR reclosure is blocked

Discrimination time for evolving faults (only with

A 3430 T-DISCRIMNM single-pole AR)

fllo-10 s Smallest setting value: 0.01s
Largest setting value: 320.00 s
Three-pole trip is given when the AR function is
%3 4310 2r TrRIP 3P blocked during a single-pole dead time cycle
+ Y E S YES or
NO
N O
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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). DAR is always three-pole.

Multiple auto-reclosure with longer three-pole dead
times are only permitted in networks in which no sta-
bility problems are to be expected (for example, due
to a high degree of meshing), or in radial networks,

The number of DARs can be set differently after
single-pole RAR (address 3443) and after three-pole
RAR (address 3444). Nevertheless, trip occurs al-
ways three-pole. T

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 thirdy(address 3448)

or if synchro-check is used (refer to Section 6.3.14). cycle, a RAR counts only if it hdSjecclirred. Further

cycles are treated like the third gycle:

Auto-reclose program for DAR cyeles
NO DAR

DAR WITHOUT RAR '=DARWill be carried out also
when no RAR has preceded

Ml 34420DaR PROG.

—no delayed AR

D AR WITHOUT R AR

DAR AFTER(RAR —DAR will be carried out only
after an unsuccessful RAR

cycle

Numbemrof permissible DAR cycles after single-pole
RAR (the RAR is not included in this number)

+ 1 Stallest setting value: 0

Largest setting value: 9

Number of permissible DAR cycles after three-pole
RAR (the RAR is not included in this number) or

+ 1 without preceding RAR
Smallest setting value: 0
Largest setting value: 9

Action time for DAR (further AR—shots) (if trip signal
b 3 5EDAR T REIW is given after this time, AR is blocked)
+ 0 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
* 3 416DRHROT3IPOLIL Smallest setting value: 0.01s
V1o s Largest setting value: 1800.00 s
Dead time for the second AR cycle
* 3 ¢70DAR T3POL2 Smallest setting value: 0.01s
1o s Largest setting value: 1800.00 s
Dead time for further AR cycles
* 3448l DAR T3POLS3 Smallest setting value: 0.01s
Wo .80 s Largest setting value: 1800.00 s
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6.3.14 Settings for synchronism and voltage check — address block 35

NOTE: This section is valid only for models with inte-
grated synchro-check function (7SA51 1k —okakk —
»xB/C/E/F/Gx) and when this function is configured
as EXIST under address 7835 (refer to Section
5.4.2).

When setting the general power system data (Sec-
tion 6.3.3) the relay has been informed which volt-
ages are connected to the relay to which inputs. This
concerns the parameters

1104 UN SECOND. rated secondary voltage of
the feeder voltage transform-
ers (phase-to-phase) in V; it
must be equal to the rated
secondary voltage of the bus-
bar voltage transformers!

1109 Ux CONNECT connection of the additional
voltage transformer input of
the device; must be U2
TRANSFORM!

1116 U2 CONNECT type of voltage which is con-
nected to the device from thé
bus-bar voltage transforfers;

1132 U1-U2 ANGLE
phase angle displagement
between the voltages ofithe
bus-bar voltage trapsformers
and the feedepVoltage trans-
formers;

and, if asynchronous switching\shall'be allowed,

1133 T-CB CLOSE the glosinggtime of the circuit
breaker.

Different interrogation cénditions can be parameter-
ized for automatie,reclostire on one hand and for
manual closidre on the, other hand.

The general functions and limit values for cloSure are
set under addresses 3501 to 3507 and 3530.°Addi-
tionally, addresses 3508 to 3519 are relevant for au-
tomatic reclosure, addresses 3521 to 3529afre rele-
vant for manual closure. Generally, a closure com-
mand is not released as long as a cugrent keeps
flowing (1> 0.1 1y).

The complete synchronismiand yeltage check func-
tion is switched OFF or @N,under address 3501.

/_v\ Warning

If synchrenismPcheck function is switched
off (address8501) each manual or automat-
ic closure, is carried out without synchro-
nism/check!

The voltage,below which the line or bus-bar is re-
garded,Safely as dead, is set under address 3502
U< (fer dead line or dead bus check).

The voltage above which the line or bus-bar is re-
garded safely as live, is set under address 3503 U>
(for live line or live bus check). It must be set below
the minimum operating voltage under normal condi-
tions.

The permissible magnitude difference AU between
the voltages is set under address 3505 DELTA U<.

Depending on the bus-bar voltage connection U2
CONNECT (address 1116) the line-to-line voltage or
the line-to-earth voltage is to be set.

The permissible frequency difference Af between
the voltages is set under address 3506 DELTA f<.

The permissible phase angle difference Ap between
the voltages is set under address 3507 DELTAPHI<.

Tl 3s@oBcEHECEK

Beginning of the block “Synchronism and voltage
{',- SY NCHRONTISM

check”
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f 35010 sYNC-CHECK
o

OFF
AM| 3502B U<
tls v
A 5030 U>
1IE v
} 3505 B DELTA UK
tls v
} 35060 DELTA f<
*0 1 H z
} 5070 DELTA PHTIC
pllro -

Synchro-check function (complete) is
ON switched on

Off switched off

Voltage magnitude below which the line or bus-bag
can be regarded as dead (phase—phaseor phase—
earth) in vV

Smallest setting value:
Largest setting value:

2\
60V

Voltage magnitude above whickythetliné or bus-bar
can be regarded as live (phase—phase or phase—
earth) in vV

Smallest setting value:
Largest setting value:

20V
125V

Limit value AU fonthe permissible voltage difference in
magnitude (phase—phase or phase—earth) in V
Smallest setting, value: 2V

Largest settingyvalde: 50V

Limit value Afifor the permissible frequency difference
in Hz

Smallest setting value:
Largest setting value:

0.03 Hz
1.00 Hz

Limit value A for the permissible phase angle differ-
ence in °

Smallest setting value:
Largest setting value:

10
60 °

The synchro-check function in 7SA51 1%ean also give
closing commands in asynchronous networks. In
this case, closing command.isigivemsuch that — un-
der consideration of the cir€uit' breaker closing time
(address 1133) — thevoltagephasors ofthe lineand
bus-bar voltages agree in phase at the instant when
there is contact ofithefbreaker poles.

Address 3508 DEL.f<SYNC defines the limit within
which the frequency difference must lie when the

networks are regarded as synchronous. Above this
frequency difference, asynchronous closing is car-
ried out under consideration of the phase angle dif-
ference, frequency difference and the circuit breaker
closing time. Below this frequency difference, the
synchro-check conditions as set under addresses
3505, 3506, and 3507 are only relevant. The setting
value of address 3508 must lie below that of address
35086. If set to oo, asynchronous switching is sup-
pressed for automatic reclosure.

3590 s DEL .
H 2z

f <SYNC
o)

e

Limit value Af< for synchronous auto-reclosure
Smallest setting value: 0.01 Hz

Largest setting value: 0.10 Hz

and co (no asynchronous auto-reclosure)
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The further release conditions for automatic reclos-
ing are set under addresses 3515 to 3519:

3515

3516

3517

SYNCHR

Ui>U2<

Ui<U2>

synchronism check: the con-
ditions for synchronism AU,
Af, and Ag are checked be-
fore reclosure;

dead-bus check: the feeder
(U1) must be live (U>, refer
address 3503), the bus-bar
(U2) must be dead (U<, refer
address 3502);

dead-line check: the feeder
(U1) must be dead (U<, refer

address 3502), the busgbar
(U2) must be live (U>,_refer
address 3503);
3518 Ui<U2< dead-line and [ dead-bus
check: the feeder (Ud).and the
bus-bar (U2) must both be

dead (U<, refer address
3502);
3519 OVERRIDE automatic reclosure is re-

leasedWithout any check;

The five possible releaseé conditions are indepen-
dent from each other and can be combined.

- —

51

61

7 1

- —

Y |

9 1

Synchronism check'before automatic reclosure
YES synchro-check'is done before auto-reclosure

NO autesreclosure without synchro-check

Dead:-bus check before automatic reclosure

NO Jauto-reclosure is not permitted onto a dead bus

YES auto-reclosure is permitted onto a dead bus

Dead-line check before automatic reclosure

NO auto-reclosure is not permitted onto a dead line

YES auto-reclosure is permitted onto a dead line

Dead-line and dead-bus check before automatic reclos-
ure

NO auto-reclosure is not permitted onto a dead line
and dead bus

YES auto-reclosure is permitted onto a dead line and
dead bus

Override of any check before automatic reclosure

NO

YES auto-reclosure is executed without any check

C53000-G1176—-C98
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The further release conditions for manual closing
are set under addresses 3521 to 3529: The synchro-
nism an voltage check function for manual closing
can be individually switched off or on under address
3521. When SYN.MAN.CL is switched OFF, no
checks are carried out for manual closing.

A separate frequency difference limit can be set for
asynchronous switching after manual close com-
mand. Address 3522 MC Df<SYN defines the limit
within which the frequency difference must lie when
the networks are regarded as synchronous. Above

3525 MC SYNCHR synchronism check: the con-
ditions for synchronism AU,
Af, and Ag are checked bef
fore manual closure;

3526 MC U1>U2< dead-bus check: the feeder
(U1) must be live (U>, referto
address 3503), the bus-bar
(U2) must be dead (U<, refer
to address 3502);

3527 MC U1<U2> dead-line, chécks#the feeder
(U1) must be, deadd(U<, refer
address 8502), the bus-bar

this frequency difference, asynchronous closing is
carried out under consideration of the phase angle
difference, frequency difference and the circuit
breaker closing time. Below this frequency differ-
ence, the synchro-check conditions as set under ad-
dresses 3505, 3506, and 3507 are only relevant. The
setting value of address 3522 must lie below that of
address 3506. If set to co, asynchronous switching is
suppressed for manual closure.

(U2) must/benlive (U>, refer
address 3503);

3528 MC U1<U2< dead-lineny and dead-bus
checkuthe feeder (U1) and the
bus-bar (U2) must both be
dead (U<, refer to address
3502);

manual closing is released
without any check;

3529 MC O/RIDE

The further release conditions for manual closing

are set under addresses 3525 to 3529: The fiver possible release conditions are indepen-

dent fromyeach other and can be combined.

Synchro.eheck before manual close command is

10 syYyN. ON' switched on

- —
w
(6}
N

OFF’switched off

Limit value Af< for synchronous manual closure
d| 35220 Mc pf<sgyN Smallest setting value: 0.01 Hz
Yl ©= Largest setting value: 0.10 Hz
and oo (no asynchronous manual switching)
Synchronism check before manual closure
f 35250 MCN SWWNCHR
+ Y E YES synchro-check is done before manual closure
N O NO manual closure without synchro-check
Dead-bus check before manual closure
f 38260 MCc U1l>U2c<
* NQO NO manual closure is not permitted onto a dead bus
YW E'S YES manual closure is permitted onto a dead bus
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f 35270 Mmc Ul<uUu2>
¥~ o
YE S
f 35280 Mc Ul<U2c<
¥~ o
YES
f 35290 MCcC O/RIDE
¥~ o
YE S

Dead-line check before manual closure
NO manual closure is not permitted onto a dead line

YES manual closure is permitted onto a dead line

Dead-line and dead-bus check before manual closure
NO manual closure is not permitted*onto a dead line

and dead bus -

YES manual closure is permitted onto a dead line and
dead bus

Override of any check‘efore tmanual closure
NO

YES manual closureiis executed without any check

Finally, address 3530 determines the time period,
beginning from the measuring request (i.e. from
close command), within which the check conditions
as parameterized must be fulfilled. This time is valid
for automatic reclosure as well as for manual“¢lo-
sure. When the conditions are not fulfilled within this
time, closing is blocked. Only after a renewedynea-

suring“request the time starts again and a new
check’is carried out.

if the conditions for synchronous operation should
be checked to be maintained for a certain duration,
this minimum duration can be set under address
3531.

35300 T-5syYN .g8ueVv

tllr .00 s
M| 35310 T (1xy-s¥nNC
fllo .00 =

Supervision time period within which the check condi-
tions must be fulfilled
Smallest setting value:
Largest setting value:

0.01s
320.00 s

Minimum time during which the synchronous condi-
tions must be fulfilled
Smallest setting value:
Largest setting value:

0.01s
32.00 s
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6.3.15 Settings for fault location — address block 38

Distance to fault will be calculated provided 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 distance 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 in miles in-
stead of kilometers.

Example:
For the example given in Section 6.3.4.2 we obtain:

— th . . IN
XSEC - N_v‘t Xprim A
600/5 5A
= W 0.39 Q/km T = 0.213 Q/km

Length = 60 km

If, for example, a fault reactance of 2.29Qprimary is
calculated, this example gives usithe fadlt location
data

Xpri =229Q
d = 5.86 km
d =978 %

If the relay is equippediwith paralel line compensa-
tion (7SA51 1k —fkkkks24xxk, see Ordering data,
Section 2.3),this can/only function correctly if

— the earthycurrent of the parallel line is connected
with, theteorrect polarity to the earth current path
and

—sntheypower system data (see Section 6.3.3.1) the
parameter le CT is set as PARALLEL LINE (ad-
dress 1111) and

— inthe line data (see Section 6.3.3.2) the coupling
impedances RM/RL and XM/XL (addresses 1119
and 1120) are correctly set and

— forthe fault location the compensation is switched
to effective, under address 3805.

=>
w
[o0]
o

ol

Beginning of block “Fault location”

JlFaver nocadIion

Start-to-measure of fault location is initiated
Ml 38020 sffiaRT
flprRoP-0o®mrFfor TRIP — by DROP—OFF of the fault detector or by TRIP
command
TRIP COMMAND — only by TRIP COMMAND
* 380 50 PARAL . LINE This parameter determines whether parallel line
{ N. O compensation is effective (provided above
prerequites are fulfilled) or not
YE S
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6.4 Annunciations

6.4.1 Introduction

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

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

The annunciations generated in the relay are pres-
ented in various ways:

— LED indications in the front plates 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 outputsy(seeSec-
tion 5.5). Also, within specific limitations, group and
multiple indications can be formed.

To call up annunciations on the opefator panel, the
following possibilities exist:

— Block paging with the keys {){forwards or || back-
wards up to address 5000,

— Direct selection with address‘eade, using key DA,
address 500 0 andiexecute with key E,

— Press key M/S (M'stands for “messages”, S for
“signals”); then the/address 5000 appears auto-
matically as theybeginning of the annunciation
blocks.

For configuration @f the transfer 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

Block 52

Block 53

Block 54

Block 55

Block 56

Block 57

Block 58

Block 59

Operational annunciations; these are
messages which can appear during the
operation of the relay: information about
condition of relaygflinctions, measure-
ment data etcq

Event annungiations for the 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-
tectoralf auto-reclose is carried out, the
network fault ends after expiry of the last
reclaim, time; thus an AR-shot (or all
shots), occupy only one fault data store.
Within a network fault, several fault events
can occur, from pick-up of any fault detec-
tion until drop-off.

Event annunciations for the previous net-
work fault, as block 52.

Event annunciations for the last but two
network fault, as block 52.

Annunciations of an earth fault report
(models with earth fault detection in non-
earthed systems only).

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.

Indication of operational measured val-
ues (currents, voltages, powers, frequen-

cy).

Indication of earth fault values (models
with earth fault detection in non-earthed
systems only).

Indication of measured values of the ther-
mal overload protection.

Tihsa0.0 ol
4} AAZINNUNCIATTIONS

Commencement of “Annunciation blocks”

Alcomprehensive list of the possible annunciations and output functions with the associated function number
FNo is given in Appendix C. It is also indicated to which device each annunciation can be routed.
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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.

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 Section 6.4.4).

The input of the codeword is not required.

After selection of the address 5100 (by direct selec-
tion with DA 5100 E and/or paging with {0or|
and further scrolling 1 or |) the operational annunci-
ations appear. The boxes below show all available
operational annunciations. In each specific case, of
course, only the associated annunciations appear in
the display. The annunciations whichsare indicated
by aleading “>"” sign, represenitheldiréct confirma-
tion of the binary inputs.

Next to the boxes below, the abpreviated forms are
explained. It is indicated whether"an event is an-
nounced on occurrence{C = “Coming”) or a status
is announced “Coming&ands“Going” (C/G).

The first listed megssage,is, as example, assigned
with date and time/nithe first line; the second line
shows the beginningof a condition with the charac-
ter C to indicatethat this condition occurred at the
displayed time.

1
¥

51000 O0OPERATIONRA A
LANNUNCIATIONS

19.04.97 14 : 23

Emer. Mode : C

Beginningiof the block “Operational annunci-
ations?

Date and time of the event or status
change

1st'line:

2nd line: Annunciation text, in the example Coming

If the real time clock is not available the date is replaced by xx.xx.xx, the time is given as relative time

from the last re-start of the processor system,

Direct response from binary inputs:

>Start F lgtaR“€"cC

>Annung. I
> A nnunic . 2
>A nnunc 3
>Annunc 4

Fault recording started via binary input (C)
User definable annunciation No 1 received via binary
input (C/G)

User definable annunciation No 2 received via binary
input (C/G)

User definable annunciation No 3 received via binary
input (C/G)

User definable annunciation No 4 received via binary
input (C/G)

Block all closing commands (C/G)
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: Voltage transformer secondary m.c.b. (feeder v.t.)
>V T b T :
ne P tripped (C/G)
. Voltage transformer secondary m.c.b. (bus-bar wt.)
>V 2 b T )
me P tripped (C/G)
>1p Trip Pern S_ingle-pole tripping is permitted (from external AR de-
vice) (C/G)
>only lpole External AR device is programmed for single-pole re-
closure only (C/G)
>RAR Release Release RAR stages from exiernal AR device (C/G)
>DAR Release Release DAR stage from external, AR device (C/G)
>Start FltLoc Start fault locator via binarytinput (C/G)
>E/F Recept Carrier signal for difectional comparison earth fault
protection received\(C)
: Carrier reception for, directional comparison earth fault
>E/F R . F 1 .
/ °° a protectiomfaulty (C/G)
>S>I>> block Block |I>>"stage of emergency overcurrent protection

froma@mexternal device (C/G)

SAR bloeck Bloektauta:reclosure statically via binary input (C/G)

Reset,auto-reclosure function from external via binary

input (C)
>1p RAR block BloCk single-pole RAR via binary input (C/G)
>3p RAR block Block three-pole RAR via binary input (C/G)
>RAR block Block complete RAR via binary input (C/G)
>DAR block Block complete DAR via binary input (C/G)
SSstart AR (Sct:?rting signal from external protection for internal AR
>erip ©if AR Trip signal pole L1 from external protection for internal
AR (C)
>sTrip ELZ90AaR Trip signal pole L2 from external protection for internal
AR (C)
>trflpp I3 AR ;r;{p(éi)gnal pole L3 from external protection for internal

Single-pole trip signal from external protection for in-
ternal AR (C)

Three-pole trip signal from external protection for in-
ternal AR (C)

>sD AR aft. R AR DAR permitted only after unsuccessful RAR (C/G)

SExtens. 2 1B Switch distance reach to extended zone Z1B from ex-
ternal signal (C/G)

SExtens. Z18L Switch distance reach to extended zone Z1L from ex-
ternal signal (C/G)
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> D i Recept
>D i RecFail
> E X Trip b1lk
> E X Trip L1
> E X Trip L 2
> E X Trip L3
> E X Trp w o AR
> U s r Tlstart
> U s r T1lReset
> U s r T2Start
> U s r T2Reset
General

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 for pole L1 (C)
Trigger external trip function for pole, L 2((C)

Trigger external trip function for pale 8, (C)

Trigger external trip function three-pele”without
reclosure (C/G)

Start user definable timer(T1(€/G)
Reset user definableftimeni1 (C)
Start user definable timer T2 (C/G)

Reset user;definable timer T2 (C)

operational annunciations of the protection device:

Dev.operative
Pro operat
Ini ial start
LED reset

Log easBlolck
Tes m oOgad e

Par mgrdinning
Par m S et A
Par m S et B
P a'e m S et C
Byar m . S et D
Sy s F1t

Device operative (C/G)
At least one protection function is operative (C/G)
Initial start of the processor system (C)

Stored LED indications reset (C)

Messages and measured values via the system inter-
face are blocked (C/G)

Messages and measured value via the system inter-
face are marked with “Test operation” (C/G)

Parameters are being set (C/G)
Parameter set A is active (C/G)
Parameter set B is active (C/G)
Parameter set C is active (C/G)

Parameter set D is active (C/G)

Network system fault (C/G), detailed information in
the fault annunciations
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E/F Det . Earth fault detected (in non-earthed system) (C/G,
detailed information in the earth fault report)
Manual Close Manual close command registered (impulse) (C)
CB in Test Circuit breaker test is in progress (C/G)
Flt.RecDatbDel Fault recording data deleted (C)
Flt.Rec.viaBI Fault recording triggered via binagyihput (C)
Flt.Rec.viaksB Fault recording triggered via the frent keyboard (C)
Flt.Rec.viaPC I(:g)ult recording triggered via gperating (PC) interface

Annunciations of monitoring functions:

Wrong SW-vers Software vetsion of the device is wrong (C)

Wrong dev. ID Devieeridentification number is wrong (C)

Annunc. lost Annunciations lost (buffer overflow) (C)

Annu. PC lost Annunciations for operating (PC) interface lost (C)

Oper .Ann.Inva Operational annunciations invalid (C/G)

Flt.Ann.Inval Fault annunciations invalid (C/G)

E/F .Prot I Ve N Earth fault report (for non-earthed systems) invalid
(C/G)

Stat.BufflInv Buffer for operation statistics invalid (C/G)

LED Buf fl,. Inhva Buffer for stored LEDs invalid (C/G)

VDEW4S tateInv VDEW state (IEC 60870—-5-103) invalid (C/G)

Chs WE xror Check-sum error detected (C/G)

Chs.A Error Check-sum error detected for parameter set A:

no operation possible with this set (C/G)

Check-sum error detected for parameter set B:
C%h .B E . X ; .
° rrert no operation possible with this set (C/G)

Check-sum error detected for parameter set C:
€ h . C E . . : -
° rror no operation possible with this set (C/G)

Check-sum error detected for parameter set D:
Ch . D E . X ; .
° rrert no operation possible with this set (C/G)

C53000-G1176—-C98 213



7SA511 v3

Operating instructions

Failure 2
Failure 1
Failure 5
Failure 0
Failure I
Failure I
Fail Tr i

Failure in internal supply voltage 24 V (C/G))
Failure in internal supply voltage 15V (C/G))
Failure in internal supply voltage 5 V (C/G))
Failure in offset voltage 0 V (C/G)

Failure on first input/output module GEA{(C/G)
Failure on second input/output moduleyZEA (C/G)
Failure in internal trip relay circuit(€/G)

LSA-link disrupted (systefmn interface) (C/G)

Failure detected by current plausibility monitor XI (C/
G)

Failure detectednby current symmetry monitor (C/G)

Failure detected byrvoltage plausibility monitor
ZUph—e (C/G)

Failures@etected by voltage plausibility monitor
ZUph—ph (C/G)

Failure detected by voltage symmetry monitor (C/G)

koss’of measured voltages (C/G)

Fuse failure monitor picked up (undelayed annunci-
ation) (C/G)

Fuse failure monitor operated (delayed annunciation,
approx. 10 s) (C/Q)

Failure detected by phase sequence monitor (C/G)

Operational annunciation of distance protection and teleprotection features:

Dist. ogf £
Dist b1 o
Eme,r mo d

Distance protection is switched off (C/G)

Distance 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))
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>Dis .

Recept

Dis

.RecFail

Dis

. POTT

Echo

Carrier signal for teleprotection with distance protecs:
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:

P owe

r Swing

0/ s

Tr ip

Power swing detected (C/G)

Out-of-step trip signal issued (C)

Operational annunciations of user definable logic functions)and external trip function:

> U s e

r T1lStart

User output 2
>E X t Trip b Ik
>Ex t T r 140 Lol
>E x t T £ 1p L 2
> E x £ T 1 p L 3
>ExXtTrp.woAR

Start user definable timer T1 (C/G)

Reset user definable timer T1 (C)

Qutptt 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 (C/G)
Block external trip function (C/G)

Trigger external trip function for pole L1 (C)
Trigger external trip function for pole L2 (C)

Trigger external trip function for pole L3 (C)

Trigger external trip function three-pole without
reclosure (C/G)

Operational annunciations of emergency overcurrent time protection:

Emer.

of £

Emer.

block

Emergency overcurrent time protection is switched off
(C/G)

Emergency overcurrent time protection is blocked
(C/G)
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Emer.

mode

> 1 >>

block

Emergency overcurrent time mode is running (C/G)

Block |1>> stage of emergency overcurrent time pro-
tection from an external device (C/G)

Operational annunciations of thermal overload protection:

0O/ L Prot. of f
0O/ L blocked
0O/ L Warn I
0O/ L Warn (S}
0O/ L Pickup (S}

Thermal overload protection is switched off (€/G)

Thermal overload protection is bloeked (C/G)
Thermal overload protection:¢gurrent warning stage
(C/G)

Thermal overload protection: thermal warning stage
(C/G)

Thermal overloadyprotection: pick-up of thermal trip
stage (C/G)

Operational annunciations of earth fault detection for non-earthed systems:

E

/ F

Det.

E

/ F

Det

.block

Earth fault/detection is switched off (C/G)

Earth fault detection is blocked (C/G)

Detailed information about the earth fault are'giyen'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. ont 4
E/F b 1 o chk ‘emd
E/F D inr of f
>E / F Recept

> E,/ B Rec Fail
EW F Echo

Earth fault protection is switched off (C/G)

Earth fault protection is blocked (C/G)
Earth fault directional comparison is switched off (C/
G)

Carrier signal for directional comparison earth fault
protection received (C)

Carrier reception for directional comparison earth fault
protection faulty (C/G)

Echo signal for directional comparison transmitted (C)
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Operational annunciation of the internal auto-reclose function:

AR off Auto-reclose function is switched off (C/G)

. . Auto-reclose function inoperative, i.e, cannat be ifiti-
A R ilnoperataiyiv

ated (C/G)

>AR block Block auto-reclosure statically via binary input (C/G)

SAR reset Reset auto-reclosure function fropt'€xternal via binary
input (C)

>1p RAR Dblock Block single-pole RAR via bif@ny input (C/G)

>3p RAR Dblock Block three-pole RAR via Bipary input (C/G)

>RAR block Block complete RAR via,binary input (C/G)

>DAR block Block completé DAR via binary input (C/G)

s>Sstart AR (Sct:?rting signalfrom external protection for internal AR

>T?rip L1 AR Trip,signal pole L1 from external protection for internal
AR (O)

>Trip L2 AR Tripisignal pole L2 from external protection for internal
AR, (C)

>Trip L3 AR Xr';p(séi)gnal pole L3 from external protection for internal

Single-pole trip signal from external protection for in-
ternal AR (C)

Three-pole trip signal from external protection for in-
ternal AR (C)

>DAR aft. R AR DAR permitted only after unsuccessful RAR (C/G)
AR Close  C&md?Q I(%a)close command from auto-reclose function issued

Operational annunciation of the internal synchronism and voltage check function:

Synchronism and voltage check function is switched

S y ndc . oV £ g ]
off; closing is released (C/G)

Sync ™ blocked Synchronism and voltage check function is blocked
(C/G)

Syné faulty (Sé//n(g)hronism and voltage check function is disturbed

Synchronism and voltage check function: supervision
time expired (C)

Synchronism and voltage check function overridden
(C/G)

Sync. Synchro Synchronism detected (C/G)
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Sync. U1l>0U2 < Live line (U1>) and dead bus-bar (U2<) detected
(C/G)
Sync. Ul<U2> 8()aad line (U1<) and live bus-bar (U2>) detected (C/ O
Synec. Ul<U?2< Dead line (U1<) and dead bus-bar (U2<) detecteO
(C/G)
Sync. Udiff> Synchronism check AU exceeded (C/G) S
Sync. fdiff> Synchronism check Af exceeded (%
Sync. ¢@diff> Synchronism check Ag exceeded

Operational annunciations of fault location: Q

>Start FltLoc Start fault @put (C/G)
Operational annunciations from the circuit breaker test fl@
ker test in progress (C/G)

C B in Test

C B Test lplLl1

ction (C
CB Test 1pL 2 ingle-pole L2 by internal circuit breaker test
ction (C)
CB Test 1pL3 rip single-pole L3 by internal circuit breaker test
function (C)
CB Test 3p 1 4 Trip three-pole by internal circuit breaker test function
(©)

Further messages: @

Table 4o flow If more messages have been received the last valid
message is Table overflow.

End of b1le If not all memory places are used the last message is
End of table.
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6.4.3 Fault annunciations — address blocks 52 to 54

The annunciations which occurred during the last
three network faults can be read off on the front pan-
el or via the operating interface. The indications are
recorded in the sequence from the youngest to the
oldest under addresses 5200, 5300 and 5400. When
a further fault occurs, the data relating to the oldest
are erased. Each fault data buffer can contain up to
80 annunciations.

Input of the codeword is not required.

To call up the last fault data, one goes to address
5200 either by direct address DA 5200 E or by
paging with the keys { or | . Withthe keys 1 or | one
can page the individual annunciations forwards or
backwards. Each annunciation is assigned with a
sequence item number.

For these purposes, the term “system fault” means
the period from short circuit inception upfto final
clearance. If auto-reclose occurs, then they‘system
fault” is finished on expiry of the last reclaim orlock-
outtime, that s, after successful or unsuccessful AR.
Thus the total fault clearance procedure inclusive
AR-cycles occupies only one fault annunciation
store. Within one system fault, several fault events
can have occurred, i.e. from picksup of any protec-
tion function until drop-offyof the latest pick-up of a
protection function.

In the following clarification, all the available fault an-
nunciations are indicated-®In the case of a specific
fault, of course, ohly the associated annunciations
appear in the display. Atfirst, an example is given for
a system faultjland explained.

Ts200mast
@ AULT
f001l13.o4. 7
*Syst 1t 2
Moo2B16:54:14.394
+ ault C
*003.0 m s
flpist.Flt.L1E e
foo4l6 m s
o is rip 3% c
fo 5 B11 . s
*Dev Driocp - o f £ C
f006l115 m s
*FL Loop L 1E
Ao 7 n
illa =16.0 kmn
fjo o s
Yllars1=63 =2

etc.

Beginning ef the black “Fault annunciations of the last
system fault’

underitem, 1, the date of the system fault is indicated, in
thejsecond 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 ver
>RAR Rele s e
>DAR Rele s e
Dev Tr ip ev
IL1/ In-=
IL2/In-=
IL3/In-=
Device T r P
Dev Drop of £

DisZz 1B A R b1lk
DisZ 1L A R b1lk
Dist F1t. 1

Dist F1t. 1%
Dist F1t. 2

Dist F 1ot o 2] E
Dist Flg . 12
Dist F1%. 1 2 E
Dis,t FOL t . 3

D i8¢ F1l¢t. 3 E
D, Is t F1l¢t. 13
Dist F1t. 1 3 E

System fault with consecutive number
Beginning of fault

Fault annunciations lost (buffer overflow)

Release RAR stages from external AR device whef
occurred during a fault

Release DAR stage from external AR,devi¢e when
occurred during a fault

Trip on fault in reverse (bus-bar) direction
Interrupted fault current of phase L1
Interrupted fault current ofyphase L2

Interrupted fault@urrent of\phase L3

The generalgdrip command of the device is annun-
ciated Goingi.ereset of the trip is indicated

Drop-off ofitheydevice, 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

Fault detection distance protection, phases L1 -L3-E
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Dist.F1lt.L23 Fault detection distance protection, phases L2-L3
Dist.F1lt.L23E Fault detection distance protection, phases L2-3—E
. Fault detection distance protection, phases
D . F1 .L 123 ’
tst ¢ L1-L2-L3
. Fault detection distance protection, phases
D .F1lt.123E :
tst L1-L2-L3—E
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 forward dir€ction is de-
tected
Loop L3-E f In line loop L3—E a fault in forward direction is de-
tected
Loop L1-2 £ In line loop L1-L2 a fauit in forward direction is de-
tected
Loop L2-3 f In line loop L2—-L3"&fault’in forward direction is de-
tected
Loop L3-1 f In line loopyL3= K1 afault in forward direction is de-
tected
Loop L1-E r In linéloep,L1—E a fault in reverse direction is de-
tected
Loop L2-E r In line logp, 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 r In line loop L2—L3 a fault in reverse direction is de-
tected
Loop L3-1 r In line loop L3—L1 a fault in reverse direction is de-
tected
Dis.Trip 1pW%!1T Trip single-pole L1 by distance protection
Dis .Trip pth?2 Trip single-pole L2 by distance protection
Dis . TripQ{ LlLipL3 Trip single-pole L3 by distance protection
Dis . ™z pys 3 p Trip three-pole by distance protection
> D s # Recept Carrier signal for teleprotection with distance protec-
tion received
Dis Send Carrier send signal for teleprotection with distance
protection transmitted
Dis  TransBI1o Transient blocking function of teleprotection with dis-
tance protection has operated

Eault annunciation of power swing supplement:

0/s Trip Out—of—step trip signal issued
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Fault annunciations of user definable logic functions and external trip function:

>Us e T1Sta t
>Us e T1l1Res t
User utput 1
>Us e T2 S t a t
>Us e T 2 Res t
User utput 2
Ext ip lp 1
Ext ip lp 2
Ext ip lp 3
Ext ip 3 p

Ext ip w o R

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 durigg fault
Output of user definable timer T2%during fault
Trip by external trip function single-pole L1
Trip by external trip fnction single-pole L2
Trip by external trip, fulction single-pole L3

Trip by external trip function three-pole

Trip by external trip function three-pole without
reclostre

Fault annunciations of emergency overcurrentitimejprotection:

Emer. F1t E
Emer F1t L
Emer F1t L E
Emer F1t L
Emer Fol & L E
Emer FAd t L 2
Emer 1¥ L1 E
Eme,r F 1t L
E me® F1t L E
E,me r F1lt L 3
Emer 1t L1 E

Earth fault detection of emergency overcurrent time
protection

Fault detection emergency overcurrent time protec-
tion, phase L1

Fault detection emergency overcurrent time protec-
tion, phase 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
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Emer . Flt L23 Fault detection emergency overcurrent time protec-
tion, phases L2—-L3

Emer .F1lt ©L23E Fault detection emergency overcurrent time protéc-
tion, phases L2-L3-earth

Emer .F1lt L123 Fault detection emergency overcurrent timefprotee-
tion, phases L1-L2-L3

Emer .F 1t 12 3E Fault detection emergency overcurrent time protec-
tion, phases L1-L2—-L3—earth

Eme r I>> Fault detection emergency overcugent protection on
high phase current stage |>>

Eme r I > Fault detection emergency overcurrént protection on
phase overcurrent stage 1>

Emer. TIE> Fault detection emergengy overcurrent protection on
earth overcurrent stage Ig>

Emer .TriplpL]1 Trip single-pole L1 bysemergency overcurrent time
protection

Emer .TriplpL?2 Trip single-poleds2 by'emergency overcurrent time
protection

Emer .TriplpL3 Trip single-pole [8from emergency overcurrent time
protegtion

Emer .Trip 30p Tripythree-pole’by emergency overcurrent time protec-
tion

Fault annunciation of thermal overload protection:

O/L Trip Trip by thermal overload protection

Fault annunciation of earth fault detection in non-earthed systems:
Note: These annunciation occur onlyin the fault annunciations when the high-sensitivity earth fault protection

is configured to trip on earthfaulti(@ddress 3001 EARTH FAULT = ON, refer also to Section 6.3.11). Otherwise,
the annunciations are stored only, in the earth fault report (refer to Section 6.4.4).

E/F Deftgcetion Earth fault detection in non-earthed systems

E / E4 Dpe tH. Trip Trip by earth fault detection in non-earthed systems

Fault annungiations of high-resistance earth fault protection in earthed systems:

Bw/AF Dblocked Earth fault protection blocked (when during fault)

E/F Flt75%7Ieo> Fault detection earth fault protection 75 % Ig> stage
(valid for directional determination and transmission)

E/F Flt TIec<-> Fault detection earth fault protection non-directional
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E/F F1t Ie - >
E/F Trip
E/F Send
>E / F Recept.
E/F TransB1loc

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

Fault annunciations of internal auto-reclose function:

A R in prog.

R AR T -1p run
R AR T -3p run
DAR T-3pl run
DAR T -3 p 2 run
DAR T -3p3 run
A R block.dyn
A R Close Cmd .
A R Trip 3 p

Auto-reclose cycle in progress

Dead time of single-p6le RAR"is running
Dead time of three-pele RAR is running
Dead timetof firstthree-pole DAR is running

Dead time'of second three-pole DAR is running

BPead time/of third or further three-pole DAR is run-
ning

AR, function dynamically blocked (by internal cause)

Reclose command from auto-reclose function issued

Three-pole trip by internal auto-reclose function
caused by blocking during single-pole AR cycle

Fault annunciation of internal synchronism and voltage check function:

Fault annunciations of fault location:

Sync

. T sgu p 4 E

X p

F a ugl

Locat.

Rap, M1

Xyp r i

Supervision time for synchronism and voltage check
expired: no more close release

Fault location data, the line loop is indicated from
which fault data have been calculated

Calculated primary fault resistance in ohms, based on
the parameterized rated values (addresses 1103 to
1105, refer to Section 6.3.3.1)

Calculated primary fault reactance in ohms, based on
the parameterized rated values (addresses 1103 to
1105, refer to Section 6.3.3.1)
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Rsec-= Q
X s ec= Q
d = km
d[ %] = %

Further messages:

Table emp ¢ty
Table overflow
Table superceded

End o f table

Calculated secondary fault resistance in ohms, basegd
ont1A

Calculated secondary fault reactance in ohms, based
oni1A

Calculated fault distance in kilometers, based on ihe

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 liperlength, based on
the parameterized rated valugs (addresses 1103 to
1105, refer to Section 6.3.3.1) and thedine data as
parameterized under addresses 1922 and 1124 (refer
to Section 6.3.3.2)

means that ne. fault'event has been recorded

meansythatether fault data have occurred, however,
memory iSfull

a new faulf’event has occurred during read-out: page
on with 1 or |; the display shows the first annunci-
ation in'the actualized order

Ifnot all memory places are used the last message is
End of table.

The data of the second to last systemfaultiean be found under address 5300. The available annunciations are

the same as for the last fault.

4lls300m2nd ,T%
Jffravere

IAST

etc

Beginning of the block “Fault annunciations of
the second to last system fault”

The data of the third to last system fault can be found under address 5400. The available annunciations are the

same as for the last fault.

45 2000 3ra ToO
difrFave T

LAST

etc.

Beginning of the block “Fault annunciations of
the third to last system fault”
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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.

TMssoo0B1sorarTenD
{}EARTH L T DATA
f001l2 .05 .97
*E/F Det. 1

fo 20 10:32:47
*E 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
I ea T8 m A
Ier 1,206 m A
E/F D e, tf. Tr ip
E/F Buff.oOver
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.:

1% 10819 .0
E/F Det .

7

}
/

under ltem 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 separately for each of the breaker poles.
Also, the number of auto-reclose attempts is
counted, separately for single-pole RAR, three-pole
RAR (first shot) and three-pole DAR (further shots).
Additionally, the interrupted currents are stated for
each individual pole and given under the fault an-
nunciations (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 readoff
in address block 56. The address can be reached by
direct addressing DA 56 0 0 E or by pagingwith
the keys f{} or | until address 5600 is reached. The
counters can be called up using the key$*for for-
wards paging or | for backwards paging.

Entry of the codeword is not required for read-off of
counter states.

ﬁ56OOICB OPERAT.
{',-STATISTICS

f5601lAR lpole-=

12 4

Page on with key 1 to get further counter states

Afs 6020 arR 3pole

dM[s 603 DAR 3pol-=

Mls 6 0 4am TRIP N o mLF

f5605l TRIP NoWBL2-=

f5606l TRIfF QNo L3-=

Mls 6 0o 7N LM / 1 n

}5608l21L2/1n

f5609IZIL3/In

JLheymaximum values of the counters are:
= RAR 1pole, RAR 3pole, DAR 3pole

— Trip No L1, Trip No L2, Trip No L3

— Z2IL1/In, ZIL2/In, ZIL3/In

Beginning of the block*Circuit breaker operation
statistics”

Number of‘auto-reclose attempts after single-
pole trip, e'g. 14

Number of auto-reclose attempts after three-pole
trip,/1st AR cycle (RAR)

Number of auto-reclose attempts after three-pole
trip, further AR cycles (DAR)
Number of trip commands for circuit breaker pole

L1

Number of trip commands for circuit breaker
pole L2

Number of trip commands for circuit breaker
pole L3

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 ensure
correct primary values, the rated data must befen-
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 yalues appear.

ﬁ57ool0PERATIONAL
{',-MEASURED VALUES

Beginning of the block “Operational /neasured val-
ues”

Use 1 key to move to the next address with the next measured value.

Mfs7o1mMEAS . VALUE
fllz ot = 460 A
} 7020 MEA VALUE
tlzc = 485 A
} 7 SEMEA VALUE
tlzc = 47 A

M{s 7060 MEAS . VALUE
fllozs@E= 64.3 xv

}570 I MEA VALUE
O\ = 11 2 kv

Page on withythe 1 keyto read off the next address with
the next measuredwalue, or page back with .

One address s available for each measured value. The
values ganibe 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
Bbased on the primary rated values as parameterized
under addresses 1103 (for Uy) and 1105 (for Iy) (refer
Section 6.3.3.1).
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M{s 7080 MEAS . VALUE

*UL23= 111.0 kv O
M{s 7090 MEAS . VALUE C)
UL 31

%.
- 0&

. L
Pr= 44.8 MVAT Q
The perc @w‘erred to rated frequency 50 Hz or

60 Hz as p erized under address 7899 (refer to

-
Ul
~

—
)
—
=
=
o
)
o <
w
oo
(@
=
@
Q

%rcentage is referred to rated current

M{s 7150 ME 2

fllze3srs1= 7

I ERE @ - VALUE The percentage is referred to rated voltage divided by
Voo 1801 8N = 101.6 = V3

M{s 7170 mERS ALUE

fllvz2®@r21= 100.6 =

UL3E[%]= 101.2

o°
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* > 7 BMEAS.VALUE The percentage is referred to rated voltage
' 2[(%1= 100.2 % O
s 7 BMEAS.VALUE C)
fllvz23121= 100.9 =

4
M{s 7210 MEAS . VvALUE %
flozsi1rs1= 101.3 =3 @
* 57220 ME VALUE The percentage is referred o r apparent power
flpars1= 69.1 =2 V3 Uy~ In
AM{s 7230 MEA ALUE a
flerrs1= 3 2 s
The calculated temperature rise for the overload es are available as long as the thermal over-
protection can be read out in address block 59. Th lo otection is configured as THERMAL OL = EX-
address can be called up directly using DA 59 IST (address 7827) and switched on (address 2701).
E or by paging with { or |.. The individual meas Page on with the 1 key to read off the next address
values can be found by further paging with 1 or ith the next measured value, or page back with | .
Entry of the codeword is not necessary.

The calculated temperature rises of the individual
phases are not presented if the measuring method ©
with Imax has been selected (address 2706)

AMfsoo1m MEAS .

f5903IMEAs.VALUE
*@/@tri’pL3= 51 %
The percentage is referred to the trip temperature rise
* 048 M EAS.VALUE according to the measurement method as selected in
trip = 5 4 % 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 di-
rectly called up using DA 58 00 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 componentilea
and the reactive component ler of the earth current,
as primary values and as secondary valués at the
relay terminals. Pre-requisite for correct output of the
current values is that the rated data are gorrectly pa-
rameterized in address block 41 (refer to Section
6.3.3.1).

In the following examplegsome, typical values have
been inserted. In practice ghe,actual values appear.

ol 1soL.. E/F
SURED VALUES

f 58030 MEAS . VAL UE

[ m

40 MEAls . WALUE

Beginning of the block “Measured values of
earth fault detection‘in non-earthed systems”

Use, 1, Key, 1o display the next address with the next
measured value, or use | key for the previous ad-
dress.

Each measured 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. 7SA511 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 mars
shalled to the corresponding switching functions
during installation of the device and that they have
been connected (refer to Section 5.5.2 Marshalling
of the binary inputs).

The control facilities begin with addregss block 8000.
This address is reached

— by block paging with the keys {“forwards or |
backwards up to address 8000, 0¥

— by direct selection with address code, using key
DA, address 8 0 0 0 ‘and execute with key E.

ﬁ 80000 DEVICE
@' CONTROL

Beginning of the blo¢k “Device control”

6.5.1 Adjusting and synchronizing the real time‘elock — address block 81

The date and time can be adjusted at any time durx
ing operation as long as the real time clock is opera-
tive. Setting is carried out in block 81 whichyis
reached by direct addressing DA 8 100 E or by
paging with f} and |. Input of the codeword 4§ rex

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.

ﬁ 81000 SETTING
{',- REAL TIME CLOCTRK

Ao 4l DIFF. TIME

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

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

Enter the new date: 2 digits for day, 2 digits for month
and 4 digits for year (including century); use the order

+ as configured under address 7102 (Section 5.3.2), but

always use a dot for separator:

DD.MM.YYYY or MM.DD.YYYY

Enter the new time: hours, minutes, seconds, each
* 81030 TIME with 2 digits, separated by a dot:
* HH.MM.SS

Using the difference time, the clock is set forwards by
the entered time, or backwards using the +/- key.
The format is the same as with the time setting above.
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6.5.2 Erasing stored annunciations and counters — address block 82

The statistical indications (Section 6.4.5, 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 82071),%¢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 1 |. Erasure requifes con-
firmation with the key J/Y. The display then confirms
the erasure. If erasure is not required, press key N or
simply page on.

s 2008

JlrEsEeT
f8201IRESET
fHlzep -
f8202IRESET
flopERrRAT NNUNC ?
f8203IRESET

{ AULT ANNUNGC ?
f8204IRESET
fHlcounTERS °

bM{s 20550 rESlET
flrorar = ?

Mls 2 W rRgsET
Hle/r Bgfvunc. -

Beginning of block “Resef

Request whether'the LED memories should be reset

Requestwhether the operational annunciation buffer
storg,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

C53000-G1176—-C98
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6.5.3 Off/On control of part functions of the device

During operation of the protection relay it may be de-
sired to control the relay manually or from system cri-
teria, temporarily to switch off partial functions of the
relay or to switch them on only under specific condi-
tions. Examples may be the switching off of the tele-
protection function during maintenance or repair of
the transmission medium or the switching on or off
ofthe auto-reclose system when atransfer bus is be-
ing used, dependent upon whether a transformer or
line branch is switched to the transfer.

7SA511 allows partial functions to be switched on or
off via binary inputs or manual operation via the inte-
grated operator panel or via the operating interface
at the front using a personal computer.

For switching via binary inputs it is, of course, neces-
sary that the binary inputs have been marshalled to
the corresponding switching functions. Further-
more, it must be noted that a binary input is required
for each function, switching off and switching on.
The switching command is stored in the relay and
protected against auxiliary voltage failure (the func-
tion of a bi-stable store). The command can be an-
nunciated via an annunciation relay or LED display.

For switching via the integrated operator panel or
the front interface, a code word is necessary. Thg
control functions are found at the beginning of the
parameter block of each protection or supplemehta-
ry function. The switch condition shown in the dis=
play can be changed over using the “No”—kéey N
The opposite switch condition then appears inthe
display. Each change of condition mustfbe con-
firmed with the E—key. The change-6ver s first're-
corded in the relay when codeword gperation has
been terminated. This is done by, thetkey combina-
tion F E, i.e. depressing the functionkey'F followed
by the entry key E. The display shows‘the question
“SAVE NEW SETTINGS?”. {Confitm with the
“Yes” —key J/Y that the newssettings shall become
valid now. The switched conditiofs are then perma-
nently stored in EERROMs“and protected against
auxiliary voltage failure; the¥display confirms “NEW
SETTINGS SAVED’. lfgyou press the “No”—key N in-
stead, codeword operatioft 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 ineffegtive.

A functiommis switched ON when the on-command
has been given by both the binary input AND also
from the operator panel or interface.

A function is switched OFF when the off-command is
given by EITHER the binary input OR from the opera-
tor panel or the operating interface. Thus it isfen-
sured that a partial function can only be switched on
from that place where it was previously switched off.

Control inputs which are not marshalled to a Binary
input are regarded, from that locationy as switched
on, so that change of the condition lisgpossible from
the operator panel or the operating,interface.

At the operator panel and the apgrating interface the
factory setting is equally thatall partial functions are
switched on, so that switchingvia binary inputs is
possible.

The completion ofsa switching command is, inde-
pendent of jts cause,autput as an operational an-
nunciation:

— “(funciion)eff” Comes at the instant of
switeh-off;

— “(function) off” Goes at the instant that it is
switched on.

Theseé annunciations are listed in block 51 under
OPERATIONAL ANNUNCIATIONS and can also be
transmitted via the system (LSA) interface to a cen-
tral computer. Also they can be marshalled as binary
outputs; the signal relay then indicates the switched-
off condition.

For annunciations one must differentiate:

— Direct confirmation of a binary input is available as
long as the corresponding binary input is ener-
gized. It can be output via a signal relay or LED. In
the summary of all annunciations (Appendix C)
these annunciations are identified with a’>’ sym-
bol.

— The completion indication of the switched-off con-
dition is signalized independently of the source of
the command. It appears (“Comes”) at the instant
of switch-off and disappears (“Goes”) at the in-
stant of switching on.

The following survey shows the control functions
and also indicates which confirmation indications
are generated.
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A 12010 DIST.PROT.

M 21010 PuTT

A 22010 PpoTT
|

A 22200 EcHO
o~
OFF
Ml 2601 EMERG .
Pllo N *
OFF

L 4

f 9100 FUSE-FAIL

Binary input
confirmation

Completion indication
(‘comes’ and 'goes’)

Distance protection (without emergency O/C

3651 Dist. off
L 4

Permissive underreach transfer t@e for distance
protection

4021 >Dis.PUTT on

4022 >Dis.PUTT o@ 2 Dis.Tele off
Permissive ove %sfer trip mode for distance

protection
4011 >Dis. on
40% OTT off 4052 Dis.Tele off
£

nction for teleprotection with distance protec-

witched off also together with 2201)

Emergency overcurrent time protection

2051 Emer. off

Thermal overload protection

1501 >0/L on

1502 >0/L off 1511 O/L Prot off

Fuse failure monitor

C53000—-G1176—-C98
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flacarm onNLY

f 3001 BEARTHFAULT

ON

OFF

M 3101mE/F

Earth fault detection for non-earthed systems

1251 >E/F Det.

1252 >E/F Det.

on

off

1261 E/F Det. offO

32010 E/F
ON

i

COMPAR

A 32100 E/F

ECHDO

M 33010 E/F 1
tlo

OFF
A 34010 AR FUN
tlo

OFF
f 350110 -CHECK
tllo w

OFF

L 4

A 1l SYN.MAN.CL

OFF

High-resistance earth fault protection for earthed s?s-
tems; directional definite time with non- ional

back-up stage \
1331 @rot. off

Directional comparison earth fault
earthed systems

1311 >E/F comp.on

1312 >E/F c .@381 E/F Dir off

Echo functio
protection

(is switcr&‘f together with E/F COMPAR)

‘O

-resistance earth fault protection for earthed sys-
s; non-directional inverse time

otection for

tional comparison earth fault

1331 E/F Prot. off

Internal auto-reclose function
2701 >AR on

2702 >AR off 2781 AR off

Internal synchronism and voltage check function
2901 >Sync. on

2902 >Sync. off 2931 Sync. off

Attention! When the internal synchronism and volt-
age check function is switched off, each closing com-
mand is released without any check!

Internal synchronism and voltage check during manu-
al close

(is switched off together with address 3501
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6.5.4

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:

FNo 15 >sys-Test for tagging the messages
and measured values with the origin “Test

Information to LSA during test operation — address block 83

FNo 16 >sys-MM-block for blocking all mes-

sages and measured values.

In order to carry out switch-over by theyepeérator,
entry of the codeword is necessary (refer to Section
5.8.1). For this purpose, address block 83 is avail-
able provided the VDEW/ZVEI protocol (IEC
60870—-5-103) has been ch@sen,during configura-
tion of the serial system ifiterface (Section 5.3.3, ad-
dress 7221 and/or 7222 VREW COMPATIBLE or
VDEW EXTENDED). Thefbloek iscalled up by paging
with the keys { or || or dirgctly by keying in the code
DA 8 300 E. Use key fto'scroll to address 8301.
By pressing the “No”—key N the positions of this
switch are changed.“Tihe desired position must be
confirmed with the enter key E.

As with eyery settings of the device for which code-
word input iS necessary, codeword operation must
be terminated. This is done by using the key combi-
natien 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 J/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

operation”, can be made ineffective.
_ Beginning of block “Annunciations and measured val-
g 8300l svs vV DES ues for the system interface with VDEW/ZVEI compat-
ANNUNC . -ME®SH V/A L ible protocol (IEC 60870—5—103)”
* 83010 sysl ™EsT Only for VDEW/ZVEI compatible protocol (IEC 60870—
5-103):
0
+ in ON position, the VDEW/ZVEI-compatible annunci-
ON ations (IEC 60870—5—103) are assigned with the origin
“test operation”
* 83020 SsSYS BLOCEK Only for VDEW/ZVEI compatible protocol (IEC 60870—
5-103):
0
+ in ON position, no annunciations and measured values
oW 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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6.5.5 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.

6.5.5.1 Read-out of settings of a parameter

set

In order to look up the settings of a parameter setin
the display it is sufficient to go to any address of the
function parameters (i.e. addresses above 1000 and
below 4000), either by direct addressing using key
DA, entering the four-figure address code and termi-
nating with enter key E, or by paging through the dis-
play with {} or ||. You can switch-over to look up a dif-
ferent parameter set, e.g.

— Press key combination F 2, i.e. first the function
key F and then the number key 2. All displayed
parameters now refer to parameter set B.

The parameter set is indicated in the display by a
leading character (A to D) before the address num¢
ber indicating the parameter identification.

The corresponding procedure is used for the other
parameter sets:

® Key combination F 1:
access to parameter set"A

e Key combination F 2:
access to parameter set B

® Key combination F 3:
accessgdo parameter set C

e Key combination F 4:
access§yto parameter set D

The relay operates alWways,with the active parameter
set even during read=out of the parameters of any
desired parametgfset. The change-over procedure
described here is, therefore, only valid for read-out
of parametersiin thesdisplay.

6.5.5.2¢ Change-over of the active parameter
set,from the operating panel

Forchange over to a different parameter set, i.e. if
a different set shall be activated, the address block
85%isfo 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:

ﬁ 85000 PARAMELT BaR
4} CHANGE-OVER

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

Itis possible to scrollthroughythe individual address-
es using the 1 key or t0 scroll backwards with |.

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

In order to‘switch-over to a different parameter set
scroll ofimwith 1t to address 8503. Using the
“No” —key'N you can change to any desired param-
eter set; alternatively, you can decide that the pa-
ramgter sets are to be switched over from binary in-
puts,‘or via the system interface usinf the VDEW/
Z\El—protocol (IEC 60870—-5-103). If the desired
setor possibility appears inthe display, press the en-

ter 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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Mssoi1lacTIiv PparaM
flser a

5030 ACTIVATION

R
n o
=
=]
>

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 selectechby
pressing the enter key E.

If you select SET BY BIN.INPUIT, then the parameter
set can be changed ovegvia/binary inputs (see Sec-
tion 6.5.5.3)

If you select SET BY.LSA"€ONTR, then the parameter
set can be changed over via the system interface

6.5.5.3 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 fromRC via
the operating interface), ACTIVATION /must be
switched to SET BY BIN.INPUT (refer Section
6.5.5.2).

— 2 logical binary inputs are available for control of
the 4 parameter sets. Lhese,binary inputs are
designhated “>ParamSeleg.1” and “>Param
Selec.2” (FNo 7 and(8).

— The logical binaryginputs must be allocated to 2
physical inpumodules [(refer Section 5.5.2) in or-
der to allowscontrol. AR input is treated as not en-
ergized when itis not assigned to any physical in-
put.

— The control input signals must be continuously
present as long as the selected parameter set
shall be active.

Theattive parameter sets are assigned to the logical
bifary, inputs as shown in Table 6.2.

A'simplified connection example is shown in Figure
6.5. Of course, the binary inputs must be declared in
normally open (“NO”) mode.

Binary input causes
ParamSelec.1 | ParamSelec.2 active set
no no Set A
yes no Set B
no yes Set C
yes yes SetD
no = input not energized

yes = input energized
Table 6.2 Parameter selection via binary input

Selector switch for
T param. set

-—

y

O Ofm >

L+

D_L_

|

| Binary input:

} >ParamSelec.1
|

|

'_A
L+ ————~ 'i, D_ L

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 to the
protective earth conductor before
any other connection is made.

p Hazardous voltages can be present
on all circuits and components/€oh-
nected tothe supply voltage orito the
measuring and test quantities.

p Hazardous voltages can be present
in the device even afterdisconhec-
tion of the supply valtage (storage
capacitors!).

p The limit values giveniinghe Techni-
cal data (Section3.1) must not be ex-
ceeded at all, notevenduring testing
and commigsioning.

When testing the unit with a secondary injection test
set, it must be ensured that no other measured val-
ues are connected and that the tripping leads to the
circuit bredker trip coils have been interrupted.

/)\ DANGER!

Secondary connections of the current
transformers must be sheort-circuited
before the current leads to theirelay are
interrupted!

If a test switch is installed which automati-
cally short-circuits the curtent transformer
secondary leads, jt is sufficient to set this
switch to the “Test” pesition. The short-cir-
cuit switch mustibe checked beforehand
(refer Section™5y2.6)"

It is recommended that the actual settings for the
relay be used for thestesting procedure. If these val-
ues are ot (yet) available, test the relay with the fac-
tory settings™n:the following description of the test
sequence the, preset settings are assumed unless
otherwise'noted; for different setting values formu-
lae areygiven, 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 of the
possible methods: the reset button on the front plate
and via the remote reset relay (see connection dia-
grams, Appendix A). If the reset functiong havebeen
tested, resetting the stored indications isyno’more
necessary as they are erased automatically with
each new pick-up of the relay and replaced by the
new annunciations.

NOTE: When the relay iskeonfigured such that the
position of the auxiliary contaet of the circuit breaker
is processed, i.e. the gorresponding input is mar-
shalled, the trip command ofithe relay is maintained
as long as the circuitybreaker is signalled to be
closed. But, the tripjicommand is de-energized after
5 s provided the*fault current is switched off.

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-phasejtwo-
phase or three-phase test current without¥difficul-
ties.

Setting parameter Iph> > (address 1601) isidecisive
for the phase currents. For setting values up to
4 x Iy, the current can be increased,gradually in any
phase until the stage picks ups

A Caution!

Test currents Jarger than 4 times Iy may
overload and damage the relay if applied
continuously “(refer to Section 3.1.1 for
oyerload capability). Observe a cooling
down'period!

Fortests currents above 4 x Iymeasurement shall be
performed dynamically. It should be ensured that
the relay picks up at 1.1 times setting value and does
notpickiup at 0.9times setting value. The reset value
should lie at 95 % of the pick-up value.

When, for test current phase—earth, the set value for
Iph>> (factory setting 1.8 x Iy) is exceeded the
pick-up indication for Ig> (LED 5 at factory setting)
and pick-up indication appears for the tested phase
(LED 2for L1 or LED 3for L2 or LED 4 for L3 at factory
setting). When testing phase—phase, pick-up indi-
cation 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-IE> (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 0 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

30

20

10 7

Iph>>

0 T ] T 1 T 1 1
0 1 2 33—
I/ln

Figure 6.6 Voltage controlled fault detection, U/I
characteristic

If voltage centrol is carried out with Upn_g, set test
voltage, of the tested phase to approximately the
ratedwphase-to-earth voltage; set test current of the
samephase to twice the setting value Iph> (address
1611)." The phase-to-earth voltage is decisive for
pick-up.

Slowly decrease voltage until the fault detector picks

up:

® \When the test voltage goes below the set valye'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 accordingly
(“‘Dist.Flt. L2” and LED&S for L2,
“Dist.Flt. L3” and LED 4 for(L3)f

If voltage control is carried outwith Ugp_pn, set test
voltage of the tested loop to approximately the rated
voltage; set test current of beth the phases to twice
the setting value Iph> (address,1611); phase rela-
tionship of test voltage anditest current is irrelevant.
The phase-to-phase, voltage is decisive for pick-up.

Slowly decreaseoliage until the fault detector picks

up:

e When the'test,voltage gets smaller than the set

valugpef _address 1614/1615 (80 V at delivery)
pick-upyannuinciation occurs for both the asso-
ciated,phases:
“‘Dist.RIt.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(I>>) (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(I>>) = 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
Iph>

= U(>) + [UI>>) = U0>) ] - e e

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.

242

C53000-G1176—-C98



7SA511V3

Operating instructions

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 x 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
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o]
p
m
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N\

! Validity
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P - - e e e e = .= e = a|lteeeeeee """ ==

- - -

(7

Validity range Kx

Determine the threshold point by slow reduction‘of
the voltage. Check indicators and outputssSingethe
fault detection polygon is made up of straight lines
(Figure 6.7) different formulae must be usedsfor the
threshold voltages dependent upon the intersec-
tions of these lines. The general formulae are:

— For the reactance intersections«¢X—reach)

Up/V = Kx " Xza~ lp/IN

— For the resistance intersections (R—limitation)

Up/V = Kg - RagIp/IN

where Ip —testeurrent
IN —rated current of relay
Upl{ ~testvoltage 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
phase current.

Figure 6.7 dmpedanee fault detection character-
istic For the factory set values and Ip/ly = 2 the resultant
voltages will be as Table 6.3.
with fault type pp=0° gp = 90° gp = 180° gp = 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
pp = 90°/270° general pp = 0°/180° general
3—-phase 1 - 1 1 1
singp COS Pp
- 2 2
2—phase 2 sing. 2 COS Pp
1+ Xg/X 1+ Re/R
1—phase 1 +Xe/ X — e/ 1 +Re/R TR
p e/ XL T e/ RL oSy
Table 6.4  Test factors Kx 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. For dif;
ferent phase angles, setting value RA2E is decisive.

Table 6.4 gives the factors Ky and Kg for your owh
settings, for test angles gp = 90° and 0°, and'the
generally applicable formulae.

6.6.5 Testing the distance zones

Always apply three-phase test voltage; ensure
clockwise phase rotation. Keep the voltage(s) in the
untested phase(s)at approximately rated value.

Feedatesteurrentlp = 21y into the loop under test.
If the gestwoltage would exceed rated voltage when
the threshold is reached, reduce test current, but
onlyaso far that operation of the overcurrent detec-
fion (address 1601) or of the minimum current de-
tection, Ion> is guaranteed (address 1611 or 1621).
The test current must be kept constant during a test!

ix A
X Validity range K x
N T A N .
Up
Validity range K R

~135 9

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 oppasitetdirec-
tions. Test voltage is the phase-to-phasevoltage. Itis
essential 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
phase current.

For the factory set valuesiand Ip/ly = 2 the resultant
voltages will be as Tables 6.5 t0 6.9.

Table 6.4 gives thesactors Ky and Kg for your own
settings, fortesifangles qgp = 0° and 90°, and the
generally applicablefformulae.

Zone Z3 @p=0° pp = 90°
3=phase| Up =10V Up =20V
2—-phase Up =20V Up =40V
1—-phase| Up =40V Up =40V
Table 6.5  Test voltages Up for zone Z3 at Ip =

2 . Iy and pre-setting

Zone 72 gp=0° ¢p = 90°

3-phase| Up = 5V Up =10V

2—phase| Up =10V Up #20¥
1—phase Up =20V Up =320V
Table 6.6  Test voltages Up for zone 22 at Ip =

2 . Iy and pre-setting

Zone Z1 @p =.0° ¢pp = 90°
3—phase| Up, = 25V]|] Up = 5V
2—-phase e =5 V| Up =10V
1-phaselUp =10 V| Up =10V

Table@yz (est voltages Up for zone Z1 at Ip = 2

- Iy and pre-setting

Overreach zone Z1B can only be checked under
steady-state conditions, when an input relay has
Peen allocated to the input function “Extens.
z1B” and is energized (FNo 3611, not allocated at
delivery).

Zone Z1B gp=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 Testvoltages Upforzone Z1Batlp =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| Up = 8V Up =16V
1-phase| Up =16V Up =16V
Table 8.9  Test voltages Up for zone Z1L at lp =

2 . Iy and pre-setting

C53000-G1176—-C98
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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 not forget
that the programmed values are delay times. Thevin-
herent measurement and trip time of the relay is 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. Since correct function of the overreaching
zone is a prerequisite, the auto-reclose function —
as far as fitted — should be switched off (address
3401). Communication between the devices and the
carrier channel will be checked during commission-
ing with primary values (see Section 6.7.6).

6.6.7.1 Permissive underreach procedures
Simulate a short circuit in zone Z1. For thefduration
of the command, respectively extended ‘by trans-
mission signal prolongation T—SEND=PRL" (ad-
dress 2103) the transmission signal appears.

With permissive underreach transfér tripin zone Z1B
(address 2102 PUTT MODE = Z1B ACCELERA-
TION) simulate a short circuibimZ 1B but beyond Z1.
Tripping results immediately’the received signal
“>Dis. Recept” (ENo400M)wappears (respective-
ly in T1B) or, withoutgreceived signal, first in a
delayed stage.

For the condition permissive underreach transfer
trip by fault detection (address 2102 = FD ACCEL-
ERATION) the relay*must trip immediately upon re-
ceipt of the signal “>Dis. Recept” (FNo 4004), as
long as itthas:already picked up.

6.6.7.2 Permissive overreach procedures

The transmission signalis checked by simulation of
a short circuit infthe applicable zone:

— With the release procedures POTT MODE = Z1B
RELEASE, or\Z1B UNBLOCK (address 2202), a
shertcireuit is simulated in Z1B;

— with POTT MODE = FD DIREC RELEASE or FD
UNBROCK, fault detection in the forward direction
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 = Z71B 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-offys@elaysdo
not include the inherent time of the input and qutput
modaules; 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 Section 5.4.2) and parameterized as op-
erative, 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-In

tripping must not occur. After an approgriate time
(approximately 5 x 1) a steady-state temperature rise
according to the following relationship is estab-
lished:

[C) 1
®trip k2

This value can be readfout in address block 59 for
each phase.

To check the time‘%onstant, the current input is sim-
ply subjected tom.6 xithe pick-up value, i. e.

1.6 X K Xgnp

Tripping, will.then be initiated after a time interval
which eorresponds to half the time constant.

lbis also possible to check the trip characteristic (Fig-
ure3.1). It must be noted, that before each measure-
ment, the temperature rise must be reduced to zero.
This can be achieved by either de-activating and re-
activating the overload function (address 2701) or
by observing a current free period of at least 5 x 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'of the earth fault protection is not completely
possible with conventional test sets, since the simu-
lation of an earth fault requires a complete displace-
ment of 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).

C53000-G1176—-C98

247



7SA511 v3

Operating instructions

6.6.11 Testing the high-resistance earth fault protection for earthed systems (if

fitted)

This protective function — if 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
earth current; if the earth current path of the relay is
not connected to the star point of the current trans-
former set but is connected so that it would detect
the earth fault current in a parallel line (address 1111
le—CT = PARALLEL LINE, then one phase current is
raised.

A Caution!

Test currents larger than 4 times |y may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 fér
overload capability). Observe a cooling
down period!

After passing the value 75% of the set value le> (ad-
dress 3103) the annunciation “E/F F1475%1es”
appears (FNo 1341, not allocated in the factory set-
ting) and after passing the set value gheannunci-
ation “E/F Flt Ie<->" (FNo 1342%not allocated
in the factory setting).

After expiry of the time T—NON=DIR (address 3108)
the annunciation “E/F T<->(FNe”1353, not allo-
cated in the factory setting) anditrip “E/F Trip”
(FNo 1361) appear.

Totestthe directional stage a residual voltage is mec-
essary. If address 1109 is set as Ux CONNECT =
Udelta TRANSFORM, the voltage from the residual
voltage winding is applied to the measured value in-
putor, asingle-phase voltage is applied to the phase
into which the current is fed. It must bessemembered
that current and voltage in that same ph@ase must be
in phase opposition so, that the relay tripsfin the “for-
wards” direction (annunciation®E /&, T->", FNo
1352, not allocated in the factory setting).

If directional comparison is also carried out the
transmission  circuit g, cangsbe simultaneously
checked: transmitting relay “E/F Send” (FNo
1384, not allocated in‘factory setting).

To check théxeceiyer circuit, a single-phase fault in
the forwards diregtion is similarly simulated, simulta-
neouslywith external input of the binary signal “>E/
F Regcept’ (FNO 1316) is applied.

For non-diréctional earth fault protection one work-
ingspoint,on the inverse time characteristic (see Fig-
ureB3.3)yis checked, normally at 2 times the set value
le> (address 3303). Pick-up indication “E/F F1lt
Ie<->" (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).

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!

Switch distance protection on (address 1201
DIST.PROT = ON)!

6.6.12 Testing the internal auto-reclose functions (if fitted)

The internalAR function can be — depending on the
ordered gmodel — programmed to single-pole,
three-poleyor single/three-pole AR (address 3422),
provided itas) configured under address 7834 as IN-
TERNAL AR = EXIST (refer to Section 5.4.2) and
switeched'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.

248

C53000-G1176—-C98



7SA511V3

Operating instructions

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, a re-
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.

Depending of the selected AR program (address
3422 RAR PROG), a single-phase and/or two-phase
short circuit should be simulated within Z1, and be-
yond Z1 but within Z1B, each time once with, Succes-
sful and once with unsuccessful AR.{Chegk the
proper reaction of the relay according tothe set AR
program. For multi-shot AR (DAR), zone Z1L is deci-
sive from the second shot on.

Note that each new test can pegimonly after the re-
claim time or lock-out timeyforithe previous test has
expired; otherwise an auto-reclose cannot result:
LED “AR not ready’AFN©2784, LED 6, as deliv-
ered) must not be illuminated.

When multi-shot “auto-reclosure is used, the se-
quence according, tothe desired programs and
number of reélese attempts is to be checked.

6.6.13 Testing the internal synchronism andwoltage check functions (if fitted)

The synchronism and voltage check function can
operate with the integrated auto-reclose function of
with an external auto-reclosure device. Additionally,
synchronism or dead-line check can be pefformed
before manual closing of the circuit breaker®APre-
requisite is, that it is configured as SYNCH€CHEEK
= EXIST (Address 7835, refer to Sectiong4.2hand
switched to SYNC—CHECK = ON (Address 3501).

The measured voltage input Ux must be parameter-
ized as connected to the bus-barweltage/U2 (i.e. ad-
dress 1109 Ux CONNECT = U2 TRANSFORMER). It
must be considered, whichgoltage of the bus-bar
shall be used. Address i 16ymust be matched
(L1-L2,L2—-L3,L3—L1,L1-E)L2—E orL3—E).The
corresponding test voltageyhas to be connected to
the Ux—input of thefrelaygNo test current must be
applied during this test.

The start-te=measure,signal can be givento the relay
via the binarydinput’*>sync. start” (FNo 2906).
The device checks for close permission according
to the check program which is set under the ad-
dresses 3515t0 3519. If the check result is positive,
close), command is released (Annunciation
“sync.) Release”, FNo 2951).

SYNCHR = YES If the voltage as parameterized
under address 1116 is in phase
with the Ux—voltage, close com-
mand is released, if the voltages
are in counter-phase no release
occurs.

Ui1>U2< = YES If the measured feeder voltage
(U1) is present but the Ux—volt-
age (U2) switched off, close
command is released.
Ui<U2> = YES Ifthe Ux—voltage (U2) is present
but the measured feeder voltage
(U1) switched off, close com-
mand is released.

Ui<U2< = YES If the Ux—voltage (U2) and the
measured feeder voltage (U1)
are switched off, close com-
mand is released.

OVERRIDE = YES Close command is released in-
dependent on whether voltages
are present or not, or what is the
phase relationship.
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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 monitoring sys-
tems in the relay will operate. If a fault indication,ap-
pears, the possible causes can be found in the ops
erational annunciations (Address 5100).

For current sum or voltage sum errors, the piatching
factors (Section 6.3.3.1) should be checked.

If the symmetry monitoring appearsy'it is possible
that asymmetry is in fact present ofithe line. If this is
a normal operational condition,the cegresponding
monitoring function should be set at aless sensitive
value (Section 6.3.10).

The phase rotation must, beyclockwise, otherwise
the indication “Bail,PhasesSeq” will appear.
Check and corrett the phase relationships in the
measuring circuits. Ifthe network has counter-clock-
wise rotation, two phases must be interchanged.
This phase exchange must be taken into account in

the setting for double earth fault preference (in isos
lated or compensated networks, address 1803,
Section 6.3.4.7) or for double earth fault treatment
(in earthed networks, address 1703, Section
6.3.4.7) and, when appropriate, in the allocation of
the individual phase pick-up indications an@ trip
commands (Section 5.5.2 t0 5.5.5).

Currents and voltages can be read'eff offthe display
in the front or via the operatingfinterface in block 57
and compared with the actual measured values.

Switch off voltage transfésmer secondary miniature
circuit breaker of the feedervoltage. Check that the
voltages indicated inthe operational measured val-
ues (address blockb7) are near 0. Small voltage val-
ues can be tolerated.

Check that the relay has recognized the position of
the m.c.b=kheimessage “VT mcb Trip C” must
be given inthe operational annunciations in address
blocke 1

InfGase the bus-bar voltage is connected to the relay
in arderto obtain synchronism check, also switch off
theweltage transformer secondary m.c.b. of the bus-
bar voltage. In the operational annunciation (ad-
dress block 51) the message “v2 mcb Trip C”
must occur.

Switch the m.c.b.s on. The above message(s) must
occur in address block 51 again, but with the “Go-
ing” 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.s (refer 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- personal computer. Tests are listed from address
formers are checked using load current over the pro- 4000, the directional test in address 4200.

tected line. The line must be energized and must

carry a load current of at least 10 % of the rated cur- The address is reached:

rent; this shall be ohmic or ohmic-inductive. The di-

rection of the load current must be known. In cases — directly with key DA followed by address number
of doubt, interconnected or ring networks must be 4 2 0 0 andfinally operationsef the enter key E or
isolated.

— by paging through the blecksswith | or || until
Initiation of the test is made via operator keyboard or address 4200 is reachéd.

a2 o000m Beginning of block “Tesis
Ilresrts

ﬁ 42000 DIRECTION Block “Directional test”
{'; IMPEDANCES

When the address 4200 appears in the display, the directionaltest of the individual measurement loops is se-
lected with the key 1. For confirmation of the directionaliest;ithe “Yes” —key J/Y is used,; this starts the direction-
al test. The selected measurement loop carries out(a directional check and indicates the result on the display:

1} 42010 DIREC. TESNT Make directional test L1—E? Confirm with J/Y
Il1e =2

Forward Dir Load flow forwards
or
Reverse Dirt load flow backwards
or
undefined 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 impgdanceflhe load impedances allow determination of the position of the load impedance vector in
the R/X diagramf(Figure 6.9).

4202 IMPEDANCES After confirmation with the “Yes” —key J/Y the load imped-
LW E 2 ance will be calculated and displayed:

i
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Continue with 1.

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 4242 for

L3-L1, e.q.

f4211|DIREc. TEST
+L3Ll ?
}4212|IMPEDANCES
fllr3z1 -

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 directions givenin
the display differ from each other, the individual
phases in the current or voltage transformer connec-
tions are interchanged, or the phase relationship is
not correct. Check the connections.

If thelead isycapacitive, caused for example by un-
derexeited,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
characteristic
Active power in R positive
R'negative — |ine direction ——
~45° R
* —"— Negative reactive power
backwards X negative
Pactive | Preactive
ZLoad = 2acdv + acty [Ohm]

12

Rigure'6.9 Load impedance vector

12
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6.7.3 Earth fault checks for non-earthed systems (if used)

The primary current test allows determination of the — Open the line earthing switches.

correct polarity of transformer connections for the

earth fault direction determination. — Close the circuit breaker at the linelendto be
tested.

/@\ DANGER! — Check the directional indication given (appropri-

Operations in primary area must only be ately allocated LED).

performed with plant sections voltage-

free and earthed! — In the earth fault report*en thesOperator terminal
(address 5500, see alse,Seetion 6.4.4) the earth
The most reliable test is to apply a primary earth faulted phase and the'line direction, i.e. “E/F
fault. The procedure is as follows: forwards” (FNo4276) will be indicated. Active
and reactive cugrent are equally indicated: for iso-
— Disconnect the line and earth at both ends; the lated networks theyreactive current, for resonant
line must remain disconnected at the remote end earthed networks,the active current is critical. If
throughout the whole test. the displayWindicates “E/F reverse” (FNo
1277) thentthere is a crossed connection in the
— Apply a bolted single phase earth bridge to the earth_ circuit of voltage or current transformers. If
line. On overhead lines, this can be done at any the'qiSplay’Shows "E/F undefined” (FNo 1278
convenient point, but in any case behind the cur- the eagthfault current is probably too small.
rent transformers (looked at from the direction of ; ) )
the bus-bar of the circuit under test). For cables, ~Discennect the line and earth it; remove the
the earth should be applied at the remote end (ter- belted earth connection.
mination).

= The test 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

rent option is used (address 7831 EARTH FAULT =
INVERSE TIME, then this directional check becomes
superfluous. The distance protection shallfbe
switched off (address 1201), so that it will not inter-
fere with the earth fault protection.

7SA511

Lo - - o

L1

L2

L3

Figure 6.10 Earth fault direction test with Holmgreefa éennection

The trip circuits should be made inoperative as the
relay will issue a trip command during this test¢Fur-
thermore, it must be noted, that during all such sim-
ulations which do not represent exactly thegpractical
conditions, asymmetry of the measured values €an
cause the measured value monitors, 1@, Opérate.
These annunciations should then betignored.

/)\ DANGER!

All precautionary measures must be ob-
served when working on the instrument
transformers!aSecondary connections
of the current transformers must be
short-circuited before any current leads
to the relay arednterrupted!

The displacement voltage will be derived by bypass-
ing a voltage transfermer phase (e.g. L1, see Figure
6.10). If earth detection windings of the voltage
transformess_are not available, the corresponding
phasesshould be interrupted on the secondary side.
In the“eurrent circuit, only the current from the cur-
rent transformer corresponding to the phase in

which the voltage is missing, will be used. If the line
is carrying active and inductive power in line direc-
tion, 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 an-
nunciation 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)!

254

C53000-G1176—-C98



7SA511V3

Operating instructions

6.7.5 Checking the voltage polarity for synchronism check

This check should verify the correct polarity of the
voltage transformer connections for the synchro-
nism check function. The bus-bar voltage must be
connected to the device. The measured voltage Ux
must be parameterized correct in the power system
data (address 1109 Ux CONNECT = U2 TRANS-
FORMER, refer Section 6.3.3.1).

At first, set the synchro-check function to the over-
ride program, i.e. address 3519 OVERRIDE = YES.
Start synchronism check by energizing the binary
start-to-measure input (FNo 2906 “>Sync.
Start”. The synchro-check function must issue the
release command (annunciation “Sync. Re-
lease”, FNo 2951). If not, check all relevant param-
eters according Section 5.4.2 and 6.3.14.

Next, open the line isolator and close the circuit
breaker as to Figure 6.11. Thus, both voltage trans-
former sets receive the same voltage.

[
O

u2

\
$—O v

\
\

Lire

Figure 6.11 Measured voltages for synchronism
check

Set the synchronism check function to the synchro-
check program, i.e. address 3515 SYNCHR = YES
and ‘@519 OVERRIDE = NO. Start synchronism
cheek by energizing the binary start-to-measure in-
puty(FNo 2906 “>sync. Start”). The synchro-
check’ function must issue the release command
(@nnunciation “Sync. Release”, FNo 2951). If
not, check at first connection matching under ad-
dress 1116 U2 CONNECT (refer Section 6.3.3.1). If
measurement is carried out over a transformer,

check address 1132, too; this parameter matches
the connection group of the transformer (refer to
Section 6.3.3.3). If the parameters aré”correct,
check and correct the polarity of the voltage trans-
former connection from the bus-bar voltage.

Open circuit breaker. Set the synchronism check
function to the dead-line cheek program, i.e. ad-
dress 3517 U1<U2> = YES. Staft by energizing the
binary start-to-measure input (FN0O 2906 “>Sync.
Start”. The synchro-chéek funetion must issue the
release command (anfun€iation “Sync. Re-
lease”, FNo 2951)49f,notucheck again carefully all
connections andqparameters relating to the syn-
chronism checkdunctien’according to Section 6.3.3.

Re-check addresses 3515 to 3519 (in case they
were altered fonthe tests).

If asynehrenous switching is to be allowed the circuit
breaker'closing time is measured and set correctly
in address 1133 (see also Section 6.3.3.3). A suit-
able arrangement is shown in Figure 6.12.

The time meter is set to the 1 s range or to a resolu-
tion of 1 ms. Close the circuit breaker manually; the
time meter is started at the same time. The voltage
U1 appears when the poles of the circuit breakers
are closed; the time meter is then stopped. The time
indicated on the meter is the circuit breaker closing
time.

The experiment must be repeated if the time meter
does not stop because of an unfavourable closing
instant.

Bus-bar
u2 ﬂ
Start
+ —
Time '
meter S I ) {
_ _' U1
Stop L @—0

Feeder {

Figure 6.12 Measuring the circuit breaker closing
time

C53000-G1176—-C98

255



7SA511 v3

Operating instructions

6.7.6 Checking the carrier transmission system

All the equipment associated with transmission of
signals should be commissioned in accordance
with the appropriate documents.

6.7.6.1 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
in the following. If a different teleprotection method is
used, this sub-section can be passed over.

Inthe scope of devices under address 7821 must be
set TELEPROTEC. = OVERREACH (refer Section
5.4.2) and POTT MODE (address 2202) must be pa-
rameterized as PILOT WIRE COMP. (refer Section
6.3.6.2). The distance 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 monitofing current,
the additional relays at both line ends are enesgized.

Simulate a short circuit at one line end beyond the
first zone but within the overreach zone Z1B. Trip-
ping occurs after T1B (when,a delay is set). Make
this test also at both line ends{

Since the d.c. monitor is antessential part of the pilot
wire system, thisftestfhas, simultaneously proved
that the pilot wires arefungtioning correctly. All other
tests described in this'Section 6.7.6 become super-
fluous.

6.7.6.2, Checking reverse interlocking

Thetestprocedure is described in the following. If a
differentieleprotection method is used, this subsec-
tion*ean be passed over.

Inthe Scope of devices under address 7821 must be
set TELEPROTEC. = OVERREACH (refer Section
5.4.2) and POTT MODE (address 2202) must be pa-
rameterized as REVERS INTERLOCK (refer Section
6.3.6.2). The protection relay on the incoming feeder
and those on all outgoing circuits must be in opera-
tion. At first the auxiliary voltage for reverse interlock-
ing should not be switched on.

Simulate a short circuit within zope 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 resulf:

Simulate a trip“en each protective device on all out-
going feeders:Simultaneously, a short circuit is sim-
ulated omythemincoming feeder (as described be-
fore). Tripping,now occurs after delay T1.

Thesettests have simultaneously proved that the pi-
lot wites are functioning correctly. All other tests de-
scribed in this Section 6.7.6 become superfluous.

6.7.6.3 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 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 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 Section 5.5.2): When
delivered from factory, the input for the CB auxiliary
contact is INPUT 3, assigned to the function “>CB
Aux.3p cl” (refer Section 5.5.2). Change the func-
tion mode from NO to NC: “CB Aux.3p cl NC”.
With different allocation change the mode accord-

ingly.

Open circuit breaker. Repeat these tests for the oth-
er line end.

6.7.6.4 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.

Atthe line end to be tested as sender, simQlate afault
in reverse direction; at the other end, simulateya for-
ward fault within zone Z1B but beyond thie limit.of Z1.
Since the transmitter sends a blocking signal, the re-
ceiving protection must not trip, unléss injadelayed
zone, as long as blocking signal'is transmitted. After
switching off the reverse fault on the sending side
the receiving side remains blecked for the send pro-
longation T-SEND-PRL (address 2206) plus the
transient blocking timed T—TRANSBLO (address
2203) of the receiving side,

Repeat test for the other transmission direction.

6.7.6.5 Checking carrier transmission with un-
derreach transfer signal

Withgoermissive underreach transfer trip (PUTT), the
scopevof devices is set TELEPROTEC. = UNDER-
REACH n address 7821. An understanding between
bothiline ends is necessary.

Atthe line end to be tested as sender, simulate afault
within zone Z1.

Atthe receiving end, simulate a fault within zone Z1B
but beyond Z1, when set PUTT MODE = Z1B AGC-
CELERATION (address 2102). The protectionftripsiat
once (or T1B), without reception a delayed,stage
can only be effective.

At the receiving end, simulate any pick-up, when set
PUTT MODE = FD ACCELERATION (address 2102).
The protection trips instantaneous, without recep-
tion in a delayed stage.

Repeat tests for the other transmiSsion direction.

6.7.6.6 Checking carrier transmission for di-
rectional comparison earth fault pro-
tection

If 7SA511fis e£quipped with directional comparison
earth fault protection and this function is set as
EARTH,FAULT = DIREC.COMPARISON in address
7831y, catrier transmission must be checked. Switch
off distance protection (address 1201 DIST. PROT =
OFF).

Ihis 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 Section 6.7.6.3. The oppo-
site 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 ofthe 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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6.7.7 Tripping test including circuit breaker

Distance protection 7SA511 allows simple checking
of the tripping circuit and the circuit breaker. If the
device incorporates an internal auto-reclose sys-
tem, atrip—close test cycle is also possible. The test
can be initiated either via a binary input.

6.7.7.1 TRIP-CLOSE test cycle — address

block 43

Prerequisite for the start of a trip—close test cycle 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 TRIP-CLOSE test cycle is also possible with an
external auto-reclose system. Since in this case,
however, 7SA511 only gives the tripping command,
the procedure shall be followed as described in Sec-
tion 6.7.7.2.

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 fea-
ture should not be omitted.

During marshalling of the binary inputs (refer 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 pn@ist
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 will
lead to closing of the circuit breaker!

Initiation of the test cycle can'be given from the oper-
ator keyboard or via the dperating interface. A code-
word input is necessary, The*procedure is started
with address 4300 which can be reached by direct
addressing DA 4,3,0 ONE or by paging with || or (.
In the addresses of this block there is a number of
possibilities@vailablewhich are shown in the follow-
ing boxes. Singlespole trip—close tests will only be
carried‘outtby,the relay when single-pole AR is also
permitted.“fhree-pole trip—close cycle will only be
carried out when three-pole AR is permitted.

Further prerequisites for the start of test are that no
protective function fault detector has picked up and
thabthie conditions for reclose (circuit breaker ready,
AR not blocked) are fulfilled.

THa2300BcB-TEST
dlrrRiP-cLOSE c wcwE

Aa 3010 cB NgEus'T
L1 WIITH AR ?

CB CL O S“E(D ?

Beginning of the block “Circuit breaker test,
TRIP—-CLOSE cycle”

Carry out test cycle with pole L1 of circuit breaker?
Confirm with J/Y”—key or abort with page—on key 1

Confirm with J/Y” —key that circuit breaker is closed or
abort by page-on t

After gonfitmation by the operator that the circuit
breaker is closed, the test cycle proceeds. If the test
is terminated successfully, this is annunciated in the
display or on the PC screen. If, however, the circuit
Breaker auxiliary contact is assigned to a binary in-
pubtand 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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M4 3020 cB TEST
WITH AR 2
CB CLOSED 2
}4 030 CB TEST
L WITH AR 2
CB CLOSED 2
AM{4304B cB TEST
L WITH R 2
CB CLOSED 2
}43OSICB TEST
SEOQ L1-L2-L3 2
CB CLOSED 2

Carry out test cycle with pole L2 of circuit breaker?
Confirm with J/Y”—key or abort with page-on
key t

Confirm with J/Y” —key that circuit breaker is elosed
or abort with page-on key 1

Carry out test cycle with pole L3 of circuit breaker?
Confirm with J/Y”—key or abort with page-on
key t

Confirm with J/Y” —key that gireuit'breaker is closed
or abort with page-on key 1

Carry out three-poletest cycle of circuit breaker?
Confirm with J/Y™*<key or abort with page-on key 1

Confirm with U/Y?—key that circuit breaker is closed or
abort withipage-ondkey 1

Capry out sequence of single-pole test cycles
L1=L 2—L3 of circuit breaker? Confirm with J/Y”—key
onabort with page-on key 1

Confirm with J/Y” —key that circuit breaker is closed or
abort with page-on key 1

6.7.7.2 Live tripping of the €ircuit breaker — address block 44

To check the tripping circuits, the.circuit breaker can
be tripped by 7SA511 independently of whether an
auto-reclose will occur orghot. However, this test can
also be made with an external auto-reclose relay.

If the circuit breaker, auxiliary contacts advise the
relay, throughva binary“input, of the circuit breaker
position, the'test€an only be started when the circuit
breaker is ‘clesed. Fhis additional security feature
should not be“amitted when an external auto-re-
close relay is present.

During marshalling of the binary inputs (refer 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 can be given from the operator
keyboard or via the operating interface. A codeword
input is necessary. The procedure is started with ad-
dress 4400 which can be reached by direct dialling
DA 4400 E or by paging with f or |. In the ad-
dresses of this block there is a number of possibili-
ties available which are shown in the following
boxes.

In order to trip the circuit breaker single-pole, it is
necessary to permit single-pole tripping through the
binary input “>1p Trip Perm” (FNo 381), with ex-
ternal single-pole AR: otherwise the single-pole test
will not be carried out.
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To trip all three poles of the circuit breaker, an exter-
nal signal “>0nly lpole” must not be present from
an external auto-reclose relay (FNo 382).

In the absence of auto-reclose, only the three- pole
trip (address 4404) has any meaning.

Prerequisite for starting the test is that no protection
function of the relay be picked up.

ooll c
V E T

IS

B TEST
RIP

H

o1l c
P OL

IS

TRIP
L1 ?

w

L S E

Beginning of the block “trip circuit breaker”

Trip circuit breaker pole L1? Configm with "J/Y”—key or
abort by paging on with 1

Confirm with J/Y”— key that<ircuit|breaker is closed
or abort by paging on withgt:

After confirmation by the operator that the circuit
breaker is closed, the test cycle proceeds. If the test
is terminated successfully, this is annunciated in the
display or on the PC screen. 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 noticlosed, even if the operator has con-
firmed that'itis, ©Only when no circuit breaker auxilia-
ry cohtact isyassigned to any binary input, will the
relay gonsider the operator’s confirmation valid.

AM{44020cB TRIP
CB POLE L2 2
CB CLOSED 2
AM{44030B cB TRIP
CB POLE L3 W
CB CLOSED [
A{a 404l dBpTRIP
B THREELPOLE 2
CB CLOSED 2

Tripicircuit breaker pole L2? 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

Trip circuit breaker pole L3? 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

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

260

C53000-G1176—-C98



7SA511V3

Operating instructions

6.7.8 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 prtoduced by
charging of the line capacitances. The fault¥ecord is
triggered via a binary input at the instant of the
breaker closing command.

Manual starting of a fault secordeanbe carried outin
address block 49, which can,beaeached by paging
with {} or ||, or by directdiallingtwith DA 4900 E.
The start address is reached with 1:

e oo0om TEST
JlFavrLT RECORDING

A4 9010 FAULT REC.
START 2

SUCCESSFUL

Beginning of blogk{“Jest fault recording”
page onWwith T to address 4901

Start faultsrecording? Confirm with ‘J/Y” —key or abort
with"page-on key 1

The relay acknowledges successful completion of the
test'recording
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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 are indiz
cated. From that moment the measured valués of
the quiescent state are displayed. During pushing
the RESET button, the LEDs on the front will light up
(exceptthe “Blocked” —LED); thus, a LED test is per-
formed at the same time.

Check that the modules are preperlysinserted. The
green LED must be on on the front;the red LED must
not be on.

Close housing cover.

All terminal screws — &ven these not in use — must
be tightened.

If a test switch is ayvailable, then this must be in the
operating paesition

The distanee,protection relay is now ready for opera-
tion.
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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 externalmea-
suring circuits, generally an alarm is given anly.

Recognized software faults cause the proeessor,to
reset and restart. If such a fault is not eliminated by
restarting, further restarts are initiated. Af thedault is
still present after three restart attempts the protec-
tive system will switch itself out of service and indi-
cate this condition by the red LED “Blocked” on the
front plate. Drop-off of the availability relay signals
“equipment fault”.

The reaction to defects and’indications given by the
relay can be individuallyyand/in chronological se-
quence read off as op€rational annunciations under
the address 51Q0, for.defect diagnosis (refer to Sec-
tion 6.4.2).

If the relaytis, connegted to a local substation auto-
mation systemy(LSA), defect indications will also be
transferred via the serial interface to the central con-
trol system.

/!\ 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'values
are not necessary as they form part of the continu-
ously supervised firmware programs. Tihe planned
maintenance intervals for checking and mainte-
nance of the plant can be used tefperform operation-
al testing of the protection‘equipmient. This mainte-
nance serves mainly fogehecking the interfaces of
the unit, i.e. the coupling withethe plant. The follow-
ing procedure is recommended:

— Read-out of operatiohal values (address block
57) and comparison with the actual values for
checking thesanalog interfaces.

— Sirhulatiof ofian internal short-circuit with 4 x Iy for
cheeking the analog input at high currents.

/!\ Warning

Hazardous voltages can be present on
all circuits and components connected
with the supply voltage or with the
measuring and test quantities!

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!

— Circuit breaker trip circuits are tested by actual
live tripping. Respective notes are given in Sec-
tion 6.7.7.
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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 latest
after 10 years of operation. The way of displacement
depends on the production series of the relay. This
production series is found on the name plate behind
the complete order designation.

Recommended battery:

Lithium battery 3 V/1 Ah, type CR 1/2 AA, e.g.

— VARTA Order No. 6127 501 501 for relays until
production series /GG,

— VARTA Order No. 6127 101 501 for relays from
production series /HH or later.

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 surfagé
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 théfrontoper-
ating interface and a personal computeriyith the
DIGSI® protection data processifig pregram; the
information is thus stored in the, PCx

Note: All configuration dataandsettings of the de-
vice are stored in EEPROMSsgprotected against
switching off of the pewersupply. They are stored
independent of the baek-up battery. They are,
therefore, neither lost when the battery is re-
placed nor whenthe device is operated without a
battery.

— Only for relay until production series /GG: Pre-
pare the‘battery as in Figure 7.1:

/!\ Caution!

Do not short-circuit battery! Do not re-
verse battery polarities! Do not charge
battery!

Shorten the legs to 15 mm (6/10 inch) each and
bend over at a length of 40 mm (16/10 inch)f

| 15 | 15 _|
T |
|

.|.

Dimensions
40 in mm

| |
Bendingthe back-up battery

Figure 7.1

Relayssfromyproduction series /HH or later have
no axiahlegs:

— Laosen‘the basic module using the pulling aids
provided at the top and bottom. (Figure 7.5).

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)!

A Caution!

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

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

— Unscrew used battery from the terminals or re-
move it from the holder; do not place on the con-
ductive surface! Refer to Figure 7.2 for relay until
production series /GG and to Figure 7.3 from pro-
duction series /HH.

— Insert the prepared battery into the terminals or
holder as in Figure 7.2 (until production series
/GG) and tighten the screws or as in Figure 7.3
(from production series /HH).
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Rear view on the
removed basic module

View upon
the p.c.b.

i

—
+

|

+
|

Figure 7.2 Installation of the back-up battery for relay

— Insert basic module into the housing; ensure that
the releasing lever is pushed fully to the left before
the module is pressed in.

— Firmly push in the module using the releasing le-
ver. (Figure 7.5).

/_v\ Warning

The discharged battery contains/Lithium.
It must only be disposed offin line with the
applicable requlations!

Hi—

until productiomseries /GG

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.

Rear view on the
removed basic module

View upon
the p.c.b.

7

C

Hi—

Figure 7.3 Installation of the back-up battery for relay from production series /HH
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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 plate in the ON
position & ?

— Is the auxiliary voltage available with the correct
polarity and of adequate magnitude, connected
to the correct terminals (General diagrams in Ap-
pendix A)?

— Has the mini-fuse in the power supply section
blown (see Figure 7.4)? If appropriate, replace the
fuse according to Section 7.3.1.

If the red fault indicator “Blocked” on the front is on
and the green ready LED remains dark, the device
has recognized an internal fault. Re-initialization of
the protection system could be tried by switching
the d.c. auxiliary voltage off and on again. This, how-
ever, results in loss of fault data and messages if the
relay is not equipped with a buffer battery, and, ifa
parameterizing process has not yet been com-
pleted, the last parameters are not stored.

;M_

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 7.4).

— Prepare area of work: provide conductive surface
for the basic module.

— Open housing cover.

A Warning

Hazardousfvoltages can be present in
the device\even“after disconnection of
the supply.voltage or after removal of the
modules/froam the housing (storage ca-
pagitors)!

— Loosemthe"asic module using the pulling aids
provided atthe top and bottom. (Figure 7.5).

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.

Rear view onithedemoved
basicmodule

Mini-fuse of the power supply;
/ medium slow (M)

rated
at Upn/V— value
24/48 2 AJE
60/110/125 1,6 AJE
220/250 1A/G

Rigure 7.4 Mini-fuse of the power supply
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— Pull out basic module and place onto the conduc-
tive surface.

— Remove blown fuse from the holder (Figure 7.4).
— Fit new fuse into the holder (Figure 7.4).

— Insert basic module into the housing; ensure that
the releasing lever is pushed fully to the left before
the module is pressed in (Figure 7.5).

— Firmly push in the module using the releasing
ver. (Figure 7.5).

— Close housing cover.
Switch on the device again. If a power sdpplyfailure
is still signalled, a fault or short-circuit is ntin
the internal power supply. The device should be re-
turned to the factory (see Chapter 8). .

N

Removing the basic

&

&: bottom,
nd place onto conductive

— Loosen the basi
provided at the t

using the pulling aids

— Pull out basi
surface.
Inse 'Qasic module:
asing lever fully to the left,
e ule,

sh in the module using the

g lever.

oo | Al

O
. L

Figure 7.5 Aid for removing and inserting basic module

View from above onto a 1/3 size
module with releasing lever
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8 Repairs

Repair of defective modules is not recommended at
all because specially selected electronic compo-
nents are used which must be handled in accor-
dance with the procedures required for Electrostati-
cally Endangered Components (EEC). Further-
more, special manufacturing techniques are neces-
sary for any work on the printed circuit boards in or-
der to do not damage the bath-soldered multilayer
boards, the sensitive components and the protec-
tive finish.

Therefore, if a defect cannot be corrected by opera-
tor procedures such as described in Chapter 7, it is
recommended that the complete relay should be re-
turned to the manufacturer. Use the original trans-
port packaging for return. If alternative packing is
used, this must provide the degree of protection
against mechanical shock, as laid down in IEC
60255—-21—1 class 2and IEC 60255—-21—-2class 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 present in the
device even after disconnection of thesup=
ply voltage or after removal of the moedule
from the housing (storage capacitors)!

1\ Caution!

Electrostatic dischargesivia the component
connections, the PCB tracks.or the connect-
ing pins of the modulesimust be avoided un-
der all circumstances by previously touch-
ing an eartheéd metal surface. This applies
equally far'thedreplacement of removable
components,suchfas EPROM or EEPROM
chips. For transpert and returning of individ-
ual modules electrostatic protective pack-
ing material must be used.

Componentsyand 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
shouldbe repeated. Respective notes are contained
in'Chapter 5 and 6.

9  Storage

Solid state protective relays shall be stored infdry
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 °Ft0 130 °F.

The relative humidity must be withinlimits'such that
neither condensation nor ice forms.

It is recommended to reduce(the storage tempera-
ture tothe range +10 °Cto4:353C'(50 Ft095 °F);
this prevents from early ageingief the electrolytic ca-
pacitors which are contained.in the power supply.

For very long storagesperiods, it is recommended
that the relay shouldybe ‘connected to the auxiliary
voltage soufee for one or two days every other year,
in order to regenerate the electrolytic capacitors.
The same,is valid before the relay is finally installed.
In extremeclimatic conditions (tropics) pre-warming
wouldthus beyachieved and condensation avoided.

Beforetinitial energization with supply voltage, the
relay“shall be situated in the operating area for at
least gwo hours in order to ensure temperature
equalization and to avoid humidity influences and
condensation.
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4
RxD 4A1, JAA3
MR >* 4A2 | ves | 4A4
8y
Einbau- und Aufbaugehause mit V24—
Schnittstelle
FLUSH AND SURFACE MOUNTING C
V24 -SERIAL DATA LINK
7SAST1* —**px* _*B**/
F-smMA% 2AAF-SMA
Einbaugeha
FLUSH MOUHN SE WITH FIBRE
OPTIC INT
7SA511*—%7) C**/
1) CEF,
L 2 \
ey All ; . 14A3 >
F-SMA o{—z A7 A% Z—}o F-SMA
-
Aufbaugehause mit LWL—Modul
SURFACE MOUNTING CASE WITH FIBRE
OPTIC INTERFACE
7SA511* —*BA** —*C**/
L 4

S

&re A.3 General diagram 7SA511 (sheet 3 of 3)
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Connection diagrams

Surface mounting

Flush mounting/Cubicle installation
L L L 1 3A1 - - - - @
Iy o i 7B1 65
i I 3A2 Signal relay Transmission signal
17 BT E P 2A1 1
I
| 6 2A2
L1 3! 1A1 Signal relay, AR blocked
| Iy Iis
I 7 1A2 1 §
I3
Ity 4 1D1 CB alarm suppression
8 ! 1D2 §
- Upy 9 3B1, Measured quantities faulty
T _§ (general)
C~~d U Uy —10° 3B2
C~rd U2 L2 3 Device operative
— 1 .
Cd— U3 (device faulty)
Un Uis 11 3B3
1
r Ue Un 12 2B3 i General trip
= 2C2!
\_ * - U j_% Fault detection L1
n '
= 2C3
\ Fault detection L2
) , 2C4 Signal relay| 3D4 , 39  Fault detection L3
b § 9 ~ | 42
L3 sz) 13 1C1 Signal relay| 13C1 41 Fault detection E
5 14 12 10 [2D1 44
Ux’) Signal re- 3D1 143 Reverse direction
53 lay 11
Reset LED 54 7SA511 '
35 Binar; '
Voltage transformer . Y SB1 74
m.cb. input 2 Trip re- SB3 99
CB auxiliary contact Binary lais 1 |_/ SB4 100 CLOSE command
(CB closed) input 3 5B2 , 75
i SA1 72
Manual closing gmary i . 5A3 97
input 4 Trip re- /—'— General fault
Binar; lais 2 l_ A4 8 detection
Signal reception . Y SA2 V73
input 3 4D1 20
Binary _—
Reception faulty in . ' 4D3 45
put 6 Trip re-
. 4D4 46 TRIPL1
7D2 : lais 3
CB ready for cl 1] Binary 4D2 121
trip cycle input 7 4C1 2
Block 82 D4, Binary Trip re '4C3 47
oc] 83 7D3 i i
; input 8 lais 4 4C4 48 TRIPL2
84 6D2 . 4C2 23
SwitchiAR on 85 6D1 Dinary 5D1 24
input 9 — /_.T 9
86 6D4 . Trip re-
Binar; pre
off 87, 6D3 | NN lais 5 5D4 50 TRIPL3
fnput SD2 25
L+ 15 4B1 =
pply L_ 16 4B2 ! !
1 1
RxD 51 4Al Serial interface V.24/RS232C 4A3 6 TxD | Optional
MR 52 4A2 2lijinsirlatcdig | 4A4 77 MT
coupling to central station _ V24 interface
1
' _ Serial interface for optical fibre - — optical fibre interface
e coupling to central station o
. . . | '
Binary inputs, signal relays, " 26
trip relays, LED’s are 1 ,
eely arrangable ! =
ptional sensitivity:
— normal sensitivity, - - - - - - -
— high sensitivity for earth fault detection
in non-earthed systems. TSAST 1% — * ok _ st
2) optional connection: C panel flush mounting
— to open delta voltage (as illustrated), B panel surface mounting
— to bus-bar voltage (for synchro-check). E cubicle installation
Figure B.1 Connection example 7SA511
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Bus-  surface flush Bus- surface flush
bar vy bar v )
7SA511 7SA511
Feeder CTs | Feeder CTs |
L1 1031 3A2 L1 1'3A1 3A215
i L ‘ ‘ L] ;
ILo 2] 2a1 2A2 Lo 2| oa1 on26
Line - Line -
I 1A1 1A2 I 1A1 1A2 |7
33 - 83 -
| !
le 4 1D1 1D2 |
E -
A le 4| 1D1
L 8'AD2
. . . . e.g.summation
Figure B.2 CT circuits with 3 CTs transformer )~ —
Note: If the current polarityyis changed under
address 1101)ythis chamnges also the
polarity of the current input Ig!
EE)US' surface flush Figure B.4 GT Sircuits with 3 CTs and additional
Feeder CTs |
L1 1| 3A1 s 3A2
[ [
lo 2, 2a1 2A2
Line A L
I 1A1
3 3 s 1A2
Bus- surface  flush
| | bar v J - B
le
4101 L 1D2 Feeder CTs | 7SA511 3A2
L1 1| 3A1 5
_ 4 . L
[ [
e lo 2, 2a1 2A2 6
Line s
lLs 3] 1A1 1A2 |7
Line I [ L
I 4l1D1
[ ﬂ
I h 8| 1D2
e.g.summation
. . . . transformer _
Figure B.3 CT circuits with 3/Cfs and earth cur-
rent of a para"el line' B Note: If the current polarity is changed under

address 1101), this changes also the
polarity of the current input Ig!

Figure B.5 CT circuits with 2 CTs and additional
e summation CT (not for earthed sys-

tems)
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surface flush surface flush

7SA511 7SA511
Feeder VTs U4 9| 381 U4 9l 3B1

= W

Uo  10/3B2 Feeder Uo  10/3B2

12 2B3 12, 2B3

T

VTs ﬁ
Uz 11]38B3 Us 11383

Uen 13] 1cC1
| Figure B.8 VT circuitswith' 3V Ts
14, 1C2

Note:

If open-delta yoltage,is not available (neither from
feeder VTs nor frem bus-bar VTs) the appropriate in-
put on thé relay remains unconnected. Neverthe-
less,dhe relay is able to detect earth faults provided
three ‘starconnected and earthed voltage trans-
formers‘areavailable (refer Figure B.8).

Figure B.6 VT circuits with 3 VTs with open-delta
windings (e—n)

surface flush

7SA511 surface  flush
ULy 9! 3B1
: _
7SA511
Feeder VTs Uo 10 382 U4
in V—connec- 9] 3B1
tion [
Us  11]a83 q Uo 10,382
| Feeder
VTs
Us  11/383
12! 2B3
T [
Udn 13fM1ct
open delta any voltage Us 13l 101
voltage from 14! 1C2 from the ‘
bus-bar bus-bar
(phase— | 14| 1C2
- earth)
Figure B.7 VT @¢ircuits with 2 VTs and open-delta or
voltage from a bus-bar voltage trans- |
former set (not for earthed systems)
any voltage Us 13; 1C1

from the | |
bus-bar
(phase— 14+ 1C2 '

phase) , |_ L _I

Figure B.10 VT circuits with 3 VTs and any desired
voltage from the bus-bar VTs

C53000-G1176—-C98 275



Appendix

7SA511 v3

DAAS ‘0609 & - Aejeyd/steled
DaAGeossey O M- Aeisy/sreley
Danoeveer 8 Aejey/sieled

0a A 0S2—022'09 b /siejey
DAASZL-OLL'8Y | € ou/Sigjoy

Od A 09 — 8¥'ve

@

X X -
:8po9 18pI0
essnNIydos—a4TIN

¢ i heduistes
0Lesvd

X,

ALY
LY o ALY —
w.xHJé@ Xt ' _
1 — 1
d L = LI* -
A= xd oo -
AL AL
AL Al " Al AL H
1M — 1
0 L o | -
o= H o=
S 0Ly B 0Ly
(&Y VA7 566 " 564G [S) VA7 H
q ol | = [ _
L - L]
- .|m_. aoA-

ALYy

:dooj asm jojid 1o} seouelsisal Jladdoiqg
:Bunssedueuiapezinyog Nz uan}sspueIsIapIp

] | ] ‘ﬂ—.l. | ]
9l '
/ . N\
13 am 4
, aneosYy NIF.ID:ml v - , 8neosy ,
Bueidwg 5T 1mm.|lh _Ir_ ||||||| H “ Bueydwg
q e _l_ p U0I}08uUU09 alim 10|id
218 aA—
' diyL/sny f ! _M_L ! mﬁ:@_nlhwhtw_omﬁﬁom ! \ diuLsny '
| L |y v |
S ' 9 9 '
X X . s L UOIBIOUNUUE UOISSILUSURL] Ly (N . X X
¢ B > Uepueg usBunplay ¥ s ' 4
2= vl ] _ _ mICEEREE P
HwIsuBIL X e M ” 2 ) ” | e N HWISUBIL
= LE I
) N XX—-0+25vd. XX—0125vd. SvsL )
——+T2 +Ig—o
=t
+1
g uolels Y uonels

=Tt

+

=Tt

+1

=Tt

+14

.10 Pilot wire connection scheme for overreach transfer via pilot wires, with 7SA5 at both line

ure

C53000—-G1176—-C98

ends

276



Appendix

7SA511 V3

g GZL—0k106°09 a o)- Aey/sreey
O - Aepy/sieey

0d A§29'ss'8y a
OQfA 0E'VECH g M- Aejey/sieley
L 4
0d A 05¢—02¢'09 ¥ IM— Aejay/siejey
DA ASEL-0LL'8Y € M- Aejey/sieley
OAAN09 — 8¥'ve 1M — Aejey/sieley
0
d

aul| Jamod

ALY

- g ML _
[ | = | fo——
0 xd -
Ak
" Al At H
[ | = | f——
o) xd -
e 0L
X w15 OO _
[ | = | f——
0 x -

:dooj asm jo)1d 1o} seouelsisal Jaddoiqg
:Bunssedueuiapezinyog Nz usn}sspueISIapIp

IEEDETE|
-1 ain|ie} aaim jojid uopelounu
- -\ - Hoisab uiepesyiH Bunp)
_ _
- - —
+7¢ _I T I_ 1
b . cl
' |
_ 2 - ]
PR

T

UOOBULI0D 8lim 10|id

XX—01leSvd.

+71e

,  9AN@o8Yy ,
Bueydwg

'
\n__m.r\w;\

Hwisuel]
uspueg |

s

@

_I - - I_ Bunpuiglanaulspezinyog
' L e I I T (A I
didl/sny
uolelounuUUe UOISSIWSUBI]
' ' -
uspuag usbunpaiy
cl
W_o Jne4/BunBaluy
uonoajoid 8l
zinyossBunyaT
=11
+71

g uolels

v uolels

|
-
-

+11

|
-
-

+1

|
-
-

+14

|
a4 4
~

igure B.11 Pilot wire connection scheme for overreach transfer via pilot wires, with 7SA5 at one line end

and 7SW90 at the other line end

277

C53000—-G1176—-C98



7SA511 v3 Appendix
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Appendix

Annunciations 7SA511 for LSA (DIN 19244 and according IEC 60870-5-103)

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
v : Annunciation with Value
M : Measurand ®
LSA No.- Number of annunciation for former LSA (DIN 19244)
according to IEC 60870-5-103:
CA - Compatible Annunciation
GI - Annunciation for General Interrogation
BT - Binary Trace for fault recordings
Typ - Function type (p: according to the configured ' ion type")
Inf - Information number %
VDEW/ZVEI
FNo. | Meaning CA|GI|BT|Typ|Inf
11|>User defined annunciation 1 CA|GI|BT p| 27
12|>User defined annunciation 2 CA|GI|BT p| 28
13|>User defined annunciation 3 CA|GI|BT p| 29
14|>User defined annunciation 4 CA|GI|BT p| 30
15|>Testing via system-interface 135| 53
16|>Block. of monitoring dir. via s € 135| 54
51|Device operative / healthy xi‘-' GI 135| 81
52 |Any protection operative CG CA|GI p| 18
55|Re-start of processor system C 8|CcA P 4
56[Initial start of processor sy C l4|ca P 5
59[Real time response to LSA C 6
60 |LED Reset C 13|ca pl 19
61|Logging and measuring £ ns blocked|CG CA|GI p| 20
62 |Test mode CG CA|GI p| 21
63| PC operation via system@in face CG GI 135| 83
95| Parameters are being s CG 11|CA|GI p| 22
96 |Parameter set A is acfi CG 40 |CA|GI p| 23
97 |Parameter set B is acti CG 41 |CA|GI p| 24
98 |Parameter set C is CG 42 |CA|GI p| 25
99 |Parameter set Dyisflactive CG 43|CA|GI pl 26
110 (Annunciations 1lo fer overflow) o 9 135(130
112 |Annunciations ?‘!‘A lost C 10 135]131
113|Fault tag 1 BT|[135|136
140 |General int% ilure of device CG CA|GI | 47
141 |Failure of e 1 24 VDC power supply|CG 96 GI 135|161
143 |Failure off{internal 15 VDC power supply|CG 97 GI 135(163
144 |Failure rnal 5 VDC power supply |CG 98 GI 135(164
145|Failure ternal 0 VDC power supply |CG 99 GI 135(165
151 |Failte /0 module 1 CG 100 GI 135|166
152 ilur /0 module 2 CG 101 GI 135|167
154 isien trip circuit CG CA|GI pl 36
160 n arm CG CA|GI pl| 46
161 |Me value supervision of currents |CG CA|GI el 32
162 : Current summation supervision |CG 104 GI 135(182
163 |Failure: Current symmetry supervision CG 107 GI 135(183
164 |Measured value supervision of voltages |CG CA|GI pl| 33
65|Fallure: Voltage sum superv. (ph-e) CG 105 GI 135(184
6|Failure: Voltage sum superv. (ph-ph) CG 106 GI 135(185
Failure: Voltage symmetry supervision CG 108 GI 135(186
68 |Failure: Measuring voltages absent CG 109 GI 135(187
9|Fuse failure monitor operated (>10s) CG 110 GI 135]188
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Ann. [LSA VDEW/ZVEI

FNo. | Meaning Op|Ft|No. |CA|GI|BT|Typ|I
171 |Failure: Phase sequence supervision CG 111|CA|GI P 5

204 [Fault recording initiated via bin.input BT|135(2
205|Fault recording initiated via keyboard BT|135(205
206 |Fault recording initiated via PC interf BT|135|206
301 |Fault in the power system CG 2 135|231
302 |Flt. event w. consecutive no. C 51232
303|E/Flt.det. in isol/comp.netw. 5(233
361(>U Line side VT MCB tripped 38
362|>U2 Busbar side VT MCB tripped 150| 12
501 |General fault detection of device 84
502 |General drop-off of device 150152
503 [General device fault detection: Ph. L1 p| 64
504 |General device fault detection: Ph. L2 p| 65
505|General device fault detection: Ph. L3 p| 66
506 |General device fault detection: Ph. N pl| 67
507 |General device trip: Phase L1 pl 69
508 |General device trip: Phase L2 pl 70
509 (General device trip: Phase L3 p|l 71
511 |General trip of device p| 68
516|General trip for fault in forward dir. 150|166
517|General trip for fault in reverse di 243 150167
521 |Interrupted current: Phase L1(I/In V|250 1501171
522 |Interrupted current: Phase L2 (I/In) V|251 150172
523 |Interrupted current: Phase L3 (I/I v(252 150(173
561 |Circuit breaker manually closed (p e) |C 18 150|211
562 |CB close command for manual clo C 150212
601 |Current in phase IL1l [%] = M CA 1341128
602 [Current in phase IL2 [%] M CA 134(128
603 [Current in phase IL3 [%] M CA 134(128
621 |UL1E [%]= M (07: 134128
622 |UL2E [%]= M (07: 134128
623 |UL3E [%]= M (07: 134128
624 |UL12 [%] = M 1341128
625(UL23 [%] = M 1341128
626 (UL31 [%] = M 134128
641 [Active power Pa ] M CA 134(128
642 [Reactive power Pr M CA 134|128
644 [Frequency f [%] \ M CA 134(128
701 |Iea [mA] = M 134]128
702 |Ier [mA] = N M 134)128
1114 |Fault resist e m prim. v 151| 14
1115|Fault reactafce, |Ohm prim. \Y CA pl 73
1117 |Fault resi , Ohm sec. V|201 151 17
1118 |Fault rea e, Ohm sec. v|202 151] 18
1119 |Dista fault in km V(203 151 19
1120|Dist o fault in % v|204 151| 20
1174 |Ci i ker test in progress CG 21 GI 151 74
1181 |Ci aker test: General trip C 151| 81
1261 |E/F (isol./comp. net) switched off|CG 95 GI 151(161
1262 |E/F detection (isol./comp. net) blocked|CG GI 151162
1263 |E/F detection (isol./comp. net) active [CG GI 151163
1272 |Ear fault (isol./comp.) L1 detected CG 89|CA|GI pl| 48
Earth fault (isol./comp.) L2 detected CG 90 |CA|GI el 49
Earth fault (isol./comp.) L3 detected CG 91 |CA|GI pl 50
1 rth fault (isol./comp.) forward dir. |CG 92 |CA|GI pl 51
arth fault (isol./comp.) reverse dir. [CG 93 |CA|GI el 52
Earth fault (isol./comp.) undef. dir. CG 94 GI 151|178

280

C53000—-G1176—-C98



7SA511 v3 Appendix
Ann. [LSA VDEW/ZVEI
FNo.| Meaning Op|Ft|No.|CA|GI|BT|Typ|[InE
1281 |Trip by earth fault det. (isol./comp.) o 151518 L
1316 (>Carrier reception for direct. E/F comp|CG 68 GI lo6 |6
1317 (>Carrier reception for dir. E/F faulty [CG 67 GI le6| 17
1331 |Earth fault protection is switched off |[CG 71 GI 166 31
1332 |Earth fault protection is blocked CG GI 166| 32
1333 |Earth fault protection is active CG GZ 166 33
1334 |Earth fault prot. direct.stage blocked |[CG o4 GT 166| 34
1341 |Earth fault detection 75% Ie picked up CG|208 BT|166| 41
1342 |Earth fault detection non-direct. Ie CG|208 166| 42
1343 |Earth fault detection directional Ie CG|209 166| 43
1352 |Earth fault prot. dir. time expired C |24g 166| 52
1353 |Earth fault prot. non-dir. time expired C |247 166| 53
1381 |Earth fault dir. comp. is switched off |[CG GI le66| 81
1384 |Carrier transmission for dir. comp. E/F Cal245S 166| 84
1385 [Echo signal for directional comp. E/F C 0 166| 85
1386 |Transient block. of E/F protection C9218 166| 86
1511 |Thermal overload prot. is switched off |CG GI 167( 11
1512 [Thermal overload protection is blocked [€G GI 167| 12
1513 |Thermal overload protection is active CG GI 167| 13
1515|Thermal overload prot.: Current warning)lCE GI 167| 15
1516 |Thermal overload prot.: Thermal warfumng\CG GI 167| 16
1517 |Thermal overload prot.: Pick-up thermal|€G GI 167 17
1521 |Thermal overload protection trip C BT|167| 21
2051 |Emergency O/C protect. is switchéd off [CG GI 61| 51
2052 |Emergency O/C protection is blocked CG GI 6l| 52
2053 |Emergency O/C protection is agtiwe CG GI 6l| 53
2054 |Emergency O/C protection is runfing CG 50(|CA|GI pl| 37
2061 |Emerg. O/C prot.: Generalff fault,detect. CG|160 BT| 61| 61
2062 |Emerg. O/C prot.: Faultdetection L1 CG|145 61| 62
2063 |Emerg. O/C prot.: Fault detection L2 CG|1l406 6l| 63
2064 |Emerg. O/C prot.: FaultWdetection L3 CG|147 cl| o4
2065 |Emerg. O/C prot.: Earth, fault detection CG|148 6l| 65
2071 |Emerg. O/C earth faulff deétection only C 61| 71
2072 |Emerg. O/C fault deteetion L1 only C |16l 61| 72
2073 |Emerg. O/C fault dgtectidn L1E C [162 61| 73
2074 |Emerg. O/C faulg detection L2 only C [163 61| 74
2075 |Emerg. O0/C faultddetection L2E C |1lo64 61| 75
2076 |Emerg. O/C faulf degection L12 C |165 61| 76
2077 |Emerg. O/C flawlthdetection L12E C [1le6 61| 77
2078 |Emerg. O/C faukt detection L3 only C |1le67 cl| 78
2079 |Emerg. O/C gFault¥detection L3E C |1638 61| 79
2080 |Emerg. O/Ci{fault detection L13 C (169 cl| 80
2081 |Emerg. 0O/E, Fauwdt detection LI13E CcC (170 cl| 81
2082 |Emerg. @/C/ fiault detection L23 c |171 61| 82
2083 |Emer@n O/ fault detection L23E cC 172 cl| 83
2084 |Emgrg.W@Q/C fault detection L123 c |173 61| 84
2085 |Emerge O/€ fault detection L123E C [174 61| 85
2091 |Emerg. @/C phase fault detection I>> CG 61| 91
2093 |Emeng.£0/C phase fault detection I> CG 61| 93
2097 |[Emergey O/C earth fault detection IE> CG 61| 97
2121 |Emerg. O/C prot.: Time TI>> expired C |153 61121
2123 |Emerg. O/C prot.: Time TI> expired C 157 61123
2427 |Emerg. O/C prot.: Time TIE> expired C |157 61127
2141 |Emerg. O/C protection: General Trip C |191|ca pl 72
2M2 | Emerg. O/C protection: Trip lpole L1 C |238 61]142
2343 |Emerg. O/C protection: Trip lpole L2 C [239 61]143
2144 |Emerg. O/C protection: Trip lpole L3 C 240 61144
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Ann. [LSA VDEW/ZVEI
FNo.| Meaning Op|Ft|No. [CA|GI|BT|Typ|Int
2145 |Emerg. O/C protection: Trip 3pole Cc (241 611|145
2704 |>AR: Reset auto-reclose function CG GI 40 4
2709 |>AR: Block delayed auto-reclose CG 76 GI 40 9
2711 |>AR: External start for internal AR CG 28 GI 40| ,11
2712 |>AR: Ext. Trip L1 for internal AR CG 29 GI 40( 712
2713 |>AR: Ext. Trip L2 for internal AR CG 30 GI 40( 13
2714 |>AR: Ext. Trip L3 for internal AR CG 31 GI 40| 14
2781 |AR: Auto-reclose is switched off CG 79 GT 40| 81
2782 |AR: Auto-reclose is switched on CG CAHGL pl 16
2783 |AR: Auto-reclose is blocked CG 72 GT 40| 83
2784 |AR: Auto-reclose is not ready CG CA|GI4BT p|130
2785|AR: Auto-reclose is dynamically blocked|CG 233 GT 40| 85
2787 |AR: Circuit breaker not ready CG 78 GI 40| 87
2801 |AR: Auto-reclose in progress CG|CG (228 GI 401101
2813 |AR: 1lpole dead time for RAR is running [CG|CGJ230 GI 401113
2814 |AR: 3pole dead time for RAR is running [CG|CG[230 GI 401114
2833 |AR: 3pole dead time 1 for DAR running CG/CG|230 GI 401133
2834 |AR: 3pole dead time 2 for DAR running CGJCE 230 GI 401134
2835|AR: 3pole dead time 3 for DAR running QG | CG230 GI 40135
2851 |AR: Close command from auto-reclose Cc 248 |CA BT r|128
2854 |AR: Close command after 3pole DAR cycleyC CA pl1l29
2863 |AR: Definitive trip C 74 401|163
2871 |AR: Trip during lpole AR cycle C 401|171
2931 |Synchro-check function is switched{ offa4CG GI 41| 31
2932 |Synchro-check function is blocked CG GI 41| 32
2934 |Synchro-check function faulty CG GI 41| 34
2935 |Synchro-check supervision time (expired |[C 41| 35
2941 |Synchro-check function is zpUnning CG GI 41| 41
2942 |Synchro-check function ovgrride/bypass |C 41| 42
2943 |Synchronism (Ul>,U2>) detectéed o 41| 43
2944 |Live line,dead busbar (Ul>RU2<), detected|C 41| 44
2945 |Dead line,live busbar (Ulg,U2>) detected|C 411 45
2946 |Dead line,dead busbar (Ul<,W2<) detected|C 41| 46
2947|Sync.: Voltage diff. greater than limit|C 41| 47
2948 |Sync.: Freq. diff. gfeate® than limit C 41| 48
2949 |Sync.: Angle diff,, Jgreater than limit C 41| 49
2951 |Synchronism releas®@, (terfext. AR) o 411 51
2961 |Close command frogm symchro-check C 41| o1
3651 |Distance protéction is switched off CG 55 GI 28| 51
3652 |Distance prote€fion¥is blocked CG 48 GI 28| 52
3653 |Distance pro@ection is active CG GI 28| 53
3671 |Dist.: General fault detection CG|144 28| 71
3672 |Dist.: Fault, detection , phase L1 CG|145 GI|BT| 28| 72
3673 |Dist.: Fa@llg detection , phase L2 CG|1l40 GI|BT| 28| 73
3674 |Dist. GFawlt detection , phase L3 CG|147 GI|BT| 28| 74
3075 |Distd: Fault detection , earth fault CG|148 GI|BT| 28| 75
3681 |Dist. : gFaubt detection only phase L1 C [161 28| 81
3682 |DiSE.4 Fa@lt detection phase L1,E C |162 28| 82
3683 |Dist ¥y, Eault detection only phase L2 C [163 28| 83
3684 |Dist.: Wault detection phase L2,E C |1loc4 28| 84
3685|Dist.: Fault detection phase L1,2 C |165 28| 85
3686 |Dist,. : Fault detection phase L1,2,E C |166 28| 86
368 |Dist.: Fault detection only phase L3 C |1e67 28| 87
3688y Dist.: Fault detection phase L3,E C |168 28| 88
3689 Dist.: Fault detection phase L1,3 C [169 28| 89
8690 |Dist.: Fault detection phase L1,3,E Cc |170 28] 90
36971 |Dist.: Fault detection phase L2,3 c (171 28| 91
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Ann. [LSA VDEW/ZVEI

FNo. | Meaning Op|Ft|No. |CA GIIBT Typ
3692 |Dist.: Fault detection phase 1L2,3,E C 172

3693 |Dist.: Fault detection phase L1,2,3 cC (173 28 3
3694 |Dist.: Fault detection phase L1,2,3,E C 174 28| 94
3719 |Dist.: Fault det. in forward direction C |1l49(ca BT o\ 74
3720 |Dist.: Fault det. in reverse direction C |150(ca BT el 75
3771 |Dist.: Time Tl ( Zone Z1 ) expired C |153|cAa pl| 78
3774 |Dist.: Time T2 ( Zone Z2 ) expired C 154 el 79
3777|Dist.: Time T3 ( Zone Z3 ) expired Cc |155]|ca pl 80
3778 |Dist.: Time T4 (direct. zone) expired C |156 pl 81
3779 |Dist.: Time T5 (non-dir. zone) expired Cc (157 p| 82
3780 |Dist.: Time T1B ( Zone Z1B ) expired c |15 281180
3783 |Dist.: Time T1L ( Zone Z1lL ) expired c |15 281183
3801 |Distance protection: General trip C 281201
3802 |Dist.: Trip phase L1 1lpole only C 281202
3803 |Dist.: Trip phase L2 1lpole only 281203
3804 |Dist.: Trip phase L3 1lpole only 281204
3805|Dist.: Trip 3pole 281205
4051 |Dist. teleprotection is switched on CA|GI el 17
4052 |Dist. teleprotection is switched off 63 GI 29| 52
4054 |Dist. teleprotection: Carrier receptio C 57|CcA pl 77
4055|Dist. teleprotection: Carrier fau 60 |CA|GI pl 39
40560 |Dist. teleprotection: Carrier se C |244|ca p| 76
4067 [POTT teleprotection: Carrier echo n 59 29| 67
4068 | POTT teleprotection: Transient bloc C |198 29| 68
4164 [Power swing detection CG 80 GI 29164
4166 |0Out-of-step trip 3pole C 81 29166
4431 [Ext. trip via binary input: i C 51| 31
4432 |Ext. trip via binary inp P Ll C 51 32
4433 |Ext. trip via binary inpl lpole L2 C 51| 33
4434 |Ext. trip via binary i lpole L3 C 51| 34
4435|Ext. trip via binary i pole C 51 35
4436 |Ext. trip via binary i Without AR C 51| 36
6254 [Output signal of userfdefiined timer T1 |CG GI 214| 54
6255 [Output signal of use ned timer T2 |CG GI 214| 55

Q
o
&
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Annunciations 7SA511 for PC, LC-display and binary inputs/outputs O
FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
M : Measurand
E - Earth fault annunciation P
I0T - I: can be marshalled to binary input

T: can be marshalled to trip relay

O: can be marshalled to binary output (LED, signal re@

FNo. |Abbreviation Meaning Ft |E|IOT
3[>Time Synchro|>Time synchronization I0
4|>3Start FltRec|>Start fault recording C I0
5(>LED reset >Reset LED indicators I0
7|>ParamSelec.l|>Parameter set selection 1 (wi N ) I0
8| >ParamSelec.2|>Parameter set selection 2 (wit o.7) I0

11 |(>Annunc. 1 >User defined annunciation 1 CG IO0T
12| >Annunc. 2 >User defined annunciati 2 CG IO0T
13 |[>Annunc. 3 >User defined annunciati CG IOT
14 |>Annunc. 4 >User defined annunciation CG IOT
15[>Sys-Test >Testing via system-i I0
16|>Sys-MM-block|>Block. of monitorin a sys.-int I0
51|Dev.operative|Device operative / h CG 0
52 |Prot. operat.|Any protection operafiv CG 0
56[Initial start|Initial start of pro sor system C

60|LED reset LED Reset C O
61 |LogMeasBlock |[Logging and measuri unctions blocked|CG

62 |Test mode Test mode CG

95| Param.running|Parameters eing set CG o)
96 |Param. Set A |Parameter is active CG 0
97 |Param. Set B |Parameter is active CG 0
98 |Param. Set C |Parameter s active CG 0
99 Param. Set D |Parameten is active CG 0
100 |Wrong SW-vers|Wrong sof -version C
101 |Wrong dev. ID|Wrong identification C
110 (Annunc. lost Annun ations lost (buffer overflow) C
111 |Annu. PC lost|Ann I ons for PC lost C
115|Fl1t.Buff.Over unciation buffer overflow C
116|E/F Buff.Over uffer overflow E

ional annunciations invalid CG
annunciations invalid CG
Earth fault annunciations invalid CG
tistic annunciation buffer invalid CG
LED annunciation buffer invalid CG
DEW state invalid CG

120 |Oper.Ann.Inva
121 |Flt.Ann.Inva
122|E/F.Prot Inv
123 |Stat.Buff.
LED Buff.

Error in check sum CG

Error in check sum for parameter set A |[CG

Error in check sum for parameter set B [CG

Error in check sum for parameter set C |[CG

Error in check sum for parameter set D [CG
141 |Failure 24V Failure of internal 24 VDC power supply|CG oT
143 |Failure 15V Failure of internal 15 VDC power supply|CG oT
1 Failure 5V Failure of internal 5 VDC power supply |CG oT
45§ Failure 0V Failure of internal 0 VDC power supply |CG oT
ilure I/0 1|Failure in I/0 module 1 CG oT
ailure I/0 2|Failure in I/O module 2 CG oT

1 Fail. TripRel|Supervision trip circuit CG
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FNo. |Abbreviation Meaning Op|Ft I0
159 |LSA disrupted|LSA (system interface) disrupted CG
161|I supervision|Measured value supervision of currents O
162 |Failure I Failure: Current summation supervision |[CG
163 |Failure Isymm|Failure: Current symmetry supervision CG oT
164|U supervision|Measured value supervision of voltages L’O
165|Failure Up-e|Failure: Voltage sum superv. (ph-e) CG oT
166|Failure YUp-p|Failure: Voltage sum superv. (ph-ph) oT
167 |Failure Usymm|Failure: Voltage symmetry supervisio oT
168 |Failure Umeas|Failure: Measuring voltages absent G 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 supervisio G oT
203 |Flt.RecDatDel |Fault recording data deleted C
204 |Flt.Rec.viaBI|Fault recording initiated via bifiginput|C
205|Flt.Rec.viaKB|Fault recording initiated via b d (C
206 |Flt.Rec.viaPC|Fault recording initiated wvia,PC terf|C
244D Time= Diff. time of clock synchroni M
301|Syst.Flt Fault in the power system CG|C
302 | Fault Flt. event w. consecutime C
303|E/F Det. E/Flt.det. in isol/comp CG
354 (>CB Aux.3p cl|>CB aux. contact:3poles d (series) I0T
356 |>Manual Close|>Manual close I0T
357|>CloseCmd.Blo|>Block all close c s from external |CG I0T
361 (>VT mcb Trip [>U Line side VT MC% d CG I0T
362|>V2 mcb Trip |>U2 Busbar side VT (MC ipped CG IO0T
381 (>1p Trip Perm|>External auto-rec e ready for 1lpole |CG IOT
382 (>0Only 1lpole >External AR pr d for 1lpole only |CG IOT
383 |>RAR Release |>Release overre nes RAR CG|CG I0T
384 |>DAR Release |>Release o a ones DAR CG|CG I0T
501 |Device FltDet|General f etection of device oT
502 |Dev. Drop-off|General ff of device C
503 |Dev.FltDet L1|General i fault detection: Ph. L1 oT
504 |Dev.FltDet L2|General e fault detection: Ph. L2 oT
505|Dev.FltDet L3|Genera fault detection: Ph. L3 oT
506 |Dev.FltDet N |General ce fault detection: Ph. N oT
511 |Device Trip Gene p of device G oT
512 |Dev.Trip 1pLl|Genekal Ipole trip of device: Phase L1 oT
513 |Dev.Trip 1pL2|Ge pole trip of device: Phase L2 oT
514 |Dev.Trip 1pL3 & lpole trip of device: Phase L3 oT
515|Dev.Trip 3p ral 3pole trip of device oT
516|Dev.Trip for neral trip for fault in forward dir. oT
517 |Dev.Trip ref. ral trip for fault in reverse dir. C oT
521|IL1/In= terrupted current: Phase L1(I/In) C
522 |IL2/In= nterrupted current: Phase L2(I/In) C
523|IL3/In= Interrupted current: Phase L3(I/In) C
545 Time from fault detection to drop-off
546 i Time from fault detection to trip
561 Circuit breaker manually closed (pulse) |C oT
562 CB close command for manual closing oT
563 CB alarm suppressed oT
601 Current in phase IL1 [%] = M
602 Current in phase IL2 [%] = M
603 Current in phase IL3 [%] = M
21 UL1E [%]= M
UL2E [%]= M
UL3E [%]= M
ULl2 [%] = M
5 UL23 [%] = M

C53000—-G1176—-C98
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FNo. |Abbreviation Meaning Op|Ft|E|IOT O
626 |UL31[%]= UL31 [%] = M
cdl|Pal%]= Active power Pa [%] = M
042 |Pr[%]= Reactive power Pr [%] = M
044 |f [%]= Frequency f [%] = M
651 |IL1 = Current in phase IL1 = M P
652 |IL2 = Current in phase IL2 = M
653 |IL3 = Current in phase IL3 =
671 |ULlE= Voltage ULLE =
672 |UL2E= Voltage UL2E =
673 |UL3E= Voltage UL3E =
674 |UL12= Voltage ULl2 =
©675|UL23= Voltage UL23 =
676 |UL31= Voltage UL31 =
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 = M
801|®/0trip = Temperat. rise for warnin n ip M
802|©/0tripLl= Temperature rise for phase M
803|®/0tripL2= Temperature rise for M
804|©/0tripL3= Temperature rise for M

1001 (TripNo Ll= Number of trip comma : ase L1 M

1002 [TripNo L2= Number of trip commafids™§Phase L2 M

1003 |TripNo L3= Number of trip comma Phase L3 M

1004 (YIL1/In= Summated current IL1/In M

1005 (yIL2/In= Summated current d IL2/In M

1006 (YIL3/In= Summated curpe t ed IL3/In M

1011 |AR 1lpole= No. of auto ose commands:1lp RAR M

1012 |AR 3pole= No. of au ose commands:3p RAR M

1013 |DAR 3pol= No. of aut eclkose commands:3p DAR M

1106 |>Start FltLoc|>Start fa cator CG I0T

1114 |Rpri= Fault re e, Ohm prim. C

1115|Xpri= Fault rea e, Ohm prim. C

1117 |Rsec= Fault ance, Ohm sec. cC

1118 |Xsec= Fault ance, Ohm sec. C

11191|d = Dis o fault in km C

1120|d[%]= i an to fault in % C

1156 |>CB Test est start IOT

1174 |CB in Test breaker test in progress CG oT

1181 |CB Test Trip it breaker test: General trip oT

1182 |CB Test 1pLl{ |Circuit breaker test: Trip lpole L1 C oT

1183 |CB Test 1p cuit breaker test: Trip lpole L2 C oT

1184 Circuit breaker test: Trip lpole L3 C oT

1185 Circuit breaker test: Trip 3pole C oT

1251 >Switch on E/F det. for isol./comp. net I0T

1252 >Switch off E/F det. for isol./comp.net I0T

1253 >Block E/F det. for isol./comp. net 10T

1261 E/F det. (isol./comp. net) switched off|CG oT

1262 E/F detection (isol./comp. net) blocked|CG oT

1263 |E/F Det.activ|E/F detection (isol./comp. net) active oT

1271 |E/F Detection|Earth fault in isol./comp. net detected c |E| oT

127 |[E/F Detec. Ll1|Earth fault (isol./comp.) L1 detected E[ OT

1273§E/F Detec. L2|Earth fault (isol./comp.) L2 detected E[ OT

1 /F Detec. L3|Earth fault (isol./comp.) L3 detected El OT

/F forwards |[Earth fault (isol./comp.) forward dir. E[ OT
2 E/F reverse Earth fault (isol./comp.) reverse dir. E[ OT
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FNo. |Abbreviation Meaning Op|Ft|E|IO
1278 |E/F undefined|Earth fault (isol./comp.) undef. dir. E£fO
1281 |E/F Det. Trip|Trip by earth fault det. (isol./comp.) Cc |E T
1289 Iea Active component Iea E
1290 | Ier Reactive component Ier E
1303 |>E/F block >Block E/F protection .IOT
1311 |(>E/F comp. on|>Switch on directional E/F comparison I0T
1312 (>E/F comp.off|>Switch off directional E/F comparison IO0T
1316 |>E/F Recept >Carrier reception for direct. E/F c I0T
1317 |(>E/F Rec.Fail|>Carrier reception for dir. E/F faulty G I0T
1331 |E/F Prot. off|Earth fault protection is switched o oT
1332 |E/F blocked Earth fault protection is blocked CG oT
1333|E/F active Earth fault protection is active oT
1334 |E/F Dir.block|Earth fault prot. direct.stage blo oT
1341 |E/F F1t75%Ie>|Earth fault detection 75% Ie picked CG oT
1342 [E/F Flt Ie<->|Earth fault detection non-dire C oT
1343 (E/F Flt Ie ->|Earth fault detection directigna e C oT
1344 |E/F Ue> Earth fault displacement volta Ue> oT
1351 (E/F T-Delay Earth fault protection tim 1¥ed OoT
1352 |E/F T-> Earth fault prot. dir. gim red oT
1353 (E/F T<-> Earth fault prot. non- expired OoT
1361 |E/F Trip Trip by earth fault n C OoT
1381 |E/F Dir off Earth fault dir. co witched off |[CG OoT
1384 (E/F Send Carrier transmissi r. comp. E/F C OoT
1385|E/F Echo Echo signal for di?;‘;;‘p 1 comp. E/F C OoT
1386 |E/F TransBloc|Transient block. of E rotection C oT
1501|>0/L on >Switch on thermal erload protection IOT
1502 |>0/L off >Switch off the erload protection I0T
1503|>0/L block >Block thermal lov ad protection I0T
1511({0/L Prot. off|Thermal ov d t. is switched off |[CG OoT
1512 (0/L blocked Thermal o d protection is blocked |CG oT
1513|0/L active Thermal protection is active oT
1515(0/L Warn I Thermal prot.: Current warning|CG oT
1516|0/L Warn © Thermal prot.: Thermal warning|CG oT
1517|0/L pickup ©® |Therma prot.: Pick-up thermal |CG OoT
1521|0/L Trip Thermal protection trip C OoT
2003 |>Emer. block [>Blo overcurrent protection IOT
2010 |>I>> block >Blotk I»> stage of emerg. O/C protec. |CG I0T
2051 |Emer. off E O/C protect. is switched off |CG oT
2052 |Emer. block er cy O/C protection is blocked CG oT
2053 |Emer. activ gency O/C protection is active oT
2054 |Emer. mode ergency O/C protection is running CG oT
2061 |Emer.Gen.F g. O/C prot.: General fault detect. oT
2062 |Emer. Flt erg. O/C prot.: Fault detection L1 oT
2063 |Emer. F1 merg. O/C prot.: Fault detection L2 oT
2064 |Emer. F Emerg. O/C prot.: Fault detection L3 oT
2065 | Eme F E Emerg. O/C prot.: Earth fault detection oT
2071 . t Emerg. O/C earth fault detection only C
2072 r #F1t¥ L1l |Emerg. O/C fault detection L1 only C
2073 L1E|Emerg. O/C fault detection LI1E C
2074 t L2 |Emerg. O/C fault detection L2 only ¢
2075 |Emer 1t L2E|Emerg. O/C fault detection L2E C
2076 |Emer. Flt L12|Emerg. O/C fault detection L12 C
2077 |Emer.Flt L12E|Emerg. O/C fault detection LI12E C
2078 |[Emer. Flt L3 [Emerg. O/C fault detection L3 only C
Emer. Flt L3E|Emerg. 0/C fault detection L3E C
Emer. Flt L13|Emerg. O/C fault detection L13 C
81 |Emer.Flt L13E|Emerg. O/C fault detection L13E ¢
2|Emer. Flt L23|Emerg. O/C fault detection L23 C
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2083 |Emer.Flt L23E|Emerg. O/C fault detection L23E C
2084 |Emer.Flt L123|Emerg. O/C fault detection L123 C
2085 |Emer.Flt 123E|Emerg. O/C fault detection L123E C
2091 |Emer. I>> Emerg. O/C phase fault detection I>> C oT
2093 |Emer. I> Emerg. O/C phase fault detection I> C 8E
2097 |Emer. IE> Emerg. O/C earth fault detection IE> C T
2121 |Emer. TI>> Emerg. O/C prot.: Time TI>> expired OoT
2123 |Emer. TI> Emerg. O/C prot.: Time TI> expired OoT
2127 |Emer. TIE> Emerg. O/C prot.: Time TIE> expired oT
2141 |Emer.Gen.Trip|Emerg. O/C protection: General Trip OoT
2142 |Emer.TriplpLl [Emerg. O/C protection: Trip lpole L1 oT
2143 |Emer.TriplpL2 [Emerg. O/C protection: Trip lpole L C oT
2144 |Emer.TriplpL3|Emerg. O/C protection: Trip lpole L3 C oT
2145 |Emer.Trip 3p |[Emerg. O/C protection: Trip 3pole C oT
2701 |>AR on >AR: Switch on auto-reclose funcagdon I0T
2702 |>AR off >AR: Switch off auto-reclose funct I0T
2703 |>AR block >AR: Block auto-reclose functio CG I0T
2704 |>AR reset >AR: Reset auto-reclose func C I0T
2706 |>1p RAR block|>AR: Block lpole rapid a e CG I0T
2707 |>3p RAR block|>AR: Block 3pole rapid a se CG I0T
2708 |>RAR block >AR: Block rapid auto-recl CG IO0T
2709 |>DAR block >AR: Block delayed au se CG I0T
2711 |>Start AR >AR: External start for W nal AR C IOT
2712 |>Trip L1 AR >AR: Ext. Trip L1 fo& nal AR C IOT
2713 |>Trip L2 AR >AR: Ext. Trip L2 £ i rnal AR C IOT
2714 |>Trip L3 AR >AR: Ext. Trip L3 foryinternal AR C IOT
2715 |>Trip 1lp AR >AR: Ext. 1lpole t internal AR C IOT
2716 |>Trip 3p AR >AR: Ext. 3pole i r internal AR C IOT
2721 |>DAR aft. RAR|>AR: Delayed on fter rapid AR CG I0T
2730 |>CB ready >AR: Ci i caker ready for reclose IOT
2731 |>Sync.release|>AR: from ext. sync.-check IOoT
2781 |AR off AR: is switched off CG OT
2782 |AR on AR: is switched on oT
2783 |AR inoperativ|AR: is blocked CG OT
2784 |AR not ready [AR: is not ready OoT
2785|AR block.dyn. |AR: is dynamically blocked C oT
2787|CB not ready |[ARy Cikcuit breaker not ready oT
2788 |AR T-CB Exp. |AR: ervision time expired oT
2801 |AR in prog. AR; :ﬁi‘rreclose in progress C oT
2811 |RAR only \ nly rapid auto-reclosing allowed oT
2812 |RAR T-act.run ion time for RAR is running oT
2813 |RAR T-1p run pole dead time for RAR is running C oT
T-3p run 3pole dead time for RAR is running C oT
lpole rapid auto-reclose program oT
3pole rapid auto-reclose program oT
Zone extension for rapid reclosing oT
Evolving fault recognition oT
Only delayed auto-reclosing allowed oT
Action time for DAR is running oT
3pole dead time 1 for DAR running C oT
: 3pole dead time 2 for DAR running C oT
2835 |DAR T-3p3 run|AR: 3pole dead time 3 for DAR running C oT
2837 |DAR Zone Rel. |AR: Zone extension for delayed reclose oT
AR Close Cmd. |AR: Close command from auto-reclose c |C oT
RAR 1p Close |AR: Close command after 1lpole RAR cycle oT
R 3p Close |AR: Close command after 3pole RAR cycle oT
DAR 3p Close |AR: Close command after 3pole DAR cycle oT
AR T-Recl.run|AR: Reclaim time is running oT
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FNo. |Abbreviation Meaning Op|Ft|E|IO
2862 |AR successful [AR: Auto-reclose cycle successful )
2863 |Definit.Trip |AR: Definitive trip T
2864 |1lp Trip Perm. [AR: 1lpole trip allowed by internal AR
2865 |Sync.Meas.Reqg|AR: Sync-check request oT
2871 |AR Trip 3p AR: Trip during lpole AR cycle C L’OT
2901 |>Sync. on >Switch on synchro-check function IOT
2902 |>Sync. off >Switch off synchro-check function IO0T
2903 |>Sync. block |[>Block synchro-check function I0T
2906 |>Sync. Start |[>Initiate internal synchro-check I0T
2907 |>Sync. synch |>Sync.: Check synchronism I0T
2908 |>Sync. U1l>U2<|>Sync. live line (Ul>), dead bus (U2X) I0T
2909 |>Sync. U1l<U2>|>Sync. dead line (Ul<), live bus (H2 I0T
2910|>Sync. U1l<U2<|>Sync. dead line (Ul<), dead bus ( I0T
2911 |>Sync. o/ride|>Synchro-check override ( bypass I0T
2931 |Sync. off Synchro-check function is swit f |CG OoT
2932 |Sync. blocked|Synchro-check function is blogke CG oT
2934 |Sync. faulty |Synchro-check function fault CG oT
2935|Sync.Tsup.Exp|Synchro-check supervision exXpired |C |C oT
2941 |Sync. running|Synchro-check function J g oT
2942 |Sync.Override|Synchro-check function /bypass |[CG OoT
2943 |Sync. Synchro|Synchronism (Ul1>,U2> d CG oT
2944 |Sync. U1l>U2< |Live line,dead busb 2<) detected|CG oT
2945|Sync. Ul<U2> |Dead line,live bus ,U2>) detected|CG oT
2946 |Sync. Ul<U2< |Dead line,dead busggté:‘a,U2<) detected|CG oT
2947|Sync. Udiff> |[Sync.: Voltage diff. ter than limit|CG OoT
2948 |Sync. fdiff> |[Sync.: Freq. diff. eater than limit CG OoT
2949 |Sync. phidif>|Sync.: Angle dif ater than limit CG OoT
2951 |Sync. release|Synchronism relle to ext. AR) oT
2961 |Sync.CloseCmd|Close comm synchro-check oT
3603 |>Dist. block [>Block disg protection I0T
3611 |>Extens. Z1B ([>Dist @) B extension from external |CG I0oT
3612 |>Extens. Z1lL ([>Dist extension from external|CG IoT
3651 |Dist. off Distance ection is switched off CG oT
3652 |Dist. blocked|Distan tection is blocked CG oT
3653 |Dist. active |Distan tection is active oT
3661 |DisZ1B AR blk|Dist k AR by fault detec. Z1B C OoT
3662 |DisZ1L AR blk|Dist Block AR by fault detec. Z1L C oT
3671 |Dist.Gen.F1lt. |Di neral fault detection oT
3672 |Dist.Fault L1 Fault detection , phase L1 oT
3673 |Dist.Fault t.: Fault detection , phase L2 oT
3674 |Dist.Fault % Fault detection , phase L3 oT
3675|Dist.Fault D .: Fault detection , earth fault oT
3681 |Dist.Flt.L ist.: Fault detection only phase L1 C
3682 |Dist.F1lt ist.: Fault detection phase L1,E C
3683 |Dist.F1 Dist.: Fault detection only phase L2 C

Dist.: Fault detection phase L2,E C

Dist.: Fault detection phase L1,2 C

Dist.: Fault detection phase L1,2,E C

Dist.: Fault detection only phase L3 C

Dist.: Fault detection phase L3,E C

Dist.: Fault detection phase L1,3 C

Dist.: Fault detection phase L1, 3,E C

Dist.: Fault detection phase L2,3 C

Dist.: Fault detection phase L2, 3,E C

Dist.: Fault detection phase L1,2,3 C

Dist.: Fault detection phase L1,2,3,E C

Dist.: Loop L1E selected forward CG oT

Dist.: Loop L2E selected forward CG oT
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3703 |Loop L3-E f Dist.: Loop L3E selected forward CG
3704 |Loop L1-2 £ Dist.: Loop L12 selected forward CG
3705|Loop L2-3 £ Dist.: Loop L23 selected forward CG 0
3706 |Loop L3-1 £ Dist.: Loop L31 selected forward CG oT
3707 |Loop L1-E r Dist.: Loop L1E selected reverse CG 8?
3708 |Loop L2-E r Dist.: Loop L2E selected reverse CG T
3709 |Loop L3-E r Dist.: Loop L3E selected reverse oT
3710 |Loop L1-2 r Dist.: Loop L12 selected reverse oT
3711 |Loop L2-3 r Dist.: Loop L23 selected reverse oT
3712 |Loop L3-1 r Dist.: Loop L31 selected reverse oT
3719 |Dist. For.Dir|Dist.: Fault det. in forward directio OoT
3720 |Dist. Rev.Dir|Dist.: Fault det. in reverse direction OoT
3771 |Dist. T1 Dist.: Time T1 ( Zone Z1l ) expired oT
3774 |Dist. T2 Dist.: Time T2 ( Zone Z2 ) expire oT
3777 |Dist. T3 Dist.: Time T3 ( Zone Z3 ) expi oT
3778 |Dist. T4 Dist.: Time T4 (direct. zone) oT
3779 |Dist. T5 Dist.: Time T5 (non-dir. zone) ired oT
3780|Dist. T1B Dist.: Time T1B ( Zone Z1B oT
3783 |Dist. T1L Dist.: Time T1L ( Zone Z ed oT
3801 |Dis.Gen. Trip|Distance protection: Gene oT
3802 |Dis.Trip 1lpLl|Dist.: Trip phase L1 1lpolefo C oT
3803 |Dis.Trip 1pL2|Dist.: Trip phase L2 C oT
3804 |Dis.Trip 1pL3|Dist.: Trip phase L3,1 C oT
3805|Dis.Trip 3p Dist.: Trip 3pole & C oT
3808 |Dis.Trip back|Dist.: Trip in back-tp ge OoT
3811 |Dis.Tripzl/1lp|Dist.: Trip lpole in“gone Zz1/T1 OoT
3812 |Dis.Tripzl/3p|Dist.: Trip 3pole zone Z1/T1 OoT
3813 |Dis.TripZlBlp|Dist.: Trip 1lpol ne Z1B/T1B OoT
3814 |Dis.TripZl1B3p|Dist.: Trip 3©O one Z1B/T1B OoT
3815|Dis.Trip Z1L |Dist.: Trip @ ault in zone Z1L/T1L oT
3816 |Dis.Tripz2/1p|Dist.: Tri lpdle in zone Z2/T2 OoT
3817 |Dis.Tripz2/3p|Dist.: Tri oke in zone Z2/T2 OoT
3818 |Dis.Tripz3/T3|Dist.: Tri fault in zone Z3/T3 OoT
3819 |Dis.Trip FD->|Dist.: Tzip fault detection, direct OT
3820|Dis.Trip <-> |Dist.: Tri fault detec., non-direct oT
4004 |>Dis. Recept |>Dist. otection: Carrier receive |[C |C I0oT
4005|>Dis.RecFail |>Dist.(\teleprotection: Carrier faulty CG IOT
4011|>Dis.POTT on |>Di : ch on teleprotection POTT IO0T
4012 |>Dis.POTT off|>Dj witch off teleprotection POTT IO0T
4021|>Dis.PUTT on .:Switch on teleprotection PUTT I0T
4022 |>Dis.PUTT off :Switch off teleprotection PUTT IO0T
4051 |Dis.Tele.on teleprotection is switched on oT
4052 |Dis.Tele.off teleprotection is switched off CG OoT
4054 |Dis. Recep teleprotection: Carrier reception OoT
4055|Dis. RecF teleprotection: Carrier faulty CG OoT
4056 |Dis. d teleprotection: Carrier send C oT
teleprotection: Carrier echo send |C OoT
POTT teleprotection: Transient block C oT
Power swing detection CG oT
Power swing action time running oT
Out-of-step trip 3pole Cc |C oT
4403 |>Ext.Trip blk|>Block external trip function CG I0T
4412:ﬂﬁd‘Trip L1l [(>External trip L1 via binary input C I0T
>Ext.Trip L2 |>External trip L2 via binary input C I0T
>Ext.Trip L3 |>External trip L3 via binary input C I0T
4 xt.Trp.woAR|>External 3pole trip without AR CG I0T
xt.Gen. Trip|Ext. trip via binary input: Trip oT
Ext.Trip 1pLl|Ext. trip via binary input: lpole L1 C oT

O
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4433 |Ext.Trip 1lpL2|Ext. trip via binary input: 1lpole L2 C 9]
4434 |Ext.Trip 1pL3|Ext. trip via binary input: 1lpole L3 C T
4435 |Ext.Trip 3p Ext. trip via binary input: 3pole C

4436 |Ext.Trip woAR|Ext. trip via binary input: Without AR C oT
6206 |>User TlStart|>Start of user defined timer T1 CG|CG h;OT
6207 |>User TlReset|>Reset of user defined timer T1 Cc |C IO0T
6208 |>User T2Start|>Start of user defined timer T2 IO0T
6209 |>User T2Reset|>Reset of user defined timer T2 I0T
6254 |User output 1|Output signal of user defined timer T1 G oT
6255 |User output 2|Output signal of user defined timer C oT
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Reference Table for Functional Parameters 7SA511 O
1000 PARAMETERS < ’
1100 POWERSYSTEM DATA P
1101 CT STARPNT Current transformer polarity

TOWARDS LINE [ ] Towards line

TOWARDS BUSBAR [ ] Towards busbar \
1102 SYSTEMSTAR System star-point condition

SOLIDLY EARTHED [ ] Solidly earthed

COMPENSATED [ ] Compensated

ISOLATED [ ] Isolated

1103 Un PRIMARY Primary rated voltage
min. 1 kv
max. 1200 —_—

1104 Un SECOND. Secondary rated v
min. 80 \
max. 125 _—

1105 In PRIMARY Primary rated rept
min. 10 A
max. 5000 _—

1109 Ux CONNECT Ux voltag former connection
NOT CONNECTED [ ] Not c t
Udelta TRANSFORM [ ] Udel nsformer
U2 TRANSFORMER [ ] r ormer

actor Uph/Udelta (sec.earth voltage)

max. 9.99 E—

U2
1110 Uph/Udelta Ma\
min. 0.10
1111 Ie CT 'S Ie current transformer
PROTECTED LINE xuected line

PARALLEL LINE arallel line

1112 Ie/Iph Matching factor Ie/Iph for earth current
min. 0.100
max. 20.000
1116 U2 CONNEC Voltage transformer U2 input connection
[ 1 L1-L2
[ 1 L2-L3
[ 1 L3-L1
[ 1 L1-E
[ 1 L2-E
[ 1 L3-E
1117 RE/ Residual compensating factor RE/RL
min. -7.00
ax. 7.00 —
E/XL Residual compensating factor XE/XL
min. -7.00
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1119

1120

1122

1124

1130

1131

1132

1133

1135

1136

1137

1145

1149

1150

RM/RL

min. -7.00
max. 7.00
XM/XL

min. -7.00
max. 7.00
X SEC

min. 0.010
max. 5.000
LINELENGTH
min. 1.0
max. 550.0
T-TRIP I>
min. 0.00
max. 32.00
T-TRIP I<
min. 0.01
max. 32.00
Ul-U2 ANGL
min. -179
max. 180
T-CB CLOSE
min. 0.01
max. 0.50
T-CLOSE
min. 0.01
max. 32.00
3-P. COUPL

WITH FAULT DETEC [ ]
WITH TRIP COMM.

Mutual compensating factor RM/RL
Mutual compensating factor XM/XL
Secondary reactance per unit line length %Eec

Z
>

Line length

km

Trip command min.duration I-RES
s

Trip command min.durm or I < I-RES
s

Phase angle b 1 and U2

,2&\.

Closing (ope ing) time of circuit breaker
s @
Maxj lose command duration
s Q--~
o) coupling

ault detection

[ i trip command

OO

L 4
TRIP2phFLT p type with 2phase faults
THREE-POLE [ hree-pole
1-POLE LEADI ] 1-pole leading
1-POLE LAGGIN l-pole lagging
T-M/C-PROL Prolongation time after manual closing
min. 0.01 s
max. 32. E—
T-E Stabilization time for external trip
min. S

FILTE Filter for measured quantities
NORMAL [ 1] Normal
LON@ [ 1] Long
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1200 DIST.PROT. GENERAL SETTINGS

1201 DIST.PROT. Distance protection function O
ON [ ] on
OFF [ 1 off

1202 DIR. FD&T4 Direction for fault detection directional trip
FORWARDS [ ] Forwards P
REVERSE [ ] Reverse
NON-DIRECTIONAL [ ] Non-directional %

1203 T4 Delay T4 fault detection directio ip
min. 0.00

max. 32.00/e

s “Z:Z~
Delay T5 fault detection no@ ional trip

1204 T5
min. 0.00 s
max. 32.00/e  —
1205 MAN. CLOSE Distance zone effective h manual close
Z1B DIRECTIONAL [ 1 Z1B directional
Z1B NON DIRECT. [ 1] Z1B non-direction
FD EFFECTIVE [ 1] Fault detection
Z1 EFFECTIVE [ 1 21 effective
1216 RAR -> Z1B Distance zonepZ ctive before 1st RAR
YES [ 1 yes
NO [ 1 no “;!E
1217 DAR BLOCK Effective DAR is blocked
zl; T1 [ ] Z21; T1
zl; TI1B [ ] Z21; T
1218 DAR -> ZzZ1L Dista zone Z1lL effective before DAR
YES [ 1 yes
NO [ 1 no
1221 BLK.AR Z1B A@losure is blocked for Z1B faults
NO [ ]
WITHIN J:] Wi in
OUTSIDE \ side
1222 BLK.AR Z1L Autoreclosure is blocked for Z1L faults
NO [ no
WITHIN Within
OUTSIDE [ ] Outside
1300 DIST N DEPEND. ZONES
1301 R1 Zone 1: Resistance (phase-phase) R1
min. Q
max. 00 _—
1302 X1 S zone 1: Reactance (reach) X1
min. 0.05 Q
ax. 130.00 _
1E Zone 1: Resistance (phase-earth) RI1E
min. 0.05 Q
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1304 DIREC. Z1 Zone 1: Direction
FORWARDS [ ] Forwards
REVERSE [ ] Reverse

NON-DIRECTIONAL [ ] Non-directional

O

1305 T1 1PHASE Zone 1: Delay for single phase faults T1
min. 0.00 s
max. 32.00/e  — e
1306 T1 >1PHASE Zone 1: Delay for multi-phase faul
min. 0.00 s
max. 32.00/ — \
1311 R2 Zone 2: Resistance (phase-phade)
min. 0.05 Q
max. 65.00 _—
1312 X2 zZzone 2: Reactance (reach
min. 0.05 Q
max. 130.00 E—
1313 R2E Zone 2: Resistance ( earth) R2E
min. 0.05 Q
max. 130.00 E—
1314 DIREC. 72 Zone 2: Diregti
FORWARDS [ 1] Forwards
REVERSE [ 1 Reverse
NON-DIRECTIONAL [ ] Non-directio
1315 T2 1PHASE Zone 2: or single phase faults T2 1PH
min. 0.00 s
max. 32.00/e  —
1316 T2 >1PHASE Zo 2™ @Pelay for multi-phase faults T2
min. 0.00 s
max. 32.00/e  —
1317 TRIP 1P Z2 i e pole trip for faults in Z2
NO .[ no
YES
1321 R3 K Zone 3: Resistance (phase-phase) R3
min. 0.05 Q
max. 65.00 O
1322 X3 zone 3: Reactance (reach) X3
min. 0.0 Q
max. Q‘g‘~. -
1323 Zone 3: Resistance (phase-earth) R3E
. Q
1324 DIREC. Z3 Zone 3: Direction
FORWARDS [ 1] Forwards
REVERSE [ 1 Reverse
NON-DIRECTIONAL [ ] Non-directional
T3 Zone 3: Delay for all faults T3
min. 0.00 s
max. 32.00/e _—
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1400

1401

1402

1403

1404

1405

1406

1411

1412

1413

1414

1415

1501

DIST.PROT. CONTROLLED ZONES

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

T1B 1PHASE

min. 0.00

max. 32.00/e  —
T1B >1PHAS

min. 0.00

max. 32.00/e  —
R1L

min. 0.05

max. 65.00 _—
X1L

min. 0.05

max. 130.00 E—
R1LE

min. 0.05

max. 130.00 E—
DIREC. Z1L

FORWARDS

REVERSE

min. 0.00 < l
max. 32.00

L/

Zone 1B: Resistance
Q

zZzone 1B: Reactance

Zone 1B: Resistance

Zone 1B: Direction
Forwards

Reverse
Non-directional

(phase-phase) RI1B :O

L

(reach) X1B

(phaseeartl\@

\}‘b

Zone 1B: Delay for sin lQase faults T1B 1PH
S |(:!J

Zone 1B: Delay for
S

Q
zone @nce
Q

Z0 \ esistance
Q

7.0 1L: Direction

ards
everse
NON—DIRECTION\ on-directional
T1L

ulti-phase faults T1B

zone 1L: Resé (phase-phase) R1L

(reach) XI1L

(phase-earth) RILE

Zone 1L: Delay for all faults T1L

S

PROGQU/

LE :Uphe/LL:Uphph
LE:Uphph/LL:Uphp
LE:Uphe/LL:Uphe
LE:Uphe/LL:I>>

0G. ZzA
E:Zphe/LL:Zphph
LE:Zphe/LL:I>>

DETEC. PROG

— e

——

Program for U/I fault detection

LE:Uphe/LL:Uphph
LE:Uphph/LL:Uphp
LE:Uphe/LL:Uphe
LE:Uphe/LL:I>>

Program for impedance fault detection

LE:Zphe/LL: Zphph
LE:Zphe/LL:I>>
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1600 DIST.PROT. FAULT DETECTION

1601 Iph>> Overcurrent detection Iph>> O
min. 0.25 I/In
max. 4.00 E—

1602 Ie> Earth fault detection Ie>
min. 0.10 I/In PN
max. 1.00 E—

1611 Iph> Minimum current for fault dete 'o%>
min. 0.10 I/In
max. 1.00 E—

1612 Uphe (I>>) Undervoltage pick-up at I>> @earth)
min. 20 v
max. 70 _

1613 Uphe (I>) Undervoltage pick-up at,I> ase-earth)
min. 20 4
max. 70 _

1614 Uphph (I>>) Undervoltage pick a >> (phase-phase)
min. 40 4
max. 130 _—

1615 Uphph (I>) Undervoltage k at I> (phase-phase)
min. 40 v
max. 130 _—

1621 Iph> Minimum cl 5 for fault detection Iph>
min. 0.10 I/In
max. 4.00 E—

1622 X+A Fa ection forward reach X+A
min. 0.10 Q
max. 200.00 E—

1623 X-A a detection reverse reach X-A
min. 0.10 /'S Q
max. 200.00 \

1624 RAl \ Fault det. resistance (ph-ph, phi<PHI A) RAl
min. 0.10 Q
max. 200.00 O

1625 RA2 Fault det. resistance (ph-ph, phi>PHI A) RA2
min. 0.1 Q
max. Qﬂg‘~. -

1626 Fault det. resistance (ph-e, phi<PHI AE) RALE
m .1 Q
max 00.00 _—

1627 RAZE Fault det. resistance (ph-e, phi>PHI AE) RAZ2E
miq. 0.10 Q
max. 200.00 _—

NGLE PHIA Fault det. ph-ph angle betw. RA1/RA2 PHI A

min. 30 °
max. 80 _—
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1629 ANG. PHIAE Fault det. ph-e angle betw. RAIE/RA2E PHI AE
min. 30 ’
max. 80 —_— :
1700 FAULT IN EARTHED NETWORKS
1701 Ue> Displacement voltage for earth fault det. ﬂé>

1703

min. 2 v

max. 100/ E— %
PHPHE FLTS Loop selection with Ph-Ph-E fal%

PHASE-PHASE ONLY [ Phase to phase only
LEADING PH-E [

[ —

Leading phase-earth
LAGGING PH-E [

fa—

Lagging phase-earth

3PH FAULTS Loop selection with 3pha§

1704
E/F CONTROL [ ] Dependent on E/F det
PHASE-PHASE ONLY [ ] Phase to phase only
PHASE-EARTH ONLY [ ] Phase to earth only
1705 1PH FAULTS Loop select. for 1 . w/o earth flt.det.
PHASE-EARTH [ ] Phase-earth
PHASE-PHASE [ ] Phase-phase
1800 FAULT NON-EARTHED NET K
1801 TIe 1PHASE Delay tim ingle phase flt. det. TIe 1PH
min. 0.00 s
max. 0.50/« —_—
1802 Ue> Dis C nt voltage for earth fault det. Ue>
min. 10 \
max. 100 _—
1803 PHASE PREF preference for double earth faults
L3 (L1l) ACYCLIC ol ] L3 (L1l) acyclic
L1 (L3) ACYCLIC 3) acyclic
L2 (L1l) ACYCLIC 2(L1l) acyclic
L1(L2) ACYCLI L1(L2) acyclic
L3 (L2) ACYCLIC [ L3(L2) acyclic
L2 (L3) ACYCL L2 (L3) acyclic
L3(L1l) CYCLI [ ] L3(L1) cyclic
(L3) CYC [ ] L1(L3) cyclic
2002 P/S . Program of power swing (P/S) function
BLOCK L Block all zones

BLOCK Z1 ONLY
BLO ALL BUT Z1
OUT-OF-STEP TRIP

]
] Block Z1 only

] Block all but 2zl
] Out-of-step trip

— e

elta R Distance between P/S and fault detect. polygon
min. 0.10 Q
max. 50.00 E—
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2004 dR/dT Rate of change of P/S vector dR/dT
min. 0 Q/s
max. 200 _—

2005 P/S T-ACT. Power swing action time P/S T-ACT. 0
min. 0.01 S

max. 32.00/e  —

a4
2100 TELEPROTEC PERM. UNDERREACH %
2101 PUTT Permissive underreach transfer@\

ON [ ] on
OFF [ 1 off

2102 PUTT MODE Permissive underreach tran@rip mode
Z1B ACCELERATION [ ] Z1B acceleration
FD ACCELERATION [ 1 FD acceleration

2103 T-SEND-PRL Send signal prolonga r PUTT
min. 0.01 s
max. 32.00 —_—

2104 T-REC-PROL Receive signa gation for PUTT
min. 0.00 S
max. 32.00 —_— \

2106 T-SEND-DEL Send signal %y for PUTT
min. 0.00 S

max. 32.00 e

2200 TELEPROTEC PERM. OVERRE\Z
2201 POTT ber sive overreach transfer trip
ON [ ]
OFF [ f
L 4 , , .
2202 POTT MODE missive overreach transfer trip mode
[ 1B release

Z1B RELEASE
FD DIREC REL Direct. comparison
Z1B UNBLOCK Unblocking with Z1B

FD UNBLOCK Unblocking with FD
Z1B BLOCKIN [
PILOT WI [

[

—

Blocking with Z1B

R Comp. via pilot wire
REVERS I CK Reverse interlocking
2203 T-TRAN Transient blocking time after external fault
min. 01 s

2204 T-WAI Waiting time for trans.block. (missing recept)
min. 0.01 S
max, 32.00/ E—

T-SEND-PRL Send signal prolongation for POTT
in. 0.01 s
max. 32.00 E—

C53000—-G1176—-C98 299



7SA511 v3 Appendix
2210 POTT DirFD Effect. direction for directional comparison
FORWARDS [ 1 Forwards
REVERSE ] Reverse
NON-DIRECTIONAL [ ] Non-directional ( ,
2212 T-SEND DEL Send signal delay for POTT
min. 0.00 s
max. 32.00 _— S
2220 ECHO Echo function for weak infeed
ON [ ] on
OFF [ 1 off \
2221 T-ECHO-DEL Echo delay time
min. 0.01 s
max. 32.00/e = —— 0
2222 T-ECHO-IMP Duration of echo impulse
min. 0.02 s
max. 32.00 _—
2223 T-ECHO-BLO Echo blocking tim
min. 0.01 ]
max. 32.00 _—
2300 USER LOGIC FUNCTIONS \J
2302 T-PICKUP 1 lst user 1 nction: Pick-up time
min. 0.00 s
max. 32.00/ —_—
2303 T-DROP 1 st u logic function: Drop-off time
min. 0.00 ]
max. 32.00/e —_—
2305 T-PICKUP 2 2@r logic function: Pick-up time
min. 0.00
max. 32.00/
2306 T-DROP 2 ~~\‘nd user logic function: Drop-off time
min. 0.00 S
max. 32.00/
2600

2601

2602

EMERGENCYCURRENT PROT

EME .Qah‘i. Emergency overcurrent definite time protection
ON [ 1 on
0 [ 1 off
I>> Highset phase overcurrent threshold (DT) I>>
min. 0.50 I/In
max..9.99 e
T-I>> Delay time for I>> TI>>
in. 0.00 S
max. 32.00/ e
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2612 I> Phase overcurrent threshold (DT) I>
min. 0.10 I/In
max. 4.00 _—

2613 T-I> Delay time for I> TI> 0
min. 0.00 S

max. 32.00/e  —

2621 M/CLOSE PH Phase overcurrent stage effect.: Manual cf%se
I>> UNDELAYED [ 1] I>> undelayed
I> UNDELAYED [ ] I> undelayed
INEFFECTIVE [ ] Ineffective .~\-.
2623 RAR ZONE P Phase overcurrent stage effect.: o reclose
I>> WITH AR [ ] I> only with AR
I>> ALWAYS [ ] I>> always Q
2642 IE> Earth overcurrent thresh ) IE>
min. 0.10 I/In
max. 4.00 _—
2643 T-1IE> Delay time for I T
min. 0.00 ]

max. 32.00/e  —

2651 M/CLOSE E Earth overcu stadge effect: Manual close
TIE> UNDELAYED [ 1] Ie> undelaye
INEFFECTIVE [ 1] Ineffective

2700 THERMAL OVERLOAD PROT.

2701 THERMAL OL Stat thermal overload protection
ALARM ONLY [ ] Al y
ON [ 1 o
OFF [ ] f

2702 K-FACTOR - tor for thermal overload protection
min. 0.10 S

max. 4.00 —Q‘i~
2703 T-CONSTANT K Time constant for thermal overload protection
min. 1.0 min

max. 999.9

2704 © WARN Thermal warning stage
min. 50 %
max. 0 E—

2705 I R Current warning stage
m .1 I/In
max E—
2706 O/L CALCUL Calculation method for thermal stages
® MAX [ 1] Theta max
® MEAN [ Theta mean
[

]
® FROM IMAX ] Theta from Imax
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2900 MEAS.VALUE SUPERVISION

2901 SYM.Uthres Symmetry threshold for voltage monitoring O
min. 10 \
max. 100 _—

2902 SYM.Fact.U Symmetry factor for voltage monitoring
min. 0.58 P
max. 0.95 _—

2903 SYM.Ithres Symmetry threshold for current i%g
min. 0.10 I/In
max. 1.00 _—

2904 SYM.Fact.I Symmetry factor for current @ng
min. 0.10
max. 0.95 _—

2905 SUM.Ithres Summation threshold for r t monitoring
min. 0.10 I/In
max. 2.00 _—

2906 SUM.Fact.I Factor for curren on monitoring
min. 0.00
max. 0.95 _—

2907 UMEAS U< Threshold for t failure monitor
min. 10 \
max. 125 _—

2908 UMEAS I> Minimum c for voltage failure monitor
min. 0.06 I/In
max. 1.00 _—

2910 FUSE-FAIL Fus a re monitoring (FFM)

ON [ 1 on
OFF [ 1o

2911 FFM 3*Uo> S cement voltage level for FFM
min. 10 /'S \
max. 100 x

2912 FFM Ie< K arth current for fuse failure monitoring
min. 0.10 I/In

max. 1.00
3000 EARTHEKO -EARTHED NET
3001 EA FAUL Sensitive earth fault det. in non-earthed net
AL N
ON
OFF

Alarm only

on
off
3002 Ue>. Displacement voltage level Ue>
min. 10 \Y
ax. 100 E—
ph< Phase-earth voltage of faulted phase Uph<
min. 10 \Y
max. 100 E—
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3004 Uph> Phase-earth voltage of healthy phases Uph>
min. 10 4
max. 100 E—

3005 Ie> Current level for directional determinatio
min. 0.003 A
max. 1.000 E—

3006 CT ERR. Il Second. current I1 for max error angle of‘E.T.
min. 0.003 A
max. 1.600 E—

3007 CT ERR. F1 Error angle of C.T. at Il &

3008 CT ERR. I2 Second. current I2 for max r angle of C.T.

min. 0.003 A

max. 1.600 — Q
3009 CT ERR. F2 Error angle of C.T.

min. 0.0 ’

max. 5.0 _—

3010 T-E/F Duration of di ent voltage for E/F det.

min. 0.0 S .,‘-'

3100 EARTHFAULT DIREC/NON-DIREC @

3101 E/F D.T. Ear 1t definite time protection
ON [ 1 on
OFF [ ] of\

3103 Ie> Bdc value for earth current detection
min. 0.10
max. 4.00
1 4 4. . . . .
3104 Ue> imum voltage for directional determination
min. 1.0 \Y
max. 10.0 \
3106 T-DIRECT. Delay time for directional trip
min. 0.00 S
max. 32.0 —_—
3107 DIRECTIO Direction for directional stage
Forwards
Reverse
Non-directional
3108 T-NON R. Delay time for non-directional trip
min. 0.00 S

maxe 32.00/  —

T-BLOCK Blocking time after dist.prot. has dropped off
in. 0.01 s
max. 320.00 E—
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3200 EARTHFAULT DIREC.COMPARISON
3201 E/F COMPAR Directional comparison for E/F def. time pr O

ON [ ] on
OFF [ 1 off

3202 T-DELAY Delay time for transmission and trip on recept
min. 0.00 s

max. 32.00/e  —

L 4
3203 T-TRANSBLO Transient blocking time after e ez@ault
min. 0.01 s

max. 32.00 _—
3204 T-WAIT Waiting time for trans.block. ing recept)
min. 0.01 s

max. 32.00/e  —

3210 E/F ECHO Echo function for direction comparison
ON [ ] on
OFF [ 1 off

3211 T-ECHO-DEL Echo delay time
min. 0.01 ]

max. 32.00/e  —

3212 T-ECHO-IMP Duration of e impulse
min. 0.02 s
max. 32.00 e

3213 T-ECHO-BLO Echo blocki ime
min. 0.01 s

max. 32.00 e

3300 EARTHFAULT NON-DIRECTI

3301 E/F I.T. rectional inverse time E/F protection
ON ol Ijon

NORMAL INVERSE Normal inverse
VERY INVERSE Very inverse
EXTREMELY INVERS)[ ] Extremely inverse
3303 Ie> Pick-up value for earth current detection

min. O&@ I/In

Delay time multiplier
s

OFF \
3302 E/F CHARAC \ rip time characteristic
[

3304

3305 T—BQQCK Blocking time after dist.prot. has dropped off
min. 0.01 s
ax. 320.00 —
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3400

3401

3402

3403

3405

3406

3407

3412

3413

3415

3419

3422

3423

3424

AUTORECLOSE FUNCTION

AR FUNCT

ON

OFF

AR BLO REV

YES

NO

MC BLOCK

YES

NO

T-RECLAIM

min. 0.50

max. 320.00 E—
T-LOCK

min. 0.50

max. 320.00/e _
T-BLOCK MC

min. 0.50

max. 320.00 E—
CB? 1.TRIP

YES

NO

CB? CLOSE

CB? NEVER

CB? WITH EACH AR

CB? WITH 2nd AR
T-CB-SUPV

min. 0.01

max. 320.00 e
SYN-REQUST e

BEFORE 3POLE AR

ONLY BEFORE DAR
BEFORE 2nd D
NEVER

PROG. < ’
THREE-POL

RAR

SINGLE-P

1-P TH U0

1-POL /0 U0
RAR,T-ACT.

min. 0.01

max. 320.00/c _—
RAR T-3POL

min. 0.01

max. 320.00 _—

SINGL&E OL
PROC.

[E I —

Auto-reclose function O
on
off

Auto-reclose block with reverse faults

yes

no ¢
Auto-reclose block with manual o%
yes

no

S

Reclaim time after success%@

Lock-out time after unsuccessful AR
s

Blocking duration '@ual close

S
CB ready inte g
yes
no
@ogation before reclosing
each AR

2nd AR

ion at 1lst trip command

CB read
CB?
CB? 4w h

CB2 witl
C'Qiﬁs‘.

breaker supervision time

< AR!request for synchro-check
% ore 3pole AR
[

&

nly before DAR
Before second DAR
Never

Rapid auto-reclose program
Three-pole

Single-pole
Single/three-pole

3U0 processing measurement before closing
Ineffective

l-pole with U0

l-pole without UO

Rapid auto-reclose action time

S

RAR 3pole dead time
s
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3426 RAR T-1POL RAR 1lpole dead time
min. 0.01 s
max. 320.00 —_—
3427 RAR T1POL2 RAR accelerated lpole dead time (UO depend@
min. 0.01 s
max. 320.00 —_—
3428 EV.F.RECOG Evolving fault recognition with lpole AR ¢
WITH FAULT DETEC [ ] With fault detection
WITH TRIP COMM. [ ] With trip command
3429 EV.F.BLOCK Blocking with evolving faults ‘--§
ALWAYS [ 1 Always
NEVER [ 1 Never
>T-DISCR. [ ] >'-discrimination
3430 T-DISCRIM Discrimination time for faults
min. 0.01 s
max. 320.00
3431 AR TRIP 3P 3p trip when AR isgybl during 1lp dead time
YES [ 1 yes
NO [ ] no
3442 DAR PROG. Delayed auto-ke e ‘program
NO DAR [ ] No DAR
DAR WITHOUT RAR [ 1] DAR without
DAR AFTER RAR [ 1] DAR only afte AR
3443 DAR No.1lPH Number of ots after 1 pole initiation
min. O
max. 9 —_—
3444 DAR No.3PH Num DAR shots after 3 pole initiation
min. O
max. 9 —_—
3445 DAR T-ACT. d auto-reclose action time
min. 0.01 /'S S
max. 320.00/« 4\
3446 DAR T3POL1 K AR 3pole dead time for 1st shot
min. 0.01 S
max. 1800.000
3447 DAR T3POL2 DAR 3pole dead time for 2nd shot
min. S
max.

3448

DAR 3pole dead time for 3rd and further shots
s

CHEé% SYNCHRONISM

YNC-CHECK

N
OFF

——

—

Synchro-check function
on
off

306
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3502 U<
min. 2
max. 60
3503 U>
min. 20
max. 125
3505 DELTA U<
min. 2
max. 50
3506 DELTA f<
min. 0.03
max. 1.00
3507 DELTA PHIK
min. 1
max. 60
3508 DEL.f<SYNC
min. 0.01
max. 0.10/e
3515 SYNCHR.
YES
NO
3516 U1l>U2<
NO
YES

3517 Ul<U2>
NO
YES
3518 Ul<U2<
NO
YES

3519 OVERRIDE
NO
YES
3521 SYN.MAN.CL
ON
OFF

3522 MC D

0.
3525 MC C
3526 MC 81>U2<

NO
ES

N

[
[

[
[

——

——

—

—

—

]

]

—

—

—

Maximum
\Y%

Minimum
\Y%

Maximum
\Y%

Maximum
Hz

Maximum

Maximum
Hz

Synchronism-c

yes
no

Live line

no
yes

Dea

no
ye§~~~~¥1
a ine / dead bus

e
Q~h~p rride of any check before AR
[ o

x$

yes

Synchro-

on
off

voltage for dead line or busbar

voltage for live line or busbar O

voltage difference ¢

angle difference 0

freq. differm r synchronous AR

(U1l>/02>)

frequency difference

ore AR

R

d bus check before AR (U1>/U2<)
/ live bus check before AR (Ul</U2>)
check before AR (U1l</U2<)

check with manual close

Frequency difference for synchronous MC

Hz

Synchro-

yes
no

Live line/dead bus check before MC

no
yes

check before MC (U1>/U2>)

(U1>/02<)
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3527 MC U1<U2>
NO
YES

3528 MC U1<U2<
NO
YES

3529 MC O/RIDE
NO
YES

3530 T-SYN.SUPV
min. 0.01
max. 320.00

3531 T IN-SYNC
min. 0.00
max. 32.00

Dead line/live bus check before MC (Ul</U2>)
[ ] no
[ ] yes

Dead line/dead bus check before MC (U1</U20
[ ] no
[ ] yes

Override of any check before MC ¢
[ ] no
[ ] yes

Synchro-check supervision time@

S

Synchronism criteria maint ed)timer

3800 FAULT LOCATION

3802 START
DROP-OFF or TRIP
TRIP COMMAND

3805 PARAL.LINE
NO
YES

B

Start conditio ult locator
[ ] Drop-off or tki
[ ] Trip command

Parallel line%npensation
no
yes

N
>
&

——
—

¢

N
o>
&

L 4
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Tests and Commissioning Aids 7SA511 O
4000 TESTS < ?

4200 DIRECTION/ IMPEDANCES

4
4201 DIREC. TEST Direction test L1-E %
4202 IMPEDANCES Impedance test L1-E ‘--'
4203 DIREC. TEST Direction test L2-E (b
4204 IMPEDANCES Impedance test L2-E 0
4205 DIREC. TEST Direction test L3-E
4206 IMPEDANCES Impedance test L3-E Q
4207 DIREC. TEST Direction test LlszL2
4208 IMPEDANCES Impedance test L1-
4209 DIREC. TEST Direction te -
4210 IMPEDANCES Impedance te& 3
4211 DIREC. TEST Direction t“B3-L1
4212 IMPEDANCES Impe L3-1L1
4300 CB TEST TRIP-CLOSE CYC \
4301 CB TEST t breaker test with AR 1lpole L1
4302 CB TEST /'S @cuit breaker test with AR lpole L2

4303 CB TEST .-~pircuit breaker test with AR 1lpole L3

4304 CB TEST \\ Circuit breaker test with AR 3pole

4305 CB TEST O Circuit breaker test with AR sequence L1-L2-L3
4400 CB S TRIP

4401 C P Circuit breaker trip test 1lpole L1

4402 CB TR Circuit breaker trip test 1lpole L2

4403 CB‘zRIP Circuit breaker trip test 1lpole L3

4 CB TRIP Circuit breaker trip test 3pole

900 TEST FAULT RECORDING

4901 FAULT REC. Initiation of fault recording
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Annunciations, Measured Values etc. 7SA511

5000 ANNUNCIATIONS

C)Q

5100 OPERATIONAL ANNUNCIATIONS

5200 LAST FAULT

5300 2nd TO LAST FAULT

5400 3rd TO LAST FAULT

5500 ISOLATED EARTH FLT DATA

5600 CB OPERAT. STATISTICS

5601 AR 1lpole=
5602 AR 3pole=
5603 DAR 3pol=

No. of auto-r
No. of auto-r

N

.
%7
&

ommands:1lp RAR

commands:3p RAR
commands:3p DAR

e e
No. of au c
Number o commands :
b

5604 TripNo Ll= Phase L1
5605 TripNo L2= Number p commands: Phase L2
5606 TripNo L3= Number commands: Phase L3
5607 Y»IL1l/In= Summat rent tripped IL1/In
5608 »IL2/In= Summa rent tripped IL2/In
5609 »IL3/In= Summa rrent tripped IL3/In
5700 OPERATIONAL MEASURED@S

5701 IL1 = & ent in phase IL1 =

5702 IL2 = rrent in phase IL2 =

5703 IL3 = urrent in phase IL3 =

5704 UL1lE= Voltage ULIE =

5705 ULZE= Voltage UL2E =

5706 UL3E= Voltage UL3E =

5707 UL1l2= Voltage ULl2 =

5708 UL23= Voltage UL23 =

5709 UL31= Voltage UL31 =

5710 Pa= Active power Pa =

5711 Pr= Reactive power Pr =

5712 £ [%]= Frequency f [%] =

5713 IL1[%] * Current in phase IL1 [%] =

5714 1 (%] = Current in phase IL2 [%] =

5715 %] = Current in phase IL3 [%] =

5716 $1= UL1lE [%]=

571 $1= UL2E [%]=

571 [$]= UL3E [%]=

5 L12[%]= ULl2 [%] =
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5720 UL23[%]= UL23 [%] =
5721 UL31[%]= UL31 [%] =
5722 Pal[%]= Active power Pa [%] =
5723 Pr[%]= Reactive power Pr [%] = < ’
5800 ISOL. E/F MEASURED VALUES P
5801 Tea = Iea =
5802 TIer = Ier =
5803 Iea[mA]= Iea [mA] =
5804 Ier[mA]= Ier [mA] =
5900 OVERLOAD MEASURED VALUES
5901 ®/@tripLl= Temperature rise fogp phase L1
5902 ®/0triplL2= Temperature rise fo ase L2
5903 ©/@tripL3= Temperature rise ase L3
5904 ©/0trip = Temperat. rise f ning and trip

&

¢

>
N
&

N
o>
&

L 4
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Reference Table for Configuration Parameters 7SA511 O

6000 MARSHALLING < ’

6100 MARSHALLING BINARY INPUTS

6101 BINARY INPUT 1 Binary input 1

6102 BINARY INPUT 2 Binary input 2

=
P
Q

6103 BINARY INPUT 3 Binary input 3 \

6104 BINARY INPUT 4 Binary An 4

6105 BINARY INPUT 5

6106 BINARY INPU @

Binary input 6
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6107

6108

6109

6110

BINARY INPUT 7

BINARY INPUT 8

BINARY INPUT 9

BINARY INPUT 10

Binary input 7 O

O

Binary input 8

Binary input 9

O

Binary in

MARSHALLING SIGNAL

K

6200 xz
6201 SIGNAL RELAY 1 @ al relay 1

L 4

6202 SIGNAL Signal relay 2

6203 GNAL RELAY 3 Signal relay 3

C53000—-G1176—-C98
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6204 SIGNAL RELAY 4 Signal relay 4 O

6205 SIGNAL RELAY 5 Signal
6206 SIGNAL RELAY 6 Signal
6207 SIGNAL RELAY 7 Signal
6208 SIGNAL RELAY 8 Signal
6209 SIGNAL RELAY 9 ’\ elay 9

6210 SIGNAL RE @ Signal relay 10

R
s
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6211 SIGNAL RELAY 11 Signal relay 11 O

6300 MARSHALLING LED INDICATORS %
6301 LED 1 LED 1 \

6302 LED 2 LED 2 @

6303 LED 3 LED 3

6304 LED 4 @ 4

6305 LED 5 LED 5

630 D LED 6
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6307

6308

6309

6310

6311

6312

6313

LED 7 LED 7 O
LED 8 LED 8 *
\@
LED 9 LED 9 \‘ E
LED 10 LED 10
\;
%\
LED 11 LED 11
L 4

LED 13 @ LED

R
$
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6314 LED 14 LED 14 O
<@
6400 MARSHALLING TRIP RELAYS %
6401 TRIP RELAY 1 Trip relay 1 \
6402 TRIP RELAY 2 Trip relay 2 @3
6403 TRIP RELAY 3 Trip re&,
6404 TRIP RELAY 4 @1 relay 4
L 4
6405 TRIP RE 5 Trip relay 5
7000 OP. SYSTEM CONFIGURATION
4
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7100 INTEGRATED OPERATION
7102 DATE FORMAT Date format
DD.MM.YYYY [ ] dd.mm.yyyy
MM/DD/YYYY [ ] mm/dd/yyyy
7105 OPER. 1st L Operational message for 1lst display line

7106

7107

L
OPER. 2nd L Operational message for 2nd display'\%

FAULT 1st L Fault message for 1lst display 1li @

7108 FAULT 2nd L Fault message for 2nd displ 1
7110 FAULT INDIC Fault indication: LED
WITH FAULT DETEC [ ] With fault detection
WITH TRIP COMM. [ ] With trip command
7200 PC/SYSTEM INTERFACES \
7201 DEVICE ADD. Device addres
min. 1
max. 254 _—
7202 FEEDER ADD. Feeder r
min. 1
max. 254 _—
7203 SUBST. ADD. Su address
min. 1 S
max. 254 _—

7208

7209

7211

7214

FUNCT. TYPE %ction type in accordance with VDEW/ZVEI
min. 1 .,‘-'

max. 254 0

DEVICE TYPE Device type

min. 1

max. 254 \

PC INT Data format for PC-interface

DIGSI [ ] DIGSI V3

ASCII [ ] ASCII

PC GAPS Transmission gaps for PC-interface
min. O.q' S

m 5.0 E—
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7215 PC BAUDRATE
9600 BAUD
19200 BAUD
1200 BAUD
2400 BAUD
4800 BAUD

7216 PC PARITY
DIGSI V3
NO 2 STOP
NO 1 STOP

7221 SYS INTERF.
VDEW COMPATIBLE
VDEW EXTENDED
DIGSI V3
LSA

7222 SYS MEASUR.
VDEW COMPATIBLE
VDEW EXTENDED

7224 SYS GAPS
min. 0.0

max. 5.0 _—

7225 SYS BAUDR.
9600 BAUD
19200 BAUD
1200 BAUD
2400 BAUD
4800 BAUD

7226 SYS PARITY
VDEW/DIGSIV3/LSA

NO 2 STOP
NO 1 STOP

7235 SYS PAR &
i\,
YES

7239 78M70
NOT TED
C E

— e e

———

— e

— e e

[

[
[

[ S S S '

[ S Y

[ S Sy W

Transmission baud rate for PC-interface
9600 Baud
19200 Baud

1200 Baud
2400 Baud
4800 Baud

Parity and stop-bits for PC—interface.
DIGSI V3

No parity,2 stopbits

No parity,1l stopbit

Data format for system-int \

VDEW compatible

VDEW extended

DIGSI V3
LSA

Measurement format r stem-interface
VDEW compatible

VDEW extended

Transmission system-interface

s

Transmiss d rate for system-interface
9600 Ba

19200 Ba

1200

2400
B

ty and stop-bits for system-interface
D DIGSI V3/LSA
rity,2 stopbits
]

E‘12:,‘
line-switch VDEW-DIGSI enabled

7227 SYS-SWITCH
NO 7S [
YES Q-~

arity,1l stopbit

n
no
yes
Parameterizing via system-interface

no
yes

Fault location output with 7SM70/7SM71
Not connected
Connected

7400 U, RECORDINGS

7402 INITIATION
.STORAGE BY FD.
STORAGE BY TRIP
START WITH TRIP

403 SCOPE
FAULT EVENT
FAULT IN POW.SYS

Initiation of data storage
Storage by fault det
Storage by trip

Start with trip

Scope of stored data
Fault event
Fault in power syst.
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7410 T-MAX Maximum time period of a fault recording
min. 0.30 s
max. 5.00 _—
7411 T-PRE Pre-trigger time for fault recording 0
min. 0.05 s
max. 0.50 _—
7412 T-POST Post-fault time for fault recording ¢
min. 0.05 s
max. 0.50 _—
7431 T-BINARY IN Storage time by initiation via bina i t
min. 0.10 ]
max. 5.00/« —_—
7432 T-KEYBOARD Storage time by initiation via bodrd
min. 0.10 s
max. 5.00 _—
7490 SYS LENGTH Length of fault record (f SA)
660 VALUES FIX [ ] 660 values fix
<=3000 VAL. VAR [ ] <=3000 val. var
7800 SCOPE OF FUNCTIONS \
7812 DIST. PROT. Distance protecth&
EXIST [ 1] Existent
NON-EXIST [ ] Non-existent
7813 DIST.F.DET. Distance ction: Fault detection program
OVERCURRENT [ 1 Overcunre .
IMPEDANCE ZONE [ ] Impedan Z0 FD.
U/I FAULT DET. [ ] U/I fa tection
7820 POWER SWING Power detection
NON-EXIST [ 1 No i nt
EXIST [ ]1eExilste
7821 TELEPROTEC. gahgrotection for distance protection
NON-EXIST n-existent
UNDERREACH [ Underreach
OVERREACH ] erreach
7823 USER LOGIC User definable logic functions
NON-EXIST ] Non-existent
EXIST \ ] Existent
7826 EMERG. 07/C Emergency overcurrent time protection
EXIST [ ] Existent
NON-EXTI [ ] Non—-existent
7827 THERMAL OL Thermal overload protection
NON—EXI§; [ ] Non—-existent
EXLST [ ] Existent
7830 E/F Earth fault detection for isol./comp. networks
—-EXIST [ ] Non—-existent
E T [ ] Existent
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7831

7834

7835

7838

7885

7899

EARTH FAULT
NON-EXIST
DIR/NON-DIR
DIREC.COMPARISON
INVERSE TIME

INTERNAL AR
NON-EXIST
EXIST

SYNCH.CHECK
NON-EXIST
EXIST

FAULT LOCAT
EXIST
NON-EXIST

PARAM. C/O
NON-EXIST
EXIST

FREQUENCY
fN 50 Hz
fN 60 Hz

— e

[ S Y

Earth fault protection for earthed networ

Non-existent

Directional/non-dir.

Direc. compar
Inverse time

ison

O

Internal auto-reclose function

Non-existent
Existent

Non-existent

L

Internal synchronism and vo@eck

Existent

Fault locator
Existent
Non-existent

Parameter change-ov,

Non-existent

7900

7910

7912

7921

7926

7930

DEVICE CONFIGURATION

CB TEST BI
TRIP-CLOSE 3POLE
SEQU. L1-L2-1L3
THREE-POLE TRIP

AR w/ DIST.
YES
NO

AR w/o TELE 4 ( ?
YES

NO “;.' [
AR w/ EME&

YES
NO
F

AR w

Y
(6]
w/HE/F
S,

7941.AR w/ EXT.

YES
NO

[
[
[

[
[

[
[

] Existent

Rated system Yy
] £N 50 Hz
] £fN 60 Hz

CB_t binary input program
] P C 3pole
] nce L1-L2-1L3

ce-pole trip
o-reclose with distance protection
e

Auto-reclose when teleprotect. is not operativ

yes
] no

Auto-reclose with emergency overcurrent prot.
] yes
1 no

Auto-reclose with E/F det. in isol./comp. net
] yes
] no

Auto-reclose with E/F protect. in earthed net
] yes
1 no

Auto-reclose with ext. trip via binary input
] yes
] no
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Operational Device Control Facilities 7SA511

8000 DEVICE CONTROL

OO

8100 SETTING REAL TIME CLOCK P
8101 DATE / TIME Actual date and time %
8102 DATE Setting new date \
8103 TIME Setting new time @
8104 DIFF. TIME Setting difference time
8200 RESET
8201 RESET Reset of LED memories
8202 RESET Reset of operational anhuneiation buffer
8203 RESET Reset of fault annunci n buffer
8204 RESET Reset of CB oper{f&ounters
8205 RESET Reset of the t interrupted currents
8206 RESET Reset of t report buffer
8300 SYS-VDEW ANNUNC.-MEAS.VAL
8301 SYS TEST Testi system-interface
OFF [ 1 off
ON [ ]14on
8302 SYS BLOCK loéking of monitoring direction via sys.-int.
OFF f
ON [ on
8500 PARAMETER CHA VER
8501 ACTIV P --~. Actual active parameter set
8503 ACTIVA Activation of parameter set
SET A [ 1 Set a
SET B [ 1 Set b
SET C [ 1 Set ¢
SET D [ 1 Set d
S BY éEN.INPUT [ ] Set via binary input
ETQBY LSA CONTR [ ] Set by lsa control
851 Y Copy original parameter set to set A
38 OPY Copy original parameter set to set B
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8512 COPY Copy original parameter set to set C

8513 COPY Copy original parameter set to set D O
8514 COPY Copy parameter set A to set B 0
8515 COPY Copy parameter set A to set C

8516 COPY Copy parameter set A to set D ¢

8519 COPY Copy parameter set B to
8520 COPY Copy parameter set C tQA
8521 COPY Copy parameter set Q

8522 COPY Copy parameter s te set D
8523 COPY Copy paramete mo set A

t
D to set B

8517 COPY Copy parameter set B to se %
8518 COPY Copy parameter set B to se\
(05
e
et B

8524 COPY Copy para

t
8525 COPY Copy para e et D to set C

9800 OPERATING SYSTEM CONTROL @

9802 MONITOR or
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Corrections/Suggestions

To

SIEMENS AKTIENGESELLSCHAFT
Dept. EV S SUP 21

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

C53000—-G1176-C98—-6
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