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Conformity

This product is in conformity with the directive of the Council of the European
tion of the laws of the Member States relating to electromagnetic compa
89/336/EEC) and concerning electrical equipment for application within s

directive 73/23 EEC).

oltage limits (Low-voltage

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 57435 part 303 (corresponding to VDE 04354

2 C53000-G1176—-C99



7UT51v3 Contents

Contents

1 Introduction ... ... .. 8
1.1 AppPliCatioN . .. .. 8
1.2 Features ........... .. . . i m T 9
1.3 Implemented functions .. ........... ... . . W 9
2 Design ... N 11
2.1 Arrangements . ... ... B A 11
2.2 DIMeNnsSiONSs . ....... ... ... 13
2.3 Orderingdata ................ .. . ... T 17
3 TechnicalData ............... ... . . A 18
3.1 Generaldata .......... ... .. . . M 18
3.1.1 INPUES/OULPULS . .. .o i M e e 18
3.1.2 Electricaltests ......... .. oo 20
3.1.3 Mechanical Stress teStS . ... ... ot e e e et 21
3.1.4 Climatic stresstests . . ... A 21
3.1.5 Service conditions ... g 22
3.1.6 Design . ... 22
3.2 Differential protection for transformers ... ............ ... .. .. .. i 23
3.3 Differential protection for genperators and motors ............. ... .. ... .. ... ... ... 26
34 Differential protection for branchipoints ............. ... ... . ... ... . . .. i 28
3.5 Restricted earth fault protection (optional with 7UT513) . .......... ... ... ... o it 29
3.6 Overcurrent time proteCtion .. ... .. . . 31
3.7 Overload protection . . .. ... ... 33
3.8 Tank leakage protection (optional with 7UT513) ........ .. i e 35
3.9 Direct local tripyviadbinary input .. ... .. 35
3.10 Ancillary fURCtiONS . .. ... ... .. e 36
4 Method of'operation .......... .. .. ... .. 38
41 Operation of complete unit . ...... ... ... . . . . . 38
4.2 Differential protection for transformers ........... ... ... ... . . .. i 40
4.2.1 Principle of measurement . ... ... 40
422 Matching of measured values . ........... .ottt 40
4.2:3 Evaluation of measured values . ......... ...t e 42
4.2.4 Harmonic stabilization .. .......... . 43
4.2.5 Add-on stabilization during current transformer saturation ............. ... .. oo oo 44
4.:2.6 Speedy unstabilized trip with high current transformerfault ............ ... ... ... ... . ... 44
4.2.7 PICK-UD THPING . . oo 44
4.2.8 Use on single-phase transformers .. ... ... i 46

C53000-G1176—-C99 3



7UT51 v3 Contents

4.3 Differential protection for generatorsand motors ................ ... ... ... ... L 47
4.3.1 Principle of measurement .. ... ... 47
4.3.2 Definition of measured CUIrents . ... ... .. e 47
4.3.3 Evaluation of measured values ......... ... ... i i 48
4.3.4 Add-on stabilization during current transformer saturation ............. ... .. .o oG 49
435 PICK-UP/ TP PING . .ot e 49
4.4 Differential protection for branch points ............ ... .. ... ... ... 51
4.41 Principle of measurement . ... ... 51
442 Matching of measured values ............ .. i 51
443 Evaluation of measured values ............... i 52
4.4.4 Add-on stabilization during current transformer saturation ........... .. ... W ... 53
445 Pick-up/Tripping .. ... e AN 53
4.5 Restricted earth fault protection (optional with 7UT513) .......... ... @ ad oot 55
4.5.1 Principle of restricted earth fault protection . ......... ... e W 55
452 Evaluation of the measured quantities ............ ... i W 56
4.6 Overcurrent time protection ........... ... .. ... .. . . @ 58
4.7 Thermal overload protection . .......... ... ... .. 59
4.8 Tank leakage protection (optional with 7UT513) ...... G G- oo 60
4.9 Processing of external trip signals and user definable,annunciations ................... 60
4.10 Tripping matrix ............ R 60
4.11 Ancillary functions ........... ... .. e 61
4.11.1  Processing of annunciations . ....... ... . i me M. oo 61
4.11.1.1 Indications and binary outputs (signalrelays) £ . 40y -« v oo 61
4.11.1.2 Information on the display panel or to a pegfSenal Computer .............. .o .. 61
4.11.1.3 Information to a central unit (optional) 4. .. 4. ... . 62
4.11.2 Data storage and transmission for fault reegrding ............ ... . i 62
4.11.3 Routine operational measurements andieaddata ............... ... ... . ... 63
4.11.4 Monitoring functions . ....... .. @ . . 63
4.11.4.1 Hardware monitoring .. ... . 0 63
4.11.4.2 Software Monitoring . .. ....... g8 . 64
4.11.4.3 Monitoring of external measuring, transformer circuits ............ ... ... ... L. 64
5 Installation instructions,. . .................... . 65
5.1 Unpacking and repacKing 0. . ... ... 65
5.2 Preparations . ... . . 65
5.21 Mounting and COMNEELIONS . . . .. ...t e 66
5.2.1.1  Model 7UT5%%x —kDxkx for panel surface mounting ......... ... ... ... . ... 66
5.2.1.2 Model 7UF51xx=xCrxx for panel flush mounting or 7UT51%x—%Ex*x for cubicle installation . 66
5.2.2 Checking thefrated'data ............ .. 66
5.2.2.1 Differentrated CUITentS . .. ... ... 66
5.2.2.2 Control d.c. valtage of binary inputs . ......... . 68
523 Inserting the back-up battery . ... 70
524 Checkinggthe LSA transmission lINK .. ... ... e 73
525 CONNECIONS ... e 74
5.2.5.1 @Standard connection 7UT 512 . ... ... 74
5.2.5.2, Standard connection 7UT 518 . ... ... 74
5.2.5.8, Further connection possibilities 7UT513 . ... ... 75
5.2.5%, 5 Considerably different rated powers with three-winding transformers ....................... 77
512,516 Connection of single-phase transformers .......... ... 77
5:2.6 Checking the connections . ... ... .. i 79

4 C53000-G1176—-C99



7UT51v3 Contents

5.3

5.3.1
53.2
5.3.3
534

5.4
541
54.2

5.5

5.5.1
5.5.2
5.5.3
554
5.5.5

6.1

6.2

6.2.1
6.2.2
6.2.3
6.2.4

6.3
6.3.1
6.3.1.1
6.3.1.
6.3.1.3
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7
6.3.8
6.3.9
6.3.10
6.3.11
6.3.12
6.3.13
6.3.14
6.3.15

6.4

6.4.1
6.4.2
6.4.3
6.4.4

\V]

Configuration of operation and memory functions .. ..................................0 80
Operational preconditions and general ........... ... ... i . P"N 80
Settings for integrated operation — address block 71 ........ ... ... ... . oo e 81
Configuration of the serial interfaces — address block 72 ......................... % . ™ 83
Settings for fault recording — address block 74 . . ........ ... i i 86
Configuration of the protective functions .............. ... ... ... ... ... ... o 88
INIrOAUCHION . .o 88
Programming the scope of functions — address block 78 .. .......................0 ... .... 90
Marshalling of binary inputs, binary outputs and LED indicators ..... L. 4" % ........... 92
Introduction . ... .. e 92
Marshalling of the binary inputs — address block 61 ............... ¢ ... ... .. 94
Marshalling of the signal output relays — address block 62 ........ 0L 4. . ... .t 96
Marshalling of the LED indicators — address block 63 ... ....... % .t oo .. 101
Marshalling of the command (trip) relays — address block 64 . .a. ... My ..o ... 103
Operating instructions ...................... .. 8 . . Y. 107
Safety precautions . ........... ... ... A 107
Dialog withtherelay ........... ... ... .. . Q0. Gl 107
Membrane keyboard and display panel ...... . ... 8. W . . 107
Operation with a personal computer ....... . 0 W oot 108
Operational preconditions ............ .. 80 . oo 108
Representation of the relay (front views) ... @ g - oo 109
Setting the functional parameters ..... . . W . . . . 111
Introduction . ... A R 111
Parameterizing procedure . ..... @ .. e od 111
Selectable parameter sets . ... .40 . . A 112
Setting of date and time .. ... g . C O . 113
Initial displays — address blocks Q@and¥O . ... 114
Transformer data — address bléek 11(for use as transformer protection) .................. 114
Generator or motor data — addressblock 12 (for use as generator or motor protection) ... .. 119
Branch point data — addre8s bloek 13 (for use as branch point protection) ................ 120
Data of a virtual objeet —'address block 14 (7UT5130nly) ..., 122
Settings for the transformer differential protection — address block 16 ..................... 123
Settings for the generator ob motor differential protection — address block 17 .............. 127
Settings for the branchpeint differential protection — address block 18 .................... 130
Settings for the gestricted earth fault protection — address block 19 ....................... 133
Settings for back-up'overcurrent time protection — address block 21 ...................... 135
Settings for thermal‘overload protection — address blocks 24 and25 ..................... 137
Settings for the tank leakage protection — address block 27 ............ ... ... ... .. 140
Settingsifor'measured value monitoring — address block29 ............ ... ... ... ... ... 141
Colpling external trip signals — address blocks 30 and 31 ............ .. ... it 142
ANNUNCIALIONS . ... ... 143
INtrOdUEEION . .. . o 143
Operational annunciations — address block 51 . ... ... . i 144
Fault annunciations — address block 521054 . ... ... i 150
Read-out of operational measured values — address blocks 57 and 59 .................... 155

C53000-G1176—-C99 5



7UT51 v3 Contents

6.5 Operational control facilities ... .......... ... ... . . 159
6.5.1 Adjusting and synchronizing the real time clock — address block 81 ...................... 159
6.5.2 Erasing stored annunciations and counters — address block 82 .......................... 160
6.5.3 Information to LSA during test operation — address block 83 ............. ... ...y 161
6.5.4 Selection of parameter sets — address block 85 . .......... ... iy 162
6.5.4.1 Read-out of settings of aparameterset ........ ... . . . 162
6.5.4.2 Change-over of the active parameter set from the operating panel ........................ 162
6.5.4.3 Change-over of the active parameter setviabinary inputs ................ .. ... ... ... @ 163
6.6 Testing and commissioning .............. ... ... ... i 164
6.6.1 General . ...y 164
6.6.2 Testing the transformer differential protection .......... ... .. .. L M 165
6.6.3 Testing the generator or motor differential protection .......... ... .. ... .. ... .. 168
6.6.4 Testing the branch point differential protection ............. .. ... ... V0 A oot 169
6.6.5 Testing the restricted earth fault protection (if fitted) ........... ... .. . . ... 169
6.6.6 Testing the back-up overcurrent time protection ............. ... ... . .07 .. 170
6.6.6.1 Testing the high-set overcurrent stage I>> ......... ... ... ... W . . . ... . 170
6.6.6.2 Testing the definite time overcurrentstage 1> ........ ... ... ... QL ... 7 ... ..o 170
6.6.6.3 Testing the inverse time overcurrentstage lp ................ ¢ ... 170
6.6.7 Testing the thermal overload protection functions ....... ... 0L 4. 0. ... .. ... ... ..... 171
6.6.8 Testing the tank leakage protection (if fitted) ........... Q8. Gt . .o 172
6.6.9 Testing the coupling of external trip functions .. ... .. ... W oo i 172
6.7 Commissioning using primary tests ........ ... . .. 173
6.7.1 General hints ... ... R 173
6.7.2 Preparation of symmetrical currenttests ........ 6. 8 . 174
6.7.3 Realization of the symmetrical current tests — addresSyblock 41 .......................... 176
6.7.3.1 Tests concerning all applications . .. ... . iy o oo 177
6.7.3.2 Tests concerning protected objects with thfégterminals .............. ... ... ... ... . ... 182
6.7.4 Preparation of zero sequence currentteSts 4. ... ... ... . 187
6.7.5 Realization of the zero sequence currgnttests — address block 41 ....................... 189
6.7.6 Current tests for restricted earth fault protection — address block 41 ...................... 194
6.7.6.1 Measurement of the phase current rglationship ............ .. .. i i 194
6.7.6.2 Measured values of the restricted eartii'fault protection ............ .. ... .. ... L 195
6.7.7 Leaving test operation — address™locksd8 . ... ... ... . 197
6.7.8 Checking the coupling of exgernal tripjsignals ........... ... i 197
6.7.9 Switching tests and starting &testfatlt record — address block 49 ....................... 198
6.8 Putting the relay into @peration ........ ... ... . ... . 199
7 Maintenance and faulttracing ................... ...l 200
7.1 Routine CheCKS 4. . 47 4. . .o 200
7.2 Replacing thewbacksup battery .......... ... .. . .. 201
7.3 Fault traCingdy . .. . 203
7.3.1 Replacingythe mifli-fuse . ... ... 203
8 RePairs ... . 205
9 S O age .. .. . 205

6 C53000-G1176—-C99



7UT51v3 Contents

APPENiX ... o @B
A General diagrams .. ... .. 0 207

B CT CONNECHIONS . . .. . 212

NOTE: (b

This instruction manual does not purport to cover all The contents of thi
details in equipment, nor to provide for every possi- come part no i
ble contingency to be met in connection with instal- ment, commi
lation, operation or maintenance. tract cont

ction manual shall not be-
any prior or existing agree-
t or relationship. The sales con-
ntire obligations of Siemens. The

ed in the contract between the par-
warranty of Siemens. Any statements
herein do not create new warranties nor
existing warranty.

Should further information be desired or should par-
ticular problems arise which are not covered suffi-
ciently for the purchaser's purpose, the matter

should be referred to the local Siemens sales office. K

1))
R
.(,(b
<

O
&

L 4

C53000-G1176—-C99 7



7UT51 v3

Introduction

1 Introduction

1.1 Application

The numerical current differential protection 7UT51
is a fast and selective short-circuit protection for
transformers of all voltage levels, for rotating ma-
chines, or for branch points with max. three feeders.
The individual application can be configured, which
ensures optimum matching to the protected object.

Two models are available:

The smaller model 7UT512 (1/3 housing) is suitable
for generators, motors, two-winding transformers,
and branch points with two feeders. This unit con-
tains two re-assignable trip relays, four re-assign-
able alarm relays, two re-assignable binary inputs,
and six re-assignable LED indicators.

The larger model 7UT513 (1/2 housing) is used for
three-winding transformers and branch points with
three feeders. This unit contains five re-assignable
trip relays, 10 re-assignable alarm relays, five re-as-
signable binary inputs, and 14 re-assignable LED in-
dicators. It can also be used for generators and mo-
tors if the larger number of input and/or output fune-
tions is desired. In this case, the remaining mea-
sured current inputs can be used to protect any des
sired further protected object, the so-called "virtual
object”.

7UT51 is suitable also for single-phase,systems with
162/ Hz rated frequency. The particuldfeonditions
for this application are given in the chapters about
installation and connections.

7UT513 can optionally be ordered With restricted
earth fault protection for transformefs, reactors, or
rotating machines with earthed'star point. Instead, a
tank leakage protectiomforiransformers and reac-

tors with isolated tank can be ordered. Some restric-
tions are to be observed concerning the use of vari-
ous functions atthe same time (refer to,Section 5.4.1
for more details).

Both models contain an overcurrenttime protection
which can be use for back-up praotection and as-
signed to any of the windings or terminals of the pro-
tected object. Two thermal repliea for monitoring the
current-initiated heat losses, are available and can
be assigned to any of theywindings or terminals of
the protected object.

External sighalsy eig./from a Buchholz protection,
can be includedyin the processing of annunciations
of the device. w0’ additional trip commands from
external seurcésican be processed in order to be an-
nunciated, delayed, or allocated to the integrated
tripping matfix.

Throtghout a fault in the network the magnitudes of
the instantaneous values are stored for a period of
max. 5 seconds and are available for subsequent
fault analysis.

Continuous plausibility monitoring of the internal
measured value processing circuits and monitoring
of the auxiliary voltages to ensure that they remain
within tolerance are obviously inherent features.

Serial interfaces allow comprehensive communica-
tion with other digital control and storage devices
(optional). For data transmission a standardized
protocol in accordance with IEC 60870-5—-103 and
VDEW/ZVEI is used, as well as according DIN
19244. The device can therefore be incorporated in
Localized Substation Automation networks (LSA).

C53000-G1176—-C99
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1.2 Features

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

— complete digital measured value processing and
control from data acquisition and digitizing of the
measured values up to the trip decision for the cir-
cuit breakers;

— complete galvanic and reliable separation of the
internal processing circuits from the measure-
ment, control and supply circuits of the system,
with screened input transducers, binary input and
output modules and DC converter;

— insensitive against current transformer errors,
transient phenomena and interferences;

— comprehensive supplementary functions can be
ordered as options;

— 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 instantaneousyal-
ues during a fault for fault recording;

— communication with central control and storage
devices via serial interfaces is pogsiblegoptionally
with 2 kV insulation or for conhgctien offibre optic
wire;

— continuous monitoring of'the hardware and soft-
ware of the relay.

1.3 Implemented functions

7UT51 contains the following functions:
For use as transformer differential protection
— current-stabilized trip characteristic,

— stabilization against inrushgtrrents with 2nd har-
monic,

— stabilization against steady-state and transient er-
ror currents, e.g. caused by overexcitation, with a
selectable harmoniey(3rd; 4th, or 5th harmonic),

— insensitive togehe. coMponents and current trans-
former saturation;

— high stabilityjeven with different levels of current
transformer saturation,

< high-speed tripping for high-current transformer
faults,

— independent of the method of earthing of the
transformer neutrals,

— increased sensitivity for earth faults possible by
zero sequence current correction (7UT513 only),

— integrated matching of transformer vector group,

— integrated matching of c.t. transformation ratios
with consideration of different c.t. rated currents.

For use as generator or motor differential protec-
tion

— current-stabilized trip characteristic,
— high sensitivity,
— short trip time,

— insensitive to d.c. components and current trans-
former saturation,

— high stability even with different levels of current
transformer saturation,

— independent of the method of earthing of the ma-
chine neutral.

C53000-G1176—-C99
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For use as branch point differential protection
— current-stabilized trip characteristic,
— short trip time,

— insensitive to d.c. components and current trans-
former saturation,

— high stability even with different levels of current
transformer saturation,

— c.t. secondary current monitor with operational
currents.

Restricted earth fault protection (optional with
7UT513)

— for transformer windings, generators, motors, or
shunt reactors, the star point of which is solidly
grounded,

— high sensitivity to earth faults within the protected
zone,

— high stability during external earth fault using a
stabilization method which evaluates the current
magnitudes as well as the current phase situation
of the through flowing current.

Overcurrent time protection
— can be used as back-up protection for any se-
lected winding or feeder, with 7UT513 evenforihe

“virtual object”,

— can operate as definite time or invefse time over-
current protection with selectable characteristic;

— with independent high-set oyercugrent stage;

Thermal overload protection

— two logically independent thermal overload func-
tions can be assignéd to any two desired wind-
ings or feedersWof thg' protected object, with

7UT513 even to theWyirtual object”,

— thermal replica of current-initiated heat losses,

— r.m.s. value measurement,

— adjustable thermal warning stage,

— adjustable overcurrent warning stage.

Tank leakage protection (optional with 7UT513)

— for transformers the tank of which is installed iso-
lated or high-resistive against grounds

— monitors the current flowing_between the tank
and earth, optionally by evaluatien of the funda-
mental wave or the r.m.s, value,

— can be connected eithegto a”’normal” measured
current input of thefdeyice or to a special highly
sensitive measured,current input (10 mA smallest
setting).

Coupling of.external binary signals

— for processing or re-transmitting of external sig-
nalsy¢r cemmands, e.g. "Buchholz—protection
alafm™;

<4’connection to signal relays, LEDs, and via serial
interface to localized substation control and moni-
toring facility (e.g. LSA).

Coupling of external trip signals

— combining of external signals into the alarm pro-
cessing,

— tripping by external signals via the integrated trip
matrix, with or without delays.

Integrated trip matrix

— with 2 (7UT512) or 5 (7UT513) trip relays for any
protection trip commands.

Note: Due to the possible hardware arrangement
and the capability of the processor system, it is not
possible to combine all functions at will. Refer also to
Section 2.3 for ordering options and Section 5.2.5
for connection possibilities, as well as Section 5.4 for
configuration facilities of the protection functions.

10

C53000-G1176—-C99



7UT51 v3

Design

2 Design

2.1 Arrangements

Depending on the application, two basic models are
available:

For two-winding transformers, generators,
motors, and two-end branch points .. ..
For three-winding transformers
(applicable also for generators and motors),

and three-end branch points .......... 7UT513.

7UT512,

In the 7UT512, all protection functions including dc/
dc converter are accommodated on one basic plug-
in module of Double Europa Format. In the 7UT513,
an additional plug-in module is added to the basic
module. In the following the data applying to the
7UT513 are given in () should they deviate from the
7UT512 model.

The modules are installed in a housing 7XP20. Two
different types of housings can be delivered:

— TUT51xx—-%Dxxx— in housing 7XP2030-1
(7XP2040-1) for panel surface mounting.

The housing has full sheet-metal covers aswellas
a removable front cover with transparent plastic
window.

Plastic guide rails are built in for the support of
plug-in modules. Next to the guide railat'the bot-
tom on the left-hand side of @achimodule, a con-
tact area which is electrically cennected to the
housing is installed to,mate, with”the earthing
spring of the module. Connectiomto earth is made
before the plugs makefeontaet. Earthing screws
have been provided on thelleft hand side of the
housing. Additionallyy tefminal 16 (26) is con-
nected to the,case.

All external signalsyare connected to 60 (100)
screwediterminalgywhich are arranged over cut-
outs on the'tep and bottom covers. The terminals
are numbered” consecutively from left to right at
the bottom and top.

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

For the isolated interface to a central control and
storage unit, an additional coupling facility has
been provided. For the hard-wired V.24 (RS 232
C) serial interface (7UT5 1k —&xkxx—%B), four
screwed terminals arefprovided./For the interface
for optical fibre connection (PUT51 %k —kkirk—
*C), two F—SMA cénnectors have been pro-
vided.

The degree of protection for the housing is IP51,
for the terminals IP24" For dimensions please re-
fer to Figure 2.2(2,4).

7UT514x-=*%Cxxk-~ in housing 7XP2030-2
(7XR2040—2) for panel flush mounting or
7UTS 1%k~ *%Exxx-- for cubicle installation.

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

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, a contact 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. An earthing screw has been pro-
vided on the rear wall of the housing.

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

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

Theisolated interface to a central control and stor-
age unit (7UT5 1k —xkkkx—%B) is led to a 4-pole
connection module. In the interface for optical
fibre connection (7UT51xx—xkkxxx—%C), a mod-
ule with 2 F—SMA connectors is provided instead.

C53000-G1176—-C99
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The plug modules are labelled according to their Figure 2.1.

mounting position by means of a grid system (e.g.

1A2). The individual connections within a module Degree of protection for the housing is IP51 (f
are numbered consecutively from left to right cubicle installation IP 30), for the terminals IP21"
(when viewed from the rear), (e.g. 1A2); refer to For dimensions please refer to Figure 2.3 (@

"
e H

(620 [o> T NI [0 0}
o
g [0 [N |

4
3 Heavy current connector
e.g. 1A2
2
1
AN
o+ i o2
(o]
(o)

. e o
horizontal position o
vertical position ° ln 1 2§ [po |1
consecutive connection number o o

5\'& \ —— °
O —
) |

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

Figures 2.2 to 2.5 show the dimensions of the various types of housings available. O

7UT512 housing for panel surface mounting 7XP2030—1

O

159
7.5
? \9\’ 31 ofefofofof +--- _42

280
000
344

& s - 15 .

L 4

[}

144

Earthing terr@

i N s-section max. 5 mm2 or AWG 10
lye 1. m or 15 in-lb

Dimensions in mm
4

Max. 60 ter

.2 Dimensions for housing 7XP2030—-1 for panel

Interface for optical
fibre below Reset and

paging buttons

e

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

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

71

surface mounting

C53000-G1176—-C99
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7UT512 housing for panel flush mounting or cubicle installation 7XP2030-2

29.5 172 30 150 o O
145

Mounting plate

1.5

i
2
AI

1 - ~ - 11
Y K - 1
Reset and paging
buttons
Connector modules
146 +2

Heavy current connectors:

Screwed terminal for max. 4 mm?2,
%5 or M4 Twin spring crimp connector in parallel for

max. 2.5 mm?2 (AWG 13).

&\ Max torque value 1.2 Nm (10.6 in-Ib).
\ Further connectors:
Screwed terminal for max. 1.5 mm2.

Twin spring crimp connector in parallel for
max. 1.5 mm?2 (AWG 15).

245 +

/g(/////////_'/

Max torque value 0.8 Nm (7 in-Ib).

\Z Optical fibre connectors:

integrated F—SMA connector,
with ceramic post,
e.g for glass fibre 62.5/125 ;um

=1
255 8 +03

NN

PENNNNNTY

105 05 Dimensions in mm
7.3 " 131.5 +03
el

N,
'
/

o 7 /L

igure’2.3  Dimensions for housing 7XP2030-2 for panel flush mounting or cubicle installation
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7UT513 Housing for panel surface mounting 7XP2040—1

234 260 < :’
. 29.

29
: L4

266

qu

000

_____ T ) Interface for optical
og lelelelolo] ----— — T T ggl \ fibre below Reset and
paging buttons

219

Earthing terminal 26 @
. /\/\/

Max. 100 terminals for cross N max. 5 mm2 or AWG 10
Max torque value 1.7 Nr& -b C?_

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

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

Figure 2.4  Dimensions for housing 7XP2040—1 for panel surface mounting

71

L 4
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7UT513 housing for panel flush mounting or cubicle installation 7XP2040-2

29.5 172 30 205 O

220
Mounting plate
T
1.
j——
I I
& " - =

/ T

Reset and paging
buttons nnector modules
221 *+2

Heavy current connectors:

Screwed terminal for max. 4 mm?2,
Twin spring crimp connector in parallel for

o5 0r M4 max. 2.5 mm?2 (AWG 13).
or L 2 Max torque value 1.2 Nm (10.6 in-Ib).
\ Further connectors:

\& Screwed terminal for max. 1.5 mm2.

Twin spring crimp connector in parallel for
max. 1.5 mm?2 (AWG 15).

Max torque value 0.8 Nm (7 in-Ib).

Optical fibre connectors:

integrated F—SMA connector,

with ceramic post,

e.g for glass fibre 62.5/125 ;um
26

Dimensions in mm

54

180 05
206.5 +03

%’/ S Y
q

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

Differential protection

6. 7. 8. 9

10.

11.

12.

13. 14. 15 16.

7UT51 -

- A

0

for two-winding transformers,
generators, motors, and

branch points with two feeders . ..

for three-winding transformers,
branch points with three feeders,
applicable also for generators,
motors, two-winding transformers
and two-end branch points

Rated current/rated frequency

1 A; 50/60 Hz, 162/3 Hz
5 A; 50/60 Hz, 16/3 Hz

Auxiliary voltage

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

Construction

in housing 7XP20 for panel surface mounting,. .7 .................. D

in housing 7XP20 for panel flush mounting
in housing 7XP20 for cubicle installation (without glass front)

Additional functions

without (standard order optiomwith*7UT512)
with restricted earth fault prote€tion (standard order option with 7UT513)
with tank leakage proteetion(7UT513 with highly sensitive current input)

Serial interface foridata*transfer to a central evaluation unit

without serjal intérface

with isolated setial interface (V.24 or RS 232 C)

with serial interface for optical fibre connection

C53000-G1176—-C99
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Technical data

3 Technical data

3.1 General data

3.1.1 Inputs/outputs

Measuring circuits
Rated current Iy

Rated frequency fy

Power consumption current path at Iy=1A
current path at [y=5A
— for highly sensitive tank current detection at 1 A

Overload capability current path
— thermal (rm.s.)

— dynamic (pulse current)

1Aor5A

50 Hz/60 Hz or 162/5 Hz (sélectable)

approx. 0.05 VA per‘phase
approx. 0.2 VA pefphase
approx. 0.05 VA

100
20
4
250

Overload capability for highly sensitive tank current detection

— thermal (rms)

300
100
15

X nfor' <@l s

X INHOR<S10's
%Iy centinuous
%l One half cycle

Afor<<is
Afor <10s
A continuous

Auxiliary voltage

Power supply via integrated dc/dc converter

Rated auxiliary voltage Uy

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

Permissible variations

Superimposed ac voltage,

peak-to-peak

Power consumption
quiescent
energized

Bridging time durin@ failurefshort-circuit
of auxiliary voltage

19 to 56 Vdc| 48 to 144 Vdc |176 to 288 Vdc

<12 % at rated voltage
<6 % atlimits of admissible voltage

7UT512 7UT513
approx. 10 W approx. 13 W
approx. 14 W approx. 22 W

=50 ms at Uygteq = 110 Vdc

Heavy duty (command) contacts

Command (trip) relays, number

Contacts‘penrelays
Switchifg,Capacity MAKE
BREAK
Switching voltage
Permissible current

7UT512 7UT513

2 5

2NO
1000 W/VA

30
250
5
30

W/VA

\

A continuous
Afor05s

18
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Signal contacts

7UT512 7UT513
Signal relays, number 5 (4 re-assignable) |11 (10 re-assignable)
Contact per relays 1 COor1NO
Switching capacity MAKE/BREAK 20 W/VA
Switching voltage 250 V
Permissible current 1 A
Binary inputs

7UT512 7WI513
Number 2 5

Voltage range

for rated control voltage

pick-up value, approx.

Current consumption

reconnectable 24 to 25Q,V dc;up to production series
/JH in 2, from productien sSeries /KK or later in 4 ranges:

24/48 Vdc | 60 Vdc | 110/125 Vdc | 220/250 Vdc
16 Vdc 44 Mdce 80 Vdc 160 Vdc

approx,l.7 mA independent on operating voltage

Serial interfaces

Operator terminal interface
— Connection

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

— Standards

— Transmission speed

— Transmission security

— Connection directly
Transmission distahce
Test voltage

— Connection 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
as‘delivered 9600 Baud

min. 1200 Baud, max. 19200 Baud

isolated

similar V.24/V.28 to CCITT; RS 232 C to EIA;
Protocol to VDEW/ZVEI and IEC 60870—-5—-103,
or acc. DIN 19244

as delivered 9600 Baud

min. 1200 Baud, max. 19200 Baud

Hamming distance d = 4

at the 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; 50 Hz

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

e.g. glass fibre 62.5/125 mm

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—-C99
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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 III

IEC 60255—-5

2 kV (rms); 50 Hz

2.8 kV dc

5 kV (peak); 1.2/50 ns; 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 III
and IEC 61000—4-2 class I1I

— Radio-frequency electromagnetic field,

non-modulated; IEC 60255—-22—-3 (report) clags |11

— Radio-frequency electromagnetic field,

amplitude modulated; IEC 61000—4-3, classil|

— Radio-frequency electromagnetic field, puise

modulated; IEC 61000—-4—-3/ENV 50204, class |11

— Fast transients

|IEC 60255-22—-4 and |IEC 61000—4=—4, class |11

— Conducted disturbancessinduced by
radio-frequency fields, amplitude modulated
IEC 61000—4—6,classylIT

— Power frequeniy, magnetic field
IEC 61000—4-8,class 1V
IEC 60255—6

IEC 60255-6, IEC 60255 —22 (product standards)
EN 50082-2 (generi€istandard)
VDE 0435 /part 308

2.5 kV (peak); "MHz; t =15 ns; 400 shots/s;
duration 2's

4 kV/6 k¥ centact discharge; 8 kV air discharge;
both pelarities; 150 pF; R = 330 W
10 V/m;27 MHz to 500 MHz

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 W:
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)
Standard:

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

<ylnterference field strength
CISPR 11, EN 55011, class A

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

30 MHz to 1000 MHz

20

C53000-G1176—-C99



7UT51 V3

Technical data

3.1.3 Mechanical stress tests

Vibration and shock during operation

Standards:

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

— Shock
IEC 60255-21-2, class 1

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

IEC 60255—-21
and |[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§gd ms, 3 shocks in
each direction of 3 orthogonal axes

sinusoidal

1 Hz to 8 Hz: 3.5 mm amplitude (hor. axis)
1 Hz to 8 Hz; % 1.5 mm amplitude (vert. axis)
8 Hz to 85Wz: 1 g acceleration (hor. axis)

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

sweep rate. 1, octave/min
1%gycle'in,3 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

IEC 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

—permissible temperature during service

-5°C 10 +55°C (> 55 °C decreased
-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 largeftem-
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 aré

normally necessary for subsstations of lower volt-
ages.

— Itis not permissibleito withdraw or insert individu-
almodules ungderyoltage. In the withdrawn condi-
tion, some components are electrostatically en-
dangered;, ‘during” handling the standards for
electrostatically®endangered components must
be observed:yThe modules are not endangered
when plugged in.

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

3.1.6 Design

Housing 7XP20; refer to Section 2.1

Dimensions refer to Section 2.2

Weight 7UT512 7UT513

— in housing for sufface“mounting
— in housing for flush snounting

approx. 8.3 kg
approx. 6.8 kg

approx. 10.0 kg
approx. 8.6 kg

Degree of protection ae¢. to EN 60529
— Housing

IP 51 %)
— Terminals IP21

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

22
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3.2 Differential protection for transformers

Setting range/steps
Differential current threshold IDIFF>/IN transt
High-current stage IpiFF>>/IN transt

Pick-up characteristics

Inrush stabilization ratio logn
(2nd harmonic) IiN
Harmonic stabilization ratio IniN

(n = 3rd or 4th or 5th harmonic) Iy

Additional trip time delay

Drop-off time delay

0.15t02.00 (steps 0.01)
0.510 20.0 (steps 0.1)

refer to Figure 3.1

10 % to 80 % (steps 1%) refer Figure 3.2

10 % to 80 % (steps, 1%),refer Figure 3.3

0.00 s to 60.00ws, (steps 0.01 s); o

0.00 s 10'60.00 s«(steps 0.01 s)

Times (without parallel operation of other protection fupctiens)

Pick-up time with single-ended infeed

— with >>1.5 x setting value Iprr>, approx.
— with >>1.5 x setting value Ipjrr>>, approx
— with >>5 x setting value Ipjre>, approx.

Drop-off time, approx.

Drop-off ratio

50 Hz 60 Hz 162/3 Hz

35 ms 35 ms 85 ms

25 ms 25 ms 55 ms

18 ms 17 ms 25 ms

36 ms 30 ms 80 ms
approx. 0.7

Tolerances with preset transformer parameters
— Pick-up characteristic
— Inrush stabilizatiop

— Additional time“delays

+5 % of theoretical value (for | < 5 - Iy)
+5 % of setting value (lo/liy > 15 %)

+1 % of setting value or 10 ms

Influence variables

— Auxiliary veltage in range
0.8 Up/Upyn < 1.15

=,Jemperature in range
0°C< amp<40°C

— Frequency in range 0.95 < f/fy < 1.05

<1%

< 0.5%/10K

<< 1 % refer also to Figure 3.4

C53000-G1176—-C99
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/
Aoiee : AL
INtr 7UT512 // Fault characteristic O
loirr =111 + I2| pd
54 Istag =l |+ lo] /
// Y
J /
4 /

yd Trip area \%
pd Block area Q ——
/ -_

1 ) / R - - — -_ -
s AT II Add-Qbilization
T 2 3 4 5 & 7 8 9 {% 2 13 lsme
INtr
Figure 3.1 Pick-up characteristics with preset transformer p nd two-phase fault

&

A @
lin Iy
N IN
adjustable, e.g. adjustable, e.g.
IpIFE>>/In = 10 Iplpr max n/ly = 4

10.0 — ) -]
Trip .
area | Trip Block
5.0 Block area c) 5 0__‘__| area area
L 2 —
! adjustable
20T adjustable 1.0— i e.g. 5th harmonic = 40 %
] | e.g. 2nd har % |
1.0 I 05— -+ adjustablee.g.
| adjustablele.g. ' | loFF>/In=02
0.5— | IoiFF>/In= |
| |
I 0.2 }
0.2 ' v |
. I
01— T 1 . e L DL L L e e
0 01 02 03 04 05 & 0 01 02 03 04 05 &
L 4
Figure 3.2 W, Stabilizing influence of 2nd harmonic Figure 3.3  Stabilizing influence of higher
ransformer protection) harmonic, e.g. 5th
I differential current = | 1y + I | lin current with rated frequency
current with 2nd harmonic Isf current with 5th harmonic
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D - O
Ipipe>>/IN (adjustable)
10 — \ eg.50
] -/ ¢
5 : ________ &‘ ———————
3 Block area Block area %
2 1——— Trip area
1.0 H @
08—— - — Legend
0.5 — —— IpiFe>/IN (adjustable)
. e.g.0.15 IDIEF reftial current = [ 14+ 15|
0.3 — I t with rated frequency
' | ent with any frequency
0.2 — \ within the specified range
o.f5—pm—-——— - - —— —
0.1 I B B I Y B B
0.2 0.4 0.6 0.8 1.0
Figure 3.4  Frequency dependency (transformer pro&
Ixs A \Z
1 . K\
0.6 O\ Legend:
0.4 o differential current = | 1y + I, |
: Trip area I current with rated frequency
Ixs current with any frequency
0.3 within the specified range
0 IDIFE>/IN (adjustable)
' e.g. 0.1
— lock
area
o+r—————= —
I | [ | I | I I [ | I | | | iy
0.2 0.4 0.6 0.8 1.0 1.2 1.4
ure 3.5 Frequency dependency (generator or motor protection)
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3.3 Differential protection for generators and motors

Setting range/steps O

Differential current threshold IpiFF>/IN gen 0.05 to 2.00 (steps 0.01)

Pick-up characteristics refer to Figure 3.6 ¢
Additional trip time delay 0.00 s to 60.00 s (steps 0.01 s); o\%
Drop-off time delay 0.00 s to0 60.00 s (steps 0.01 s)

Times (without parallel operation of other protection functions) Q

2
Pick-up time with single-ended infeed 16°/3 Hz
— with 1.5 x setting value Ipjpg>, approx. 85 ms
— with 5 x setting value Ipjpg>, approx. 45 ms
Drop-off time, approx. 105 ms

Drop-off ratio, approx. 0.7

Tolerances

— Pick-up characteristic &ES % of theoretical value (for | < 5 - Iy)

— Additional time delays +1 % of setting value or 10 ms

Influence variables \K
— Auxiliary voltage in range
0.8 < Upy/Uyn < 1.15 <1%

— Temperature in ran

°C < 0.5 %/10K

V/

<ffiN<1.2 < 1 % (refer to Figure 3.5)
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" O

Fault characteristic

5 1 L

7UT51

44 lgigg = I|1+|2|
lstab = I|1|+I|2|

Trip area

Block ar t
- I

- - - Add-on stabilization

|
| I I I I I
1 2 3 4 5 6 7 8 0 11 12 13 14 _p _stab

INge

Figure 3.6  Pick-up characteristics for use as generQ otor protection

| aiff
| _
Nbp Idif'f = I|1+|2 I ult characteristic

T lstab = I|1|+I|2|

57 L 4
Trip area

Block area

1 .- .7 -

o” < -
Lo - . - -
-7 -
- -

- Add-on stabilization

.

I I | I | I | I T | | I I T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 5 _stab

INbp

.7  Pick-up characteristics for use as branch point protection
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3.4 Differential protection for branch-points

Setting range/steps

Differential current threshold IpiFF>/IN bp
Monitoring stage IpiFF>/IN bp
Pick-up characteristics

Additional trip time delay

Drop-off time delay

0.15 t0 0.80 (steps 0.01)

4
refer to Figure 3.7 \%

0.00 s t0 60.00 s (steps 0.0

0.00 s to 60.00 s (step@

0.30 to 2.50 (steps 0.01)

Times (without parallel operation of other protection functions) @
Hz 162/3 Hz

Pick-up time with single-ended infeed

— with 1.5 x setting value Ipjpg>, approx.
— with 5 x setting value Ipjpg>, approx.
Drop-off time, approx.

Drop-off ratio,

25 ms 70 ms
16 ms 25 ms

30 ms 80 ms

Tolerances

— Pick-up characteristic
— Additional time delays ’\O

N

+5 % of theoretical value (for | < 5 . Iy)

+1 % of setting value or 10 ms

Influence variables O
— Auxiliary voltage in rang
0.8 < Up/Upn < 1.

— Temperature i an\
0 OC S amb -~ C

— Frequency in range 0.8 < f/ffy < 1.2
L 4

<1%

< 0.5 %/10K

<1%
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3.5 Restricted earth fault protection (optional with 7UT513)

Setting range/steps

Differential current threshold IRer>/IN
Limit angle oumiT
Pick-up characteristics

Inrush stabilization ratio

Additional trip time delay

Drop-off time delay

0.05t02.00 (steps 0.01)

L 4
90° to 130° (steps 10°)

refer to Figures 3.8 and 3.5\
10 %1080 % (steps 1 @

0.00 s t0 60.00 s (steps 0.0% s); o

0.00 s to 60.00 s/(steps),0.01 s)

Times (without parallel operation of other protection functions

Pick-up time

— with 1.5 x setting value Iggr>, approx.
— with 5 x setting value Igge>, approx.
Drop-off time, approx.

Drop-off ratio

Tolerances

| . +O
— Pick-up characteristic \
— Additional time delays \K

C)Q

(Y

60 Hz 162/3 Hz

25 ms 75 ms
17 ms 25 ms

25 ms 90 ms

approx. 0.7

+5 % of theoretical value (for | < 5 . Iy)

+1 % of setting value or 10 ms

Influence variable@

0°C< amp<40°C

L 4
— Freguency in range 0.8 < f/ffyy < 1.2

<1%

< 0.5 %/10K

<1%

C53000-G1176—-C99
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t ()O

Olimit = 130° 120° 110° 100° 00°

\\
BRI SN

Trip area

ﬁ

N

-0,5 -0,4 -0,3 -0,2 -0,1 -0,0 0,3 0,4 lg
— —
o’
Figure 3.8  Pick-up characteristics dependent on zero seq current ratio 1g”/lg” (both currents in
phase or counter-phase
- 4
Olimit = 130° 120° ° 00° 920°
Trip area
3
\ 2
re
r
L 4
120° 110° 100° 90° 80° 70° 60° _p 6(ly"10)
3. Pick-up characteristics dependent on the phase deviation between lg” and lg’ with lg” = g’

(180° corresponds to external fault)
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3.6 Overcurrent time protection

Characteristics (selectable)

inverse (type A, B, or C according to IEC 60255-23)

definite time protection
inverse time protection: normal, very oriextremely

refer to Figure 3.10

Pick-up/Times

high-current stage I>>/Iy
delay time T|> s

overcurrent stage for definite time I1>/In
delay time T~

overcurrent stage for inverse time Ip/IN

time multiplier Ty

pick-up threshold

0.10 to 30.00 (steps@.01)
0.00st032.00s (steps0.07 s);
or oo (stage ineffective)

0.10 to 30.00 (steps 0.01)
0.00 s to 32.004s, “(steps 0.01 s);
or oo (stage ineffective)

0.10 to 20.00 (steps 0.01)
0.50(te.32.00 (steps 0.01);
or oo (stage ineffective)
approxyl.1times I,

All current values are based on the nominal current of theyproteeted object.

Measuring times (without parallel operation of other, protection functions)

I>>, I> at 2 times setting value

Ip

approx. 60 ms (approx. 150 ms at 162/3 Hz)

refer to Figure 3.10

Drop-off times
1>>, 1>

Drop-off ratios

Overshot time

approx. 75 ms (approx. 210 ms at 162/3 Hz)
approx. 0.95

approx. 75 ms (approx. 210 ms at 162/3 Hz)

Tolerances

— definite time stages |>%, [>
— definite time delays
— for inverse timeg stages Jp, lgp
— inverse time delays

3 % of set value

1 % of set value or 10 ms
pick-up at 1.05 < I/l < 1.15
5 % of set value or 30 ms

Influencingivariables
Auxiliary voltage in range 0.8 < U/Uy < 1.15
Temperaturein range 0 °C < gmp < 40 °C

Frequency for definite time protection
—Yintange 0.98 < f/ffy < 1.02
= inrange 0.95 < f/fy < 1.05
Frequency for inverse time protection
» inrange 0.95 < f/fy < 1.05

<1%

<0.5%/10K

< 8 % referred to the theoretical time

C53000-G1176—-C99
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re 3.10 Tripping time characteristics of inverse time overcurrent protection
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3.7 Overload protection

Setting ranges/steps
Factor k according to IEC 60255—-8
Time constant t

Thermal warning stage  Quwarm /Qtrip

Current warning stage

0.10 to 4.00 (steps 0.01)

4
1.0 t0 999.9 min (stepsaﬂn)
50 to 100 % referredN perature rise
0.10t0 4.00 - Iy 0.01 - 1Iy)

-

Trip time characteristic

;: ) IN) 2_ (Ipre/ k- IN) 2

t
(1/k-In)2 =1

rip time
time constant

t
\ load current

lore  preload current

k factor according to IEC 60255-8
refer also to Figures 3.11 and 3.12

IN rated winding or feeder current

Iy = ————— in three-phase
V3 - Uy systems
@ In = SN in single-phase
Un systems
L 4
Drop-off ratios \
Q/Qyrip approx. 0.99
Q/Qwarmn \ approx. 0.99
1/\warn < ’ approx. 0.97
Tolerances \@
[ k; +10%

+10%or2s

Influence variables referred to k-l
- iary dc voltage in range 0.8 < Uy/Uyy < 1.15
perature inrange —5 °C < gmp << +40 °C

— Frequency in range 0.95 < f/fy << 1.05

<1%
< 0.5%/10K

<1%
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t/min r t/rmin v

100 Parameter: 100 Parameter:
setting value setting value
time constant time constant
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\
\
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\ 500
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7

7
/////////////

0.3 \\\ 0.3 \ \
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s
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1 2 3 4 5 678910 12 1 2 3 4 5 678910 12
I/k - In I/k - Iy
(1/k-1p)2 [/k-1n) 2= (I k-In) 2
B=1t -In |/k| 5 t=t-ln(/ N) (pre/ N)
(I/k-In)=-1 (I/k-1y2 -1
for 90 % preload
Eigure’'3.11 Trip time characteristic of overload Figure 3.12 Trip time characteristic of overload
protection — without preload — protection — with 90 % preload —
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3.8 Tank leakage protection (optional with 7UT513)

Measuring principle

Measurement of the leak current from the
isolated tank to earth

Setting ranges/steps

Earth leakage current pick-up
(dependent on connection)

Trip delay time

Drop-off delay time

Drop-off ratio

10 mA to 1000 mA  (steps 1 mA) or
0.1.Iyto10 -1y (steps 0.01 . IN)
(In = rated current of the deviCe)

0.00 s t0 60.00 s (steps 0.01 s)
or co (no trip)
0.00 s to 60.00,s (steps 0.01 s)

0.25t0 0.95 (steps 0.01)

Measured current formation

fundamental wave or
rim.s. value

Pick-up time at 2 . setting value

Drop-off time

(without parallel operatien offether protection functions)

approx 25 to 35 ms (approx 60 ms at 162/3 Hz)

approx. 35 ms (approx. 100 ms at 162/3 Hz)

Tolerances

current pick-up
delay times

5 % of setting value
1 % of setting value or 10 ms

3.9 Direct local trip viarbinary input

Number of direct trip facilities
Setting rages/sieps

Trip delay

Drop-off delay

0.00 s to 60.00 s (steps 0.01 s) or co

0.00 s t0 60.00 s (steps 0.01 s)

Operating times

Pick-up time approx. 20 ms

Drop-off time approx. 20 ms

Tolerances

Delay times 1 % of setting value or 10 ms

C53000-G1176—-C99
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3.10 Ancillary functions

Operational value measurements

Operational current values (r.m.s.)

Tolerance

Overload protection measured values
Calculated temperature rise
Tolerance

IL1; Ig; ||_3 (feeder 1)

IL1; ILo; I3 (feeder 2)

IL1; Ig; ||_3 (feeder 3) (7UT513)
in A primary and % I

la, Ig (earth currents)

in A primary and % I

Ig in mA for highly sensitive tank protection
<< 2 % of respective ratéd value

Q/Qyrip
< 8 % referred {fo Qiip

Steady-state measured value supervision

Current unbalance

Imax/linin®s symmetry factor
as leng as'1 > ljimit

User definable annunciations

number

Fault event data log

Storage of annunciations of the last four faults three of which can be read out locally

Real time clock

Resolution for operational annunciations
Resolution for fault event annapciations
Max time deviation

Buffer battery

1 min

1ms

0.01 %

Lithium battery 3 V/1 Ah, Type CR 1/2 AA
Self-discharge time > 5 years

Data storage for fault recording

Storage period

Sampling rate

max 8 fault occurrences

up to 5 s at 50 Hz or 16%/3 Hz
upto4sat60Hz

1 instantaneous value per 1.66 ms at 50 Hz
1 instantaneous value per 1.39 ms at 60 Hz
1 instantaneous value per 5 ms at 16%/3 Hz

36

C53000-G1176—-C99



7UT51 V3 Technical data

Differential protection measured values for test and commissioning

feeder currents IL1; Io; I3 (feeder 1) O
IL1; IL2; I3 (feeder 2) 0
IL1; Io; ||_3 (feeder 3) (7UT513)
la, Ig (additional currents 7UT513)
phase difference between all currents ¢

differential currents IL1 oiFs 2 DIFF L3 DIFF \%

stabilization currents IL1sTAB: ILo sTAB, IL3 ST,

Restricted earth fault protection measured values for test and commissiening (enly 7UT513 with restricted

earth fault) Q
feeder currents ILq; Io; | e Selected feeder

ph di between the currents

zero sequence currents ar‘point current)

of the phase currents)
ifference between Iy’ and ly”

a
%& difference between Iy’ and the phase

rrents

differential current %DIFF REF

stabilization current ISTAB REF

O
N

O
Q>®

L 4
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4 Method of operation

4.1 Operation of complete unit

The numerical current differential protection 7UT51
is equipped with a powerful and proven 16-bit micro-
processor. This provides fully digital processing of
all functions from data acquisition of measured val-
ues to the trip signals for the circuit breakers.

Figure 4.1 shows the basic structure of the unit.

The measured value input section ME transforms
the currents from the measurement transformers
and matches them to the internal processing level of
the unit. Apart from the galvanic and low-capacitive

isolation provided by the input transformers, filters
are provided for the suppression of interference, The
filters have been optimized with regard.to bandwidth
and processing speed to suit the measured value
processing. The matched analog,values are then
passed to the analog input AEyonithe processor
p.c.b.

The inputs are galvanically isolated from each other
and from the electronic cireuitry. This allows the star-
point to be formed outside,the unit or to include fur-
ther devices in the cutkent Circuit.

L1 L2 L3 I_ - ME - - - AE - - - - - - _I
.—'_ ][ N —H— Blocked !
_Di I Blocked
! D —H— Service !
N ' nC [[ —
' | ][ D E/— 4signals
| (can be
E— — —# E/—l marshalled)
L1 2 L3 LED— —| — I_
I I — Reset I a 6 LED -
] 0 (marshallable) '
cw| 7 |8 |9 G — %ﬁ [
Tl A Tt 0 = ..
Setting via Fli1l2 13 4} ! trip commands
operator panel —Di I (can be marshalled)
pa| © 0 [ i
' '
M/S|J/Y| N L+/H{E - -
H E E LCD display
- - (2 x 16 characters)
7 EICINRE; -
2 binary
(JZEL:;Z ' || Serial 1 Central control
marshalled) / interface station
' '
- — Serial
Power supply — — [ | interface Personal computer
' il B '
Figure 4.1 Hardware structure of current differential relay 7UT51, example for a two-winding transformer
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Matching to the various power transformer and cur-
rent transformer ratios and of the phase displace-
ment according to the vector group of the protected
transformer (for use as transformer protection) is
performed purely mathematically. As a rule, match-
ing transformers are not required.

The analog input module AE contains input amplifi-
ers, sample and hold elements for each input, multi-
plexers, analog/digital converters and memory
chips for data transmission to the microprocessor.

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

— Formation of the measured values in accordance
with the vector group and transformation ratio of
the protected transformer and the c.t.s (for trans-
former protection),

— Formation of differential and stabilizing quantities,
— Frequency analysis of the measured values,

— Calculation of r.m.s. values for overload detection
and scanning of the winding temperature rise,

— Scanning of limit values and time sequenges,
— Decision of trip commands,

— Storage and issue of messages and faultidata for
fault analysis.

Binary inputs and outputs to and from the/processor
are channelled via the input/outpttelements. From
these the processor receives‘information from the
switchgear (e.g. remote resetting) or from other
equipment (e.g. blockinggsignals). Outputs include,
in particular, trip commands tgthe circuit breakers,
signals for remote sigmalling'efimportant events and
conditions as well asvisudlindicators (LEDs) and an
alphanumerical displaysen the front plate.

An integrated snembrane keyboard in connection
with the built-imyalphanumerical LC display enables
communication with the unit. All operational data
such as setting values, plant data, etc. are entered
into the protection from this panel (refer Section 6.3).
Usingithis panel the parameters can be recalled and
the relevant data for the evaluation of a fault can be
readout after afault has occurred (refer Section 6.4).

The dialog with the relay can be carried out altegna-
tively via the serial interfaces by means of an operas
tor panel or a personal computer.

Via the serial system interface (optional), fault data
can be transmitted to a central evaluatiomunit. Dur-
ing healthy operation, measured values can also be
transmitted, e.g. load currents. This second inter-
face is isolated and thus satisfies the requirements
for external signals, i.e. isolation,and interference
suppression comply wittitherequirements accord-
ing to VDE 0435, part 303 and IEC 60255.

Transmission of the datalis, alternatively, possible
via optical fibres provided the interface is according-
ly ordered (refer segtion 2.3 Ordering data).

A power supply unitprovides the auxiliary supply on
the variouseltage levels to the described functional
units. +24V is used for the relay outputs. The analog
inputireguires # 15 V whereas the processor and its
immediatelperipherals are supplied with +5 V. Tran-
Sientsfailures 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
=310 V).

The protective functions are described in detail in
the following sections. Each function can be individ-
ually activated or rendered inoperative. As each
function is realized by its own autonomous firmware,
mutual interference is excluded.

The three differential protection functions — trans-
former differential protection, generator or motor dif-
ferential protection, and branch point differential
protection — from which one can be selected de-
pendent of the protected object, are described as
closed sections, i.e. functions are repeated even
when they have been described in a foregoing sec-
tion of another differential protection function.

Possibilities exist with 7UT513 to use the relay
(which is designed for three feeders) for the protec-
tion of an object with two feeders (two winding trans-
formers, generators, motors, or branch points with
two terminals). In this case, additional functions
which are suited to a third feeder (restricted earth
fault protection, overcurrent time protection, thermal
overload protection) can be used for a different inde-
pendent protected object, the so-called "virtual ob-
ject”.
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4.2 Differential protection for transformers

4.2.1 Principle of measurement

Differential protection systems operate according to
the principle of current comparison and are there-
fore also known as current balance system. They uti-
lize the fact (Figure 4.2) that the current I (dotted)
leaving a healthy protected object is the same as
that which entered it. Any measured current differ-
ence is certain indication of a fault somewhere within
the protected zone. The secondary windings of cur-
rent transformers CT1 and CT2, which have the
same transformation ratio, may be so connected
that a closed circuit with the currents i as shown is
formed. A measuring element M is connected at the
electrical balance point. Under healthy conditions
no current flows in the measuring element M. When,
in the event of a fault in the section between the cur-
rent transformers, the currents at the ends of the
section are unequal the measuring element is sub-
jected to a currentiy + ip, proportionalto I1 + I, the
sum of the two inflowing fault currents. If this current
iy + io is of sufficient magnitude to be sensed by the
element M, this simple system will provide discrimi-
native protection for the protected object under con-
sideration.

1 I I 1
- - — protected _<*— -
object CT2
"'i ) L - - _l *-i p
-— L+l
iy ip
MIZIZI
*h+h

Figure 4.2  Base principle of differential protec-

tion

When an external fault causes a heavy current to
flow through the pretected zone, differences in the
magnetic characteristics of the current transformers
under conditions of saturation may cause a signifi-
cant current 10 flow through the element M. If the
magnitudeof this current lies above the response
thresheld, the system would issue a trip signal. Sta-
Bilization prevents such erroneous operation (refer
1@ Section 4.2.3).

4.2.2 Matching of measured values

Intransformers, generally, the secondary currents of
the current transformers are not equal when a Cur=
rent flows through the power transformer, but de-
pend on the transformation ratio and the connection
group of the protected power transformer, and the
rated currents of the current transformeérs at both
sides of the power transformer. The Currents must,
therefore, be matched in order te;beGome compara-
ble.

Matching to the various powertransformer and cur-
rent transformer ratios_and,of/the phase displace-
ment according to the'veeior group of the protected
transformer is performed purely mathematically. As
a rule, matching gransformers are not required.

The input currentstare converted in relation to the
power transformerrated current. This is achieved by
enteringthe fated transformer data, such as rated
powerjfated¥oltage and rated primary current of the
curreft trapsformers, into the protection unit.

@nceythe’vector group has been entered, the pro-
tection unit is capable of performing the current
comparison according to fixed formulae.

Conversion of the currents is performed by pro-
grammed coefficient matrices which simulate the
difference currents in the transformer windings. All
conceivable vector groups (including phase ex-
change) are possible. Figure 4.3 illustrates an exam-
ple for a transformer Y(N)d5. The figure shows the
windings and the phasor diagrams and, at the bot-
tom, the matrix equations. The common form of
these equations is

(lm) =k- (K) : (ln)

where

(Im)
k

(K)
(In)

Normally, the zero sequence currents are eliminated
as shown in the left matrix in Figure 4.3; thus, fault
currents which flow via the transformer during earth
faults in the network in case of an earth point in the
protected zone (transformer star point or star point
former) are rendered harmless without any special
external measures (Figure 4.4).

matrix of the matched currents I, Ig, Ic,
constant factor,

coefficient matrix, dependent on the
vector group,

matrix of the phase currents I, 4, L5, I 3.
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L1
Lo Winding 1
Ls
0
-
N
Iz I»
Ia 2 -1 -1 IR
l=xe|-1 2 -1]|+|Lo
Ic 3 -1 -1 2 Lia
Figure 4.3
—
- + —>
Figure 4.4  Earth fault outside the'transformer

The disadvantage of eliminationyof the zero se-
quence current is that thesproteetion becomes less
sensitive (factor 2/3) in case dfian earth fault in the
protected area.

In isolated or, areycompensated systems, zero se-
quence currént elimination is not necessary (select-
able) whenthe star-peint of the protected transform-
er is not earthed (a6t even via a Peterson coil). The
matrix equation for the Y—winding is then (Figure
4.3):

Ia 1 0 O 14

Ic 0 0 1 Iz
When a double earth fault occurs with one foot-point
within the protected zone, the transformer is always

disconnected regardless of the double earth fault
priority of the network, in this case.

L1
Winding 2 Lo
Ls
1a ’ -1 0 1 IR
1 = —e | 1 -1 0 |1
Is 73 I»
I o 1 -1 Iig

Example for vector group matching Y(N)d5 (withoutamplitude matching)

The,zero sequence current must be eliminated in
garthed systems when an earthing point lies in the
pretected zone (earthed star-point or artificial star-
point). Higher earth fault sensitivity can be achieved
if the star-point current is available, i.e. if a current
transformer is installed in the starpoint connection to
earth (Figure 4.5).

A sy

Figure 4.5 Increasing the earth fault sensitivity

The matrix equation for the Y—winding is in this
case:

Ia 1 0 0 I 1 Ist
(B¢ HE

Ic o o0 1 Iz 3 \lg
where Ig; is the star-point current of the earthed
winding. The zero sequence current is eliminated by
this correction during external fault (as illustrated in

Figure 4.5) but fully recognized in case of an internal
earth fault.

C53000-G1176—-C99

41



7UT51 v3

Method of operation

4.2.3 Evaluation of measured values

After the input currents are matched with regard to
transformation ratio, vector group, and treatment of
the zero sequence currents, the quantities which are
necessary for the differential protection are calcu-
lated from I, Ig, and I of each winding. In the fol-
lowing clarifications, indices are use to discriminate
the windings: 1 for the primary winding (higher volt-
age) of the power transformer, 2 for the secondary
winding (lower voltage), and, if applicable, 3 for the
tertiary winding of a three-winding transformer.

In differential protection systems for protected ob-
jects with two terminals, a stabilizing quantity is nor-
mally derived from the current difference |[I1 — I»| or
from the arithmetical sum |I4| + |Io|. Both methods
are equal in the relevant ranges of the stabilization
characteristics. In differential protection systems for
protected objects with three terminals, e.g. three-
winding transformers, stabilizing is only possible
with the arithmetical sum |I4| + |Io| + |I3|. The latter
method is used in 7UT51 for all protected objects
(i.e. for two- or three-winding transformers). This re-
quires the formation of the vectorial sum and the
arithmetical sum of the currents of each winding.
The following definitions apply:

The tripping effect or differential current

Laitt = |14 + Lp| (two windings)
or

Lyitt = |11 + Lo + I3 (three windings)
and the stabilization or restraining current

Istan = |11] + |L2] (two windings)
or

Istab = |L1|+ |Io] + |I3] (threle,wingings)
14it is derived from the fundamental'waves and pro-
duces the tripping effect quantitymlsian.counteracts
this effect.

L I
protected S
CT1 object CT2
--— —_—

$h+k

Figure 4.6  Principle of differential protection

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

a) Through flowing current through a healthy trans-
former or external fault:

Ls reverses its direction i.e. thus changes its signy
i.e. I, = —Ij and consequently |Ir| = |L;|

Lot = |Lh+L] =[L-L| =0

Istap = L] + Lo = [I1] + [11]=2 - [L4]

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

b) Internal short-circuit, e.gefediwith equal currents
from each side:

In this case I, = I @ndeonsequently |Io| = |11]
Lot = |l + | g lL+L| =2-|L|
Istab = |L1| Hf o= Th| + |Li|=2- |1L4]

tripping effect,(Ig#) and stabilizing (lstgp) quanti-
ties are equal and correspond to the total fault
currenty

c) Internal*short-circuit, fed from one side only:

Inthis case I» = 0
L' = |11 + | =

Iy +0| =
Istab = |L1| + || = [L1] +

|11
0 =L
tripping effect (lgi) and stabilizing (Istap) quanti-

ties are equal and correspond to the fault current
fed from one side.

This result shows that for internal fault lgi = lstap.
Thus, the characteristic of internal faults is a straight
line with the slope 1 inthe operation diagram as illus-
trated in Figure 4.7. The figure shows the complete
operation characteristic of the relay. The branch a
represents the sensitivity threshold of the differential
protection and considers constant error current,
e.g. magnetizing currents. Branch b takes into con-
sideration current proportional errors which may re-
sult from transformation errors of the main c.t.s, the
input c.t.s of the relay, or from the position of the tap
changer of the voltage regulator. In the range of high
currents which may give rise to current transformer
saturation, branch c causes stronger stabilization. A
further evaluation in case of severe saturation (add-
on stabilization) is described in Section 4.2.5,
branch d in 4.2.6.

The currents lgits and lgigp are compared by the differ-
ential protection with the operating characteristic ac-
cording to Figure 4.7. If the quantities result into a lo-
cus in the tripping area, trip signal is given.
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| it q
INTe Fault.char-
acteristic
5_
4 —
Trip area
3_
Block area
2 _
—— -
— o
—
1 - -—
- - I" Add-on stabilization
|
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 5 _Stab
INTF

Figure 4.7

4.2.4 Harmonic stabilization

As differential currents can be caused not only by in-
ternal transformer faults but also by the inrush cur
rent during switch-on, paralleling of transformers, or
an overexcitation of the transformer, they are ex-
amined as to their harmonic content.

The inrush current can amount to a multipletef the
rated current and is characterized by a considerable
2nd harmonic content (double rated”ffequency)
which is practically absent in the case of a'short-cir-
cuit. If the second harmonic content,exceeds a se-
lectable threshold, trip is blocked:

Since the inrush stabilizationyopetates individually
per phase, the protectiofi¥is fully operative even
when the transformer is, switched onto a single-
phase fault, wherebysinrush®€urrents may possibly
be present in one ofithg’'héalthy phases. However, it
is also possible toysetithe protection such that not
only the phase withtinrush current exhibiting har-
monic content in exgess of the permissible value is
stabilized butalso the other phases of the differential
stage Ipjrr> arevblocked (so called “cross-block
function”). This cross-block can be limited to a se-
lectable duration.

Bésides, the second harmonic, another harmonic
ean be selected to cause blocking. A choice can be
made between the third, fourth, and fifth.

The fourth harmonic can be found - like the sec-
ond — in unsymmetrical occurrences as inrush cur-
rents.

Operation characteristics of the differential protectiof

Overexcitation of the transformer iron is character-
ized by the presence of odd harmonics in the cur-
rent. Thus, the third or fifth harmonic are suitable to
detect such phenomena. But, as the third harmonic
is often eliminated in power transformers (e.g. by the
delta winding), the use of the fifth is more common.

Furthermore, in case of converter transformers odd
harmonics are found which are nor present during
internal transformer faults.

The harmonic stabilization operates individually per
phase. However, it is also possible — as it is for the
inrush stabilization — to set the protection such that
not only the phase with harmonic content in excess
of the permissible value is stabilized but also the oth-
er phases of the differential stage Iprr> are blocked
(so called "cross-block function”). This cross-block
can be limited to a selectable duration.

Numerical filters are used to perform a Fourier analy-
sis of the differential current. As soon as the harmon-
ic contents exceed the set values, a stabilization of
the respective phase evaluation is introduced (refer
Figure 3.2 and 3.3). The Filter algorithms are opti-
mized with regard to their transient behaviour such
that additional measures for stabilization during dy-
namic conditions are not necessary.
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4.2.5 Add-on stabilization during cur-
rent transformer saturation

Saturation of the current transformers caused by
high fault currents and/or long system time con-
stants are uncritical for internal faults (faultin the pro-
tected transformer), since the measured value de-
formation is found in the differential current as wellin
the stabilizing current, to the same extent. The fault
characteristic as illustrated in Figure 4.7 is principal-
ly valid in this case, too. Of course, the fundamental
wave of the differential current must exceed at least
the pick-up threshold (branch a in Figure 4.7).

During an external fault which produces a high
through flowing short-circuit current causing current
transformer saturation, a considerable differential
current can be simulated, especially when the de-
gree of saturation is different at the two measuring
points. If the quantities l/lstap resultin an operating
point which lies in the trip area of the operating char-
acteristic (Figure 4.7), trip signal would be the con-
sequence if there were no special measures.

7UT51 provides a saturation indicator which detects
such phenomena and initiates add-on stabilization
measures. The saturation indicator operates dy-
namically in the area which is designated with "add+
on stabilization” in Figure 4.7. The slope of this chatr-
acteristic corresponds to half the slope of the brahch
b.

Current transformer saturation during external fadlts
is detected by a high initial stabilizing currént which
moves the operating point briefly intd the®tadd-on
stabilization” area (Figure 4.7). In contrastaihe oper-
ating point moves immediately alengdthe fault char-
acteristic when an internal fault occurs sinee the sta-
bilization current will barely be higher then the differ-
ential current. The saturation indicatormakes its de-
cision within the first half periodiafter fault inception.

When an external fault isidetected, the differential
protection is blockéd fopa selectable time (8 periods
at the longest cortesponding to 160 ms at 50 Hz,
when the relay is delivefed). This blocking is can-
celled as soon as the operation point moves steadily
(i.e. over two periods) on the fault characteristic.
This allows¢o detect evolving faults in the protected
transformer ‘teliably even during an external fault
with current transformer saturation.

4.2.6 Speedy unstabilized trip with
high current transformer fault

High-current faults in the protected transformergmay
be cleared instantaneously without regard of\the
magnitude of the the stabilizing current, when the
amplitude of the differential currents can exclude
that it is an external fault. This is always the4case
when the short-circuit current is higher than 1/uy
times the nominal transformer gurrents

The transformer differential protection 7UT51 pro-
vides such unstabilized high-Curfentirip stage. This
can operate even when, foré&xamplé, a considerable
second harmonic is present imnthe differential cur-
rent caused by current.transfermer saturation by a
d.c. component in the shert-circuit current which
could be interpreted bythe inrush stabilization func-
tion as an inrushfcurrent.

This high-current stage evaluates the fundamental
wave ofithe currents as well as the instantaneous
values. Instantaneous value processing ensures
fast tripping @ven in case the fundamental wave of
the currentis’strongly reduced by current transform-
er_saturation.

4.2.7 Pick-up / Tripping

As soon as the fundamental wave of the differential
current reaches 85 % of the set value or the stabiliz-
ing current exceeds 4 times the rated transformer
current, the protection picks up. Thus, pick-up oc-
curs also in case of external faults, so that fault re-
cording and saturation indicator can operate.

If the trip conditions are fulfilled trip signal is issued.
For special cases, the trip command can be
delayed. Figure 4.8 shows a simplified tripping logic.

Reset of pick-up is initiated when, during 2 periods,
pick-up is no longer recognized in the differential val-
ues, i.e. the differential current has fallen below 70 %
of the set value.

If a trip command has not been initiated, the fault is
considered to be over.

If a trip command has been formed, then a timer of
settable duration can be started upon reset of pick-
up. During this time the trip command is held in (re-
set time delay).

44

C53000-G1176—-C99



Method of operation

7UT51 v3

13834-1

Xijew
Buiddig

Buiddiy
pfelelic]

| << >m 3d-1

Z |
1

saseyd
Iayuny

u

<<AV13d-1

saseyd
Iayuny

L Li‘TJ Li‘TJ

LA ]

duy
ua1no ybiy

uoneziiqeis
uopeInies

( F1resxoolg )

YIS 10 ‘Uip ‘pIg)
uoneziqels
oluoweH

(11 wieH xo01g )

17 dul wa

Ar ]

< >@ aa-

aul <iid

saseyd
Iayuny

[ LfTJ E?I

14 "usH Hid

i

(oluowuey pug)
uopezijiqels
ysnuuj

(O

=)

]

olsisioRIRYD

saseyd
Iayuny

Au_u__n_ I

saseyd
Iayuny

Tripping logic of transformer differential protection (one measuring system) — scheme

Figure 4.8

45

C53000-G1176—-C99



7UT51 v3

Method of operation

4.2.8 Use on single-phase transformers

Single-phase transformers can be designed with
one ortwo phases per winding; in the latter case, the
winding phases can be wound on one or two iron
cores. In order to ensure that optimum matching of
the currents would be possible, always two mea-
sured current inputs shall be used even if only one
current transformer is installed on one phase. The
currents are to be connected to the inputs L1 and L3;
they are designated I, 1 and I, 3 in the following.

If two winding phases are available, they may be
connected either in series (which corresponds to a
Y-winding) or in parallel (which corresponds to a
D —winding). The phase displacement between the
windings can only be 0° or 180°. Figure 4.9 shows
an example of a single-phase power transformer
with two phases per winding with the definition of the
direction of the currents.

—

S
—
L

ONNO)

Figure 4.9  Example of a single-phase power

transformer

Like with three-phase power transformersiithescur-
rents are matched by programmed coefficient ma-
trices which simulate the differenge Cugrents in the
transformer windings. The commonyform of these
equations is

(lm) =k- (K) : (ln)

where
(Lm) — matrix of thegmatched currents Ia, Ic,
k — constantifactor,
K) — coefficient mafrix,

(
(In)

matrix of the phase currents I, 4, I 5.

Since the phase displacement between the wind-
ings cangenlyybe 0° or 180°, matching is relevant
with respeet to'the treatment of the zero sequence
current. [Tthe "star-point” of the protected transform-
er Winding is not earthed (Figure 4.9. left side), the
phase currents can immediately be used. The matrix

equation is then:

Ia 10 14
(lc) =1 (0 1)'QL3)
If a "star point” is earthed (Figure 4.9 right side), the
zero sequence current must be eliminated by form-
ing the current differences. Thus,“fault’ currents
which flow via the transformer duringyearth faults in
the network in case of an garthypoint in the pro-
tected zone (transformer “star point”) are rendered

harmless without any special, external measures.
The matrix equation is then:

1a 1 U IR
(lc) - 3 (—1 1 ) ' (lLs)
The disadvantage, of elimination of the zero se-
quenceéetrrentiis that the protection becomes less
sensitive (fagtor '/5) in case of an earth fault in the
protegtedharea. Higher earth fault sensitivity can be
achieved if the "star-point” current is available, i.e. if

aglurrenttransformer is installed in the “starpoint”
connection to earth (Figure 4.10).

The matrix equation for the earthed winding is then:

(=16 )6z )
Ic 0 1 I3 2 \gt
where Ig; is the “star-point” current of the earthed
winding. The zero sequence current is eliminated by
this correction during external fault (as illustrated in

Figure 4.10) but fully recognized in case of an inter-
nal earth fault.

Further processing of the measured quantities and

the tripping logic do not differ from the three-phase
transformer differential protection.

-

|
==
$

O2N()

b st %

Figure 4.10 Example of a single-phase power
transformer
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4.3 Differential protection for generators and motors

4.3.1 Principle of measurement

Differential protection systems operate according to
the principle of current comparison and are there-
fore also known as current balance system. They uti-
lize the fact (Figure 4.12) that the current I (dotted)
leaving a healthy protected object is the same as
that which entered it. Any measured current differ-
ence is certain indication of a fault somewhere within
the protected zone. The secondary windings of cur-
rent transformers CT1 and CT2, which have the
same transformation ratio, may be so connected
that a closed circuit with the currents i as shown is
formed. A measuring element M is connected at the
electrical balance point. Under healthy conditions
no current flows in the measuring element M. When,
in the event of a fault in the section between the cur-
rent transformers, the currents at the ends of the
section are unequal the measuring element is sub-
jected to a currentiy + ip, proportionalto I1 + I, the
sum of the two inflowing fault currents. If this current
iy + io is of sufficient magnitude to be sensed by the
element M, this simple system will provide discrimi-
native protection for the protected object under con-
sideration.

1 I I 1
- - — protected _*— -
ObjeCt CT?2
"'i ) L - - _l ""i .
- L+l
iy ip
MIZIZI
*h+b

Figure 4.12 #Baseprinciple of differential protec-
tign

When an external fault causes a heavy current to
flowthrough the protected zone, differences in the
magnetic characteristics of the current transformers
uwnder conditions of saturation may cause a signifi-
cant*current to flow through the element M. If the
magnitude of this current lies above the response
threshold, the system would issue a trip signal. Sta-
bilization prevents such erroneous operation (refer
to Section 4.3.3).

4.3.2 Definition of measured curfents

7UT51 can be used as longitudinal differential pro-
tection or as transverse differential protection. The
operation modes differ from each other only by the
definition of the measured currents. Since the cur-
rent direction is normally defined as positive in the
direction of the protected objectgthe definitions as
illustrated in Figure 4.13 (for Iongitudinal differential
protection) and Figure 444 (for transverse differen-
tial protection) result.

t

t

Figure 4.13 Definition of current direction for lon-
gitudinal differential protection
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Figure 4.14 Definition of current direction for
transverse differential protection

If 7UT51 is used as differential protection for genera-
tors or motors, all currents are referred to the nomi-
nal current of the protected machine. The device is
informed about the rated machine data during para-
meterization: the rated apparent power, the rated
voltage, and the rated currents of the current trans-
formers.
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4.3.3 Evaluation of measured values

After the input currents are matched with regard to
rated machine current, the quantities which are nec-
essary for the differential protection are calculated
from the currents of the star-point side and the termi-
nal side of the machine. In the following clarifica-
tions, indices are use to discriminate the side: 1 for
the star-point side of the machine, 2 for the terminal
side.

In differential protection systems for protected ob-
jects with two terminals, a stabilizing quantity is nor-
mally derived from the current difference I — I»| or
from the arithmetical sum |I4| + |Io|. Both methods
are equal in the relevant ranges of the stabilization
characteristics. The latter method is used in 7UT51
for all protected objects. This requires the formation
of the vectorial sum and the arithmetical sum of the
currents. The following definitions apply:

The tripping effect or differential current
Laitt = |14 + Io|

and the stabilization or restraining current

Istap = |l1 | + |12|
14i¢t is derived from the fundamental waves and pro;
duces the tripping effect quantity, Igp counteracts
this effect.

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

I b
— protected,. “% -~
CT1 objegt CT2
- —
i1 o aamms 12
MIZIj
$h+k

Figure,4.18 “*Principle of differential protection

a) Through flowing current through a healthy ma-
chine or external fault:

I> reverses its direction i.e. thus changes its sign;
i.e. I, = —Ij and consequently |Ir| = |L;|

Lot = [Lh+L] =[L-L| =0

Istap = L] + [Lo|= [I4] + [I1]|= 2 [L4]

no tripping effect (Igi = 0); stabilization (Iszp) COr-
responds to twice the through floWingycurrent.

b) Internal short-circuit, e.g. fed withyequal currents
from both sides:

In this case I, = I and consequently |Io| = |11]
Lot = It + L] =g+ L] =2-|L]
Istab = [I1] + |L|@EW [ [L1]=2- [L4]

tripping effect (Igix) and stabilizing (lstgp) quanti-
ties are equal and'eorrespond to the total fault
current.

c) Internal shert:circuit, fed from one side only:

In this'ease I» = 0
L= |1 + | = L1 + O]
Tstap = |l1| + |12|= |l1| +0

= =
-

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

This result shows that for internal fault lgi = lstap.
Thus, the characteristic of internal faults is a straight
line with the slope 1 inthe operation diagram as illus-
trated in Figure 4.16. The figure shows the complete
operation characteristic of the relay. The branch a
represents the sensitivity threshold of the differential
protection and considers constant error currents.
Branch b takes into consideration current propor-
tional errors which may result from transformation
errors of the main c.t.s or from the input c.t.s of the
relay. In the range of high currents which may give
rise to current transformer saturation, branch c
causes stronger stabilization. A further evaluation in
case of severe saturation (add-on stabilization) is
described in Section 4.3.4.

The currents lgits and lgigp are compared by the differ-
ential protection with the operating characteristic ac-
cording to Figure 4.16. If the quantities result into a
locus in the tripping area, trip signal is given.
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| it
INnGe Fault char-
T N acteristic
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Trip area
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Add-onystabilization
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8 9 10 11 2 13 14 . _stab
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Figure 4.16 Operation characteristics of the differential protection

4.3.4 Add-on stabilization during cur-
rent transformer saturation

Saturation of the current transformers caused by
high fault currents and/or long machine time con-
stants are uncritical for internal faults (faultin the prof
tected machine), since the measured valuedéfor-
mation is found in the differential current as well’in
the stabilizing current, to the same extent. Thedault
characteristic as illustrated in Figure 4.16 i§yprinei-
pally valid in this case, too. Of course, thefindamen-
tal wave of the differential current must gxceed at
least the pick-up threshold (branch ajAFigure’4.16).

During an external fault which“produ€es a high
through flowing short-circuit cufrent causing current
transformer saturation, a ‘¢@nsiderable differential
current can be simulatedgespecially when the de-
gree of saturation is different @t the two measuring
points. If the quantities lg;/lsg result in an operating
point which lies in thé trip area of the operating char-
acteristic (Figure4.16),.trip signal would be the con-
sequence if there were no special measures.

7UT51 provides a saturation indicator which detects
such phenomena and initiates add-on stabilization
measures. The saturation indicator operates dy-
namically in the area which is designated with "add-
on stabilization” in Figure 4.16. The slope of this
characteristic corresponds to half the slope of the
branch b.

Current transformer saturation during external faults
is detected by a high initial stabilizing current which
moves the operating point briefly into the "add-on
stabilization” area (Figure 4.16). In contrast, the op-

eratingypoint moves immediately along the fault
charaeteristic when an internal fault occurs since the
stabilization current will barely be higher then the dif-
ferential current. The saturation indicator makes its
decision within the first half period after fault incep-
tion.

When an external fault is detected, the differential
protection is blocked for a selectable time (8 periods
at the longest corresponding to 160 ms at 50 Hz,
when the relay is delivered). This blocking is can-
celled as soon as the operation point moves steadily
(i.e. over two periods) on the fault characteristic.
This allows to detect evolving faults in the protected
machine reliably even during an external fault with
current transformer saturation.

4.3.5 Pick-up / Tripping

As soon as the fundamental wave of the differential
current exceeds 85 % of the set value or the stabiliz-
ing current exceeds 4 times the rated machine cur-
rent, the protection picks up. Thus, pick-up occurs
also in case of external faults, so that fault recording
and saturation indicator can operate.

If the trip conditions are fulfilled trip signal is issued.
For special cases, the trip command can be de-
layed. Figure 4.17 shows a simplified tripping logic.

Reset of pick-up is initiated when, during 2 periods,
pick-up is no longer recognized in the differential val-
ues, i.e. the differential current has fallen below 70 %
of the set value.
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If a trip command has not been initiated, the fault is started upon reset of pick-up. During this time the
considered to be over. If a trip command has been trip command is held in (reset time delay).
formed, then a timer of settable duration can be O
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$r§417 Tripping logic of generator or motor differential protection (one measuring system) —
scheme
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4.4 Differential protection for branch points

4.4.1 Principle of measurement

Differential protection systems operate according to
the principle of current comparison and are there-
fore also known as current balance system. They uti-
lize the fact (Figure 4.18) that the current I (dotted)
leaving a healthy protected object is the same as
that which entered it. Any measured current differ-
ence is certain indication of a fault somewhere within
the protected zone. The secondary windings of cur-
rent transformers CT1 and CT2, which have the
same transformation ratio, may be so connected
that a closed circuit with the currents i as shown is
formed. A measuring element M is connected at the
electrical balance point. Under healthy conditions
no current flows in the measuring element M. When,
in the event of a fault in the section between the cur-
rent transformers, the currents at the ends of the
section are unequal the measuring element is sub-
jected to a currentiy + ip, proportionalto I1 + I, the
sum of the two inflowing fault currents. If this current
iy + io is of sufficient magnitude to be sensed by the
element M, this simple system will provide discrimi-
native protection for the protected object under con-
sideration.

1o
protected -— - -

object
! L+l \
- —
iy Io
MIZIj
$h+k

Figure 4.18 #Base principle of differential protec-
tign

When an external fault causes a heavy current to
flowthrough the protected zone, differences in the
magnetic characteristics of the current transformers
wnder conditions of saturation may cause a signifi-
cant*current to flow through the element M. If the
magnitude of this current lies above the response
threshold, the system would issue a trip signal. Sta-
bilization prevents such erroneous operation (refer
to Section 4.4.3).

4.4.2 Matching of measured values

A branch point is defined here as a three-phase, co-
herent piece of conductor which is limitedby$€ets of
current transformers. 7UT512 is suited to such
branch points with two ends (Figure 4.,19, no true
node), 7UT513 to branch points with three ends
(Figure 4.20). Such branch (points, could be short
stubs or mini-bus-bars. Thebranch'point differential
protection is not suitedgto transformers; use the
function "transformer diffefential protection” for this
application (refer to Section/4.2). Even for other in-
ductances, like series opshunt reactors, the branch
point differential prétection should not be used be-
cause of its low sensitivity.

Since theg€utrentidirection is normally defined as
positive in‘the direction of the protected object, the
definitions asiillustrated in Figure 4.19 (for two termi-
nal branch'point) and Figure 4.20 (for three terminal
branchwpoints) result.

If 7QJ51 is used as differential protection for branch
points, all currents are referred to the nominal cur-
rent of the protected branch point. The device is in-
formed about this during parameterization. Thus, if
the current transformer sets at the ends of the
branch point have different primary current, no ex-
ternal matching devices are necessary.

O Oy Oy
Ot O Ot

Figure 4.19 Definition of current direction with
two ends

O Oy Oy
—
(O

HOROR

Figure 4.20 Definition of current direction with
three ends
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4.3.3 Evaluation of measured values

After the input currents are matched with regard to
their magnitude, the quantities which are necessary
for the differential protection are calculated from the
currents of the two or three ends. In the following
clarifications, indices are used to discriminate the
sides: 1 forfirst, 2 for the second, and, if applicable, 3
for the third side of the branch point.

In differential protection systems for protected ob-
jects with two terminals, a stabilizing quantity is nor-
mally derived from the current difference |[[1 — I»| or
from the arithmetical sum |I4| + |Io|. Both methods
are equal in the relevant ranges of the stabilization
characteristics. In differential protection systems for
protected objects with three terminals, stabilizing is
only possible with the arithmetical sum |I1| + |Io|
+ |I3]. The latter method is used in 7UT51 for all pro-
tected objects. This requires the formation of the
vectorial sum and the arithmetical sum of the cur-
rents of each end. The following definitions apply:

The tripping effect or differential current

Lyitt = |14 + Lo (two terminals)
or
Lyif = L1 + Lo + 13| (three terminals)

and the stabilization or restraining current

Istab = [L1] + |2 (two termirfals)
or

Istab = |L1|+ |Io| + |I3] (three terminals)
T4t is derived from the fundamental wavesfand pre-
duces the tripping effect quantity, I3 counteracts

this effect.

1 1
. protegted <
CT1 object CT2
--— —_—
iy ip
MIZ]]
$h+k
Figure 4%2i), Base principle of differential protec-

tion

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

a) Through flowing current or external fault:

I> reverses its direction i.e. thus changes its Sign,
i.e. I, = —Ij and consequently |Ir| = |L;|

Lot = [Lh+L] =[L-L| =0

Istap = L] + [Lo|= [I4] + [I1]|=2 - [L4]

no tripping effect (Igi = 0); stabilization/(lsap) cor-
responds to twice the through fléwing current.

b) Internal short—circuit, e.g. fed with equal currents
from each side:

In this case I, = I; @Adyconsequently |I»|
Lot = |l + L| s [ L] =2
Istap = |L1] + [ =1 | + [I1]|=2- |

= L]
Ly
Ly
tripping effeet (Igif)’ and stabilizing (Istgp) quanti-

ties are equal“and correspond to the total fault
current,

c) Internalshort—circuit, fed from one side only:

Imthistcase I, = 0
L) = |1 + | = |14 + O]
Tsp = |l1| + |12|= |l1| +0

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

This result shows that for internal fault lgi = lstap.
Thus, the characteristic of internal faults is a straight
line with the slope 1 inthe operation diagram as illus-
trated in Figure 4.22. The figure shows the complete
operation characteristic of the relay. The branch a
represents the sensitivity threshold of the differential
protection. Branch b takes into consideration cur-
rent proportional errors which may result from trans-
formation errors of the main c.t.s or from the input
c.t.s of the relay. In the range of high currents which
may give rise to current transformer saturation,
branch ¢ causes stronger stabilization. A further
evaluation in case of severe saturation (add-on sta-
bilization) is described in Section 4.4.4.

The currents lgits and lgip are compared by the differ-
ential protection with the operating characteristic ac-
cording to Figure 4.22. If the quantities result into a
locus in the tripping area, trip signal is given.
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Figure 4.22 Operation characteristic of the differential protection

4.4.4 Add-on stabilization during cur-
rent transformer saturation

Saturation of the current transformers caused by
high fault currents and/or long system time con-
stants are uncritical for internal faults (faultin the pro-
tected branch point area), since the measured value
deformation is found in the differential current as well
in the stabilizing current, to the same extent. The
fault characteristic as illustrated in Figure 4#22)is
principally valid in this case, too. Of coursegthe fun-
damental wave of the differential current must ex-
ceed at least the pick-up threshold (branchia,in Fig-
ure 4.22).

During an external fault which preduces4a high
through flowing short-circuit current causing current
transformer saturation, a considerableddifferential
current can be simulated, espéciallyywhen the de-
gree of saturation is differenthat the measuring
points. If the quantities | gix/1stapesult in an operating
point which lies in the trip@rea of the operating char-
acteristic (Figure 4.22), trip.signal would be the con-
sequence if there wefe no, special measures.

7UT51 provides a 'saturation indicator which detects
such phengmena andhinitiates add-on stabilization
measures: fhe  satdration indicator operates dy-
namically in theyarga which is designated with "add-
on stabilization” in Figure 4.22. The slope of this
characteristic corresponds to half the slope of the
branch b.

Clrrenttransformer saturation during external faults
issdetected by a high initial stabilizing current which
moves the operating point briefly into the "add-on
stabilization” area (Figure 4.22). In contrast, the op-
erating point moves immediately along the fault
characteristic when an internal fault occurs since the
stabilization current will barely be higher then the dif-

ferential cdrrent. The saturation indicator makes its
decision within the first half period after fault incep-
tion.

When"anexternal fault is detected, the differential
proteetion is blocked for a selectable time (8 periods
at theylongest corresponding to 160 ms at 50 Hz,
when the relay is delivered). This blocking is can-
celled as soon as the operation point moves steadily
(i’e. over two periods) on the fault characteristic.
This allows to detect evolving faults in the protected
branch point area reliably even during an external
fault with current transformer saturation.

4.4.5 Pick-up / Tripping

As soon as the fundamental wave of the differential
current exceeds 85 % of the set value or the stabiliz-
ing current exceeds 4 times the rated branch point
current, the protection picks up. Thus, pick-up oc-
curs also in case of external faults, so that fault re-
cording and saturation indicator can operate.

If the trip conditions are fulfilled trip signal is issued.
For special cases, the trip command can be
delayed. Figure 4.23 shows a simplified tripping log-
ic.

Reset of pick-up is initiated when, during 2 periods,
pick-up is no longer recognized in the differential val-
ues, i.e. the differential current has fallen below 70 %
of the set value.

If a trip command has not been initiated, the fault is
considered to be over. If a trip command has been
formed, then a timer of settable duration can be
started upon reset of pick-up. During this time the
trip command is held in (reset time delay).
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4.5 Restricted earth fault protection (optional with 7UT513)

4.5.1 Principle of restricted earth fault

protection

The restricted earth fault protection detects earth
faults in power transformers, shunt reactors, neutral
grounding transformers, or rotating machines, the
star point of which is led to earth. It is also suitable
when an artificial star point is formed within a pro-
tected zone of a non-earthed power transformer. A
pre-condition is that a current transformer is in-
stalled in the star-point lead, i.e. between the star-
point and earth. The star-point c.t. and the three
phase c.t.s define the limits of the protected zone ex-
actly.

Examples are illustrated in the figures 4.24 to 4.26.
- .. 4

Figure 4.24 Restricted earth fault gF6tection on
an earthed transformer winding
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Figure 4.25 Restricted earth fault protection on a
transformer delta winding with artifi-
cial star-point

I —
41 l_ —I

7UT513

e

Figure 4,26y, Restricted earth fault protection on a
shunt reactor

During healthy operation, no star point current Iy
flows through the star-point lead, the sum of the
phase currents I 1 + I, 5 + I, 3 is zero, too.

When an earth fault occurs in the protected zone, a
star-point current Isp will flow; depending on the
earthing conditions of the power system a further
earth current can be recognized in the residual cur-
rent path of the phase current transformers. As all
current which flow into the protected zone are de-
fined positive, the residual current from the system
will be more or less in phase with the star-point cur-
rent.

When an earth fault occurs outside the protected
zone, a star-point current will flow equally; but the re-
sidual current of the phase current transformers is
now of equal magnitude and in phase opposition
with the star-point current.

When a fault without earth connection occurs out-
side the protected zone, a residual current may oc-
cur in the residual current path of the phase current
transformers which is caused by different saturation
of the phase current transformers under strong
through-current conditions. This current could simu-
late a fault in the protected zone. Wrong tripping
must be avoided under such condition. For this, the
restricted earth fault protection provides stabiliza-
tion methods which differ strongly from the usual
stabilization methods of differential protection
schemes.
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4.5.2 Evaluation of the measured
quantities

The restricted earth fault protection compares the
fundamental wave of the current flowing in the star-
point lead, which should be designated as Iy’ in the
following, with the fundamental wave of the sum of
the phase currents, which should be designated in
the following with Iy”. Thus, the following applies
(Figure 4.27):

Iy’ = Igp
Ip=L1+Lo+ 13

Only Iy’ act as the tripping effect quantity, during a
fault within the protected zone this current is always
present.

-
L

Lo

wli;

[ Ig" = Iq+1o+]s |

!

|

+ Isp Iy’ = Lsp |
- ! 7UT513 !
-~ I
Figure 4.27 Principle of restricted earth faultfpro=
tection

When an earth fault occurs outside the‘fprotected
zone, another earth current Iy”\flows,though the
phase current transformers. This ispen the primary
side, in counter-phase with the”star-point current
and has equal magnitude. The maximum informa-
tion of the currents is evaluatedyforstabilization: the
magnitude of the currents andtheir phase position.
The following is defiped:

A tripping effect curreft

Irer = | Lo’
and the stabilizatiofvor restraining current

Istap =k il — Io”| — o’ + Io”l|
whereyk is a stabilization factor which will be ex-
plained, below, at first we assume k = 1. Iggr is
derived from the fundamental wave and produces

the tripping effect quantity, I counteracts this ef-
fect.

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

a) Through flowing current on an external earth fauli:

Iy” is in phase opposition with Iy’ and of equal

magnitude i.e. Iy” = -1’

Irer = |Lo’|

Istab = |lo’ + lO,| - |lo’ - lo,|
= 2. |lg|

The tripping effect current (Irgphequéls the star
point current; stabilization (lsigp), COrresponds to
twice the tripping effect current.

b) Internal earth fault, fedhonly from the star point:

In this case 15" =40

Irer = |Io’|
Istap = ILO, N Ol y |10, - Ol
=0

The trippingeeffect current (Irgr) equals the star
point.currept; stabilization (Igiap) is zero, i.e. full
sefsitivity/during internal earth fault.

@) Internal earth fault, fed from the star point and
from the system, e.g. with equal earth current
magnitude:

In this case Iy” = I

Irer = |Io’|
Lstab = 10" — Io’| — |10’ + 1o’|
= -2 |Iy|

The tripping effect current (Iger) equals the star
point current; the stabilizing quantity (Istap) is Neg-
ative and, therefore, set to zero, i.e. full sensitivity
during internal earth fault.

This result shows that for internal fault no stabiliza-
tion is effective since the stabilization quantity is ei-
ther zero or negative. Thus, small earth current can
cause tripping. In contrast, strong stabilization be-
comes effective for external earth faults. Figure 4.28
shows that the stabilization is the strongest when the
residual current from the phase currenttransformers
is high (area with negative 15”/1g’). With ideal current
transformers, Iy”/Iy’ would be —1.

If the star point current transformer is designed
weaker than the phase current transformers (e.g. by
selection of a smaller overcurrent factor or by higher
secondary burden), no trip will be possible under
through-fault condition even in case of saturation as
the magnitude of I” is always higher than that of Iy'.
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Figure 4.28 Operation characteristic of the restricted gartifault'protection dependent of the earth current
feeding ratio ly”/lg’ (both currents in phasg ok, counter-phase); Irgr = setting value

It was assumed in the above examples that thecur-
rents Ip” and Iy’ are in counter-phase forgexternal
earth faults which is only true for the primaryamea-
sured quantities. Current transformer saturation
may cause phase shifting between the furdamental
waves of the secondary currents which{reduces the
stabilization quantity. If the phasg®displacement
0(Ip"I") = £90° then the stabilizing quantity is
zero. This corresponds to the cenventienal method
of direction determination byause ofrthe vectorial

Figure 4.29 Phasor diagram of the stabilizing
quantity during external earth fault

sum and difference comparison (Figure 4.29).

The stabilizing quantity can be influenced by means
of a factor k. This factor has a certain relationship to
the limit angle &;;m;t which can be selected in 7UT51.
This limit angle determines, for which phase dis-
placement between Iy” and Iy’ the pick-up value
grows to infinity when Iy” = Iy, i.e. no pick-up oc-
curs. The highest stability is 8jimit = 90°; thenis k =
co. For phase displacement —90° < (Ip";lg) <
+90° the tripping effect quantity is exclusively pres-
ent, for other phase displacement the stabilizing
quantity is co.

Figure 4.30 shows the operating characteristics of
the restricted earth fault protection dependent of the
phase displacement between 15" and Iy, for a con-
stantinfeed ratio |I”| = |Io’|. Table 1 shows the re-
lation between the setting of the limit angle &;mi; and
the stabilization factor k.

Ojimit | 130° | 120° | 110° | 100° 90°
k ~ 1 1,4 2 4 0
Table 4.1 Relationship between limit angle

Ojimit and stabilizing factor k
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Figure 4.30 Operation characteristic of the restricted earth faultyprotection dependent on the phase
angle between Iy” and Iy’ at Iy” = Iy’ (180° = external¥fault)

4.6 Overcurrent time protection

The differential protection 7UT51 providessan inte*
grated overcurrent time protection. This can operate
on any of the terminals of the protected ‘@bjectsWith
7UT512, the overcurrent time proteation cam oper-
ate on the higher voltage side orthe lower voltage
side of a power transformer, or the terminal side or
the star-point side of a generator or motor, or on any
end of atwo terminal branch pointaWith 7UT513, the
overcurrent time protection'can @perate on any side
of athree-winding powentransformer or three-termi-
nal branch point. If ZUT513fs,used for atwo-winding
power transformer, a generator or motor, or a two-
terminal branch poifit, thegfovercurrent time protec-
tion can operate on anyiother protected object, the
“virtual object”, if desired.

The overcurrent time protection can be used as defi-
nite timeper \inverse time overcurrent protection.
Three.standardized inverse time characteristics ac-
cording to1EC 60255-3 are available for inverse
timeNmode. The trip time characteristics and the
applied formulae are given in the Technical data, re-
fer Figure 3.10, Section 3.6.

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

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

The pick-up values of the overcurrent time protec-
tion are always related on the rated current of the
protected feeder. This means, in case of atransform-
er, the rated current of the winding which is derived
from the rated power and the rated voltage of that
winding, in case of generators or motors, the rated
current of that machine, or, in case of a branch point,
the rated current of that branch.

Under conditions of manual closing onto fault, the
overcurrent protection can also provide a rapid trip.
A choice can be made whether the | > > stage or the
I>/Ip stage is decisive for an undelayed trip, i.e. the
associated time delay is by-passed for this condi-
tion. A pre-condition is that the closing command is
repeated to a binary input of the device.
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4.7 Thermal overload protection

The overload protection prevents the protected ob-
ject from damage caused by thermal overloading. In
7UT51, two overload protection functions are avail-
able, each of which can be switched on any of the
terminals of the protected object.

With 7UT512, each overload protection can operate
on the higher voltage side or the lower voltage side
of a power transformer, or the terminal side or the
star point side of a generator or motor, or on any end
of a two terminal branch point. With 7UT513, any
side of a three-winding power transformer or three-
terminal branch point can be selected. If 7UT513 is
used for atwo-winding power transformer, a genera-
tor or motor, or atwo-terminal branch point, the over-
load protection can operate on any other protected
object, the "virtual object”, if desired.

The unit computes the temperature rise according
to a thermal single-body model as per the following
thermal differential equation:
aQ 1 ~_1 e
o T =1

withQ - actualtemperature rise related on thefinal

temperature rise for the maxim@m per-
missible current k-l

t — thermal time constant for heatingsup “of
the winding

| - actual winding current (r.m.S. (value) re-
ferred to the maximum pgrmissible wind-
ing current Imax = k ¥y

The temperature rises are calculated from each of
the phase currents. A choice can be made whether
evaluation is carried out from the highestef thethree
phase temperature rises, the mean value of the
three temperature rises, or the temperature rise
cause by the the highest of the three ctirrents.

When the temperature 4ise“r€aches the first set
threshold, a warning alarmigygivén, in order to ren-
der possible an early loadjreduction. If the second
temperature threshold is feached the protected ob-
ject can be disconnected frém the network. A further
overcurrent warn Stage is’available.

The maximumipermissible continuous thermal over-
load curreptalaxtis described as a multiple of the
rated,current I

Imax 5 Kl

For the overload protection, Iy is the rated current of
theyprotected feeder. For power transformers, Iy is
taken from the rating of the protected winding; in
case of generators or motors, Iy is the rated current
of that machine; in case of a branch point, Iy is the
rated current of that branch point.

In addition to the k—value, the time constant t as
well as the alarm temperature rise Qyarm Mmust be en-
tered into the protection unit.
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4.8 Tank leakage protection
(optional with 7UT513)

The tank leakage protection has the task to detect
earth leakage — even high-ohmic — between a
phase and the frame of a transformer. The tank must
be isolated from earth (refer Figure 4.31). A conduc-
tor links the tank to earth, and the current through
this conductor is fed to a current input of the relay.
When a tank leakage occurs, a fault current (tank
leakage current) will flow through the earthing con-
ductor to earth. This tank leakage current is de-
tected by the tank leakage protection as an overcur-
rent; an instantaneous or delayed trip command is
issued in order to disconnect all sides of the trans-
former.

A choice can be made whether the tank leakage pro-
tection evaluates the fundamental wave of the tank
current or its true rm.s. value.

The model 7UT513x—xxx2% provides a high-sensi-
tivity current input for tank leakage protection which
allows asetting range of 10 mAto 1000 mA. Itis also
possible to connect the tank leakage current to a
standard current input of the relay; in this case, the
setting range is 0.1 to 10 times the rated current of
the relay.

QL L
)

.—_l_-_

5_- 7UT513

N+ isolafed 7

AANANNN VAR

Figure 4.31

Tank leakage protection (principle)

4.9 Processing of external trip
signals and user definable
annunciations

Two desired trip signals from an external protectioh
or supervision unit can be incorporated into the pro-
cessing of 7UT51. The signals are coupled inte the
relay as "External signals” via two binary inputs. Like
the internal protection and supetrvisiongignals, they
can be annunciated, delayed, andiransmitted to the
trip relays.

Additionally, four annunciatiens ‘ake’available, which
can be defined by the auser himself. Signals and
messages of other deviceswhich have nointerfaces
(PC or LSA interface)(can'be included in the annun-
ciation processing of the device. Like the internal an-
nunciations, they' cambe allocated to signal relays or
LEDs, or trapsmitted jio the front display, a PC or
LSA. Examplesimaybe Buchholz protection or tem-
peratureamoniteor.

4.10) Tripping matrix

The digital differential protection 7UT51 includes an
integrated tripping matrix. The tripping matrix repre-
sents the switching centre of the protection: The
cross-bar distributor between the protection trip sig-
nals and the switching elements in the plant.

The command signals output by the different protec-
tive functions, as described in sections 4.2 to 4.9,
can be marshalled to the 2 (7UT512) or 5 (7UT513)
trip relays of the unit as required. External signals
such as, for example, from the Buchholz protection,
pressure or temperature supervision, etc., can be
coupled into the 7UT51 via binary inputs and mar-
shalled to the trip relays via the trip matrix. Each trip
relay is assigned to a switching element, such as a
circuit breaker, de-excitation circuit breaker, trip
valve, or other control gear.

The procedure for programming the trip matrix and
also the marshalling condition as delivered from fac-
tory are described in detail in Section 5.5.5.
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4.11 Ancillary functions

The ancillary functions of the current differential pro-
tection 7UT51 include:

— processing of annunciations,

— storage of the short-circuit data for fault record-
ing,

— operational current measurements,

— monitoring functions.

4.11.1 Processing of annunciations

After a fault in the protected object, information con-
cerning the response of the protective device and
knowledge of the measured values are important for
an exact analysis of the history of the fault. For this
purpose, the device provides signals and indica-
tions which are effective in three levels.

4.11.1.1 Indications and binary outputs (signal
relays)

Important events and conditions are indieated, by
optical indicators (LED) on the front plated The unit
also contains signal relays for remeote indication.
Most of the signals and indications cdn be mar-
shalled, i.e. they can be assigned, meanings other
than the factory setting. Section’5.5 describes in de-
tail the conditions as set byithe faetory and the mar-
shalling facilities.

The signal relays operatetin,an unstored mode and
reset after the indicated eriterion disappears. The
LED indicators ‘€an be operated in a stored or un-
stored mode(

The memorie§ of fthe indicators can be saved
against power oufage. They are reset:

— locally, viagthe keyboard on the front,

—gremotely by energizing the binary remote reset in-
put,

~yremotely via one of the serial interfaces,

— automatically on each new pick-up of the relay.

Some indicators and relays indicate conditions; itis
not appropriate that these should be stored. Equally
they cannot be reset until the originating criterion
has been removed. This mainly concerns fault indi-
cations such as "auxiliary voltage fault”, etc.

A green LED indicates readingss for operation. This
LED cannot be reset andyremains illuminated when
the microprocessor is working cérrectly and the unit
is not faulty. The LED gxtinguishes when the self-
checking function of the micréprocessor detects a
fault or when the auxiliaryawoltage is absent.

With the auxiliangyoltage present but with an exist-
ing internal fault in“the unit, a red LED illuminates
("Blocked”).and¥locks the unit.

44:1.2\Information on the display panel or to
a personal computer

Events and conditions can be read off in the display
omthe 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. Inthe event ofa
network fault, selectable information on the fault ap-
pears instead of the operating information, e.g. de-
tected phase(s) and the protection function which
has tripped. The quiescent information is displayed
again once these fault annunciations have been ac-
knowledged. The acknowledgement is identical to
resetting of the stored LED displays as in Section
4.11.1.1.

The device also has several event buffers, e.g. for
operating messages, fault annunciations, etc. (see
Section 6.4) which may be 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 orto the personal computer via the op-
erating 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 the trip signal is re-
set can be read out. The resolution is 1 ms.

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

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

A network fault begins with recognition of the fault by
pick-up of any fault detector and ends with drop-off
of the latest protection function.

4.11.1.3 Information to a central unit (optional)

In addition, all stored information can be transmitted
via an optical fibre connector or the isolated se€ond
interface (system interface) to a control centre,ffor
example, the SIEMENS Localized Substation Aute-
mation System LSA 678. Transmissioh uses a stan-
dardized transmission protocol according 10 IEC
60870—-5-103 and VDEWY/ZVEI, of¥according to
DIN 19244 (selectable).

4.11.2 Data storage and transmission
for fault recording

The instantaneous values of the measured valdes
iL1, i, i3

of each transformer winding or generator or motor
c.t. set or each terminal of a branch peint as well as

ia and ig (additional inputs at 7WT513)

are sampled at 1.66 ms intervals \(for 50 Hz) and
stored in a circulating shift registersn case of a fault,
the data are stored over aselectable time period, but
max. over 5 seconds. The maximum number of fault
records within this time period is 8. These data are
then available for faultyanalysis. For each renewed
fault event, the actuahnew fault data are stored with-
out acknowledgement of the old data.

The dataean betransferred to a connected personal
computervia the'operation interface at the front and
evaluated bythe protection data evaluation program
DIGSI®. Thefcurrents are referred to their maximum
valuesynormalized to their rated values and pre-
paredifor graphic visualization. In addition, signals
can be marked as binary traces, e.g. "Trip”.

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

When the data are transferred to a control centre, re-
calling can proceed automatically, i.e. after each
pick-up of the relay or trip command. The following
then applies:

— The relay signals the availability of fault record d
ata.

— 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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4.11.3 Routine operational measure-
ments and load data

The r.m.s. values of all phase currents are constantly
available for recall locally or for remote data transfer.
In the front display or via the operating interface, ad-
ditionally, the currents of the restricted earth fault
and the data calculated by the overload protection
are constantly available.

The following applies:

= My, Mo, M3
phase currents of the first terminal (winding 1 of
transformer, star point sided c.t.s of generator or
motor, feeder 1 of branch point) in amps primary
and in % of rated relay current,

=124, 1219, 12,3
phase currents of the second terminal (winding 2
of transformer, terminal sided c.t.s of generator or
motor, feeder 2 of branch point) in amps primary
and in % of rated relay current,

— 131, 135, |3|_3 in 7UT513
phase currents of the third terminal (winding 3 of
transformer, feeder 3 of branch point, or the cur*
rents of the “virtual object”) in amps primary®and
in % of rated relay current,

— la, I3 in 7UT513
currents of the earth current c.t.s in amps,primary
and in % of rated relay current; for the high-sensi-
tivity input for tank leakage protectiongin mil-
liamps,

— Q/Qyip L1, Q/Qyrip L2, Q/Qpripala
calculated temperature fise iM% of the trip tem-
perature rise for each tesminalfor which an over-
load protection function is éffective,

ltank in 7UT513
tank leakage current formodels with tank leakage
protectiony

4.11.4 Monitoring functions

The device incorporates comprehensive monitoring
functions which cover both hardware andssoftware;
furthermore, the measured values are contindously
checked for plausibility.

4.11.4.1 Hardware monitoring

The unit is supervised fromthe measurement inputs
to the command relaysg#Detailsvare as follows:

— Auxiliary and refefepceiwoltages

The processarmonitors the auxiliary voltages for
the multiplexer and offset and reference voltages
for the ADC (Analog/Digital Converter). The pro-
tectionjis blogked as soon as impermissible devi-
ations occur; permanent faults are annunciated.

Failure or switch-off the auxiliary voltage automat-
ically 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 (Uq > 110 V).

— Trip circuits:

The command relays are controlled by two com-
mand channels and one additional release chan-
nel. Discontinuities and short-circuits in the relay
control circuits are monitored.

— Memory modules:

A cyclic checksum is formed for the program
memory (EPROM), the parameter assignment
memory (EEPROM) and the working memory
(RAM) and compared with the stored checksum.
(The checksum of EEPROMs is calculated during
each new parameter assignment process.)
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4.11.4.2 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 the availability relay, thus indicating
"equipment fault” and simultaneously the LED
"Blocked” comes on.

4.11.4.3 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:

[Tmin |/|lmax| < SYM.Fact.|
if
Imax / In > SYM.lthres / Iy

Imax is always the largest of the three phase cur-
rents and i always thesmallest. The symmetry

factor SYM.Fact.l represents the magnitude of
asymmetry of the phase currents, and the thresh-
old SYM.Ithres is the lower limit of the processing
area of this monitoring function (see Figure 4.32):
Both parameters can be set (see Section 6.3:14).

For each of the terminals of the protected object
(winding of a power transformer, terminal and
star-point side of a generator or motor, feeder of a
branch point, and, if applicable,he Zvirtual ob-
ject”, a current symmetry menitef is available;
asymmetry is selectively annunciated.

I min

In
Slope:
SYM.Fact.|
/
SYM.lthres max

IN

Figure 4.32 Current symmetry monitoring

— Current sum monitor

If the relay is used as branch-point protection, the
differential currents are supervised on alow level.
This supervision operates for each phase. A de-
fect in the secondary circuits of the current trans-
formers is assumed when a differential current
with the magnitude of load currents is detected
during normal operation. This is annunciated with
a short delay and, at the same time, the differen-
tial protection is blocked.
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5 Installation instructions

/_v\ Warning

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

In particular the general erection and safety regulations (e.g. IEC, DIN, VBE, opnational standards)
regarding the correct use of hoisting gear must be observed. Non-obsérvanee can result in death,
personal injury or substantial property damage.

5.1 Unpacking and repacking

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

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

The transport packing can be re-used forfurther
transport when applied in the same way:“jhe stor-
age packing of the individual relays is Roffsuited to
transport. If alternative packing is ysed, ‘this must
also provide the same degree @f protection against
mechanical shock, as laid downyin“EC 60255—
21-1 class 2 and IEC 60255+21—2%lass 1.

Before initial energizationgwith®supply voltage, the
relay shall be situated in the ©perating area for at
least two hours in orderatefensure temperature
equalization and to favgidghumidity influences and
condensation,

5.2 Preparations

The operating conditions must accord with VDE
0100/5.78 and VDE 0105 part 1/7.83, or correspond-
ing'national standards for electrical power installa-
tions.

N\

Caution!

The modules of digital relays contain CMOS
circuits. These shall not be 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
ofindividual modules the recommendations
relating to the handling of electrostatically
endangered components (EEC) must be
observed.

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

5.2.1.1 Model 7UT51xx—xD*xx for panel sur-

face mounting

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

— Connect earthing terminal (Terminal 16 at 7UT512
or terminal 26 at 7UT513) of the unit to the protec-
tive earth of the panel.

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

— Make connections via screwed terminals.

5.2.1.2 Model 7UT51xx--xCxxx for panel flush
mounting or 7UT51xx--xExxx for cu-
bicle installation

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

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

— Connect earthing screw of theunitie the protec-
tive earth of the panel.

— Make a solid low-ohmic and lew-inductive opera-
tional earth connection betweenthe earthing sur-
face at the rear of the unit using at least one stan-
dard screw M4, and the earthing continuity sys-
tem of the pafel or cubicle; recommended
grounding strapPIN'72383 form A, e.g. Order-No.
15284 of Messrs Druseidt, Remscheid, Germany.

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

5.2.2 Checking the rated data

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

5.2.2.1 Different rated currents

If the current transformer sets atthe terminals of the
protected object have different secandary rated cur-
rents, then matching can beyperformed on the input/
output p.c.b. In this case theyfollowing should be
noted:

— It is advisable to order the 5 A model as the cur-
rent inputs cap'bgeasily changed into 1 A rated
by removing bridges.

— Do net.insett orwithdraw module(s) under volt-
age.

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.

It depends on the hardware state (production se-
ries) of the relay how this is carried out. This state is
found on the name plate behind the complete order
designation.

The following is valid for production series /JH:

— In order to change a 5 A input into an 1 A input,
solder bridges must be removed. Cut and bend
them aside. Figures 5.1 and 5.2 show reconnec-
tion of the rated currents (Figure 5.2 for 7UT513
only).

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

— In order to change a 5 A input into an 1 A input,
bridges or jumpers must be removed. Figure 5.5
shows reconnection of the rated currents with sol-
der bridges, for the first and second terminal side
of the protected object. Cut and bend them aside.
Figure 5.6 shows reconnection of the rated cur-
rents with plug jumpers, for the third terminal side
of the protected object (for 7UT513 only).
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Setting for the first terminal

of protected object (primary) <

In = 5 A ac: bridges in place
IN = 1 A ac: bridges removed

All three bridges must be in the same po-
sition!

Setting for the second terminal %

of the protected object (secondary)
IN = 5 A ac: bridges in place
IN = 1 A ac: bridges removed

All three bridges must be in the same po-
sition!

Figure 5.1 Setting of the rated current 1A/5 A'en the basic module ([] in Figures 6.1 and 6.2),

up to production series /JH

Only for 7UT513:

Setting for additional current input Ig
IN = 5 A ac: bridge in place

IN = 1 A ac: bridge removed
(models 7UT513* — *****_ {** )

Note: Bridge 5 has no influence'in,case Ig is
the highly sensitive currenfinput (models
7UT513*_ *****_2***)

Setting for additional@urrenbinput I
IN = 5 A ac: bridgefin plage

IN = 1 A ac: bridge remgved

(models 7UT513* =& xx*_ {***) %

Setting for the third terminal

of thejprotected object (tertiary)
IN = 5'A ac: bridges in place
INEWyAac: bridges removed

——

BRUECKE ° °
\f{ —t o ¢

/ﬁ

/81 - =\
IR e s——

[
P

Allthree bridges must be in the same po-
sition!

Figure 5.2 Setting of the rated currents 1 A/5 A on the additional module ([] in Figure 6.2), up to

production series /JH
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5.2.2.2 Control d.c. voltage of binary inputs

When delivered from factory, the binary inputs are
designed to operate with a control voltage which
corresponds with the rated voltage of the power
supply of the relay. In order to optimize the operation
of the inputs, they should be matched to the real
control voltage. It depends on the hardware state
(production series) of the relay how this is carried
out. This state is found on the name plate behind the
complete order designation.

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.2
for facilities. If a binary input is to be controlled by
a lower voltage, then the pick-up threshold must
be matched! Otherwise it cannot be energized.

The following is valid for production series /JH:

The binary inputs react on control d.c. voltages in
the total voltage range from 19V to 288 V. The
pick-up threshold lies near 17 V. If the rated con-
trol voltage 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

Order code Rated auxiliary, [ Presetting of

7UTS51xk— voltage range ||'binary inputs
2hckokk — kAAk 24148 VVdec 24 Vdc
Gickkk—xxxx | 60/110/d425 Vdc 60 Vdc
Bk — Aokokk 220/250 Vdc 220 Vdc

in the d.c. circuits.

Table 5.1

To fit a higher pick-up threshold of approximately
65 V to a binary input a solder bridge must be re-
moved. Figure 5.3 shows the assignment of these
solder bridges for the inputs Bl 1 and BI 2, and
their location on the basic p.c.b. of the basic in-
put/output module GEA-1. Figure 5.4 shows the
assignment of these solder bridges for the inputs
Bl 3 to Bl 15 and their location on the addition@al
input/output module ZEA—1. The latter is avail-
able only in 7UT513.

Presetting of control voltage for
binary inputs for production series
/KK

Table 152 shows the setting possibilities for the
binary inputs Bl 1 and BI 2 on the basic p.c.b. of the
basic input/output module GEA-2, Table 5.3 for the
inputs Bl 3 to Bl 5 on the additional input/output
module ZEA-1 (7UT513 only). The figures 5.3 and

5.4 show the printed circuits boards, viewed from

The following is valid for production series /KK'ordat-

the component side, with the setting plugs for the

er: control voltage of the binary inputs. They are valid for
relays from production series /KK. If the actual con-

Table 5.1 shows the assignment of the preset-
tings of the control voltage of,thetkinary’inputs
against the rated supply voltage'efthetelay. If the

trol voltage is not found on the p.c.b., select the set-
ting for the next lower voltage. The figures show fur-
ther plugs, which must not be changed.

Binary input Settings for rated control voltage

on GEA-2 24/48\Vdc 60 Vdc 110/125 Vdc 220/250 Vdc
Bl 1 plug X50-X51 plug X52—-X53 plug X54—X55 no plug )
BI 2 plug X56—-X57 plug X58—-X59 plug X60—X61 no plug )
BI 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) WUntised\plugs may be parked on the pins X36 to X43

Tables.2

production series /KK

Checking for control voltages of binary inputs 1 and 2 on the basic module GEA-2, valid from
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Binary input Settings for rated control voltage
on ZEA-2 24/48 Vdc 60 Vdc 110/125 Vdc 220/250 Vdc
BI 3 plug 24 V plug 60 V plug 110 V plug 220V
Bl 4 plug 24 V plug 60 V plug 110 V plug 220aV
BI 5 plug 24 V plug 60 V plug 110 V plug 220 V
Table 5.3  Checking for control voltages of binary inputs 3 to 5 on the additional maddle ZEA-2

(7UT513 only), valid from production series /KK

— 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'céenduc-

tive surface.

— For production series up to /JH: check theysolder
bridges according to Figure 5.3, remoye bridges

where necessary.

Binary input 1 : Solder bridge X21

Binary ifiput 24 Solder bridge X22

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

For productigm,series from /KK: check the plugs

according i0 Figure 5.5.

— Insert basic module into the housing; ensure that
thereleasinglever is pushed fully to the left before

the module is pressed in.

~ Fifmly push in the module using the releasing le-

ver.

—.Similarly check on the additional input/output
module ZEA-2 (only for 7UT513).
For production series up to /JH: check solder
bridges according to Figure 5.4.
For production series from /KK: check the plugs

according to Figure 5.6.

— Close housing cover.

Figure 5.3 Checking for control voltages for binary inputs 1 and 2 on the basic input/output module
GEA-1, up to production series /JH
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Binary input 3 : Solder bridge X7
Binary input 4 : Solder bridge X8

Binary input 5 : Solder bridge X9

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 5.4 Checking for control voltages for binary inputs 3 to 5 on theladditional input/output module
ZEA—-1 (7UT513 only), up to production series /JH

5.2.3 Inserting the back-up battery

The device annunciations are stored in NV—-RAMS:
A back-up battery is available 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 coptinue,in
the event of a power supply failure.

The battery is supplied separately withirelays,of pro-
duction series up to /JH. It shouldbe’inserted before

the relay is installed. Section 7.2 explains in detail
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 /KK or lat-
er, the battery is installed at delivery so that no activi-
ties are necessary here.
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Component side of the left p.c.b.

X36 to X43: unused plugs
may be parked here
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Figure 5.5 Setting plugs on basic input/output module GEA-2, from production series /KK
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or additional current input Ig
A ac: plugged (as illustrated)
1 A ac: not plugged

odels 7UTH13* — ***** _ {*¥*)
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S|EMENS

A
Ao

Note: Plugs X88—X87—-X86 have no influ-
ence in case lg is the highly sensitive current
input (models 7UT513* — *****_ k%)

X

K1

Setting for the third terminal
of the protected object (tertiary)
IN = 5 A ac: plugged (as illustrated)
Iy = 1 A ac: not plugged

K2

All three plugs must be in the sa
sition!

~
£

Setting for additional current input I
IN = 5 A ac: plugged (as illustrated)
In = 1 A ac: not plugged

(models 7UT513* — *****_ {***)

T4

w
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(k123
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.6 Setting plugs on additional input/output module ZEA-2 (7UT513 only), from production se-
ries /KK
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5.2.4 Checking the LSA transmission link

If the interface for a central data processing station
(e.g. LSA) is used, these connections must also be
checked. It is important to visually check the alloca-
tion of the transmitter and receiver channels. Since
each connection is used for one transmission direc-
tion, the transmit connection of the relay must be
connected to the receive connection of the central
unit and vice versa.

If data cables are used, the connections are marked
in sympathy with ISO 2110 and DIN 66020:

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.

Transmission via optical fibre is recommended. It)is
particularly insensitive against disturbances andsau-
tomatically provides galvanic isolation. Transmit and
receive connector are designated with thessymbols
—8—> for transmit output and —>-® for receive in-
put.

The normal signal position fof thes/@ata transmission
is factory preset as light'off”. This/can be changed
by means of a plug jumpgr, X289 which is accessible
when the basic input/output, module is removed
from the case. The jumpetiis situated in the rear area
of the power supply beard (centre board) (Figure
5.7).

Jumper | {Position  Normal signal position

X239 1-2 "Light off”
X239 2-3 "Light on”

Thedfigure shows, additionally, the position of further
plugs which are preset by the factory and must not
be,changed!

123 \\\ 123
x213 (1] D201 xo13 (I
X214 u X214
X215 (1] x215 (1]
x216 (1] x216 (1]
x217 O x217 LD
x240 x240 D
X239 x239 [
238 I x238 (111
X237 E %‘ x237 (111
x236 (111 \ X236
x235 (1 X235
123 123
10 10 /
o . o o
Pluggumper‘shown as delivered o o
X239: Pgsitiop 1-2 = "Light off” o o
50 50
100 100
[o] [o]
[o] [o]
[o] [o]
[o] [o]
(o]
with V.24 interface with optical fibre in-

terface

Figure 5.7 Position of the jumper X239 on the power supply board
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5.2.5 Connections

— L3
General and connection diagrams are shown in Ap- I —— -
pendix A and B. The marshalling possibilities of the a—
binary inputs and outputs are described in Section - 3-
5.5. —i
L — N\
. — S
5.2.5.1 Standard connection 7UT512
With 7UT512, one single standard connection is 4 [ sh2
practically applicable: connection to the current 1 8A1I
transformer sets which limit the protected object 5 [2A2
(Figure 5.8). It is imperative to ensure the correct as- 2 |24 l 1
signment of the current conductors. The polarity of 64h1A2 o
the current transformers is not so important as it can 3 | 1A% I 5
be adapted during parameterizing of the relay. 5
_ . _ 200382 ™~
The only difference arises when the relay is used as 17 | 381 l
transverse differential protection for electrical ma- 21 | 282
chines (Figure 5.9). T_he correct a_ssignment of the 18 | 281 l 2
c.t. leads is the most important thing, too. o0 | 182
19 131'

I-Pro'[ec’[ed objet;l_

4 . Figure,9  Connection of a transverse differen-
transformer, tial protection
- generator, motor, r—
. two-terminal .
—

_—— Lbranch point

I-Pro'[ec’[ed objet;!_
ZUT512 three-winding
4 an2 3Bd 20 - transformer, [rm—
B | B2 R , threeterminal
5] 2n2 289 21 — branch point =
2 2A1I1 2' 2B1| 18 o - ot -|
6| 1A2 1B 22
3 1A1I I 18119

Figure 5.8  Standard conpection 7UT512

& 8|8 »| &] S
-_— ]
3
4| 3A2 382 (10
5.2.5.2 Standardiconnection 7UT513 1] ear || | IENE
5| 2A2 2B2 | 11
7UT513 {revides three sets of current inputs for o| 2a1 |1 2' o818
three phases each. Connection to a three-winding 6| 1a2 82|12
transfermer‘or three-terminal branch point is shown 3| 1ar | | 819
in Rigure)5.10. It is imperative to ensure the correct 7UT513

assighment of the current conductors. The polarity
of the current transformers is not so important as it
ean, be adapted during parameterizing of the relay. Figure 5.10 Standard connection 7UT513
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5.2.5.3 Further connection possibilities
7UT513

Besides the nine current inputs for each of the three
sets of three currents, 7UT513 provides two further
current inputs which are designated |5 and Ig. These
can be connected in different manner, depending on
the application. If one of these additional current in-
puts is to be used, always 7UT513 must be selected
even when the protected object has only two feed-
ers.

Ifthe relay is equipped with the tank leakage protec-
tion, a choice can be made whether the tank leak-
age current is connected to the additional currentin-
put la or Ig. Input 5 is a normal measured current in-
put which allows a setting range of 0.1 to 10 times
rated relay current. Connection to the high-sensitiv-
ity current input lg is recommended; in this case a
setting range of 10 mA to 1000 mA is possible, inde-
pendent of the rated currents.. The current input I
can then be used for another purpose (see below).

In order to increase the sensitivity for earth faults de-
tected by the transformer protection, a current trans-
former is necessary in the star-point lead of the
transformer. The star-point current can be measured

2D1| 33

| BT

10

A or B

3A2 3B2
3A1 I I 3B1| 7
2A2 2B2| 11
2A1 I 1 2' 81| 8

1A2 12
1A1 I

w o oo A

1B2
I 1B1| 9

7UT513

Figure 5.11 Connection to a c.t. in the star point

lead

either via the current input I or Ig. But, in models
with tank leakage protection, current input |a.must
be used since input I is designed for the highly sen-
sitive tank leakage protection. Figure 5.11_shew an
example for a two-winding transformer Thegsame
connection method applies for an earthedigenerator
or motor. Corresponding connection applies for a
three-winding transformer.

If a transformer is fitted with two earthed star-points
then both star-point cufrentss€an’ be used to in-
crease the earth fault sensitivity of the transformer
differential protection. fhe star-point current are to
be connected to the additional current inputs |5 and
Ig. The assignment ofthe clrrent inputs to the asso-
ciated winding is €arried out later during configura-
tion.

It is possiblesto use the tank leakage protection and
increased sensitivity for earth fault of one winding
both'atithe same time. In this case, the tank leakage
protection'must be connected to currentinput g, the
starpeintcurrent to |4. No connection input remains
for alsecond star-point current.

The connection example of Figure 5.11 is also valid
fop the connection of a star-point current for re-
stricted earth fault protection. The device provides
one restricted earth fault protection which can be as-
signed to any desired winding of the transformer.
Combination with the increased sensitivity for a dif-
ferent winding is possible.

If 7UT513 is use for a protected object with two termi-
nals, i.e. two-winding transformers, generator, mo-
tor, or a branch-point with two feeders, the connec-
tion can be made according to Figure 5.8 or 5.9, too
(but observe the different terminal arrangement of
7UT513). In this case, the third measured current in-
put set (which is normally for terminal 3), and, if
applicable, the additional current inputs I or Ig, may
be used for a different protected object, the so-
called ”virtual object”. This ”virtual object” can be
protected by the integrated overcurrent time protec-
tion, one of the thermal overload protection func-
tions, and/or the restricted earth fault protection. An
example for the last may be a shunt reactor or artifi-
cial star point outside the protected zone. A pre-con-
dition is that a star-point current transformer is avail-
able.

Figure 5.12 shows, as an example, a two-winding
transformer with connection group Yd5 and an artifi-
cial star-point on the delta side, outside the pro-
tected zone. The star side of the transformer is con-
nected to the measured current input set 1, the delta
side to the measured current input set 2. The meas-
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ured current input set 3 is not used for the transform-
er differential protection; itis connected to the phase
current transformer set of the artificial star point as-
sembly. The current transformer of the star point
lead of the artificial star point assembly is connected

to the additional current input 15. Thus, besides the
transformer differential protection, for the power
transformer, a restricted earth fault protection for thé
artificial star point assembly is achieved. The addi-
tional measured current input Ig is still available.

4]

1

I

N Ol | O QN
al| S| O A »
— Al ] — [
al ol o] O O] O
(&) ol N v — —
- - -
4| 3A2 3B2| 10
1] 3A1 I I 3B1|7
5| 2A2 2B2 | 11
2| 2a1 I‘| 2' 81| 8
6] 1A2 1B2 12
3] 1A1 I I 1B1|9
7UT513
—
al s A
o o
ol 4
[s2] oo}

Figure 5.12 7UT513 as differential pretection for a two-winding transformer and restricted earth fault pro-

tection for a different "vittual object”
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5.2.5.4 Considerably different rated powers with three-winding transformers

Different transformation ratios of the current trans-
former sets are, normally, compensated within the
relay by multiplication of the input currents with a
matching factor. When the windings of a three-wind-
ing transformer have different MVA ratings, the high-
est power rating is used as the basis of calculation of
the rated currents. If, in this case, the matching fac-
tor

rated current at rated transformer power
rated current of a winding

is higher than 4, the use of an interposing transform-
er setis recommended (for this winding) in order to
improve the accuracy of the internal calculations.
Since the currentinputs in the 7UT51 are galvanical-
ly isolated from each other, the interposing trans-
formers may be designed as auto-transformers.
This better utilizes the power rate of the interposing
transformers and the smaller transformer type
4AM5170-7AA is sufficient. A connection example
is illustrated in Appendix B (Figure B.3).

The ratio of the interposing transformers is chosen
such that the winding with the lower rating (usually
the tertiary winding of the transformer) is roughly
matched to the winding with the highest ratingmi.e:
the current ratio of the interposing transformers
should be:

Sy of the high-power winding

TR = Sy of the low-power winding

Thus, the winding ratio of the igterposingic.t.s is

N1 _ Sy of the low-poweRwinding
No Sy of the high-power winding
where
N1 — number of\winding turns on the side fac-

ingthe ‘'mainet.s,

5.2.5.5 Connection of single-phase transformers

Single-phase transformers can be designed with
one,ontwo phases per winding. In order to ensure
optimum matching of the currents, always two mea-
suréd’current inputs shall be used even if only one
current transformer is installed on the phase. The
currents are to be connected tothe inputs L1 and L3.

N> — number of winding turns on the side
facing the 7UT51 relay.

The exact current matching is performed whén set-
ting the parameters for this winding aceerding to
Section 6.3.3.

Example:

The following data shouldtapply forthe winding with
the highest power rating:

rated power Sn/= 57 MVA
rated voltage Uy = 110 kV
current transformers /300 A/1 A

The followingdata should apply for the winding with
the lowestgpoweriating:

ratedypower Sy = 12.5 MVA
ratedyvoltage Uy = 10 kV
currentitransformers 800 A/1 A

This, results in a winding ratio of the interposing
transformers of

N1 _ Sy of the low-power winding
No Sy of the high-power winding
12.5 MVA
= srmva 0%

~ 11/50 turns

which results in a current transformer ratio of

800 A/1 A

= A1 A
11/50 3636 A/

Thus, a primary rated current of 3636 A for the cur-

rent transformers is to be set to the protection unitin
this example case (refer also to Section 6.3.3).

If two winding phases are available, they may be
connected either in series (which corresponds to a
Y-winding) or in parallel (which corresponds to a
D —winding). The phase displacement between the
windings can only be 0° or 180°.

Connection examples for some usual applications
are illustrated in the figures 5.13 to 5.16.
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7UT512 7UT512
4] 3A2 3B2| 20 4| 3a2 3B2| 20
1 8A1I IaB1 17 1 8A1I IaB1 17
5| 2A2 2B2| 21 5[ 2A2 2B2| 21
olonll1 2si 18 o[l Olzay 18
6| 1A2 1B2| 22 6| 1A2 1B2| 22
3 1A1I I 1B1] 19 3 1A1I I 1B1] 19

Figure 5.13 Connection example for a single-
phase power transformer with one
series and one parallel winding

Figure 5.14 Connection example for a single-
phase powentransformer with one

series and‘ene I-winding

=

=

7UT512
4| 3a2 3B2| 20
1 8A1I IaB1 17
5| 2A2 2B2| 21
21 R P
6| 1A2 1B2J122
3 1A1I I 181,19

Figure 5.15 Single-phase power transformer with two series and one compensating winding
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1] 3A1 I I 3B1| 7
5| 2A2 2B2| 11
2w §1 20 z=is
6| 1A2 1B2| 12
3] 1A1 I I 1B1|9

7UT513

Figure 5.16 Single-phase power transformer with restricted earth fault protection
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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 breaker for the d.c. supply.

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

e Arethe currenttransformers correctly earthed?

® Are the polarities of the current transforumer
connections consistent?

® |s the phase relationship of the currentirans-
formers correct?

® |s the assignment of the additiofal curfent
transformers |5 and Ig comsect(if used)?

® Are the current transformers 15 and Ig cor-
rectly earthed (if used)?

® Are the polarities of the current transformers
Ia and Ig correctif,used)”?

If test switches have been fitted in the secondary
circuits, check their function, particularly that in
the "test” position the current transformer see-
ondary circuits are automatically short-circuited.

Put the miniature slide switch on the frogt plate of
the module (Figure 6.1 or 6.2) in the OFF position

O-

Fit a dc ammeter in the Auxiliary voltage lead;
range approx. 1.5 A t0°8.0°A.

Close the battery supplyieircuit breaker; check
polarity and magnitude ofyoltage at the terminals
or connector modules.

The measuréd current consumption should be in-
significant. Transient movement of the ammeter
pointer @nljsindicates 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
onithe 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.

Check through the tripping circuits to the circuit
breakers.

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

Check the signal circuits.

Reclose the dc supply circuit breaker.
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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 operating language,
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 fopthewéad*out of an-
nunciations, operating data or faultidata, or for the
read-out of setting parameters.

To indicate authorized operater Use, press key CW,
enter the six figure codelp,0 0 0% 0 0 and confirm
with E. Codeword entry, canfalso be made retro-
spectively after paging or-direct addressing to any
setting address.

ENTER CODEWORPD:
@eeeeeea

CWw ACCEPTED

CODEWORD WRONG

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

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

Address blocks 70 to 79 are provided for configura-
tion of the software operating system. Theseet-
tings concern the operation of the relay, cemmuni-
cation with external operating and pfocessing de-
vices via the serial interfaces, andithe‘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 number7 0 0 0 and ENTER, key E. The
address 7000 appears, which forms the heading of
the configuration blocks:

1} 70000 op™ S YSTEM
4} CONFIGURAMION

Beginning of the block "Operating system configura-
tion”

The doubléjarrow key { switches over to the first
configuratientblock (see below). Use the key t to
find the,next address. The display shows the four-
digit address' number, i.e. block and sequence num-
bef.Thejtitle 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 FE, i.e. depressing the function
key F followed by the entry key E. The display shows
the question "SAVE NEW SETTINGS 7?7.

80
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Confirm with the "Yes” —key Y that the new settings
shall become valid now. If you press the "No” —key N
instead, codeword operation will be aborted, i.e. all
alterations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.

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

"Yes” —key J/Y instead, another question appears:
"SAVE NEW SETTINGS ?”. Now you can confirm
with J/Y or abort with N, as above.

When one exits the setting program, thefaltered pa-
rameters, which until then have been stored indouffer
stores, are permanently secured in EEPROMs and
protected against power outage. If configuration pa-
rameters have been changed the processor system
will reset and re-start. Duringfre-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 operator language to be
changed. The date format can be selected. Mes-
sages on the front display can be selected here for
the quiescent state of the unit or after a fault event.
To change any of these parameters, codeword entry
is necessary.

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

ﬁ} 71000 INTEGRATED
4} OPERATTION

M7 00 10 » 2 N@ UG E
{floEuTrsca

f 71020 DATE FORMAT
W .MM . YyYvy

Beginning of the block "Integrated operation”

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

The required language is chosen with the enter key E.

The date in the display is preset to the European format
Day.Month.Year. Switch-over to the American format
Month/Day/Year is achieved by depressing the
"No” —key N; then confirm with the entry key E.

DD two figures for the day

MM two figures for the month

YYYY four figures for the year (incl. century)
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d[7 1050 0PER lst L
fHlz1 1 =
I1 L2 =
etc.
{71060 0PER. 2nd L
Hlz2 1 =
etc.

Message to be displayed in the 1st display line during
operation. Any of the operational measured values ac+
cording to Section 6.4.4 can be selected as messages
in the quiescent state of the relay by repeatedly/de-
pressing the "No”—key N; The value selected bytihe
entry key E under address 7105 will appear in the first
line of the display.

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

play.

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

are acknowledged durifig operation with the RESET
key or via the remotesreset input of the device or via
the system interfaee (if fitted). After acknowledge-
ment, the, operational messages of the quiescent
state ‘will beadisplayed again as chosen under ad-
dresses 7405 and 7106.

M71070 FAULT 1st L
*Pro Pick-up
Prot Trip
T -Drop
T-Trip
M7 1080 FAWIN /20nd T
*T—Trip

etc.
f7 100 FAULT INDTIC
}WITH FAULT DETEZC
WeINTH TRIP COMM.

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

first protection function which has picked up,

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

the elapsed time from pick-up to trip command.

After afault 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 blo¢k
72. Codeword input is necessary (referdorSeetion
5.3.1). The data must be coordinated with the con-
nected devices.

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

ﬁ} 2000 PCc/SYSTEM
& NTERFACES
f7201IDEVICE ADD
il

*7202.FEEDER ADD 4
}1

}7203|SUBST a D[ D
}1

}7 08 FUNCT TYPE
}1

* 2090 PEVICE TVYPE

Beginning of the block "Interfaées for personal
computer and central €emputer system”

Identification Rumber of the relay within the substation;
valid for both thefinterfaces (operating and system
interface). TheWgumber can be chosen at liberty, but
must'beused,only once within the plant system
Smiallestipermissible number: 1
Largest,permissible number: 254

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

Largest permissible number: 254

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

Smallest permissible number:
Largest permissible number:

1
254

Function type in accordance with VDEW/ZVEI; for
transformer differential protection no. 176.

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 7UT51 no. 4; no.
35 is also permissible if the LSA system is able to pro-
cess the extended scope of functions of 7UT51 ver-
sion V3.
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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 (ad-
dress 7215) must be 7200 BAUD, the PC parity (address 7216) must be NO 2 STOP.

110 pcC
flprest v

INTERTF.

ASCITI

BAUDRATE
D

U D

PARITY

Data format for the PC (operating) interface:

format for Siemens protection data processing program
DIGSI® Version V3

ASCII format

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

Parity and’stop-bits for the PC (operating) interface:

fofmat for Siemens protection data processing program
BIGSI® 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)

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

M7 2210 sg s
HlvpeEw £ o

I"NTERTF .
PATTIDBTLE

VDEW EXT

ENDETD

DIGSTI v 3

L S

Format of annunciations and fault records for the sys-
tem (LSA) interface:

only data in accordance with VDEW/ZVEI (IEC 60870—
5-103)

data in accordance with VDEW/ZVEI (IEC 60870—-5—
103), extended by Siemens specified data

format for Siemens protection data processing program
DIGSI® Version V3

format of the former Siemens LSA version

84
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MEASUR.
ATIBTLE

VDEW EXTENDED
f7 5 sYs BAUDR.
#l| o A

19200 BAUD

PARITY
IV3/LSA

Format of measured values for the system (LSA) inter-
face:

only data in accordance with VDEW/ZVEI (IEC 60870
5-103)

data in accordance with VDEW/ZVEI (IEC 60870~-5—
103), extended by Siemens specified data

The transmission Baud-rate for ceMmunication via the
system interface can be adaptedg6 the system inter-
face, e.g. LSA, if necessary. The,available possibilities
can be displayed by repegatedlyddepression of the
"No”—key N. Confirm the(desired Baud-rate with the
entry key E.

Parity,and, stop-bits for the system ((LSA) interface:

format®for, VDEW—protocol (IEC 60870-5-103) or
Sieémens protection data processing program DIGSI®
Version 3 and former LSA

transmission with NO parity and 2 STOP —bits

transmission with NO parity and 7 STOP —bit (e.qg.
modem)

Address 7235 is relevant only in cas€ the system interface is connected with a hardware that operates with the
protection data processing programiRIGSI® (address 7221 SYS INTERF. = DIGS/ V3). This address deter-
mines whether is shall be permiittedhio change parameters via this interface.

d[7 2350 sys
fllwo

PANRAMET

Y E S

Remote parameterizing via the system interface
NO - is not permitted
YES - is permitted
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5.3.4 Settings for fault recording — address block 74

The differential protection relay is equipped with a
fault data store (see Section 4.11.2). Distinction
must be made between the reference instant and
the storage criterion (address 7402). Normally, the
general fault detection signal of the protection is the
reference instant. The storage criterion can be the
general fault detection, too (STORAGE BY FD), orthe

Note: The max. times are related on a system fre-
quency of 50 Hz. They are to be matched, accord-
ingly, for 60 Hz. For 162/3 Hz, the times are \valid
again.

Data storage can also be initiated via a binarydinput
or by operator action from the membzane keyboard

trip command (STORAGE BY TRIP). Alternatively, the
trip command can be selected as reference instant
(START WITH TRIP), in this case, the trip command is
the storage criterion, too.

on the front of the relay or via the operatinginterface.
The storage is triggered dynamically, inthése cases.
The length of the data storagesadetermined by the
settings in addresses 7431 and 7482, but max. T—
MAX, address 7410. Pre-triggeriime and post-fault
time are additive to the set values. If the storage time
for start via binary input.is setio oo, then the storage
time ends after de-energization of the binary input
(statically), but not after, T—MAX (address 7410).

The actual recording time starts with the pre-trigger
time T—PRE (address 7411) before the reference in-
stant and ends with the post-fault time T—POST (ad-
dress 7412) after the recording criterion has disap-
peared. The permissible recording time for each re-
cord is setas T—MAXunder address 7410. Altogeth-
er 5 s are available for fault recording. In this time
range up to 8 fault records can be stored.

Beginning offblock "Fault recordings”

!}FAULT RECORDTINGS

Data storage is initiated:

= fault detection is reference instant
fault detection is storage criterion

dMl74020 INTITIATION
{flsToracE BY FoD.

STORAGE BY TRI® — fault detection is reference instant
trip command is storage criterion
START WTITH T.RMI P — trip command is reference instant

trip command is storage criterion

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

0.30s
5.00 s

Pre-trigger time before the reference instant
* 4110 T-PRE Smallest setting value: 0.05s
Vo . 10 Largest setting value: 0.50 s

Post-fault time after the storage criterion disappears
Smallest setting value: 0.05s
Largest setting value: 0.50s
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Storage time when fault recording is initiated vi

* 74310 T-BINARY LN binary input, pre-trigger and post-fault time

tllo .50 s additive

Smallest setting value: 0.10s

Largest setting value: 5.00

Or co, i.e. as long as the binary input is ener: but

not longer than T—MAX)

4

Storage time when fault recordingmis initiated via the
* 74320 T-KEYBOARD membrane keyboard, pre-trigge st-fault times
tllo .50 s are additive

Smallest setting value: 0.10s

Largest setting value: @ 5.00 s

N

d storage processing system
which operates with the protocol according to VDEW/ZVEI (IEC 60870 03). But, if the relay is connected
fault record must be, so that the

Only unication with a former LSA system:
Len ult record which is transmitted via the serial
f7490ISYs LENGTH sy rface:
*660 VALUES FIX ues fix or

A
I

3000 VAL. VAR ;; le length with a maximum of 3000 values

C53000-G1176—-C99
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5.4 Configuration of the protective functions

5.4.1 Introduction

The device 7UT51 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.

Example for configuration of the scope of the device:

Assume that 7UT513 is used for an earthed power
transformer with a current transformer in the star-
point connection to earth; the restricted earth fault
protection should be used for the earthed winding.
The relay must be informed to which measured cur-
rent input the star point current is connected (ad-
dress 7806 or 7807), and to which winding of the
transformer this star point current is to be assigned
(address 7819).

The configuration parameters are input through the
integrated operation keyboard at the front of the de-
vice or by means of a personal computer, connected
to this front-interface. The use of the integrated opérs
ating keyboard is described in detail in SectionGa2.
Alteration of the programmed parameters requires
the input of the codeword (see Section 5.3.1).AWiths
out codeword, the setting can be read out but notal
tered.

For the purpose of configuration, addresses 78xx
are provided. One can access the beginning of the
configuration blocks either by directdial

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

or by paging with ghe keys f(forwards) or | (back-
wards), until addressé7800fappears.

Within the bock 78 one can page forward with 1 or
back with |. Each paging action leads to a further
address forthe input of a configuration parameter. In
the followingysections, each address is shown in a
box and explained. In the upper line 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”). If this text is appropriate

the arrow keys 1 or | can be used to page the next
address. If the text should be altered press the
"No”—key N; an alternative text then appears,(e.g.
"NON—EXIST”). There may be other alternatives
which can then be displayed by repeated depres-
sion of the "No”—key N. The ‘required alternative
must be confirmed with the key E!

The configuration procedure can be ended at any
time by the key combination RE, i.e. depressing the
function key F followed byithe 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,; eodeword operation will be
aborted, i.e.Wall “alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous, alterations can be made ineffec-
tive.

If onettries to leave the setting range for the configu-
ration,blocks (i.e. address blocks 60to 79) with keys
® U, the display shows the question "END OF
COBREWORD 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-
PROMSs and protected against power outage. The
processor system will reset and re-start. During re-
start the device is not operational.

NOTES for 7UT513 only:

After the configuration process has been finished,
the relay checks the consistency of the configuration
parameters. When inconsistent parameter states
have been set a corresponding message is gener-
ated. When the relay is delivered, all these mes-
sages are assigned to LED 14. That means, if this
LED comes on after configuration or parameterizing,
a setting error has been detected. The applied mes-
sage can then be read out in the operational annun-
ciations (refer to Section 6.4.2). The following mes-
sages may occur:

88
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0/L 1 Err S3 overload protection 1 has been

(FNo 1576) assigned to a third side (terminal)
of the protected object but this
side does not exist (cf. addresses
7801 and 7824).

0/L 2 Err S3 overload protection 2 has been

(FNo 1626) assigned to a third side (terminal)
of the protected object but this
side does not exist (cf. addresses
7801 and 7825).

Backup Err S3back-up overcurrent time protec-

(FNo 2457) tion has been assigned to a third
side (terminal) of the protected
object but this side does not exist
(cf. addresses 7801 and 7821).

Err 2 CT startwo star-point current transform-

(FNo 5711) ers have been assigned to the
same side (terminal) of the differ-
ential protection (cf. addresses
7806 and 7807).

REF Err S3 restricted earth fault protection

(FNo 5828) has been assigned to a non-exist-

ing third side (terminal) of the proy#
tected object (cf. addresses 7801
and 7819).

REF Err2CTstatwo star-point current transform-

(FNo 5829) ers have been assigned te,the
same side (terminal) of ‘the re-
stricted earth fault protection (cf
addresses 7806 and 7807).

REF ErrO0CTstano star-point(current transformer

(FNo 5830) has beepgassigned to the re-
stricted earth, fault protection (cf.
addresSes 7806 and 7807).

REF ErrVir obregtricted earth fault protection

(FNo 5831) hasdbeen allocated to an imper-
missible side (terminal) of the pro-
tected object, e.g. side 1 or2 ofa
generator orto abranch point (ad-
dresses 7801 and 7819). For
these cases, the restricted earth
fault protection must only be as-
signed to a virtual object.

Additionally, it must be considered when using
7UT513, that not all additional protection functions
can operate at the same time due to calculation time
limitations.

With rated frequency 60 Hz, the back-up overeurrent
time protection or the restricted earth fault protec-
tion/tank leakage protection (dependent on the or-
dered model) can be used besides the differential
protection (for transformers, generators, motors, or
branch point). If the threeswinding/transformer pro-
tection is to be used, only,theyback-up overcurrent
time protection is available.

With rated frequency 50Hz, the back-up overcurrent
time protection or the restricted earth fault protec-
tion/tank leakage protection (dependent on the or-
dered model) €an be used besides the differential
protectionf(fortransformers, generators, motors, or
branéh, point).

With, rated frequency 162/3 Hz, no restriction con-
cerning the additional functions are present.

If, during configuration, more functions have been
selected than the device is able to process, the re-
Jays will give a corresponding message after config-
uration has been finished. These messages are also
assigned to LED 14 when the relay is delivered. The
individual messages can be read out in the opera-
tional annunciations (refer to Section 6.4.2). The fol-
lowing messages may occur:

REF no exist restricted earth fault protection

(FNo 5834) has been programmed as EXIST
but cannot be processed by the
relay (address 7819).

Tank no existtank leakage protection has been

(FNo 5928) programmed as EXIST but cannot
be processed by the relay (ad-
dress 7827).
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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 7UT51: There will be no annun-
ciations 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”)dbut
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 an,actual case,
functions which are not available will netyappear in
the display.

4l78o000 scorpE oOF

JlFuNncTIOoNS

Beginning of the block "scope“ef functions

Address 7801 determines the protected object. The
options SWIND—-TRANSF and 3END—-BRANCH PT
are available only in 7UT513.

d
o
o
H

o1l OB J .
*ZWIND—TRANSF.

Addresses 7806 amd 78Q7 are available only in
7UT513.

f7807l STARPOINT B
'S SIGNMENT

f7816l DIFF
ST

PROT.

Address 7819 only in 7UT513 with restricted earth
fault protection.

f7819IREF PROT.
f7806ISTARPOINT A *NON-EXIST
flno asse@ceNmMENT WINDING 1
S A\ ! WINDING 2
&N’ WINDING 3
™$PE 3 7/ V. OBJ VIRTUAL OBJECT
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The options REFERENCE SIDE 3 and VIRTUAL OB- Address 7827 only in 7UT513 with tank leakage p
JECT in addresses 7821, 7824, and 7825 are avail- tection.
able only in 7UT513.

f7827ITANK PROT
*7821.BACK—UP 0O/ CcC *NON—EXIST
*NON—EXIST

SENSITIVE CT B
REFERENCE SIDE 1 S

INSENSITIV CT A
REFERENCE SIDE 2
REFERENCE SIDE 3

f7830lEx RIP 1
VIRTUAL OBJECT *N N - E X

EXIST

f7 3 XT. TRIP 2
REFERENTCE S IDE 1 *N X T T
REFERENTCE S IDE 2

ST

REFERENTCE S IDE 3
VIRTUAL OBJECT 78850 PARAM. C /O

NON-EXIST
f7825lov LOAD EXIST

The rated system frequency must comply with the setting under address 7899. If the system frequency is not
50 Hz, address 7899 must be changed.

@
f 8990 FREQUENCY

* 50 H Rated system frequency 50 Hz or 60 Hz or 162/3 Hz
pA

N 6 0 H z
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5.5 Marshalling of binary inputs, binary outputs and LED indicators

5.5.1 Introduction

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

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

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

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

Example: Trip command is registered from a protee-
tion function. This event is generated in the device
as an "Annunciation” (logical function) and should
be available at certain terminals of the unit assa N.Of
contact. Since specific unit terminals are hard-wired
to a specific (physical) signal relay, e.g. te thessignal
relay 1, the processor must be advised thatithe log-
ical signal "Device Trip”shouldjbe transmittedto
the signal relay 1. Thus, when marshalling is per-
formed two statements of the operator are impor-
tant: Which (logical) annunciation,generated in the
protection unit program shaulditrigger which (physi-
cal) signal relay? Up t020 logical’annunciations can
trigger one (physical) signalrelay.

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

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

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

The logical annunciation functions can be used in
multiple manner. E-gyoneannunciation function can
trigger several signal relays, several trip relays, addi-
tionally be indicatedidy 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 LEDs 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:

4| 66.0%00
IR s HALLING

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 nextinput, 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). Thel 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 isthenguperfluous. With direct input of the
function numiér, leading zeros need not be entered.
After input of theyfinction number, use the execute

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

In the following paragraphs, @lloeation possibilities
for binary inputs, binary Sutputs'and LED indicators
are given. The arrows {}| or Tat the left hand side of
the display box indicatefpaging 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
functienkey F followed by the entry key E. The dis-
play shows the question "SAVE NEW SETTINGS?”.
Confinm with the "Yes” —key J/Y that the new alloca-
tions shall become valid now. If you press the
"No”—key N instead, codeword operation will be
aborted, i.e. all alterations which have been
changed since the last codeword entry are lost.
Thus, erroneous alterations can be made ineffec-
tive.

If one tries to leave the setting range for the configu-
ration blocks (i.e. address blocks 60 to 79) with keys
ft I, the display shows the question lEND OF CO-
DEWORD OPERATION ?”. Press the "No” —key N to
continue marshalling. If you press the "Yes” —key J/
Y instead, another question appears: "SAVE NEW
SETTINGS ?”. Now you can confirm with J/Y or
abort with N, as above.

When one exits the marshalling program, the altered
parameters, which until then have been stored in
volatile memory, are then permanently secured in
EEPROMs and protected against power outage.
The processor system will reset and re-start. During
re-start the device is not operational.

C53000-G1176—-C99
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5.5.2 Marshalling of the binary inputs — address block 61

The unit contains 2 or 5 binary inputs (depending on
model) which are designated INPUT 1 and INPUT 2,
or INPUT 1 to INPUT 5. They can be marshalled in
address block 61. The address block is reached by
paging in blocks { || or by direct addressing with DA
6 1 0 0 E. The selection procedure is carried out as
described in Section 5.5.1.

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

NO - "normally open” mode: the input acts as aNO
contact, i.e. the control voltage at the input
terminals activates the function;

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

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

Table 5.1 shows a complete list of all the binary input
functions with their associated function numbeér
FNo. Input functions naturally have no effect ifsthe

corresponding protection function is not fitted in the
relay or has been programmed out ("de-config=
ured”, refer Section 5.4.2).

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

.0 means "normally open” modejconeSponds to

"NO” as above.

.1 means "normally closed®™mode{ corresponds to

"NC” as above.

Ifthe extension with ,Qor . 1%ig omitted the display first
indicates the functiony designation in “normally
open” mode NO/ By pressing the "No”—key N the
mode is changed ta NC. After direct input other func-
tions can be‘selected by paging through the func-
tions forfwards ‘with the "No”—key N or backwards
with the, backspace key R. The changed function
then must bere-confirmed by the entry key E.

They,assignment of the binary inputs as delivered
from faetory 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.

4l 1ooB MARSHALLING
Jlezvary INPUTS

The first binary input is reached with“the key 1:

Ff6101l BINARY
lixpur 1

Change over to the selection level with F 1:

f oo10 1P
*>LED e s et N O

(@)
—

f o2l INPUT 1
*not allocated

Beginning of block "Marshalling binary inputs”

Allocations for binary input 1

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

No further functions are initiated by binary input 1

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

1)
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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 via binary input
5 |>LED reset Reset LED indicators
7 |>ParamSelec.l Parameter set selection 1 (in conjunction with 8)
8 |>ParamSelec.2 Parameter set selection 2 (in conjunction with 7)
11 |>Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 |>Annunc. 3 User definable annunciation 3
14 |>Annunc. 4 User definable annunciation 4
356 |>Manual Close Circuit breaker is manually closed (from discrepancy switch)
391 |>Buchh. Warn Buchholz protection warning stage 1)
392 |>Buchh. Trip Buchholz protection tripping stage 1)
393 |>Buchh. Tank Buchholz protection tank 1)
1553 [>0/L 1 block Block thermal overload protection 1
1554 |[>0/L 1 annunc Switch overload protection 1 to give only annungiations
1555 |[>0/L1 bloTrip Block trip command of thermal overload_1 pretection
1603 [>0/L 2 block Block thermal overload protection 2
1604 |[>0/L 2 annunc Switch overload protection 2 to give only annunciations
1605 |[>0/L2 bloTrip Block trip command of thermal ovefload 2 protection
2303 >Backup block Block back-up overcurrent time protection
2304 |>Back bloTrip Block trip command of back-upyovercuyrrent time protection
2306 |>I>> block Block I>> stage of back-up overcurrent time protection
2307 |>I>/Ip block Block 1> or Ip stage of backsup Gvercurrent time protection
4523 |>Ext 1 block Block external trip funation
4525 |>Extl blo Trip | Block trip command of exiernabtrip function 1
4526 |>Ext Trip 1 Binary input for external triptnction 1
4543 |>Ext 2 block Block external trip functien 2
4545 |>Ext2 blo Trip | Block trip command ofexternal trip function 2
4546 |>Ext Trip 2 Binary input ferexternal trip function 2
5603 |>Diff block Block differéntial) protéction
5605 |>Diff bloTrip Block trip‘@emmand of differential protection
5803 |>REF block Block resiricted, earth fault protection 2)
5805 |>REF blo Trip Block trip cemmand of restricted earth fault protection 2)
5903 |[>Tank block Block tankieakage protection 2)
5905 |>Tank bloTrip Block trig'command of tank leakage protection 2)

1) for use as transformer protection

2) 7UT513 only

Table 5.1 Marshalling possibiliti€s for, binary inputs

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

6100 |MARSHALLING,| BTNARY INPUTS Heading of the address block

6101 |BINARY INPUT 1 Acknowledge and reset of stored LED and dis-
INRUT 1 >LED reset NO 5 | play indications, LED —test

6102 |BINARY INPUT 2 Block |>> stage of back-up overcurrent time
INPUT, 2 >I>> block NO| 2306 | protection

6103 |BINARY INPUT 3 1) User definable annunciation no. 1 1)
INRBUT 3 >Annunc. 1 NO 11

61,043 | BINARY INPUT 4 1) Buchholz protection warning stage 1)
INPUT 4 >Buchh. Warn NO 391

6105 |BINARY INPUT 5 1) Buchholz protection tripping stage 1)
INPUT 5 Buchh. Trip NO| 392

1) 7UT513 only

Table 5.2 Preset binary inputs

C53000-G1176—-C99
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5.5.3 Marshalling of the signal output relays — address block 62

7UT512 contains 5, 7UT513 contains 11 signal out-
puts (alarm relays). The signal relays are designated
SIGNAL RELAY 1 to SIGNAL RELAY 5 or SIGNAL
RELAY 1 to SIGNAL RELAY 11. 4 or 10 of them can
be marshalled in address block 62. The block is
reached by paging in blocks with {} | or by directly
addressing DA 6 2 0 0 E. The selection procedure
is carried out as described in Section 5.5.1. Multiple
annunciations are possible, i.e. one logical annunci-
ation 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 notfitted or has
been programmed out (*de-configured” — refer to
Section 5.4.2).

The assignment of the output signal relays as deliv:
ered from factory is shown in the general diagrams
in Appendix A. The following boxes show examples
for marshalling of signal relay 1. Table 5.4 shows“all
signal relays as preset from the factory.

Note as to Table 5.3: Annunciations with a leading
”>” sign are identical with those far bifary inputs.
They represent the direct confirmation offthe binary
input and are available as long asithe €erresponding
binary input is energized.

Further information about annunciations see Sec-
tion 6.4.

Tl 2000 MARSHALLING
Jlstenar RELAYS

The first signal relay is reached with the key 1:

Ff6201l SIGNAL
*RELAY 1

Change over to the selection level with,F 1:

MooimreLAaY @

*Device T filp

fooleELAY 1
*not al Iefc ated

Beginningyof the block "Marshalling of the output
signalyrelays”

Allocations for signal relay 1

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

no further functions are preset for signal relay 1

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

arrow keyat.

f6201l SIGNRAL
HREL2AY 1

Allocations for signal relay 1
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FNo Abbreviation Description
1 [ not allocated | Binary outputis not allocated to any annunciation function
3 | >Time Synchro | Synchronize internal real time clock
4 | >Start FltRec | Start fault recording from external command via binary input
5 | >LED reset Reset LED indicators
7 | >ParamSelec.1l | Parameter set selection 1 (in connection with 8)
8 | >ParamSelec.2 | Parameter set selection 2 (in connection with 7)
11 | >Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 User definable annunciation 4
51 | Dev.operative | Protection relay operative
95 | Param.running | Parameters are being set
96 Param. Set A Parameter Set A is activated
97 Param. Set B Parameter Set B is activated
88 | Param. Set C Parameter Set C is activated
99 Param. Set D Parameter Set D is activated
141 | Failure 24V Failure in 24 V internal dc supply circuit
143 | Failure 15V Failure in 15 V internal dc supply Circuit
144 | Failure 5V Failure in 5V internal dc supply; Gircuit
145 | Failure 0V Failure 0 V for A/D converter.
151 | Failure I/O0 1 | Failure in base input/outputimodule (GEA)
152 | Failure I/0 2 | Failure in additional inputfeutplit module (ZEA) 2)
161 I supervision | Failure current supervision, geheral
163 | Failure Isymm | Failure detected by current symmetry monitor, general
356 | >Manual Close | Circuit breaker is manually closed (from discrepancy switch)
391 | >Buchh. Warn Buchholz proteetion Wwarning stage 1)
392 | >Buchh. Trip Buchholz pfotection tripping stage )
393 | >Buchh. Tank Buchholz pretgction tank 1)
501 | Device FltDet | General fault detection of the device
511 | Device Trip Generalgrip ofithe device
561 | Manual Close Circuitbreaker is manually closed (execution)
571 | Fail. Isym 1 Failure detected by current symmetry monitor for side 1
572 | Fail. Isym 2 Failure detected by current symmetry monitor for side 2
573 | Fail. Isym 3 Failuresdetected by current symmetry monitor for side 3 2)
1553 | >0/L 1 block Block, thermal overload protection 1
1554 | >0/L 1 annune? | Switch overload protection 1 to give only annunciations
1555 | >0/L1 bloTrip WBlock trip command of thermal overload protection 1
1561 | O/L 1 off Thermal overload protection 1 is switched off
1562 | O/L 1 blocked4| Thermal overload protection 1 is blocked
1563 | O/L 1 actaive Thermal overload protection 1 is active
1565 | O/L“%, Watn I Thermal overload protection 1 current warning stage picked up
1566 | O/L 1 Warn Q Thermal overload protection 1 thermal warning stage picked up
1567 | /L4 F.D. Q Thermal overload protection 1 pick-up of trip stage
1571 | O4L 1 @rip Thermal overload protection 1 trip command
1576 | O/L" ¥ Err S3 Setting error: overload protection 1 switched to non-existing side 3 )
1603 | >0/L 2 block Block thermal overload protection 2
1604 | >@/L 2 annunc | Switch overload protection 2 to give only annunciations
1605 | >0/L2 bloTrip | Block trip command of thermal overload protection 2

TYforuse as transformer protection
2),7UT513 only

Table 5.3 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description

1611 | O/L 2 off Thermal overload protection 2 is switched off

1612 | 0/L 2 blocked | Thermal overload protection 2 is blocked

1613 | O/L 2 active Thermal overload protection 2 is active

1615 | O/L 2 Warn I Thermal overload protection 2 current warning stage picked up
1616 | O/L 2 Warn Q Thermal overload protection 2 thermal warning stage picked up
1617 | O/L 2 F.D. Q Thermal overload protection 2 pick-up of trip stage

1621 | O/L 2 Trip Thermal overload protection 2 trip command

1626 | O/L 2 Err S3 Setting error: overload protection 2 switched to non-existing side 8 2)
2303 | >Backup block | Block back-up overcurrent time protection

2304 | >Back bloTrip | Block trip command of back-up overcurrent time protection
2306 | >I>> block Block I>> stage of back-up overcurrent time protection

2307 | >I>/Ip block Block I> or Ip stage of back-up overcurrent time préiectien
2401 | Backup off Back-up overcurrent time protection is switched gff

2402 | Backup block Back-up overcurrent time protection is blocked

2403 | Backup active | Back-up overcurrent time protection is active

2411 | Back Gen. Flt | General fault detection of back-up overcurrentiprotection

2412 | Backup Flt L1 | Fault detection of back-up overcurrent protection’in phase L1
2413 | Backup Flt L2 | Fault detection of back-up overcurreéht protection in phase L2
2414 | Backup Flt L3 | Fault detection of back-up overcurrent pretection in phase L3
2421 | Backup I>> I>> stage of back-up overcurrehtyprotection picked up

2422 | Backup I>/Ip> | I> orlp stage of back-up overcurrent back-up protection picked up
2441 | Backup TI>> Delay time of I>> stage of overeurrent time protection expired
2442 | Backup TI>/Tp | Delay time of I> or Ip stage of overétrrent time protection expired
2451 | Back Gen.Trip | General trip by back-up overcurrent protection

2457 | Backup Err S3 | Setting error: back-up O/C préiec. switched to non-existing side 3 2)
4523 | >Ext 1 block Block external trip fuRgction(1

4525 | >Extl bloTrip | Block trip command of'external trip function 1

4526 | >Ext Trip 1 Trigger external tripifdnction 1

4531 | Ext 1 off External trip functien 1iis switched off

4532 | Ext 1 blocked | External trip furetion%,is blocked

4533 | Ext 1 active External trip fungtiorr1 is active

4536 | Ext 1 Gen.Flt | General faultdetection signal of external trip function 1

4537 | Ext 1 Gen.Trp | Trip signal of external trip function 1

4543 | >Ext 2 block Block external‘trip function 2

4545 | >Ext2 bloTrip | Blocktrip demmand of external trip function 2

4546 | >Ext Trip 2 Triggertexternal trip function 2

4551 | Ext 2 off Externabtrip function 2 is switched off

4552 | Ext 2 blocked |(Extetnal trip function 2 is blocked

4553 [ Ext 2 active External trip function 2 is active

4556 | Ext 2 Gen.FIt 4 General fault detection signal of external trip function 2

4557 | Ext 2 Gen®Trp. | Arip signal of external trip function 2

5603 | >Diff ®Hlock Block differential protection

5605 | >Diff bleTrip | Block trip command of differential protection

5615 | Diff off Differential protection is switched off

5616 | Diff blocked Differential protection is blocked

5617 | Diff active Differential protection is active

5621 | Diff> & start | Differential protection start of delay time x> (if applicable)
5622 | Diff>> T strt | Differential protection start of delay time lgi> > (if applicable)
5631 qmDiff Gen. F1lt | Differential protection general fault detection

2) 7UT5430nly

Tableys.3 Marshalling possibilities for signal relays and LEDs (Continued next page)
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FNo Abbreviation Description

5641 | Block Harm L1| Differential protection blocked by harmonic restraint L1

5642 | Block Harm L2| Differential protection blocked by harmonic restraint L2

5643 | Block Harm L3| Differential protection blocked by harmonic restraint L3

5651 | Block Sat L1 Differential protection blocked by saturation indicator L1

5652 | Block Sat L2 Differential protection blocked by saturation indicator L2

5653 | Block Sat L3 Differential protection blocked by saturation indicator L3

5662 | Block If1ltLl Differential protection blocked by current fault L1 (brafich_point)

5663 | Block If1tL2 Differential protection blocked by current fault L24branch point)

5664 | Block If1tL3 Differential protection blocked by current fault L3 (branch"point)

5671 | Diff Gen.Trip| Differential protection general trip

5672 | Diff Trip Ll Differential protection trip by measuring system’L4

5673 | Diff Trip L2 Differential protection trip by measuring system,L2

5674 | Diff Trip L3 Differential protection trip by measuring system L3

5681 | Diff> L1 Differential protection trip by lg> stagesiad

5682 | Diff> L2 Differential protection trip by lgi> stage L2

5683 | Diff> L3 Differential protection trip by lgi> stage'k3

5684 Diff>> L1 Differential protection trip by lgi>& stage L1

5685 | Diff>> L2 Differential protection trip by gj> > (Stage L2

5686 | Diff>> L3 Differential protection trip by lqi>%,stage L3

5691 | Diff> Trip Differential protection trip Byalgis >, stage general

5692 | Diff>> Trip Differential protection trip,byalyis>> stage general

5711 | Err 2 CT star| Setting error: 2 star-point'@s selected for 1 function

5711 | Err no CTstar| Setting error: no star-point CT selected for zero sequence current

5803 | >REF block Block restricted eartiyfaulyprotection 2)

5805 | >REF blo Trip| Block trip command of festricted earth fault protection 2)

5811 | REF off Restricted eafthifault protection is switched off 2)

5812 | REF blocked Restricted&arth/fault protection is blocked 2)

5813 | REF active Restricted eatth fault protection is active 2)

5816 | REF T start Restricted @arth fault protection start of delay time (if applicable) 2)

5817 | REF Gen. Flt Restrictédjearth fault protection general fault detection 2)

5821 | REF Gen. Trip| Restricied earth fault protection general trip 2)

5828 | REF Err S3 Settifg error: restricted earth fault protection switched to non-existing side
39

5829 | REF Err2CTsta|  Seiting™error: 2 star-point CTs selected for restricted E/F protection 2)

5830 | REF ErrOCTsta |& Settifig error: no star-point CT selected for restricted E/F protection 2)

5831 | REF ErrVir ob| Setting error: virtual object selected for restricted earth fault protection
even though all three sides are in use 2)

5834 | REF no exist Restricted earth fault protection is configured but will not operate 2)

5903 | >Tank bleck Block tank leakage protection 2)

5905 | >Tank BlaTrip| Block trip command of tank leakage protection 2)

5911 | TankWoff Tank leakage protection is switched off 2)

5912 | Tank blecked | Tank leakage protection is blocked 2)

5913 | {Tank active Tank leakage protection is active 2)

5916 | Tank I start Tank leakage protection start of delay time 2)

5917 | Tank¥Gen. Flt| Tank leakage protection general fault detection 2)

5921 | Tank Gen.Trip| Tank leakage protection general trip 2)

5928 | Tank no exist| Tank leakage protection is configured but will not operate 2)

2),7UT513 only

Table’5.3

Marshalling possibilities for signal relays and LEDs
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Addr | 1st display line 2nd display line FNo Remarks
6200 | MARSHALLING | SIGNAL RELAYS Heading of the address block
6201 | SIGNAL RELAY 1 Trip signal given from either protection fune-
RELAY 1 Device Trip 511 | tion of the device
6202 | SIGNAL RELAY 2 S
RELAY 2 Diff Gen.Trip 5671 | Trip by differential protection
6203 | SIGNAL RELAY 3
RELAY 3 Back Gen.Trip 2451 | Trip by back-up overcurrentsti rotection
6204 | sIGNAL RELAY 4
RELAY 4 Failure 24V 141
RELAY 4 Failure 15V 143
RELAY 4 Failure 5V 144 | Measured value vice faulty
RELAY 4 Failure 0V 145
RELAY 4 Failure I/0 1 151
RELAY 4 Failure I/0 1 152
6205 | SIGNAL RELAY 5 Th contact of this relay indicates "De-
RELAY 5 Dev.operative ?) 51| vice
6206 | SIGNAL RELAY 6 1)
RELAY 6 0/L 1 Trip 1571
RELAY 6 O/L 2 Trip 1621 nciations of thermal overload protec-
functions
6207 | SIGNAL RELAY 7 1)
RELAY 7 0/L 1 Warn Q 6
RELAY 7 0/L 2 Warn Q 1
6208 | SIGNAL RELAY 8 ) _ _ _
RELAY 8 REF Gen. Tri g21 | Trip by restricted earth fault protection
6209 | SIGNAL RELAY 9
RELAY 9 Tank Gend.Tri 5921 | Trip by tank leakage protection
6210 | SIGNAL RELA 1
RELAY 10 rn 391
Annunciations of Buchholz protection via
6211 | SIGNAL 111) binary inputs
RELAY 11 h. Trip 392

1) 7UT513 only
2) fix allocate

Table 5.4 Preset annunciations for signal relays
L 4
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5.5.4 Marshalling of the LED indicators — address block 63

7UT512 contains 8 LEDs, 7UT513 contains 16 for
optical indications, 6 or 14 of which can be mar-
shalled. They are designated LED 1to LED 6 or LED
110 LED 14 and can be marshalled in address block
63. The block is reached by paging in blocks with
|l or by directly addressing with DA 6 300 E. The
selection procedure is carried out as described in
Section 5.5.1. Multiple annunciations are possible,
i.e. onelogical annunciation function can be givento
several LEDs (see also Section 5.5.1).

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

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

To indicate whether the stored or unstoreddémaode
shall be effective the function number can be ex-
tended by a decimal point followed by 0 of Y, where-
by

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

.1 stored indication (memorized) corresponds to
"m” as above.

If the extension with .0 ar,. 1 i§,0mitted the display
shows first the functign /designation in unstored
mode with "nm”. Press the.”"No” —key N to change to
stored mode "m”. Afterddirect input other functions
can be selected bypaging through the functions for-
wards with thef”Ne2—key N or backwards with the
backspace kéyjR. The changed function then must

be re-confifmed by the enter-key E.

The assignment of the LEDs as preset by the factory
is.shown intthe front of the unit (Figure 6.1 or Figure
6:2). The following boxes show, as an example, the
assighment for LED 1. Table 5.5 shows all LED indi-
caters,as they are preset from the factory.

4l 3000 MARSHALLING
JltEp INDICATORS

The first marshallable LED is reached with'the'key 1:

Ff6301lLED 1

f

Change over to the selegtion level with F 1:

f001l LLED A

*Device

Tr ip m

fOOZIRELAY 1
*not allocated

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

Allocations for LED 1

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

no further functions are preset for signal relay 1

Afteninput of all annunciation functions for LED 1, change back to the marshalling level is carried out with F 1:

f6301lLED 1

Allocations for LED 1

C53000-G1176—-C99
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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 Trip signal given from either protection fun
LED 1 Device Trip m 511 tion of the device
6302 | LED 2
LED 2 Diff> Trip m | 5691

®
Trip by the indicated differential protection

3 . . stage
3 Diff>> Trip m | 5692

6303 | LED
LED

6304 | LED 4 .
LED 4 Back Gen.Trip m | 2451 Trip by back-up overcurr
6305 | LED 5
LED 5 Failure 24V nm 141
LED 5 Failure 15V nm 143 .
LED 5 Failure 5V mml| 124 Measured values'or ce faulty
LED 5 Failure 0V nm 145
LED 5 Failure I/0 1 nm| 151
LED 5 Failure I/0 1 nm| 152
6306 | LED 6 _ Pa re being set
LED 6 Param.running nm 95

6307 | LED 7 1)
LED 7 REF Gen. Trip nm| 5821

6308 | LED 8 1)

LED 8 Tank Gen.Trip m by the indicated protection function
6309 | LED 9 1)
LED 9 0/L 1 Trip m 5

6310 | LED 10 1)

LED 10 0/L 2 Trip 621
6311 | LED 117) 4 0
LED 11 >BUChh-{\ nm| 391 | Annunciations of Buchholz protection via

binary inputs
6312 | LED 12 1) yinp
LED 12 >Bub ip m 392

6313 | LED 13 1)

user definable annunciation
LED 13 @nc. 1 m 11
6314 | LED 141 \

4
LED 1 r 2 CT star 5711
LED 1 rr no CTstar 5712
LED 14 0/L 1 Err S3 1576
LED 14 0/L 2 Err S3 1626

Operator error during configuration or para-

LED 14 Backup Err S3 2457 | meterizing: Settings are not consistent
LED 14 4 REF Err S3 5828
D 14 REF Err2CTsta 5829
14 REF ErrO0CTsta 5830
14 REF ErrVir ob 5831
14 REF no exist 5834
LED 14 Tank no exist 5928
! to LED 14 only with 7UT513

eb5.5 Preset LED indicators
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5.5.5 Marshalling of the command (trip) relays — address block 64

The unit contains 2 or 5 trip relays (depending onthe
ordered model) which are designated TRIP RELAY 1
and TRIP RELAY 2 or 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 com-
mands are possible, i.e. one logical command func-
tion can be given to several trip relays (see also Sec-
tion 5.5.1).

The command functions according to Table 5.6 can

be allocated to physical trip relays. Command fune-
tions are naturally not effective when gthe “Corre-
sponding protection function is not fitted|in theirelay
or has been programmed out (de-configured).

The assignment of the trip relays as delivered from
factory is shown in the generaldiagrams in Appen-
dix A. The following boxes [sheWhan example for
marshalling of trip relay 1. Table 5.7 shows all trip re-
lays as preset from the faetorys Figure 5.17 shows
the preset command functions as a tripping matrix.

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

64000 MARSHALLTING
TRIP RELAYS

The first trip relay is reached with the key 1:

Pf6401l TRIP
*RELAY 1

Change over to the selection lgvel with F i1

f001ITRIP RENL . 1
*lef> T iw p
fooleRIP REL 1
*lef>> Tr i

o3l TRIP REL. 1
c k Gen.Trip

Beginning,ofithe block "Marshalling of the trip relays”

Allocations for trip relay 1

Trip relay 1 has been preset for:
1st: Trip by differential stage Igit>,
FNo 5691;

Trip relay 1 has been preset for:
2nd: Trip by differential stage lgi>>,
FNo 5692;

Trip relay 1 has been preset for:
3rd: Trip by back-up overcurrent time protection,
FNo 2451;

Trip relay 1 has been preset for:
4th: Trip by restricted earth fault protection (if fitted) ,
FNo 5821;
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* oosB TRIP REL. 1 Trip re!ay1 has been preset for:_
] 5th: Trip by tank leakage protection,
*Tank Gen.Trip FNo 5921°
Trip relay 1 has been preset for:
0060 TRIP REL. 1
* . ) 6th: Trip by thermal overload protection 1,
* o/ 1 Trip FNo 1571;
Trip relay 1 has been preset for:
0070 TRIP REL. 1
* . ) 7th: Trip by thermal overload protection2,
fllo 2 Trip FNo 1621.

Leave the selection level with key combination F 1. You can go then to the nextitrip felay with the arrow key 1.

M6 2 o

1B TRIP

*RELAY 1

Allocations for tripyrelay, 1

FNo Abbreviation Lagical command function
1 [ not allocated | no annunciation allocated to trip relay
11 | >Annunc. 1 User definablgfannuneiation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 Usengdefinable annunciation 4
392 | >Buchh. Trip BuchhOlz pretection tripping stage )
393 | >Buchh. Tank Buchholz protection tank 1)
501 | Device FltDet | Generalfault detection of the device
511 | Device Trip Genetraltrip of the device
1571 | O/L 1 Trip Thermal overload protection 1 trip command
1621 | O/L 2 Trip Thermal overload protection 2 trip command
2411 | Back Gen, Fltg4l General fault detection of back-up overcurrent time protection
2441 | Backup [TT3> Delay time of I>> stage of overcurrent time protection expired
2442 | Backup' TI>/Tp,| Delay time of I> or Ip stage of overcurrent time protection expired
2451 | Back{Gen, Trip | General trip by back-up overcurrent time protection
4536 | Ext 1 Gen.Flt | General fault detection signal of external trip function 1
4537 | Ext 1 Gen.Trp | Trip by external trip function 1
4556 | Ext 2 Gen.Flt | General fault detection signal of external trip function 2
4557 | Ext 2 @en.Trp | Trip by external trip function 2

1) for usgras iransformer protection

Tablexs.6

Command functions (continued next page)
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FNo Abbreviation Logical command function

5621 | Diff> T start | Differential protection start of delay time lgi> (if applicable)
5622 | Diff>> T strt | Differential protection start of delay time lqjs>> (if applicable)
5631 | Diff Gen. F1lt | Differential protection general fault detection

5671 | Diff Gen.Trip | Differential protection general trip

5672 | Diff Trip L1l Differential protection trip by measuring system L1

5673 | Diff Trip L2 Differential protection trip by measuring system L2

5674 | Diff Trip L3 Differential protection trip by measuring system L3

5691 | Diff> Trip Differential protection trip by lgi> stage general

5692 | Diff>> Trip Differential protection trip by lqit>> stage general

5816 | REF T start Restricted earth fault protection start of delay time (ifapplicable) 2)
5817 | REF Gen. Flt Restricted earth fault protection general fault dé¢tegtion 2)
5821 | REF Gen. Trip | Restricted earth fault protection general trip 2)

5916 | Tank T start Tank leakage protection start of delay time 2)

5917 | Tank Gen. Flt | Tank leakage protection general fault detegtion 2)

5921 | Tank Gen.Trip | Tank leakage protection general trip 2)

2) 7UT513 only

Table 5.6 Command functions
Diff> Diff>> Back REF 1) Tank 1) o/L 1 o/L2
Trip Trip Gen.Trip Gen. Trip Gen.Trip Trip Trip

1

2

3

4

5

1) 7UT513 only

Figures.17  Tripping matrix 7UT51 — Pre-settings

C53000-G1176—-C99

105



7UT51 v3

Installation instructions

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

6400 | MARSHALLING | TRIP RELAYS Heading of the address block

6401 | TRIP RELAY 1 C)
TRIP REL. 1| Diff> Trip 5691
TRIP REL. 1| Diff>> Trip 5692
TRIP REL. 1| Back Gen.Trip 2451 'S
TRIP REL. 1| REF Gen. Trip 5821
TRIP REL. 1| Tank Gen.Trip 5921
TRIP REL. 1| 0/L 1 Trip 1571

6402 | TRIP REL. 1| O/L 2 Trip 1621
TRIP RELAY 2 @
TRIP REL. 2 | Diff> Trip 5691
TRIP REL. 2 | Diff>> Trip 5692
TRIP REL. 2| Back Gen.Trip 2451
TRIP REL. 2| REF Gen. Trip 5821
TRIP REL. 2| Tank Gen.Trip 5921
TRIP REL. 2| O/L 1 Trip 1571
TRIP REL. 2| O/L 2 Trip 1621

6403 | TRIP RELAY 3 1)
TRIP REL. 3| Diff> Trip 5691
TRIP REL. 3 | Diff>> Trip 5692 ‘
TRIP REL. 3| Back Gen.Trip 2451 ip command of the protection func-
TRIP REL. 3| REF Gen. Trip 5821 s;’trip relays 3 to 5 only with 7UT513
TRIP REL. 3| Tank Gen.Trip
TRIP REL. 3| 0/L 1 Trip
TRIP REL. 3| O/L 2 Trip

6404 | TRIP RELAY 4 1)
TRIP REL. 4 | Diff> Trip 1
TRIP REL. 4 | Diff>> Trip 692
TRIP REL. 4 | Back Gen.Txip 2451
TRIP REL. 4 | REF Genl 5821
TRIP REL. 4| Tank Ge & 5921
TRIP REL. 4 | O/L 1571
TRIP REL. 4 | O/L 2& 1621

6405 | TRIP RELAY 5/ 1)
TRIP REL. 5 rip 5691
TRIP REL. 5> Trip 5692
TRIP N Gen.Trip 2451
TRIP . F Gen. Trip 5821
TRIP ank Gen.Trip 5921
TRIP REL: 0/L 1 Trip 1571
TRIP REL. 0/L 2 Trip 1621

1) 7UT513 only 4

Table reset command functions for trip relays
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6  Operating instructions

6.1 Safety precautions

A Warning

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

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 outia
the integrated membrane keyboard and{display
panel located on the front plate. All the mecessary
operating parameters can be entered and allthe'in-
formation can be read out from here. Qpetration is,
additionally, possible via the interface socket by
means of a personal computer or sifmilar,

6.2.1 Membrane keyboard and dis-
play panel

The membrane keyboard and display panel is exter-
nally arranged Similagto a'pocket calculator. Figure
6.1 illustratesfthe frompt view.

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

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

The keyboard comprises 28 keys withgAumbers,
Yes/No and control buttons. The significance jof the
keys is explained in detail in the following:

Numerical keys for the input ofghumerals:

0 |to| 9 | DigitsfO%te 9%or numerical input

o Deeigal point

0 Infinity symbol

Change of sign (input of

b= negative numbers)

Yes/No keys for text parameters:

JY Yes key: operator affirms the dis-
played question

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

Keys for paging through the display:

* Paging forwards: the next ad-
dress is displayed

Paging backwards: the previous
* address is displayed

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

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

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

Control and special keys:

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

R Backspace erasure of incorrect
entries

E Function key; explained when
used

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

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

The three keys 1 ; {} ; RESET which arg, samewhat
separated from the rest of the keys] can, be ac-
cessed when the front cover is closedyThe arrows
have the same function as the kéyswiih identical
symbols in the main field and ehable,paging in for-
ward direction. Thus all settingyvaldes and event
data can be displayed withfthe’front cover closed.
Furthermore, stored LED indic¢ations on the front can
be erased via the RESETakey without opening the
front cover. During resét operation all LEDs on the
front will be illuminated thus performing a LED test.
With this reset, additiopally, the fault event indica-
tions in the display on the front panel of the device
are acknowledged; the display shows then the op-
erational values of the quiescent state. The display is
switchedyoverto operating mode as soon as one of
the keys DA,;"M/S, CW or { is pressed.

6.2.2 Operation with a personal com-
puter

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

Alldata can be read in from, or cgpied.ento) magnet-
ic data carrier (floppy disc) (e.g. forsettings and con-
figuration).

Additionally, all the data can,beidocumented on a
connected printer. It is also possible, by connecting
a plotter, to print out the,faultshistory traces.

For operation of the petsonal computer, the instruc-
tion manuals of this/deyice are to be observed. The
PC program BIGSI® is available for setting and pro-
cessing of all\digital protection data. Further infor-
mation@bout facilities on request.

6:2.3 \Operational preconditions

Forimost operational functions, the input of a code-
word is necessary. This applies for all entries via the
membrane keyboard or front interface which con-
cern the operation on the relay, for example

— setting of functional parameters (thresholds,
functions),

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

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

— initiation of test procedures.

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

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

Two line display
(LCD) with 16
characters each

ON/OFF switch for
Integrated power

supply

Additional keys
can be accessed
when cover is
closed

~

~

SIEMENS

ﬁ [_siemens|
00 /

Betrieb/Service @/

Stérung/Blocked @

Differentialschutz fir !

Transformator/Generator/Knoten 5

Generator/Transformer/Branch point Protection

AR
O

RESET
LED
N—

q @
@
@:
| - 2 ———

Diagr.:C73207-A294—X1—x—12

7UT512

')

——\0000

Geratehandbuch beachten!
Observe instruction manual

@;@ _[V,m]

0000
o000

Kigh

F—Nr.

igure 6.1 Front view 7UT512

C)O

Readiness indication

|_— (green)®

it faulty indication
d)

LED 1 to 6 (red) can be
marshalled

Factory presetting

1: Device trip

2: Trip lgif>

3: Trip lgig> >

4: Overcurrent time
protection trip

: Unit fault

: Parameterizing

[e)JN4)]

Operator
panel

25 pole socket for
connecting a personal
computer
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Unit faulty indication Readiness indication
(red) \ (green)
- \ \
SIEMENS
\ |
] ] é LED1to 14
Betrieb/Service @ 7 /”(red) can be
" marshalled
E Stérung/Blocked Q) s
H @ @ RED 1 10 6:
. . . 1 9 resetting as
Two line Differentialschutz fur ';ig_ 6.1 g
display (LCD) _| Transformator/Generator/Knoten o | @ 10
with 16 [~ Generator/Transformer/Branch point Protection LED 7 t.O 14:
characters ~ ~ 3 @ @ 11 presettings
see below
each
\E j s Q| Q 12
ON/OFF
switch for p S 5 Q| D3
integrated T ©
i
C @DOOB® &ty
Supply . / \ / / \ /
' N\ N\ N\ [ N\ [ N\ [ A
lelojolo]o]lc o
~— \— T/ / \ / y_ panel
-, ( N\ N\ ([ N\ N\ N\ ([ ™\
Additional ﬁ
keys can be / ) /) )
accessed A p N N - N N N
when cover RESET @ @
is closed LED _ g y ') )
' N\ ([ N\ N\ N\ ([ N\
@) (@) &) GG 25 ot
~— A o 1 socket for
@ connecting a
é ! personal
SIEMENS s computer
° o »
L1
IN=1A
l;‘H=60,11O,125V— A
fn=50...60Hz; 162/3 Hz @eratehandbuch beachten!
Observe instruction manual : o
oo
& G W m :
Diagr..C73207— A284_ X2 — «— 12 5
2 7UT513 F-Nr.
[
H
i
w

/

/

@ Basic module

LED 7 to 14 < presettings:

7: Restricted earth fault protection trip

8: Tank leakage protection trip

9: Thermalleverload protection 1 trip
10 Thermal overload protection 2 trip

11: Buchholz protection warning stage

12: Buchholz protection tripping stage

13 User definable annunciation 1
14 Setting error

Figure 6.2 Front view 7UT513

7
@ Additional module

from production series /KK:
C53207-A318-A21-.
(7UT513 1A)
C53207-A318-A22—.
(7UT513 5A)
C53207-A318-A23-.
(7UT513 1A)
C53207-A318-A24—.
(7UT513 5A)

sensitive cur-
rent 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 t or | thefirst or last address within
the block can be selected and paged.

— Addresses which require numerical input

The display shows the four-digit address{ i.e.
block and sequence number (e.g. 1102 for block
11, sequence number 2). Behind the banappears
the meaning of the required parameter, in the' sec-
ond display line, the value of the parameter. When
the relay is delivered a valugyhas been preset. In
the following sections, this value,is'shown. If this
value is to be retained, no4gther input is neces-
sary. One can page forwards orbackwards within
the block or to the nexig(er previous) block. If the
value needs to be altered, it ¢an be overwritten us-
ing the numerical keys and, if required, the deci-
mal point and/or changé&sign (+/--) or, where ap-
propriate, infinity,signsco. The permissible setting
range is givenn thefollowing text, next to the as-
sociatedboxt Entered values beyond this range
will be rejected 4The setting steps correspond to
the last decimalplace as shown in the setting box.
Inputs with more decimal places than permitted
will be truncated down to the permissible number.
The,value must be confirmed with the entry key
ENThe display then confirms the accepted value.
JIhe changed parameters are only saved after ter-
mination of parameterizing (refer below).

— Addresses which require text input

The display shows the fourdigit address, i.e.
block and sequence number (efg. 1105 for block
11, sequence number), Behind the bar appears
the meaning of the requirediyparameter, in the sec-
ond display line, ¢he applicable text. When the
relay is delivered, a text has been preset. In the
following sectionshthis text is shown. If it is to be
retained, no other, input is necessary. One can
page forwards,or backwards within the block or to
the next'(or previous) block. If the text needs to be
altered, press the "No” key N. The next alternative
texthalse printed in the display boxes illustrated in
the following sections, then appears. If the alter-
native text is not desired, the N key is pressed
again, etc. The alternative which is chosen, is
confirmed with the entry key E. The changed
parameters are only saved after termination of pa-
rameterizing (refer below).

For each of the addresses, the possible parameters
and text are given in the following sections. If the
meaning of a parameter is not clear, it is usually best
to leave it at the factory setting. The arrows | || 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 t |
is possible.

The setting procedure can be ended at any time by
the key combination FE, i.e. depressing the function
key Ffollowed by the entry key E. The display shows
the question "SAVE NEW SETTINGS?”. Confirm
with the "Yes” —key Y that the new settings shall be-
come valid now. If you press the "No”—key N in-
stead, codeword operation will be aborted, i.e. all al-
terations which have been changed since the last
codeword entry are lost. Thus, erroneous alterations
can be made ineffective.
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If one tries to leave the setting range for the function
parameter blocks (i.e. address blocks 1010 39) with
keys { |}, the display shows the question "END OF
CODEWORD OPERATION ?”. Press the "No”—key
N to continue parameter setting. If you press the
"Yes”—key J/Y instead, another question appears:
"SAVE NEW SETTINGS ?”. Now you can confirm
with J/Y or abort with N, as above.

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

6.3.1.2 Selectable parameter sets

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

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

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

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

— Press key combinationf’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‘te, parameter set C

® Key combination F 4:
access to parameter set D

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

Since only afew, parameters will be different in most
applications, itjis pessible to copy previously stored
parameter Sets into another parameter set.

It is additienally possible to select the original set-
tings;ie. the settings preset on delivery, for a modi-
fiedand stored parameter set. This is done by copy-
ing'the "ORIG.SET” to the desired parameter set.

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

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

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

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

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

"I} 6500 PARAMETER

Beginning of the block "Parameter change-over”; pro-

@ CDA NGE -0OVER cessing of parameter sets
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Following copying, only such parameters need.be
changed which are to be different from the source
parameter set.

Parameterizing must be terminated for each param-
eter set as described in Section 6.3.1.1.

6.3.1.3 Setting of date and time

Co

Addr. from i to
8510 ORIG.SET SET A
8511 ORIG.SET SET B
8512 ORIG.SET SET C
8513 ORIG.SET SET D
8514 SET A SET B
8515 SET A SET C
8516 SET A SET D
8517 SET B SET A
8518 SET B SET C
8519 SET B SET D
8520 SET C SET A
8521 SET C SET B
8522 SET C SET D
8523 SET D SET A
8524 SET D SET B
8525 SET D SET C

Table 6.1  Copying parameter sets

The date and time can be set'as Iong as the real time
clock is operational. Setting'is,carried out in block 81
which is reached by direct addressing DA 8100
E or by paging with {} and |J. Input of the codeword is
required to changeithe data.

Selection of the individual addresses is by further
scrolling usifg, T as shown below. Each modifica-
tion must(befconfirmed with the enter key E.

The date and time are entered with dots as separa-
fonsigns since the keyboard does not have a colon
ot slash (for American date).

I he clock is synchronized at the moment when the
enter key E is pressed following input of the com-
plete time. The difference time facility (address
8104) enables exact setting of the time since the dif-
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.

ol SsET VN G
Yllrear T1wE &Lock
bl o o8 s

0,9
dls102INDaTE
M o3 TINME
A{s 1040 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
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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6.3.2 Initial displays — address blocks 0 and 10

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

The relay introduces itself by giving its type number and
the version of firmware with which it is equipped asdvell
as ahardware character. The second display line shows
the complete ordering designation.

Hom7urst V3.*=*xB
4}7SD502**********

After address 1000, the functional parameters begin. Further address possibilities are listed,under ”Annunci-
ations” and "Tests”.

Tl 10008

Commencement of functional parameter blocks

4} PARAMETERS

6.3.3 Transformer data — address block 11 (for‘uSe as,transformer protection)

The transformer data are required if the relay is used
as transformer protection. During configuration of
the protection functions (refer to Section 5.4.2, ad-
dress 7801) the relay had been informed that thé
PROTected OBJect is a 2—WINDing TRANSFormer;
a 3—WINDing TRANSFormer (7UT513 only), or‘a
1—-PHASE —TRANSFormer. If a different protected
object had been selected, address block 11 (is pot
available.

When used as transformer protection, 7 T514sauto-
matically computes from the rated data of'the pro-
tected transformer the current-matching formulae
which are required to match thegectersgroup and
the different rated winding cufrents$ The currents
are converted such that the sensitivity of the protec-
tion always refers to the power rating of the trans-
former. Therefore, no Citeuitty is required for match-
ing of the vector graup anéhyno manual calculations
for converting of rated€urrents are normally neces-
sary.

The unit requires the following data for each wind-
ing:

— MVA ratingy(apparent power) Sy in MVA,
— rated voltage Uy in kV,
ayrated current of the current transformer set in A,

=,the vector group numeral.

Winding,1 is defined as the reference winding. The
otherwindings are referred to winding 1. In order to
ensure the correct polarity when forming the differ-
ential currents, the polarity of the current transform-
er must also be stated.

The reference winding is normally that of the higher
voltage. But, if a current transformer is installed in
the earthing lead of an earthed star point of a wind-
ing, this is to be used as reference winding in order
to ensure increased earth fault sensitivity by correc-
tion of the zero sequence current (see below). If not
the higher voltage side is used as reference winding
it must be considered that the vector group
changes: e.g. a Dy5 transformer is regarded from
the lower voltage side as Yd7.

If a transformer winding is regulated, then the actual
rated voltage of the winding is not used as Uy, but
rather the voltage which corresponds to the average
current of the regulated range. The following ap-
plies:

voltage to be set Uy =2 X Umax X Umin
Umax + Umin
2
+
Unin Umax

(Both formulae are equivalent.)
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For three-winding transformers with different MVA
ratings of the windings, the unit automatically refers
all currents to the power of the largest winding.
When the power ratings of the windings differ
strongly from each other (more than the factor 4), in-
terposing transformers are recommended. If an in-
terposing transformer set 4MA5170—-7AA is used for
one winding, the transformation ratio of the interpos-
ing transformers must be considered when entering
the setting for this winding. This is done by dividing
the actual primary current transformer rated current
by the winding ratio of the interposing transformers.
Theresultis enteredas "IN CT” (e.g. address 1104).

The matching factors which are calculated by the
relay from the entered rated data can be read out in
the operational annunciations (refer to Section
6.4.2) after parameterizing has been finished.
These factors are for winding 1:

current processed by 7UT51
current through the relay terminals

k CT 1=

and similar for the other windings:

k CT 2=

k CT 3= (only 7UT513)
ksCT 1 = (only ZUT518)
ksCT 2 = (only, 7UT513)
ksCT 3 = (only 7U8513)

where ksCT are the factors for inputs fromsthe cur-
rent transformer in the star-point connection of an
earthed transformer winding as faras they are used.

If the setting of the protection,should be performed
with secondary values oply’ (e.g¥because external
matching transformers are present) then the factory-
set parameters for transformer data can remain un-
changed. The presets for fransformer data apply for
a ratio of 1 : Yywitheut‘phase displacement.

The treatment of thedvinding star-point is of no con-
cern as long asithezero sequence currents are elim-
inated from the phase currents (e.g. address 1106 lo
HANDLE = lo ELIMINATION. Inthis case the zero se-
quence currents, which will flow through an earthed
winding star-point in the protected zone of the trans-
formereyen when an external network earth fault oc-
curs,'are rendered harmless.

The disadvantage of this zero sequence curent
elimination is that the differential protection be less
sensitive in case of an internal earth fault in the pre-
tected zone (factor 2/3). The following possikilities
exist to increase sensitivity for internal earth faults:

In systems with isolated or arc compensated star-
point, the elimination of the zero sequence current
may be set ineffective (lo HANDLE = WITHOUT) pro-
vided the star-point of the protected transformer
winding is has no connettiont® earth, not even via
the Petersen coil! In this case, ‘each earth fault or
double earth fault withfone, foot-point in the pro-
tected zone will be cleared by the relay regardless of
any double earth faultypriofity if this is used in non-
earthed systems.

In earthed systems, the zero sequence current must
be eliminated, fomall windings whose star-point is
earthed in theprotected zone (even if an artificial
star-point cailisused). Increased earth fault sensitiv-
ity canythen, be achieved only when the star-point
current,is\available, i.e. when a current transformer
isinstalled in the earthing lead between the winding
star-point and earth. Figure 6.3 shows an example
for atwo-winding transformer. 7UT513 must be used
even when the transformer has only two windings
since 7UT512 does not provide current inputs for the
star-point current.

A sy

Figure 6.3  Earth fault outside the protected

zone

In order to allow processing of the star-point current
one of the additional currentinputs |5 orlg of 7UT513
can be used (refer to Section 5.4.2, addresses 7806
or 7807). If the model with tank leakage protection is
used then current input |4 must be assigned for zero
sequence current correction because the input Ig is
then designed for the highly sensitive tank leakage
protection.
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T 1100m

!}TRANSFORMER D

AT

A

Data of winding 1 (reference winding):

Ml 11020 un

WIND 1
tl110.0 xv
f 1030l PN WIND 1
3.1 mva
) 1040 IN CcT WINI1
t200 =&

Ml 11050 crT STARPT
flrowarps RANSTF
TWDS.LINE/BUSBAHR
f 1060 I o HANDLE
flto-ELIMINATION
I0O-CORRECTION
WITHOUT
) 1070 18 W€D sTP1
200 =&
) 11080 crT EAR-PT
flrowar s RANSTF
T OWW™A)R D S ARTH

Beginning of block "Transformer data”

Rated voltage of winding 1 of the transformer
(phase-to-phase)
Setting range: 0.4 kV to 800.0 kV

Rated apparent power of winding™
Setting range: 0.2 MVA to 5000.0 MVA

Primary rated curgent of ¢:t. of winding 1
Setting range: 1 At04,00000 A

Star-point femation of c.t.s winding 1:
towards transformer side

fowards line/bus-bar side

Rrocessing of the zero sequence current of winding 1:
zero sequence current is eliminated

zero sequence current is eliminated but corrected by
means of the star-point current (7UT513 only 1)

without special processing of the zero sequence current
(only when star-point is not earthed)

Primary rated current of the star-point c.t. of winding 1
(7UT513 only)
Setting range: 1 A to 100000 A

Earthing point of the star-point c.t. winding 1 (7UT513
only):

towards transformer side
towards earth side

ulf Ne star-point c.t. had been configured for winding 1, an error message is issued after parameterizing
procedure has been finished: "Err no CT star” (FNo 5712), LED 14 at delivery (refer also Section

6.4.2).
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Data of winding 2:

Vector group numeral of winding 2:

11210 VECTOR GR?2 A

1 . 0to 11 (x 30°)
0 (not for single-phase transformers)

Rated voltage of winding 2 of the transformer

f 11220 uN WIND 2 (phase-to-phase)

fltr.0 xv Setting range: 0.4 kV to 800.0 KV

f 11230 PN WIND 2 Rated apparent power of winding 2

; 38.1 MVA Setting range: 0.2 MVA 1§,5000:0 MVA
f 11240 1 v c¢cT w1 N 2| Primaryratedcurrentofc.t. of winding 2
; 2000 a Setting range: IyA 16100000 A

f 11250 cT2 sTARPT| Starpeintformation of c.t.s winding 2:
* TOWARDS TRANSTF. towards transformer side

TWDS.LINE/BUSBATR towards line/bus-bar side

* 11260 I o HANDWLE Processing of the zero sequence current of winding 2:
zero sequence current is eliminated

zero sequence current is eliminated but corrected by
I 0-CORRECTERD means of the star-point current (7UT513 only 7)
without special processing of the zero sequence current
(only when star-point is not earthed)

Primary rated current of the star-point c.t. of winding 2
) 11230 YN, cT sTP2 (7UT513 only)
* 2000 A Setting range: 1 A to 100000 A

Ml 11280 ct2 EAR-PTI| Earhing point of the star-point c.t. winding 2 (7UT513
flzow® RrRDS TRANSEF. only): .
towards transformer side
™0 WARDS EARTH towards earth side

1) 1f no star-point c.t. had been configured for winding 2, an error message is issued after parameterizing
procedure has been finished: "Err no CT star” (FNo 5712), LED 14 at delivery (refer also to Section
6.4.2).
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Data of winding 3, only with 7UT513, if the PROTected OBJect had been set to SWIND — TRANSF under ad-
dress 7801 (refer to Section 5.4.2):

) 114108 VEcTOR GR 3| Vectorgroup numeral of winding 3:
* 0 0to 11 (x30°)

Rated voltage of winding 3 of the transformer

Ml 11420 ux winD 3 (phase-to-phase)

fltr.0 xv Setting range: 0.4 kV to 800.0 kV

f 11430 PN WIND 3 Rated apparent power of winding 3

; 10.0 MVA Setting range: 0.2 MVA to 5000:0 MVA
f 11440 1 v cT w1 N 3| Primaryrated curreqt of ¢.t. of winding 3
* 200 0 A Setting range: 1 Ato 100000 A

f 11450 cT3 sSTARPT| Starpointfomnation of c.t.s winding 3:
* TOWARDS TRANSTF. towards transformer side

TWDS.LINE/BUSBA AR Jtowards line/bus-bar side

Processing of the zero sequence current of winding 3:
Zero sequence current is eliminated

zero sequence current is eliminated but corrected by
means of the star-point current )

without special processing of the zero sequence current
(only when star-point is not earthed)

Primary rated current of the star-point c.t. of winding 3
14 I C T STP3 .
* 7 1 Setting range: 1 A to 100000 A

* 11480 CcT3 EAR-PT !Ear‘[hlng point of the star-point c.t. winding 3
* TOWARDS TRANSTF. towards transformer side
T OWW™AMR D S EARTH towards earth side

ulf Ne star-point c.t. had been configured for winding 3, an error message is issued after parameterizing
procedure has been finished: "Err no CT star” (FNo 5712), LED 14 at delivery (refer also to Section
6.4.2).
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6.3.4 Generator or motor data — address block 12 (for use as generator or motor

protection)

When used as generator or motor protection, the
relay had been informed that the PROTected OBJect
is @ GENERATOR/MOTOR during configuration of
the protection functions (refer to Section 5.4.2, ad-
dress 7801). If a different protected object had been
selected, address block 12 is not available.

The most important setting is the position of the star-
points of the c.t. sets relative to each other (address
1206). If the star-points of both the c.t. sets are
formed on the side of the c.t.s facing the machine
then they are on the SAME SIDE (cf. Figure 6.4 a).
The same applies if both c.t. star-points are formed

on the side away from the machine. @PPQSITE
SIDES means one C.T. star-point is towards the ma-
chine and one is away from the machine(efsFigure
6.4 b). One exception is, when the relay is used as
transverse differential protection: In this case, OP-
POSITE SIDES must be set, when the c.t. star-points
are formed at the same side/

Additionally, the rated data ofithe machine are re-
quested. All setting valuesyare referred to these
rated data. Furthermere, these data are used for the
calculation of the primafy,measured values (refer to
Section 6.4.4).

b il

2
=

mlil

a) CT STARPT = SAME SIDE

Figure 6.4

b) CT STARPT = OPPOSITE SIDES

Generater/metor c.t. orientation — address 1206

1} 12000l GENERATOR
4} OR MOTOR DATA

Al 12020 un
flz21.0 xv

GEN/MOT

Beginning of block "Generator or motor data

Rated voltage of the generator or motor
(phase-to-phase)
Setting range: 0.4 kV to 800.0 kV

C53000-G1176—-C99
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Ml 12030 PN
tle00.0 mMva

GEN/MOT

STARPT

—
=
N

oecl cr

S IDES

2071

H
2
Q
H
=

2080 1IN cT 2

Rated apparent power of the generator or motor
Setting range: 0.2 MVA to 5000.0 MVA

This parameter indicates the polarity of the c.t. cur-
rents.

Correct setting is a prerequisite for the cofregisforma-
tion of the differential currents

Primary rated current of c.t. set 13%e. 'star-point side
of the machine
Setting range: 1 A to 100000,A

Primary rated current of ¢:t. S€t 2, i.e. terminal side of
the machine
Setting range, 1 A 16100000 A

6.3.5 Branch point data — address bloek 13 (for use as branch point protection)

When used as branch point protection, the relay’had
been informed that the PROTected OBJect is a
2ENDS BRANCH PT or 3ENDS BRANCH PT(7UT5%43
only) during configuration of the pretection func-
tions (refer to Section 5.4.2, address 7804,). 1fa dif-
ferent protected object had been selécted, address
block 13 is not available.

As the feeders of a branch point may have different
rated primary currents, a standard rated branch
point current is defined,in addréss$)1301. This is used
as reference current, forall measured currents. The
feeder currents arefmatched,to this current so that

the operating characteristic of the relay is referred to
the rated branch point current. External matching
transformers are, normally, not required. In most
cases, the highest rated primary current of the c.t.
sets is used as the rated branch point current.

The individual rated feeder currents are matched to
the rated branch point current. In order to ensure the
correct polarity for the differential current, the polari-
ties of all current transformer sets must be stated ei-
ther.

1} 13000 BRANCH
4} POIQNT DATA

FIN™3 0 10 1 N
1[2% oo a

BRAN-PT

Beginning of block "Branch point data”

Primary rated current of the branch point
Setting range: 1 A to 100000 A
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Data of side 1 of the branch point (1st feeder):

; 2000 A Setting range: 1 A to 100000 A

f 13020 18 cT 1 Primary rated current of c.t. of side 1 OO

4
f 13030 cT1 sTARPT| Starpointformation of c.t.s side 1:
* TOWARDS BUSBAR towards bus-bar (branch point)‘si

TOWARDS LINE towards line (feeder) side @

Data of side 2 of the branch point (2nd feeder):

Ml 1304B 1N cT 2 Primary rat %c.t. of side 2

* 2000 A Setting rangei1 Ayto 100000 A
f 1305 cT2 STARPT formation of c.t.s side 2:
* TOWARDS BUSBAR 0 @. bus-bar (branch point) side

TOWARDS LINE towards line (feeder) side

Data of side 3 of the branch point (3rd feéder), only with 7UT513 if the protected object is declared as 3ENDS
BRANCH PT under address 78 K Section 5.4.2):

f 13060 1IN T® 3 Primary rated current of c.t. of side 3
* 2000 A Setting range: 1 A to 100000 A

P T|| Star-point formation of c.t.s side 3:
towards bus-bar (branch point) side

towards line (feeder) side
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6.3.6 Data of a virtual object — address block 14 (7UT513 only)

7UT513 provides the facility to use the relay (which is
designed for three terminals) for a protected object
with only two terminals (two-winding transformers,
generators, motors, two-feeder branch points) while
the third set of current inputs is used for a different,
independent protected object (the so-called virtual
object) in order to form a separate protection func-
tion, e.g. restricted earth fault protection, overcur-
rent time protection, or overload protection.

The primary rated data (addresses 1401 to 1404) are
used to convert the currents into primary values. The
rated current of the virtual object is the reference val-

ue for the characteristics of the protection functions.
All setting values are referred to these rated datas

The polarity of the star-point c.t. (address 1405his
relevant only in case the protection function needs
this star-point current (restricted earth fault protec-
tion). The position of the phase current c.t. set in re-
lation to the position of the star-paint e, must be
stated. If both the c.t. sets are earthed on the side
facing the protected object then they are on the
SAME SIDE. The same applies if bath c.t. sets are
earthed on the side away frem the protected object.
Otherwise they are on OPPOSELE SIDES.

T 1200n

dvirr. oBogecr

) 1B IN VIRT OB
2o A

) 2B 1N crT

2o A

) 4Bl 1N cT SgWT
2o A

SCSE ARPT

S IDES

Beginning of block "Data of awirtual object”

Primary rated curfent of the virtual object
Setting rangeal A to 100000 A

Primary rated current of the phase current transformer
set oftthe virtual object
Setting range: 1 A to 100000 A

Primary rated current of the star-point current trans-
former of the virtual object, if used
Setting range: 1 A to 100000 A

This parameter indicates the polarity of the c.t. cur-
rents against each other.

Correct setting is a prerequisite for the correct forma-
tion of the differential currents of the restricted earth
fault protection, if used
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6.3.7 Settings for the transformer differential protection — address block 16

A precondition for the operation of the transformer
differential protection is that it is configured as DIFF
PROT = EXIST under address 7816 (refer to Section
5.4.2). Additionally, the PROTected OBJect (ad-
dress 7801) must be 2WIND —TRANSF or 1PHASE —
TRANSF or BWIND — TRANSF (7UT513 only). In other
cases, address block 16 is not available. The differ-
ential protection function can be set to be operative
(ON), or inoperative (OFF), or its trip command may
be blocked whilst the protection function is opera-

tive (BLOCK TRIP REL). This setting is carried out in
address 1601.

Attention! When delivered from factory, the'differen-
tial protection is switched OFF. The reason is that this
protection must not be in operation unless at least
the connection group and thesmatching factors of
the protected transformer have been set before.
Without correct setting theyrelay#may show unex-
pected reactions (incl. tripping)!

i 16000 TRANSFORM.
dlprrr-PrROTECTION
} 1601 DIFF PROT.
tlorF

O N

BLOCK TRIP RETL

Beginning of bloclk Transformer differential protection”

Transformer, differential protection

ON

OFF

is switched on or

is switched off or

BLOCK TRIP RELAY operates but trip relay is blocked

The parameters of the tripping characteristic are set
in the addresses 1603 to 1608. Figureas5 illustrates
the meaning of the different parameters. The numer-
ical values correspond todthe ‘preset values. The
numbers signify the addressesyof,the parameters.

|-DIFF> (address 1603)is,the pick-up value of the
differential current. Thisfisghe total fault current, re-
gardless of the Way this is/divided between the pro-
tected windin@s. Theypick-up value is referred to the
rated curreght offthe iransformer corresponding to
the rated power (refer to Section 6.3.3).

In addition to the pick-up limit I-DIFF> set under
address 1603, the differential current is subjected to
a seeond pick-up threshold. If this threshold (I—
DIEE>%, address 1604) is exceeded then tripping is
initiated regardless of the magnitude of the stabiliz-
ing eurrent (unstabilized instantaneous high-set
trip). This stage must be set higher than the |-
DIFF> stage. As a guide: above 1/ui of the trans-
former.

The tripping characteristic forms two more branches
(Figure 6.5). The slope of the first branch is deter-
mined by the address 1606 SLOPE 1, its base point
is the origin of the coordinate system. This branch
covers current proportional errors. These are mainly
transformation errors of the main current transform-
ers and, especially, the differential currents which
may occur due to the transformer regulating range.
The preset slope 0.25 should be sufficient for regu-
lating ranges up to 420 %. If the transformer has a
larger regulated range, then the slope must be in-
creased accordingly.

The second branch produces a higher stabilization
in the range of high currents which may lead to cur-
rent transformer saturation. Its base point is set un-
der address 1607 BASE PT 2 and is referred to the
rated power transformer current. The slope is set un-
der address 1608 SLOPE 2. The stability of the relay
during current transformer saturation can be in-
fluenced by this parameter. A higher slope results in
a higher stability.
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T i 1604
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1607 Inr

Figure 6.5 Shape of the tripping characteristic and relgvant parameters

During an external fault which produces a high
through-flowing short-circuit current causing severe
current transformer saturation, an "add-on” stabilis
zation will become effective which is defined by ad-
dress 1618 SAT—RESTR (saturation restraint). This
value is referred to the rated power transfotmer gur-
rent, too. Its slope is 1/, of the slope of the branch

16086. It should be noted that the stabilizing quantity
during through-flowing condition is the arithmetical
sum of the currents through the windings, i.e. twice
the through-flowing current. The maximum duration
of this add-on stabilization can be set under address
1617 as a multiple of the a.c. periods.

f 16030 1 -DIF%ES
*O I I r
f 16040 I D IFF >>
*7 I I T r

60 sLoPE 1

Pick-up value of differential current, referred to the rated
transformer current
Smallest setting:
Largest setting:

0.15 . INtransformer
2.00 - INtransformer

Pick-up value of unstabilized high-set differential cur-
rent, referred to the rated transformer current

Smallest setting:
Largest setting:

0.5 . INtransformer
20.0 - INtransformer

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

Smallest setting:
Largest setting:

0.10
0.50
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f 16070 BASE PT 2
*2.5 I/ InTTr

f 16080 sLOPE 2
fllo .50

Base point of the second declined branch of the tripping
characteristic

Smallest Se’[’[ing: 0.0 - IN transfoumer:
Largest setting: 10.0 - IN transférmer

Slope of the second declined branch of thewtripping
characteristic

Smallest setting: 0.25

Largest setting: 0.95

Stabilization of the unit during transformer switch-on
can be switched off or on under address 1610. It is
based on the evaluation of the second harmonic
content of the inrush current. A ratio of lopn/lin =
15 % has been preset by the factory and can — as a
rule — be retained without change. The magnitude
which is needed for stabilizing, however, can be pa-
rameterized in order to provide for a more stable set-
ting in exceptional cases under especially unfavour-
able switch-on conditions (address 1611).

Since the harmonic stabilization operates individual-
ly per phase, the protection is fully operative even
when the transformer is switched onto a single-
phase fault, whereby inrush currents may possibly
be present in one of the healthy phases. However, it
is also possible to activate a "cross-block” function.
This means that not only the phase with inrushicur-
rent exhibiting harmonic content in excessWef the
permissible value is stabilized but alsé the, other
phases of the differential stage Iprr> areg blocked.
The duration for which the cross-block fuAction is
operative after the differential current threshold has
been exceeded, is set under address 1612. Setting
is in multiple of the a.c. period.“Qyperiods (preset val-
ue) means that the cross-block funetion is not effec-
tive. When set to oo, thengheé cross-block function is
always effective.

Besides the second harmenic, 7UT51 can provide
stabilization with“a,further harmonic: the n-th har-
monic. Address 4613wallows to select this n-th har-
monic: thefthirds fourth, or fifth harmonic; or to switch
this n-th harmenicsstabilization off.

The fourth harmonic_canfbe found - like the sec-
ond — in unsymmetrigal“6ccurrences like inrush
currents.

Steady state4overexcitation of the transformer is
characterized,by‘@dd harmonic content. The third or
fifth harmani€ is'suitable to detect overexcitation. As
the third, harmonic is often eliminated in the trans-
former'windings (e.g. in a delta connected winding
greup)nthe fifth harmonic is usually used for stabili-
zation;

Converter transformers also produce odd harmonic
content which is practically absent in the fault cur-
rents.

The harmonic content which blocks the differential
stage Ipjrr> can be set under address 1614. For ex-
ample, if the 5th harmonic stabilization is used to
avoid trip during overexcitation, 30 % are conve-
nient.

Stabilization by the n-th harmonic operates individu-
al per phase. But possibility exist — as with the in-
rush stabilization — to set the relay such that not
only the phase with harmonic content in excess of
the permissible value is stabilized but also the other
phases of the differential stage Ipjrr> are blocked
(cross-block function).

If the differential current exceeds the high-set differ-
ential stage Ipjpr>> (address 1616) no n-th har-
monic stabilization takes place.

} 16100 2nd HARMON
Lo, N

OFTF

Inrush stabilization with the second harmonic is
ON switched on or

OFF  switched off

C53000-G1176—-C99

125



7UT51Vv3

Operating instructions

—
=
(6}
oo

f 16110 2nd HARMON

f 16120 crROSssB 2
tlo =109

H

30 n . HEARMON
* 5th HARMONTIDC

—
—
[o))
=

4 t h HARMONTIC

3 rd HARMONTIC

40 n . HARMO

—
[o))
=

—
e}
o
oo

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

Smallest setting: 10 %

Largest setting: 80 %

Duration of the cross-block function with the 2nd har-
monic: 0 means that the cross-block function is ineffec-
tive, i.e. 2nd harmonic stabilization operates for eagh in-
dividual phase.

Smallest setting: 0 a.cgperiods
Largest setting: 1000, a.C, periods

or oo (cross-block is always effective)

Stabilization with a further harmeénic:this n-th harmon-
ic may be:

the 5th HARMONIC or

the 4th HARMONIC or,
the 3rd HARMONIC “or

this stabilization,is switched OFF

n-th harmenic content in differential current, which just
initiateSielocking, in % of fundamental wave of the differ-
ential cdrrent

Smallest setting: 10 %

Largest setting: 80 %

Duration of the cross-block function with the n-th har-
monic: 0 means that the cross-block function is ineffec-
tive, i.e. harmonic stabilization operates for each individ-
ual phase.

Smallest setting: 0 a.c. periods
Largest setting: 1000 a.c. periods

or oo (cross-block is always effective)

Stabilization with the n-th harmonic is effective up to this
differential current limit

Smallest setting: 0.5 - IN transformer
Largest setting: 20.0 - In transformer

maximum duration of the add-on stabilization during de-

o . tected current transformer saturation
* 8 1P Smallest setting: 2 a.c. periods
Largest setting: 250 a.c. periods
or oo (until drop-off of the differential stage Ipjpr>)
* ) sl s a ES TR Stabilizing (restraining) current which is decisive for the
- add-on stabilization, referred to the rated transformer
* 7z 0 I/ 1 T r current
Smallest setting: 5.00 - IN transformer
Largest setting: 15.00 - I transformer
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In special cases it may be advantageous to delay the
trip signal of the protection. For this, an additional
time delay can be set. The timer is started when an
internal fault has been detected. Each differential
stage provides a separate timer: address 1625 for
the Ipjrr> stage and address 1626 for the Ipjpp>>
stage.

Additionally, a drop-off delay after trip can be setun-
der address 1627 T—RESET. This should ensure
that the trip command is maintained for a sufficiently
long time period even when the circuit breakeninter-
ruption times are different at the windings. Alltimes
are pure delay times which do not includeghe in-
herent operating time.

—_—
=
N

sl T-DELAY >
*o.oo s

—_—
=
N

6l T-DELAY >>
*o.oo s

70 T-RESET
*0.10 s

—_—
=
o)}
N

Additional trip time delay for the,lp s> stage
Smallest setting: 0.00 s
Largest setting: 60.00 s

and oo (no trip with the lg;rr> stage)

Additional trip time delay,for the Ipjpr> > stage
Smallest setting: 0.00 s
Largest setting: 60.00 s

and oo (ne.trip withithe Iprp> > stage)

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

6.3.8 Settings for the generator or mot
17

A precondition for the opefationf the generator or
motor differential protectien is that it is configured as
DIFF PROT = EXIST qunder*address 7816 (refer to
Section 5.4.2). Additiopally, the PROTected OBJect
(address 7803) must'be’GENERATOR/MOTOR. In
other casesgfaddressiblock 17 is not available. The
differential‘protéctiom function can be set to be op-
erative (ON), ok, inoperative (OFF), or its trip com-

or differential protection — address block

mand may be blocked whilst the protection function
is operative (BLOCK TRIP REL). This setting is car-
ried out in address 1701.

Attention! When delivered from factory, the differen-
tial protection is switched OFF. All desired protection
functions are switched effective one after the other
during commissioning.

1} 17000 GEN/MOTOR
4} DIFF-PROTECTTION

Beginning of block "Generator or motor differential pro-
tection”
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) 17010 DIFF PROT.
tloFF

O N

BLOCK TRIP RETL

Generator or motor differential protection

ON

OFF

is switched on or

is switched off or

BLOCK TRIP RELAY operates but trip relay is blocked

The parameters of the tripping characteristic are set
in the addresses 1703 to 1708. Figure 6.6 illustrates
the meaning of the different parameters. The numer-
ical values correspond to the preset values. The
numbers signify the addresses of the parameters.

|-DIFF> (address 1703) is the picksup value of the
differential current. The pick-up value'is referred to
the rated current of the machingé corresponding to
the rated power (refer to Seeiion 6.3.4, addresses
1202 and 1203).

| aiff
INGs|
3 .
Trip area
5 Block area
1 ] — —
1706 Y ——_———_— "
1703 — - - - - - TTeis Add-on stabilization
L T T T T T ] T T T T T T T |
1 2 3 4 5 6 g 8 9 10 11 12 13 14 . _stab
1707 INGe
Figure 6.6 Shape of the tripping gharacieristic and relevant parameters

The tripping characteristic formstwo.mnore branches
(Figure 6.6). The slope of thedirst branch is deter-
mined by the address 9206 SLOPE 1, its base point
is the origin of the goordinate system. This branch
covers current prgportional errors. These are mainly
transformation errors'of thé main current transform-
ers and the input transducers of the relay.

The second branchyproduces a higher stabilization
in the rang&of high currents which may lead to cur-
rent transfermer saturation. Its base point is set un-
der address 1707 BASE PT 2 and is referred to the
rated ‘mnachine current. The slope is set under ad-
dressa 708 SLOPE 2. The stability of the relay during
cuirent transformer saturation can be influenced by
this parameter. A higher slope results in a higher sta-
bility.

During an external fault which produces a high
through-flowing short-circuit current causing severe
current transformer saturation, an "add-on” stabili-
zation will become effective which is defined by ad-
dress 1718 SAT—RESTR (saturation restraint). This
value is referred to the rated power machine current,
too. Its slope is 1/, of the slope of the branch 1706. It
should be noted that the stabilizing quantity during
through-flowing condition is the arithmetical sum of
the currents through the windings, i.e. twice the
through-flowing current. The maximum duration of
this add-on stabilization can be set under address
1717 as a multiple of the a.c. periods.
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f 17030 I -DIFF>
o . 1 I/IngG

f 17060 sLopP 1
1o

M 17070 B p T
*2 I/ In

f 1 sl sLopP 2
1o

f 17170 T -sAT-BL
ts 1

f 17180 SAT-REST
1l 7 0 I/Ingc

Pick-up value of differential current, referred to the rated
generator or motor current
Smallest setting:

Largest setting:

0.05 - I\ generator/motor.
2.00 - IN generator/motor

Slope of the first declined branch of the trippingseharac-
teristic

Smallest setting: 0.10

Largest setting: 0.50

Base point of the second declinedhbranch of the tripping
characteristic
Smallest setting:
Largest setting:

0.0 - IN generator/motor
10.0 - IN generator/motor

Slope of the secend declined branch of the tripping
characteristic

Smallest setting: 0.25

Largest setting: 0.95

maximum,duration of the add-on stabilization during de-
tectedycurrent transformer saturation

Smallest'setting: 2 a.c. periods
kargest setting: 250 a.c. periods

Qr ‘&, (until drop-off of the differential stage Ipjpr>)

Stabilizing (restraining) current which is decisive for the
add-on stabilization, referred to the rated generator or
motor current
Smallest setting:
Largest setting:

5.00 - IN generator/motor
15.00 - IN generator/motor

In special cases it may be advantageous to delay the
trip signal of the protection. Forthis, an additional
time delay can be set. The timer is started when an
internal fault has beeh detected (address 1725).

Additionally, a drop-off delay after trip can be set un-
deraddress 1627 T—RESET. Alltimes are pure delay
times which do not include the inherent operating
time.

tlo.o0o0 s

f 172604T -DELAY

o .10 s

f 17270 T-RESET

Additional trip time delay

Smallest setting: 0.00 s
Largest setting: 60.00 s
and oo (no trip with the Ip > stage)

Reset delay after trip signal has been disappeared
Smallest setting: 0.00 s
Largest setting: 60.00 s
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6.3.9 Settings for the branch point differential protection — address block 18

A precondition for the operation of the branch point
differential protection is that it is configured as DIFF
PROT = EXIST under address 7816 (refer to Section
5.4.2). Additionally, the PROTected OBJect (ad-
dress 7801) must be 2ENDS—-BRANCH PT or
3ENDS -BRANCH PT (7UT513 only). In other cases,
address block 18 is not available. The differential
protection function can be set to be operative (ON),
or inoperative (OFF), or its trip command may be

blocked whilst the protection function is operative
(BLOCK TRIP REL). This setting is carried out in"ad-
dress 1801.

Attention! When delivered from factory, the differen-
tial protection is switched OFF. All desired protegetion
functions are switched effective onegafter the other
during commissioning.

8 0ol BRANCH

[y

PT.

DIFF-PROTECTTION
) 18010 DIFF PROT.
tlorF

O N

BLOCK TRIP RETL

Beginning of block "Branch point differential protection”

Branch point differential protection

ON is switched on or

OFF is'switchéd off or

BLOGCK TRIP RELAY operates but trip relay is blocked

The parameters of the tripping characteristic areset
in the addresses 1803 to 1808. Figure 6.7 illustrates
the meaning of the different parameters. Thesnumer:#
ical values correspond to the preset values. The
numbers signify the addresses of the parameters.

|-DIFF> (address 18083) is the pick-up value of the
differential current. This is the total fault current, re-
gardless of the way this is divided between the pro-
tected ends. The pick-up value is referred to the
rated current of the branch point corresponding to
address 1301 (refer to Section 6.3.5).

lgift
INbp
3 Trip area 1808
Block area
2 i
—_—
—_—
—
1803 - -
1 —"- 1806 .- - -
PR N r— Add-on stabilization
el - T |1818
T T T T T T I T T T T T T T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 _p _Stab
1807 INbp
Figure 6.7 Shape of the tripping characteristic and relevant parameters
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The tripping characteristic forms two more branches
(Figure 6.7). The slope of the first branch is deter-
mined by the address 1806 SLOPE 1, its base point
is the origin of the coordinate system. This branch
covers current proportional errors. These are mainly
transformation errors of the main current transform-
ers and the input transducers of the relay or toler-
ances in the matching factors when the branch point
feeders have different rated primary currents.

The second branch produces a higher stabilization
in the range of high currents which may lead to cur-
rent transformer saturation. Its base point is set un-
der address 1807 BASE PT 2 and is referred to the
rated branch point current. The slope is set under
address 1808 SLOPE 2. The stability of the relay dur-
ing current transformer saturation can be influenced

by this parameter. A higher slope results in a higher
stability.

During an external fault which produces ‘a_high
through-flowing short-circuit current causing severe
current transformer saturation, an "add-en” stabili-
zation will become effective which is defined by ad-
dress 1818 SAT—RESTR (saturation restraint). This
value is referred to the rated branch p@int current,
too. Its slope is 1/, of the slopg/®f the branch 18086. It
should be noted that thetstabilizing quantity during
through-flowing condition istthe‘@rithmetical sum of
the currents through the windings, i.e. twice the
through-flowing current. Fhe maximum duration of
this add-on stabilization cah be set under address
1817 as a multiplévef the a.c. periods.

f 18030 I -DIFF>
il 2 1/ 1 t

f 18060 sLoPE 1
1o

f 18070 BASE PT([2

I/ InPt

0 80 s L OPNE V2

f 18478 T SAT-BLO
ts

f 8180 SAT-RESTR.
i 0 I/InPt

Pick-up value ofdifferential current, referred to the rated
branch point current
Smallestsetting:
Largest'setting:

0.30 - IN branch point
2.50 - IN branch point

Slopewef the first declined branch of the tripping charac-
teristic

Smallest setting:
Largest setting:

0.10
0.50

Base point of the second declined branch of the tripping
characteristic
Smallest setting:
Largest setting:

0.0 . IN branch point
10.0 - IN pranch point

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

0.25
0.95

maximum duration of the add-on stabilization during de-
tected current transformer saturation

Smallest setting: 2 a.c. periods
Largest setting: 250 a.c. periods

or oo (until drop-off of the differential stage Ipjpr>)

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

5.00 - I pranch point
15.00 - IN branch point
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In special cases it may be advantageous to delay the
trip signal of the protection. For this, an additional
time delay can be set. The timer is started when an
internal fault has been detected (address 1825).

Additionally, a drop-off delay after trip can be set un-
deraddress 1827 T—RESET. Alltimes are pure delay,
times which do not include the inherent operating
time.

sl T-DELAY
lo.o00 s

—
=
N

70 T-RESET
*0.10 s

—
=
oo}
N

Additional trip time delay

Smallest setting: 0.00 s
Largest setting: 60.00 s
and co (no trip with the Ip > stage)

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

When the relay is used as branch point protection,
the differential currents of each phase are continu-
ously monitored on alow level. When, during normal
load conditions, a differential current flows which
corresponds to the load current of a feeder, this indi-
cates a missing secondary current, i.e. a fault in the
secondary current leads. This occurrence is annun-
ciated by the relay with a delay, and the differential
protection of the concerned phase is blocked.

The pick-up value of this low level monitor is set unx
der address 1831, address 1832 determinessthe
delay until the differential protection is blocked and

alarm is issued¥Ehe*€urrent pick-up value is referred
to the rated branch point current (refer to address
1301, Section'6.3.5).

The gurrentipick-up value should be high enough to
avoid false pick-up due to transformation errors or
tolerances of the current matching when the rated
C.ttlcurrents are different. The alarm delay must en-
sure that the differential protection is not blocked
during a real fault in the network. It must be consid-
erably longer than the trip delay time (address
1825).

310 I DIFELSWMON
}0.20 I/InPt

32047 - M@ NITOR

Fault current during fault in the secondary current trans-
former circuits, referred to the rated branch point current
Smallest setting: 0.15 - IN branch point
Largest setting: 0.80 - IN branch point

Delay time for blocking and alarm after a secondary c.t.
fault has been detected; must be longer than a trip delay
if set

Smallest setting:
Largest setting:

and oo (no blocking)

1s
10 s
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6.3.10 Settings for the restricted earth fault protection — address block 19

The restricted earth fault protection is an order op-
tion of 7UT513. A precondition for the operation is
that it is configured under address 7819 (refer to
Section 5.4.2) to one of the windings or to the virtual
object. Additionally, one of the additional current in-
puts I or Ig must be allocated to the same winding
or the virtual object (addresses 7806 or 7807). The
restricted earth fault protection function can be set
to be operative (ON), or inoperative (OFF), or its trip
command may be blocked whilst the protection

function is operative (BLOCK TRIP REL). This setting
is carried out in address 1901.

Attention! When delivered from factory,“the re-
stricted earth fault protection is switched OFF. The
reason is that this protection must not be in opera-
tion unless at least the correct allocation and polarity
of the current transformers have been set before.
Without correct setting theyrelays#may show unex-
pected reactions (incl. tripping)!

1} 1900B REST.EARTH
@FAULT PROTECTTION
f 1901 RESTR. E/F
*OFF

O N

BLOCK TRIP RETL

Beginning of block Restricted earth fault protection”

restricted €arth, fault protection
ON is_switched on or
OFE “%is switched off or

BLOCK TRIP RELAY operates but trip relay is blocked

The sensitivity of the restricted earth fault protection
is determined by the pick-up value |-REF> (ad-
dress 1903). The earth fault current, which flows
through the star-point lead of the “protected trans-
former, is decisive. A furthegearthfault current which
may be supplied from the ‘neiwork does not influ-
ence the sensitivity.

The critical limit angle (address 1904) determines
the stability of the protection. It indicates at which
phase displagement,between the star-point current

and the sum of the phase currents the stability
grows to infinity when the currents are of the same
magnitude and flow through the protected object.
180° means that the currents have equal phase be-
cause of the definition that all currents entering the
protected zone are positive. The smaller the critical
limit angle the higher the stability.

The preset critical limit angle corresponds to a stabi-
lizing factor k = 1 in the stability equation as it is ex-
plained in Section 4.5.2.

19030 I -REF >
0.10 I/ In

Pick-up value of restricted earth fault protection, referred
to the rated current of the protected object

Smallest setting:
Largest setting:

0.05 - Iy object
2.00 - Iy object
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9040 crRIT
O o

. ANGLE

Critical limit angle for absolute stabilization during
through-flowing earth current

110°  corresponds to stabilizing factor k ~ 2
90°  corresponds to stabilizing factor k — oo
100°  corresponds to stabilizing factor k ~ 4
120°  corresponds to stabilizing factor k ~ 1.4
130°  corresponds to stabilizing factor K ~~.1

Stabilization of the unit during transformer switch-on
can be switched off or on under address 1910. It is
based on the evaluation of the second harmonic
content of the inrush current. Normally, the inrush
currentis athrough-flowing current, as registered by
the restricted earth fault protection; that is why it is
preset as switched off. For exceptional conditions it
can be switched on under address 1910, and the

second harmonic content whichis, necessary to
block the protection can be parameterized under
address 1911.

If the differential curreft exceeds a certain multiple of
the rated current of the protected object (address
1912) no more stabilization by the second harmonic
takes placeq

) 19100 2nd HARMON
{lloFF

ON
f 19110 2nd HARMON
s =
f 19120 I REFmax_N
*10 0 I/ In

Inrush stabilizatien with the second harmonic is
OFF  switchedyoff or

ON switched on

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

10 %
80 %

Stabilization with the 2nd harmonic is effective up to this
differential current limit, referred to the rated current of
the protected object
Smallest setting:

” 1.0 - Iy object
Largest setting:

20.0 - Iy object

In special cases it may be advantageous to delay the
trip signal of the protectien.“ker this, an additional
time delay can be set (address 1925). Normally, it is
setto 0. Additionally, adropseff delay aftertrip can be
set under address 1927 I—RESET. This should en-

sure that the trip command is maintained for a suffi-
ciently long time period even when the circuit break-
er interruption times are different. All times are pure
delay times which do not include the inherent oper-
ating time.

Additional trip time delay
f| 19@sBT-pELAY Smallest setting: 0.00 s
* 0 . Ow0 s Largest setting: 60.00 s
and oo (no trip with the Iggr> stage)
* 19270 T-RESET Reset delay a_lfter trip signal has been disappeared
* Smallest setting: 0.00 s
0.10 s Largest setting: 60.00 s
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6.3.11 Settings for back-up overcurrent time protection — address block 21

The back-up overcurrent time protection operates so that it does not operate on faults within theseon-
independent of the differential protection. A pre-con- nected network but only on faults with in the pro-
dition is that the back-up protection had been allo- tected zone.
cated under address 7821 BACK—UP O/C to one of
the sides of the protected object or to the virtual ob- The overcurrent stage can be used as definite time
ject (refer to Section 5.4.2). The back-up overcurrent overcurrent protection or inverse time overcurrent
time protection can be set to be operative (ON), or protection. This function mode can be,selected in
inoperative (OFF), or its trip command may be address 2111. For inverse time, a choice can be
blocked whilst the protection function is operative made between three tripping time characteristics
(BLOCK TRIP REL). This setting is carried out in ad- defined in IEC 60255—3."The pick«up value |> (ad-
dress 2101. dress 2112 for definite time) Ogl, (address 2114 for
inverse time) must be Set/abeove the maximum ex-
The parameters of the back-up overcurrent time pro- pected (over)load cugrent(approximately 1.4 times).
tection are set in block 21. All current values are re-
ferred to the rated current of the protected object, The setting of the delay times must be in accordance
with transformers to the rated current of the as- with the grading plan of the galvanically intercon-
signed winding. nected systemylf a stage is not to be used, its time

delay is settQyo0.
At first, the high-set overcurrent stage | > > is set un-

deraddresses 2103 and 2104. This stage is always a Generally, it midst be noted that the set times for defi-
definite time stage, independent on which charac- nite time, stages are pure delay times which do not
teristic is set for the overcurrent stage. On transform- includethe inherent operation time of the protection
ers, itis set to approximately 1.5 times the factor 1/uy fdnctions.
| 21000 Back-UP Begdinning of block
4} OVERCURRENT PROZ Back-up overcurrent time protection”
* 21010 BACKUP o /% Back-up overcurrent time protection, can be
florrF OFF switched off  or

ON ON switched on or

BLOCK TRTIP RWE L BLOCK TRIP REL trip relay is blocked but the

protection is operative

High-current pick-up threshold I>>, referred to the

f 21030 1> rated current of the protected object or winding

flla .00 1/1%m Smallest setting value: 0.10 - I object
Largest setting value: 30.00 ' I object
Time delay for the high-current stage 1> >

! 21040 -1 > > Smallest setting value: 0.00 s

tllo. o s Largest setting value: 32.00 s
and oo (no trip with I>> stage)

Characteristic of the overcurrent stage
Ml 21210 cmarace

* DDEFINITE TIME DEFINITE TIME characteristic
NORMAL INVERSE NORMAL INVERSE time (type A acc. IEC 60255-3)
VERY INVERSE VERY INVERSE time (type B acc. IEC 60255-3)

EXTREMELY INVERS  EXTREMELY INVERSe time (type C acc. IEC 60255-3)
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21120 1>

2 .00 I/ In

21130 7-1>
.30

0 s

Only for definite time protection:
Pick-up threshold |>, referred to the rated current of
the protected object or winding
Smallest setting value:

Largest setting value:

0.10 - Iy object
30.00 ' Iy object

Delay time for 1> stage
Smallest setting value:
Largest setting value:

and oo (no trip with I> stage)

0.00s
32.00 s

When setting to inverse time overcurrent protec-
tion, it must be considered that, according to IEC
60255 -3, the protection picks up only when more
than 1.1 times the set value is exceeded.

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

Tp =10s means TM =1,
thus for normal inverse
trip = 10 s tripping time at 2 times set value Ip

With the definite time characteristie the fundamental
waves of the measured currents are,evaluated for
pick-up. When one of the inversetime characteris-
tics is selected, a choice can'be'made whether the
fundamental waves WITHOWMT HARMONics of the
measured currents are formednfor evaluation, or if
the true r.m.s. values WITFHhHARMONICS are calcu-
lated. As the relay is usedas short-circuit protection,
the preset value is recommended. If the time grad-
ing is to be coordinated with conventional relays
which operate with ttue r.m.s. values, then WITH
HARMONIGS\can be advantageous.

) 21140 1 p

fll2.00 1/1n

) 21150 T-1p

fllo .50 s

) 21160 RMS FORMAT
flwiTHOUT HARMON/
|WITH HARMON I dfs
f 21180 T-RESET
tlo.10 s

Only for inverse time protection:
Pick-up thresholdylp
Smallest setting value:

' 0.10 - Iy object
Largest setting value:

20.00 - Iy object

JTime'multiplier for phase currents
Smallestssetting value:

Largest setting value:

and oo (no trip with I, stage)

0.50s
32.00 s

Only for inverse time protection:

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

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

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

Address 2121 determines which stage is effective if
the circuit breakénjs manually closed. A pre-requi-
site is, that the manualfclose command for the
breaker is repeated via a binary input to the relay so

that itis informed about manual closing of the break-
er. INEFFECTIVE means that the stages operate ac-
cording to the settings in addresses 2103 to 2115.

2662210 MAN.CLOSE
IMNEWF FECTTIVE

I > UNDELAYETD

I>/Ip UNDELAYED

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

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

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

(inverse time) but without delay
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6.3.12 Settings for thermal overload protection — address blocks 24 and 25

The relay includes two thermal overload protection
functions, which can each be assigned to any of the
sides (feeders) of the protected object. With
7UT512, this may be the higher voltage and/or the
lower voltage side of a transformer, the star-point or
terminal side of a generator or motor, or any end of a
two-terminal branch point. With 7UT513, any de-
sired winding of a three-winding transformer or any
desired end of a three-terminal branch-point can be
selected. When 7UT513 is used for a two-winding
transformer, generator, motor, or two-terminal
branch point, then one of the overload protection
functions can be assigned either to any desired pro-
tected object, the virtual object.

Overload protection 1 operates as it is configured
under address 7824, overload protection 2 as under
address 7825 (refer to Section 5.4.2).

Overloads which endanger the protected object
cannot and should not be detected by the short-cir-
cuit protection. The overcurrent time protection as
back-up protection, for example, must be set suffi-
ciently high so as to only detect short-circuits. Only
short delays are permitted for short-circuit protecs
tion. These short time delays, however, do notgper-
mit measures to unload the overloaded objegt norto
utilize its (limited) overload capability.

For transformer overload protection, thegratedycur-
rent of the protected transformer winding 4s“always
used as the base current for the detegtion of an over-
load. If the windings have different MVA ratings, then
the overload function always refets tothe rated cur-
rent of the protected winding. Due tothe input of the
transformer and the currentiifansfermer data for the
differential protection funetion(Section 6.3.3) the
unit is able to calculate the fated currents of the
windings referred to the, Iargest winding (these be-
ing relevant for the differential protection function) as
well as the rated Gurrents,0f each winding which are
relevant for the oyerlead function. This enables opti-
mum matehingfeven when a three-winding trans-
former has a'weakftertiary winding with small MVA
rating. For generators and motors, the rated ma-
chine current derived from the rated power and
rated voltagé’ (Section 6.3.4) are used as the base
current for overload processing. For branch points
oravirtual object, the stated rated current of these is
used\(Section 6.3.5 or 6.3.6).

The parameters of the thermal overload protection 1
are set in address block 24, those of the thermal
overload protection 2 in address block 25.

Each thermal overload protection can be set'towbe
inoperative, to initiate alarms only or to initiate trip-
ping (including alarm). Additionally, thg”trip.€em-
mand can be blocked whilst the overload,protection
function remains operative (address 2401 0r2501).

The setting factor k is determined by theratio of the
continuously permissible thergal current |« to the
rated current of the protected object:

lmax
B I object
As the rated data ef the protected object have been
set correctly (let:s,hope’so), no further calculations
are necessary. The‘permissible continuous current
is to be stated by, the manufacturer. If no data are
available,fong'selects 1.1 times the rated current of
the pretected object (i.e. k = 1.1).

Thesoverload protection simulates the temperature
riseteharacteristic of the thermal differential equa-
tion, the solution of which represents an e —function
in steady-state operation. The time constant t is de-
cisive for the time to reach the temperature rise
threshold and thus for the trip time. Since the ther-
mal replica simulates the heating-up characteristic
of a single-body model, the relatively long iron time
constant of the protected machine can be set for
small overloads (up to approximately 1.2 ly). For
larger overloads, it is sufficient to set a slightly short-
er time constant which considers the faster warm-up
of the winding as compared to the iron.

If the 1 s current, i.e. the maximum permissible cur-
rent for 1 s duration, is known or can be taken from
tables, then the time constant can be calculated ac-
cording to the following formula:

Setting value t [min] =

1 ( permissible 1 s current ) 2
60 continuously permissible current

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

Setting value t [min] =

0.5 ( permissible 0.5 s current ) 2
60 continuously permissible current
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It should be noted that the result becomes more in-
accurate the longer the stated duration of the cur-
rent becomes.

By setting a warning temperature rise (addresses
2404 and 2504), an alarm can be output before the
trip temperature rise is reached, so that, for exam-
ple, by prompt load shedding tripping may be pre-
vented.

A further current warning stage is available (ad-
dresses 2405 and 2505). This can be set as a factor
of the rated current of the protected object and

should be equal or less than the continuously ad-
missible current. It can be used besides the temper-
ature warning stage or instead of that. When setting
Qwamn/Qyrip to 100 %, the temperature warning i§
practically ineffective.

A choice can be made whether the temperatureise
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 conductérs 4or the tem-
perature rise calculated from theymaximum current
of the three conductors (addresses 2406 and 2506).

Settings for thermal overload protection 1:

24000 TEERMAL
OVERLOAD PROT. 1

) 24010 TEHERMAL OL
tlorF

ON

BLOCK TRIP REL

ALARM ONLY

f 24020 RK-FACTOR
.10
) o030 T-coNgM™MaANT
*1 min
f 24040 0 WARYN
tloo =
) 24050 INMARN
*1 I/ In
M| 2%wdB0 0/1 carLculL
| o™ x

Q MEAN

0 FROM I MAX

ON

OFF

Beginning of block "Thermal overload protection 1”

Thermal overlead protection 1, can be

switcheden or

switched off or

BLOCK{TRIP REL trip relay is blocked but the pro-

teCtion is operative or

ALARM ONLY set to give only alarms

Setting value of k—factor = Imax/IN object
Smallest setting:

Largest setting: 4.00
Time constant t

Smallest setting: 1.0 min
Largest setting: 999.9 min

Warning temperature rise in % of trip temperature rise
Owarn/Qtrip
Smallest setting:
Largest setting:

50 %
100 %

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

Calculation mode decisive for thermal thresholds

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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Settings for thermal overload protection 2:

ﬁ 25000 TEERMAL
@OVERLOAD PROT. 2

—_—
N

5010 TEERMAL OL

f 25020 RK-FACTOR
.10

—
N

5030 T-CONSTAN

*100.0 min

5040 0
*90 3

—
N

WA&

N
Ml 25050 1 QN

V1 .00 Lz

Ml 250 0/L CALCUL
MAX
*
MEAN
IMAX

O

Beginning of block "Thermal overload prote@’

4
Thermal overload protection N@

ON switched on or

OFF  switched off o t
BLOCK TRIP REL tri ay'is blocked but the pro-
tection is epera or

ALARM ONLY (s give only alarms

f k—factor = Imax/IN object
ing: 0.10
ing: 4.00

e constant t
Smallest setting:
Largest setting:

1.0 min
999.9 min

Warning temperature rise in % of trip temperature rise
Qwarn/ Qtrip

Smallest setting: 50 %

Largest setting: 100 %

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

Calculation mode decisive for thermal thresholds

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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6.3.13 Settings for the tank leakage protection — address block 27

The tank leakage protection is an order option of
7UT513. A precondition for the operation is that it is
configured under address 7827 (refer to Section
5.4.2) to one of the two additional current inputs |5 or
Ig. The setting range of the tank leakage protection
depends on the connection of the tank earth current:
If the additional current input |5 is used, the tank
leakage protection can be set to 0.1 to 10 times the
rated relay current; if the highly sensitive current in-
put Ig is used, the setting range of the tank leakage
protection is independent of any rated currents and
amounts 10 mA to 1000 mA.

The tank leakage protection can be set to be opera-
tive (ON), or inoperative (OFF), or its trip command
may be blocked whilst the protection function is op-
erative (BLOCK TRIP REL). This setting is carried out
in address 2701.

Fortank leakage protection, the current between the
isolated installed transformer tank and earth is moni-

tored. The sensitivity of the protection is set in ad-
dress 2703 when current input | is used or infad-
dress 2704 when current input Ig is used. Depen-
dent of the configuration (address 7827) only one'of
the two setting addresses is available.

A choice can be made whether the trge r.m.s. value
or the fundamental wave of the tank easth current will
be processed (address 2705). Notmallygthe funda-
mental wave WITHOUT HARM®@Nics i§ selected.

The drop-off to pick-up ratie,is'set under address
2709. A high drop-off te, pickqup ratio should be
avoided since arc faultswithinghe tank produce con-
siderable current fluctuations.

The trip command can be delayed under address
2725. Normally, this delay time is setto 0. Additional-
ly, a drop-offitime, relay can be set under address
2727.

27000 TRANSFORM .

TANK PROTECTTION
Ml 27010 Tank
florF

0N

BLOCK TRIPGUREL
f 27031 TANK
tllo.s50 1% 4

f 2 040 1> TANK
5% 0@ na

Beginning/of block "Transformer tank leakage protec-
tion®

Tank leakage protection

ON is switched on or

OFF is switched off or

BLOCK TRIP RELAY operates but trip relay is blocked

Only with connection to the normal current input I4:
Pick-up value of tank earth current, referred to the rated
relay current
Smallest setting:
Largest setting:

0-10 . IN re|ay
10-00 . IN re|ay

Only with connection to the highly sensitive current
input Ig:

Pick-up value of tank earth current in mA

Smallest setting: 10 mA

Largest setting: 1000 mA
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f 27050 RMS FORMAT
flwriTeouT HARMON.
[wrrTs marMoOoNTICS
f 27090 D.OFF TNK?>
1o 0

f 27250 T-DELAY
*0 0 ]

f 19270 T-RESET
tlo.10 s

Method of processing the tank current

The fundamental wave of the measured current
is evaluated WITHOUT HARMONics

The true r.m.s. value of the measured current.is eva-
luated WITH HARMONICS

Drop-off to pick-up ratio for > TANK

Smallest setting: 0.25
Largest setting: 0.95
Additional trip time delay

Smallest setting: 0.00 s
Largest setting: 60.00 s

and oo (no trip with thedl> TANK)

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

6.3.14 Settings for measured value monitoring — address block 29

The different monitoring functions of the protective
relay are described in Section 4.11.4.4They, partly
monitor the relay itself, partly the steady-state mea-
sured values of the transformer cirgliits.

The sensitivity of the measureg values monitoring

can be changed in block 29. The factory settings are
sufficient in most cases. When using 7UT51 as pro-
tection for a single-phase transformer, both parame-
ters should be set to the highest value since other-
wise alarm could be given continuously.

29000 MEBAS . VALU

E SUPERWINSION

29030 syYymM.
.50 I/ In

I thres
0

290 40 sy M. I

.50

Fact.
0

Beginning of block
"Measured value supervision”

Current threshold above which the symmetry monitor-
ing (refer Figure 4.32) reacts (absolute content, re-
ferred to Iy of the device only)
Smallest setting value:
Largest setting value:

0.10
1.00

Relative content (referred to the maximum of the
three currents) for operation of the current symmetry
monitoring (refer Figure 4.32)
Smallest setting value:
Largest setting value:

0.00
0.95
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6.3.15 Coupling external trip signals — address blocks 30 and 31

Up to two desired signals from external protection or nunciated as "External trip”, time delayed and trans#
supervision units can be incorporated into the pro- mitted to the trip matrix. A precondition is that they
cessing of 7UT51. The signals are coupled as "Ex- are configured as EXT. TRIP 1 = EXIST underfad-
ternal signals” via binary inputs. Like the internal dress 7830 and/or EXT. TRIP 2 = EXIST undet,ad-

protection and supervision signals, they can be an- dress 7831 (refer to Section 5.4.2).
fif sooolExTERNAL Beginning of the block "Incorporating of 4n esternal trip
@TRIP FUNCTION 1 function 1~
* 3001 EXT.TRIP 1 Switch OFF of external trip fungction'
o F
0N Switch ON of external trip Tanction 1
external trip function operates but TRIP RELay is
BLOCK TRIP RETL BLOCKed

_ Time delay¥or external trip function 1
Hoos 2B T-DELAY Setting range: 0.00 s to 60.00 s
* 0.00 s and oo (NO'ip)
f 30030 T-RESET Reset delay after trip signal has been initiated
; 0.10 s Setting range: 0.00 s t0 60.00 s
f 31000 ExrT PoL Beginning of the block "Incorporating of an external trip
@TRIP FUNCTTIO Ngp 2 function 2”
* 31010 EXT. TNRIP 2 Switch OFF of external trip function 2
* OFF
0N Switch ON of external trip function 2
external trip function operates but TRIP RELay is
BLOCK WRAP REL BLOCKed
_ Time delay for external trip function 2
* 31Q28 T-pELAY Setting range: 0.00 s to 60.00 s
* 0 . 0N s and oo (no trip)
f 31030 T-RESET Reset delay after trip signal has been initiated
; 0.10 s Setting range: 0.00 s t0 60.00 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 or 6.2),

— 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 interfaceo loeal or
remote control facilities (if available).

Most of these annunciations can be relatiyely freely
allocated to the LEDs and binary outputs'(see Sec-
tion 5.5). Also, within specific limitations, ‘group and
multiple indications can be forméa.

To call up annunciations onithe operator panel, the
following possibilities exist

— Block paging with the keys#} forwards or || back-
wards up to addressf5000,

— Direct selection with address code, usingik€y DA,
address 5000 and execute with key E,

— Press key M/S (M stands for "messages”, S for
”signals”); then the address 5000 appears auto-
matically as the beginning of the annunciation
blocks.

For configuration of the transfer of annunciations via
the serial interfaces, theypnecessary data had been
entered in addressblock 72 (see Section 5.3.3).

The annunciations are arranged as follows:

Blockib1 "Operational annunciations; these are
messages which can appear during the
operation of the relay: information about
condition of relay functions, measure-
ment data etc.

Block 52 Eventannunciations for the last fault; pick-
up, trip, expired times, or similar. As de-
fined, a network fault begins with pick-up
of any fault detector and ends after drop-
off of the last fault detection.

Block 53 Event annunciations for the previous net-
work fault, as block 52.

Block 54 Event annunciations for the last but two
network fault, as block 52.

Block 57 Indication of operational measured val-
ues (currents).

Block 59 Indication of values of thermal overload
protection.

tllso0oo0om
JlanveNcIaTIONS

Commencement of "annunciation blocks”

A comprehensive list of the possible annunciations and output functions with the associated function number
ENo is given in Appendix C. It is also indicated to which device each annunciation can be routed.
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6.4.2 Operational annunciations — address block 51

Operational and status annunciations contain infor-
mation which the unit provides during operation and
about the operation. They begin at address 5100.
Important events and status changes are chrono-
logically listed, starting with the most recent mes-
sage. Time information is shown in hours and min-
utes. Up to 50 operational indications can be stored.
If more occur, the oldest are erased in sequence.

Faults in the network are only indicated as "System
F1t” together with the sequence number of the
fault. Detailed information about the history of the
faultis contained in blocks "Fault annunciations”, re-
fer to Section 6.4.3.

The input of the codeword is not required.

After selection of the address 5100 (by direct selec
tion with DA 5100 E and/or paging with {} or |}
and further scrolling 1 or |) the operational annuA€i-
ations appear. The boxes below show all available
operational annunciations. In each specific caseof
course, only the associated annunciations appearin
the display.

Next to the boxes below, the abbreyiatedyforms are
explained. It is indicated whether an event is an-
nounced on occurrence (C = "Coming”) or a status
is announced "Coming” and ZGaing” (C/G).

The first listed message is, ‘as example, assigned
with date and time in th&yfirst line; the second line
shows the beginning gfia,condition with the charac-
ter C to indicate that'this cendition occurred at the
displayed time.

1} 51000 OPERATIONAL
JlanNuNcIATIONS

Mi31.05
o/ 2

. 95 14 : 3 2
Warn Q :C

If the real time clock is not available the date is replacediby 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 F1ltRwecC
>Annunc 1
> A nnung 2
> A nnu nie 3
>A nnunc 4
>Buehh Warn
3B @ne hh Tr ip

Beginning of the block,”Operational annunci-
ations”

1st line: Date and time of the event or status
change

2nd line:_Annunciation text, in the example Coming

Fault recording started via binary input (C)
User defined annunciation No 1 received via binary
input (C/G)

User defined annunciation No 2 received via binary
input (C/G)

User defined annunciation No 3 received via binary
input (C/G)

User defined annunciation No 4 received via binary
input (C/G)

Buchholz protection warning stage (C/G)

Buchholz protection tripping stage (C/G)
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>Buchh. T ank

> T > > block

>I>/1Ip b1lock

General operational annunciations of the protection device:

Dev.operative

Initial start

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

Annunciations of monitoring functions:
L 4

ong SW-vers
s rong dev. ID

E Annunc . lost

Buchholz protection tank supervision (C/G)
I>> stage of back-up overcurrent time protectic@
blocked from an external device (C/G)

I> or Ip stage of back-up overcurrent time ;@on is
blocked from an external device (C/G)

L 4
Protection device is operati@
Initial start of the processor System (e.g. after switch-
ing on the auxiliary )

t
Stored LED indicatiens reset (C)

Paramet r@set (C/G)

Para is active (C/G)
Pa{&et B is active (C/G)
ter set C is active (C/G)

Parameter set D is active (C/G)

Network system fault with consecutive number (C/G),
detailed information in the fault annunciations

Manual close command registered (impulse) (C)

Fault recording started via binary input (C)

Fault recording started via front keyboard (C)

Fault recording started via operating (PC) interface (C)

Fault recording data deleted (C)

Wrong software version (C)

Wrong device identification number (C)

Annunciations lost (buffer overflow) (C)

C53000-G1176—-C99
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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)

LED Buff.Inva Buffer for stored LEDs invalid (C/G)
VDEW-StateInyv State of VDEW/ZVEI compatible annunciations (IEC

60870—-5-103) at the system interface ifivalid, (C/G)

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

Chs A Error Check-sum error detected for parameieér set A:
no operation possible with this set (€/G)

Chs B Error Check-sum error detectedsferparameter Set B:
no operation possible with this'set (C/G)

Chs C€C Error Check-sum error dete€ted forparameter set C:
no operation possible withithis set (C/G)

Chs D Error Check-sum error'detected for parameter set D:

no operatiopppossible with this set (C/G)

Failure 24V Failure in internalsupply voltage 24 V (C/G)

Failure 15v Failure ininternal supply voltage 15 V (C/G)

Failure 5V Failure in internal supply voltage 5 V (C/G)

Failure oV Failtre in offset voltage 0 V (C/G)

Failure I /0 1 Failure in trip relay circuit on base input/output p.c.b.
(C/G)

Failure I/ 0 2 Failure on additional input/output p.c.b. (7UT513
only) (C/G)

Failure RKA Failure on output relay p.c.b. (C/G)

LsSsA disrupted Serial system link to LSA disrupted (C/G)

Fail. s Jan™1 Failure detected by current symmetry monitor of side
(feeder, winding) 1 (C/G)

Fail. Wl yn 2 Failure detected by current symmetry monitor of side
(feeder, winding) 2 (C/G)

Fail. Isym 3 Failure detected by current symmetry monitor of side

(feeder, winding) 3 (7UT513 only) (C/G)
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Operational annunciations after configuration or parameterizing error (7UT513 only):

Err cCrT s tar
Err o CTstar
RETF rr S 3

RETF rr2CTsta
RETF rr 0CTsta
RETF rrVir ob
REF o ex 1s t
B ac o) Err s 3
o/ L Err S 3
o0/ L Err S 3
T an n o ex1ist

Configuration error: two star-point c.t.s have been
assigned to the same side (terminal) of the differential
protection (C)

Parameterizing error: zero sequence current Gerrec-
tion is set but no star-point c.t. is configured (C)

Configuration error: restricted earth fault protection is
assigned to non-existing side 3 (@)

Configuration error: restricted earth fadl protection is
assigned to 2 star-point c.t.54€)

Configuration error: restrictedgarth fault protection is
not assigned to any star-peintiest. (C)

Configuration error: reStrictedearth fault protection is
assigned to a virtualebkjectsthough all 3 ends are al-
ready used (C)

Restricted earthsfault protection is configured but can-
not operate (C)

Configuratiomerrar? Back-up overcurrent time protec-
tion is,assighedio non-existing side 3 (C)

Configuratiofterror: Thermal overload protection 1 is
assigned toynon-existing side 3 (C)

Configuration error: Thermal overload protection 2 is
assighed to non-existing side 3 (C)

Tankleakage protection is configured but cannot op-
erate (C)

Operational annunciations of differential protection:

Dif f of f
Dif blociked
Dif ac thi vie
Dif I €1 &£ L1
Dif I4f 1 t L 2
Dif Iflt.L 3
k C 1 =
k C 2 =
k C 3 =

Differential protection is switched off (C/G)
Differential protection is blocked (C/G)

Differential protection is active (C/G)

Differential protection is blocked in phase L1 because
of detected c.t. fault (branch point protection only
(C/G)

Differential protection is blocked in phase L2 because
of detected c.t. fault (branch point protection only
(C/G)

Differential protection is blocked in phase L3 because
of detected c.t. fault (branch point protection only
(C/G)

Current matching factor of side 1 of the protected ob-
ject (value)

Current matching factor of side 2 of the protected ob-
ject (value)

Current matching factor of side 3 of the protected ob-
ject (7UT513 only) (value)
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Current matching factor of the star-point c.t. of side 1
of the protected object (7UT513 only) (value)

Current matching factor of the star-point c.t. of side 2
of the protected object (7UT513 only) (value)

Current matching factor of the star-point c.t. of sidei@
of the protected object (7UT513 only) (value)

ksCT 1

ksCT 2

ksCT 3

Annunciations of the restricted earth fault protection (7UT513 only):

REF of £ Restricted earth fault protectionfis, switched off (C/G)
REF blocked Restricted earth fault proteétien is"blocked (C/G)
REF active Restricted earth fault grétection is active (C/G)

Current matching factonef the line c.t.s for restricted
earth fault protection (value)

RETFKk CT

Current matching factor of the star-point c.t. for re-
stricted earth, faulyprotection (value)

REFkSs

Q
H
I

Annunciations of the tank leakage protection (ZUT513 only):

Tank off Tank leakage protection is switched off (C/G)
Tank Dblocked Tank leakage protection is blocked (C/G)
Tank active Tank leakage protection is active (C/G)

Operational annunciations of external trip facility via binary input:

Ext 1 of £ External trip function 1 is switched off (C/G)
Ext 1 bWocked External trip function 1 is blocked (C/G)

Ext 1 ®Gactive External trip function 1 is active (C/G)

E x¢& 2 of £ External local trip function 2 is switched off (C/G)
EXt 2 Dblocked External trip function 2 is blocked (C/G)

Ext 2 active External trip function 2 is active (C/G)
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Operational annunciations of back-up overcurrent time protection:

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

>I1>/Ip block I> or Ip stage of back-up overcurrent time protection is
blocked from an external device (C/G)

Back-up overcurrent time protection is switched off

(C/G)
Backup block Back-up overcurrent time pratectiong8blocked (C/G)
Backup active Back-up overcurrent time préteetiorvis active (C/G)

Operational annunciations of thermal overload protection functions:

0/ L 1 of £ Thermal overloadyprotection 1 is switched off (C/G)

0O/ L 1 blocked Thermaloverioad protection 1 is blocked (C/G)

0O/ L 1 active Thermal‘éverload protection 1 is active (C/G)

0/ L 1 Warn T Thermal overload protection 1 current warning stage
picked up (C/G)

0/ L 1 Warn 0 Thermal overload protection 1 thermal warning stage
picked up (C/G)

0o/ L 1 F.D. 0 Thermal overload protection 1 thermal trip stage
picked up (C/G)

o0/ L 2 of f Thermal overload protection 2 is switched off (C/G)

0O/ L 2 b1locgkwegd Thermal overload protection 2 is blocked (C/G)

0/ L 2 a c t'iy e Thermal overload protection 2 is active (C/G)

o/ L 2 Waweon I Thermal overload protection 2 current warning stage
picked up (C/G)

o/ L Nwlasr n 0 Thermal overload protection 2 thermal warning stage
picked up (C/G)

o/ f 2 # . D . 0 Thermal overload protection 2 thermal trip stage

picked up (C/G)

Further messages:

Table overflow If more messages have been received the last valid
message is Table overflow.

End of +table 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 forward§or
backwards. Each annunciation is assigned with a
sequence item number.

In the following clarification, all the available faujt an-
nunciations are indicated. In the caserof a specific
fault, of course, only the associated annunciations
appear in the display.

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

ﬁ} 52000 LastT
4} FAULT

Mloo1m31.05.095

*Diff> T r i'p : C

MloosMN185 mns
*Dev. Drop-o0off:C

etc.

Beginning of thejblock /Fault annunciations of the last
system fault”

underitem 1,the date of the system fault is indicated, in
the second‘line the consecutive number of the system
fault

under item 2, the time of the beginning of the fault is giv-
en; time resolution is 1 ms

The following items indicate all fault annunciations
which have occurred from fault detection until drop-off
of the device, in chronological sequence. These annun-
ciations are tagged with the relative time in milliseconds,
starting with the fault detection.
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General fault annunciations of the device:

Flt.Buff.Over Buffer for fault annunciations overflow
System FI1t System fault with consecutive number
Fault Beginning of fault

Dev. Drop-off Drop-off of the device, general

Fault annunciations of differential protection:

Diff Gen. F1t General fault detection of differential protection

Diff> T start Delay timéxef differential protection stage lqitr> started
(when a delayis set)

Diff>> T strt Delaytime,ofdifferential protection stage lqif> >
started (When'a delay is set)

Block Harm L1 Differenfcial protection L1 blocked by excessive current
harmonic content

Block Harm L2 Differential protection L2 blocked by excessive current
harmonic content

Block Harm L3 Differential protection L3 blocked by excessive current
harmonic content

Block Sat L1 Differential protection L1 blocked by current trans-
former saturation indicator

Block Sat L2 Differential protection L2 blocked by current trans-
former saturation indicator

Block Sat 1% Differential protection L3 blocked by current trans-
former saturation indicator

Diff> L1 Differential protection stage lqi#> picked up in L1

Diff> L2 Differential protection stage lqi#> picked up in L2

D i £ £ 3§, IL(3 Differential protection stage lqi> picked up in L3

Dififz>9e L1 Differential protection stage lqi>> picked up in L1

Diff>> 1L2 Differential protection stage lqi>> picked up in L2

Biff>> L3 Differential protection stage lqi>> picked up in L3

D1 ff> Trip Trip by differential protection stage Igis>

Diff>> Trip Trip by differential protection stage lgit> >

Dif L1 = Differential current L1 at trip instant (value)
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bif L2 = Differential current L2 at trip instant (value)
bif L3 = Differential current L3 at trip instant (value) O
Res L1 = Stabilizing (restraint) current L1 at trip instant
(value)
Res L2 = Stabilizing (restraint) current L2 at trip instant
(value) .
Res . 3 = Stabilizing (restraint) current L3 at trip instant
(value)

Fault annunciations of restricted earth fault protection: 0

REF Gen. F1lt Fault detection of restricted earth fault protection
REF T start Delay time of restricted fault protection started
(when a delay i

REF Gen.Trip Trip by restri ult protection

REF D= R_esf[ricte It protection tripping measure at
trip instant”(v

REF g = Bestri th fault protection angle measure at trip
insta

Fault annunciations of tank leakage protec \

Tank Gen. FI1t Fault detection of tank leakage protection

Tank T start Delay time of tank leakage protection started (when a
delay is set)

Tank Gen. Trip by tank leakage protection

- .
Tank-= e Tank leakage (earth) current at trip instant (value)

Fault annunciation of external trip facility via binary input:

0G en.F 1t Gene_ral fault detection signal of external trip
function 1
Gen.Trp General trip by external trip function 1
Gen.F1ct General fault detection signal of external trip
function 2
Gen.Trp General trip by external trip function 2
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Fault annunciations of back-up overcurrent time protection:

Backup F1lt L1 Fault detection L1 of back-up overcurrent time
tion

Backup Flt L2 Fault detection L2 of back-up overcurrent ti@ec-
tion

Backup Flt L3 Fault detection L3 of back-up overcurrent time protec-
tion

Backup I>> Pick-up of high current stagel> k-up overcur-
rent time protection

Backup I>/1Ip Pick-up of overcurrent stag |te time) or Ip
(inverse time) stage of over ime protection

Backup TI>> Time delay for high curr I>> of back-up
overcurrent protectlo

Backup TI>/Tp Time delay for ove agel> (definite) or Ip
(inverse) of back— rrent protection expired

Back Gen.Trip General trlpb -up overcurrent time protection

»§

Fault annunciations of thermal overload protechon&

0O/ L 1 Trip @/thermal overload protection 1

o/ L 2 Trip Trip by thermal overload protection 2

Further messages: L 4 \O

Table emn means that no fault event has been recorded

Table ovier®flow means that other fault data have occurred, however,
memory is full

T abl ercede dl a new fault event has occurred during read-out: page
on with 1 or |; the display shows the first annunci-

ation in the actualized order

E n f table | If not all memory places are used the last message is
End of table.

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

i
¢

53000 2nd
FAULT

T

the second to last system fault”

etc.

O LAST Beginning of the block "Fault annunciations of OO

same as for the last fault.

L 4

N

The data of the third to last system fault can be found under address 5400. The availabl%iations arethe

i
¢

54000 3rd
FAULT

T

O LAST Beginning of the block "Rault unciations of
the third to last syste

etc.
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6.4.4 Read-out of operational measured values — address blocks 57 and 59

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

The data are displayed in absolute primary values
and in percent of the rated device values. To ensure

correct primary values, the rated data must haye
been entered to the device under address’blocks™ 1
to 14 as described in Section 6.3.3 to 6.8.6.

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

Address block 59 showsfurthep@perational values:
the calculated values of thethermal overload protec-
tion functions.

57000 OPERATIONA
MEASURED VALUES

L

Beginning of the block "Operational measured val-
ues”

Use 1 key to move to the next address with the next measured value.

AM{s 7010 MEAS . VALUE
tllrr 1 [ = 81 %
b[s 7020 MEAS . VAL UE
tllzr 2 [ = 8/ %
b[s 7030 MEAS AVARUE
tllrr 3 [ =%go =
} 0 4aNMEBAS . VALUE
| L1, s 1 = 82 3
} 050 MEAS.VALUE
| L2 [%] = 82 %

Page on with the 1 key to read off the next address
with the next measured value, or page back with |

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

The percentage is referred to rated current of the pro-
tected object (terminal or winding)

The first index (behind the I) indicates the side (feed-
er, terminal, winding) of the protected object; behind
IL follows the measuring system
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dMils 7060 MEAS . VALUE
tlz2 3 181 = 82 = O

Addresses 5707 to 5709 only for for 7UT513 on pro-
* 070 MER2S VALU tected objects with three sides (windings, terminal$
* I3 L1 [s1 = 0 % feeders) or a virtual object

dMls 7080 MEAS . VALUE @
flz3 2 (81 = o =2 0

Mls 7090 MEAS . VALUE Q
tlzs 3 (271 = o =

f 57100l MEAS.VALUE Addresse&xmd 5711 only with 7UT513, if addi-

* IA [ %] = 0 % tional cur inputs are used and assigned

Loy

} 7110 MEAS .VALUE

} B [ %] = 0 %

* 57210 MEAS .VAL The primary va!ues (addresses 5721 to 57_3_1)are re-
\ ferred to the primary rated c.t. current as it is parame-

* I1 L1 = 1632 terized for the protected object

f B MEAS.VALUE
L1 = 1640 A
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) 250 MEAS.VALUE
B L2 = 1640 A
) 260l MEAS.VALUE
| L3 = 1640 A
) 270 ME A VALUE
B L1 = 0 A

) 280l MEAS.VALUE
s 2 = o a
) 290 MEA VALUE
{ L3 = A

' B = 0 A
dis 7310 MmE A ALUE
tlre = o

>

C)O

L 4

Addresses 5727 to 5729 onlyswith 2L T513 on pro-
tected objects with three si dings, terminals,
feeders) or a virtual objeb

Addresses 5730 and 5731 only with 7UT513, if addi-
tional current inputs are used and assigned

If Iz is a normal measured current input, the mea-
sured current is referred to the primary value in amps

If I is a highly sensitive input, the connected current
is indicated in milliamps

The calculated temperature rise of each of the two
thermal overload protection functions can be read
out in address block 59. This block is again reached
by further scrolling with the keys { || or by direct ad-
q )

is not necessary. The values are not actualized dur-
ing read-off. When paging on with the keys 1 or |, or
leaving and re-entering the address block, or press-
ing the enter key E, the actual values are displayed.

with DA 590 0 E. Input of the codeword
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f5911lM LUE
*Ql/Qtr $

f5912lM LUE
*Ql/Qtr 4 g
f5913lM LUE
* /Q tr 6 %
f5914lM LUE
* /Q tr 303
fs 210 M LUE
* /Q+tr $

fs 220 M LUE
* /Qtr 6 3

Addresses 5911 to 5914 indicate the temperature rise O

calculated by the thermal overload protection functi
1 (corresponding to address block 24).

The percentage is referred to the trip temperature ris

The calculated temperature rise of each phase do?\ot
appear when the calculation method Q MAX

has been selected under address 2&

Address &o 5924 indicate the temperature rise

calcul he thermal overload protection function
2 (cofre ing to address block 25).
pe tage is referred to the trip temperature rise

alculated temperature rise of each phase do not
ear when the calculation method Q WITH IMAX
s been selected under address 2506
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6.5 Operational control facilities

During operation of the protection relay it may be de-
sired to intervene in functions or annunciations man-
ually or from system criteria. 7UT51 comprises facili-
ties, e.g. to re-adjust the real time clock, to erase
stored informations, or to change over preselected
sets of function parameters. The scope of operation-
al control facilities depends on the scope of func-
tions of the device.

The functions can be controlled from the operating
panel on the front of the device, via the operating in-
terface in the front as well as via binary inputs.

In order to control functions via binary inputs it is

necessary that the binary inputs have been mar-
shalled to the corresponding switching_functions
during installation of the device and that they,have
been connected (refer Section 5.5.2 Marshalling of
the binary inputs).

The control facilities begin with address"block 8000.
This address is reached

— by block paging with theakeys { forwards or |
backwards up to address, 8000, or

— by direct selection"with*address code, using key
DA, address 8%,0 0] and execute with key E.

1} 80000 DEVICE
@' CONTROL

6.5.1

The date and time can be adjusted at any fime dur-
ing operation as long as the real time clockyis opera-
tive. Setting is carried out in block 81_which™is
reached by direct addressing DA 8 1 00/ E, or by
paging with { and |. Input of the codeword is re-

Beginningyof thefblock "Device control”

Adjusting and synchronizing the reahtime clock — address block 81

quired to change the data.

Selection of the individual addresses is by further
scrolling using 1 | as shown below. Each modifica-
tion must be confirmed with the enter key E.

1} g1 000l seETrTIMNG
@REAL TIME CQL O C K

H

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

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

Enter the new date: 2 digits for day, 2 digits for month
and 4 digits for year (including century); use the order

* as configured under address 7102 (Section 5.3.2), but

always use a dot for separator:

DD.MM.YYYY or MM.DD.YYYY

Enter the new time: hours, minutes, seconds, each

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

Using the difference time, the clock is set forwards by
* 81040 DIFF TIME the entered time, or backwards using the +/- key.
} The format is the same as with the time setting above.
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6.5.2 Erasing stored annunciations and counters — address block 82

The annunciations and the status of the LED memo-
ries are stored in NV-RAMSs and thus saved pro-
vided the back-up battery is operational. These
stores can be cleared in block 82. Block 82 is called
up by paging with the keys f} or || or directly by key-
ing inthe code DA 8 2 0 0 E. With the exception of
resetting the LED indications (address 8201), code-

word entry is necessary to erase the stored items.
Reset is separate for the different groups of memo-
ries and annunciations. One reaches the individual
items by paging 1 |. Erasure requires confirmation
with the key J/Y. The display then confirms the era-
sure. If erasure is not required, press key N or simply
page on.

Mle 2010l RESET

f8202l RESET
flopERAT . aANNUNC . 2

=
H

s 2030 RES
flrFaver an~unc. 2

Beginning of block "Reset”

Request whetherthe LED/memories should be reset

Request'whether the operational annunciation buffer
store should'be erased

Request whether the fault annunciation buffer and
fault recording stores should be erased

During erasure of the stores (which maytake'seme time) the display shows TASKIN PROGRESS. After erasure

the relay acknowledges erasure, e.gs

82020 RESET
SUCCESSTFUL
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6.5.3 Information to LSA during test operation — address block 83

When the relay is connected to a central storage de-
vice or localized substation automation system and
the protocol according VDEW/ZVEI (IEC 60870—
5-103) is used, then the informations which are
transmitted to the central computing system can be
influenced.

Entry of the codeword is necessary for this (refer to
Section 5.3.1).

The standardized protocol allows all annunciations,
messages, and measured values to be tagged with
the origin “test operation”, which occur while the
relay is tested. Thus, these messages can be distin-
guished from those which occur during real opera-
tion.

In order to accomplish this switch-over, address
block 83 is available provided the VDEW/ZVEI proto-
col (IEC 60870—-5-103) has been chosen during
configuration of the serial system interface (Section

5.3.3, address 7221 and/or 7222 VDEW CQMPAT-
IBLE or VDEW EXTENDED). The block is called tipby
paging with the keys {} or || or directly by keying in
the code DA 8300 E. Use key 1 to scroll to ad-
dress 8301. By pressing the "No”—key N the posi-
tions of this switch are changed. The desired posi-
tion must be confirmed with therenter key E.

As with every settings of theydeviee for which code-
word input is necessaryf€edeword operation must
be terminated. This is done byrusing the key combi-
nation F E, i.e. depfessingfthe function key F fol-
lowed by the entry key E. The display shows the
question "SAVELNEWLSETTINGS?”. Confirm with
the "Yes” —key'Y thatthe new settings shall become
valid now. If youw, press the "No”—key N instead,
codeword operation will be aborted, i.e. all alter-
ationsywhich have been changed since the last
codewerdentry are lost. Thus, erroneous alterations
cambe made ineffective.

ﬁ 83000 sYys-vVDEW
@' ANNUNC.-MEAS . VAL

lM[e 3010l sys TESsSCT
o FF

ON

Beginning of block Annunciations and measured val-
des for the system interface with VDEW/ZVEI compat-
ible protocol (IEC 60870-5-103)”

Only for VDEW/ZVEI compatible protocol (IEC 60870—
5-103):

in ON position, the VDEW/ZVEI-compatible annunci-
ations (IEC 60870—-5—103) are assigned with the origin
"test operation”

Do not forget to switch address 8301 back to SYS—-TEST = OFF after having finished test operations!
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6.5.4 Selection of parameter sets — address block 85

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

Thefirst parameter set is identified as set A, the other
sets are B, C and D. Each of these sets has been set
during parameterizing (Section 6.3.1.2) provided
the switch-over facility is used.

6.5.4.1 Read-out of settings of a parameter

set

In order to look up the settings of a parameter 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 |J. You may switch over to look up a dif-
ferent parameter set, e.qg.

— 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 addreéss num-
ber indicating the parameter set identificatien.

The corresponding procedure is used for the other
parameter sets:

® Key combination F 1:
access to parameter set A

® Key combination F 2:
access to parameter set B

® Key combination F 3:
accesgsto,parameter set C

e Key combination F 4:
access,to parameter set D

The relay operates always with the active parameter
set even during read:out of the parameters of any
desired parametemset. The change-over procedure
described here is, therefore, only valid for read-out
of parametersiin the display.

6.5.412¢ 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%is"to be used. For this, codeword entry is re-
quired.

The block for processing parameter sets is reached
by pressing the direct address key DA followed by
the address 8 5 0 0 and enter key E or by paging
through the display with {} or ||. The heading of the
block will appear:

1} 85000 PARAMET®ER
!} CHANGE-OVER

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

Itis possible to scrolithrough the individual address-
es using the + key or4o 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 onmwith t to address 8503. Using the
"No” —=key'N you can change to any desired param-
eter set; alternatively, you can decide that the pa-
rameter sets are to be switched over from binary in-
puis ‘er via the system interface using the VDEW/
Z\EI protocol (IEC 60870-5-103). If the desired
setor possibility appears in the 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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MlesoilacTIv PARAM
{

d{ssoslBacTrIivarTIing
flser a

SET B
SET Cc
SET D

SET BY BIN.INPUT

SET BY L s A C ONT R

Address 8501 shows the actually active parameter set

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

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

If you select SET BY LSAWNCONTR, then the parameter
set can be selectedWia the system interface using the
VDEW/ZVEI pretoeol (IEC 60870—5—103)

6.5.4.3 Change-over of the active parameter
set via binary inputs

If change-over of parameter sets is intended to be
carried out via binary inputs, the following is to be
heeded:

— Locally (i.e. from the operator panel or fflem PCyvia
the operating interface), ACTIVATION_must be
switched to SET BY BIN.INPUT (refer/Section
6.5.4.2).

— 2 logical binary inputs are available for'control of
the 4 parameter sets. Thesé binary inputs are
designated ">ParamSelecyl” (FNo 7) and
">ParamSelec.2” (FNo"8);

— The logical binary inputs must be allocated to 2
physical input modules (refer Section 5.5.2) in or-
der to allow centrol.4An input is treated as not en-
ergized wheén itigynotassigned to any physical in-
put.

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

The aciive parameter sets are assigned to the logical
binaryiinputs as shown in Table 6.2.

Aysimplified connection example is shown in Figure
6.8. 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 SetC
yes yes SetD

no
yes

input not energized
input energized

Table 6.2  Parameter selection via binary input

Selector switch for
- param. set

e lint

|
D] Binary input:

} >ParamSelec.1
|

|

\

L+

'_A
" Jil Hats

Binary input:
>ParamSelec.2

Figure 6.8  Connection scheme for parameter
change-over via binary inputs
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6.6 Testing and commissioning

6.6.1 General

Prerequisite for commissioning is the completion of
the preparation procedures detailed in Chapter 5.

/_v\ Warning

Hazardous voltages are present in this
electrical equipment during operation.
Non-observance of the safety rules can
result in severe personal injury or proper-
ty damage.

Only qualified personnel shall work on
and around this equipment after becom-
ing thoroughly familiar with all warnings
and safety notices of this manual as well
as with the applicable safety regulations.

Particular attention must be drawn to the
following:

p The earthing screw of the device
must be connected solidly to the
protective earth conductor beforg
any other connection is made.

p Hazardous voltages can be present
on all circuits and components cons
nected to the supply voltage or tathe
measuring and test quantitiest

p Hazardous voltages can be present
in the device even after_disconmec-
tion of the supply voltage (sterage
capacitors!).

P The limit values given imthe Techni-
cal data (Section 8.1) must not be ex-
ceeded at all, not even.during testing
and commissgioning.

When testing the unit with a secondary injection test
set, it must be ensured that no other measured val-
ues are conpected and that the tripping leads to the
circuit breaker trip—coils have been interrupted.

/)\ DANGER!

Secondary connections of the current
transformers must be short--circuited
before the current leads to the relay are
interrupted!

If a test switch is installed which automati-
cally short—circuits the current transform-
er secondary leads, itis sufficient to set this
switch to the "Test” position. &ihe short—
circuit switch must be,checked before-
hand (refer Section 5.2.6)}

It is recommended that the actuallsettings for the
relay be used for the testing'procedure. If these val-
ues are not (yet) availableytest the relay with the fac-
tory settings. In the follewingedescription of the test
sequence the preset settings are assumed unless
otherwise noted; for different setting values formu-
lae are given, wherg Rnecessary.

For the functional test a single—phase current
sourcedstsufficient.

NOTE/The accuracy which can be achieved during
testing depends on the accuracy of the testing
eguipment. The accuracy values specified in the
Technieal data can only be reproduced under the
reference conditions set down in IEC 255 resp. VDE
0435/part 303 and with the use of precision measur-
ing instruments. The tests are therefore to be looked
upon purely as functional tests.

Remark: The tolerances listed in the Technical data
refer to the preset data of the protected object,
whereby the rated unit current equals the rated ob-
ject current. If the rated object current (referred to
the rated current transformer current) deviates con-
siderably from the rated unit current, then larger
pick—up tolerances must be expected.

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 B). Ifthe reset functions have been
tested, resetting the stored indications is no more
necessary as they are erased automatically with
each new pick—up of the relay and replaced by the
new annunciations.
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6.6.2 Testing the transformer differential protection

For testing the differential protection, this function
must have been configured as EXIST (address 7816)
and the protected object (address 7801) must be a
2WIND—-TRANSF or a 3WIND-TRANSF (7UT513
only) or a TPHASE — TRANSF. Additionally, it must be
parameterized as operative, i.e. DIFF PROT = ON or
DIFF PROT = BLOCK TRIP REL under address
1601.

The pick—up value of the differential protection can
be checked by means of a secondary test set. The
test current can be applied separately for each wind-
ing, i.e. in each case a transformer fault with single —
ended infeed is simulated.

The preset parameter for |-DIFF> as pick—up val-
ue (address 1603) applies for three or two—phase
testing. The pick—up value for single — phase testing
depends on the method the zero sequence current
is treated within the relay:

If the zero sequence current is eliminated (i.e. ad-
dress 1106 lo HANDLE = Jo—ELIMINATION as pre-
set by the factory), then the pickup value is in-
creased to 1.5 times the set value because of the
elimination of the zero sequence current; this corre-
sponds with conventional circuitry when thefCurrent
is fed in via matching transformers.

If the zero sequence current is not eliminatedy(i.e.
address 1106 lo HANDLE = WITHOUT (or lo=€OR-
RECTION), the pick—up value corrgsponds’to the
setting value |-DIFF> even during single—phase
test.

Checking the pick —up valuefis performed by slowly
increasing the test currentfor each winding. Trip oc-
curs when the pick—up valueconverted according
the matching factor, is_reaghed. When the test cur-
rent falls below approximately 0.7 times the pick—up
value, the relay‘drops(off.

m Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

In the‘'method described above, the pick—up values
for single—ended infeed are tested. It is also possi-
ble to check the entire characteristic. Since trip cur-
rent and stabilizing current cannot be fed in sepa-
rately, (however they can be read out separately on

the operator unit, refer to Section 6.7.3.1), a sepa-
rate test current has to be applied to eaéh ofstivo
windings. The characteristics l/14 in Figure 6.9 show
the pick—up limits. 14 is the test current flowifg into
winding 1 and | is the test current flowing into wind-
ing 2. The currents are in phase.

When testing with the operational parameters it
should be heeded that the'settingyalue | -DIFF > re-
fers to the rated currentofithetransformer, i.e. cur-
rent which results from

_ PNtransformer [MVA] X 1000

I ransformer —
. f \/5 X UN Winding [kV]

(A]

for three —phase transformers

or
I _ I:)N transformer [MVA] X 1000 [A]
N transfofmer UNWinding [kV]
for single—phase transformers
with

MVA rating of transformer; if the
windings have different MVA rat-
ings then the winding with the
largest MVA rating is taken as the
basis.

I:)N transformer —

Rated voltage of the respective
winding; if a winding is regulated,
then the parameterized voltage
according to Section 6.3.3 applies
(address 1102 for winding 1, ad-
dress 1122 for winding 2 and, if
applicable, address 1142 for
winding 3).

Un winding

Furthermore, the pick—up values can change with
single and two—phase testing depending on the
vector group of the protected transformer; this cor-
responds to conventional circuitry, when currents
are applied via matching current transformers. Table
6.3 shows these changes as a factor kyg depending
on the vector group and the type of fault, for three—
phase transformers.

In order to obtain the pick—up value, the setting val-
ue |-DIFF> (parameter address 1603) must be
multiplied by the factor:

IN transformer

kv
N CT (primary) x VG
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4
Pick—up area

igure 6.9

Characteristic of transformer differential protection lo = f(l4)

Pick—up area

— &

Ly

166

C53000-G1176—-C99



7UT51Vv3

Operating instructions

T £ faul Reference winding Even VG—numeral Odd VG —-numeral
ype of fault (upper voltage) 0,2 4,6, 8,10 1,8,5,7,9, 11
three—phase 1 1 1
two—phase 1 1 \/2— ~ 0.866
single—phase 3 Sy B {7

with Io—elimination > =15 2 ° s
single—phase =

without lo—elimination 1 1 V3~ 173

Table 6.3

The pick—up values are checked for each winding
by slowly increasing the test current with the sec-
ondary test set. Tripping is initiated when the con-
verted pick—up value is reached.

Example 1:

Transformer Py = 57 MVA, vector group Yd5
Primary (higher) voltage 1100V
Current transformers 800:A1 A
Secondary (lower) voltage 25 kV
Current transformers 1500 A/1 A

The following applies for the ptimary winding:

P [MVA] x 1000

_ Ndransformer [ A]

I ransformer
o \/5 X UN Winding [kV]

_ BAJIMVA] x 1000 .
3% 110 [kV] [A] = 2092 [A)

Inthis,case the rated current of the winding is practi-
cally,equal to the current transformer rated current.
Jhus, the pick—up value (referred to the rated relay
current) complies with the set |-DIFF> of the relay
when three or two—phase testing is performed (kyg
=1 for reference winding). With single—phase test-
ing and zero sequence current elimination, a pick—
up value 1.5 times higher must be expected.

Correction factor kyg depending of vector group and fault type

The following applies for the secondary winding:

_ PNtransformer [MVA] X 1000

I ransformer —
e \/§ X UNWinding [kV]

(A]

_ 57 [MVA] x 1000 .. _
= "B x 25 [V [A] = 1316 [A]

When testing this winding the pick—up value (re-
ferred to the rated relay current) will amount to:

pick—up __ INtransformer
ekt _ 1 X kyg X |=DIFF >
N relay CT (primary)

_ 1316A
1500A

X 1=DIFF > X kya

0.877 X kyg X |-DIFF >

Because of the odd vector group numeral, the fol-
lowing pick—up values (referred to the rated relay
current) apply:

| .
three—phase ks = 1 22~ = 0.877 - |-DIFF >

IN relay

\/5 I pick—up

two—phase kyg = =+

> = 0.760 - |-DIFF >

IN relay

|
single—phasek,; = /3 2*=* = {521 - |-DIFF >

IN relay
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Example 2:

Three—winding transformer, windings 1 and 2 same
as in example 1, however:

Winding 3 Py = 22 MVA, vector group d5

10 kV
1500 A/1 A

Rated voltage

Current transformers

For the test, the MVA rating of winding 1 and 2 must
be considered, since all currents are referred to the
maximum transformer power rating in the unit, in or-
der to allow a comparison.

P [MVA] x 1000

Ntransformer ]

I
\/5 X UNWinding [kV]

Ntransformer —

_ 57 [MVA] x 1000 .. _
= "B x10 [V [A] = 3291 [A]

When testing this winding the pick—up value (re-
ferred to the rated relay current) will amount to:

|pick—up — INtransformer X kVG X |—-DIFF >

IN relay ICT (primary)

_3291A _ |
= JE05A X 1=DIFF > X ki

= 2.194 X kyg X |-DIFF >

Because of the odd vector group numeral, thelfol-
lowing pick—up values (referred to the“tated*relay
current) apply:

| .
_Pick-wp £70.8%7 - |-DIFF >

IN relay

\/5 I pick— up.

two—phase kg = o

three—phase k,; = 1

=)0.760 - |-DIFF >

IN relay

I ick—u
single—phasek o= /3*® — {521 - |-DIFF >

IN telay

6.6.3 _Testing the generator or motor
differential protection

Fortesting the differential protection, this function
musthave been configured as EXIST (address 7816)
and the protected object (address 7801) must be a
GENERATOR/MOTOR. Additionally, it must be para-

meterized as operative, i.e. DIFF PROT = ON or
DIFF PROT = BLOCK TRIP REL under address
1701.

The pick—up value of the differential protection can
be checked by means of a secondary test set.\he
test current can be applied separately for each side,
i.e. in each case a fault with single—ended infeed is
simulated.

The preset parameter for | -DIFE> as’pick—up val-
ue (Address 1703) applies.

Checking the pick—up valug is performed by slowly
increasing the test current.“ftip“occurs when the
pick—up value, convertéd,according the matching
factor, is reached. Whémthetest current falls below
approximately 0.7 times the'pick —up value, the relay
drops off.

m Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

In the method described above, the pick—up values
for single—ended infeed are tested. It is also possi-
ble to check the entire characteristic. Since trip cur-
rent and stabilizing current cannot be fed in sepa-
rately, (however they can be read out separately on
the operator unit, refer Section 6.7.3.1), a separate
test current has to be applied to each of two sides.
The characteristics |5/l in Figure 6.9 show the pick—
up limits. 14 is the test current flowing into the ma-
chine star—point and I, is the test current flowing
into the machine terminals. The currents are in
phase.

When testing with the operational parameters it
should be heeded that the setting value | -DIFF > re-
fers to the rated current of the machine, i.e. current
which results from

PN maschine [MVA] X 1000

IN maschine — [ ]

\/§ X UN maschine [kV]

with

PN machine — MVA rating of the protected ma-
chine

UN machine — Rated voltage of the protected

machine.
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6.6.4 Testing the branch point differ-
ential protection

For testing the differential protection, this function
must have been configured as EXIST (address 7816)
and the protected object (address 7801) must be a
2ENDS—-BRANCH POINT or a 3ENDS—BRANCH
POINT (7UT513 only). Additionally, it must be para-
meterized as operative, i.e. DIFF PROT = ON or
DIFF PROT = BLOCK TRIP REL under address
1801.

The pick—up value of the differential protection can
be checked by means of a secondary test set. The
test current can be applied separately for each
branch point terminal, i.e. in each case a fault with
single—ended infeed is simulated.

The preset parameter for |-DIFF> as pick—up val-
ue (Address 1803) applies.

Checking the pick—up value is performed by slowly
increasing the test current. Trip occurs when the
pick—up value, converted according the matching
factor, is reached. When the test current falls below
approximately 0.7 times the pick —up value, the relay
drops off.

m Caution!

Test currents larger than 4 times Iy,may
overload and damage the relay ifiapplied
continuously (refer to Section 8.1.1 for
overload capability). Obsefve awcooling
down period!

6.6.5 Testing the restricted earth fault
protection (if fitted)

For testing the restricted earth fault protéction;®this
function must have been assigned to onesidejof the
protected object or to the virtual object(address
7819) and one of the additional current inputs must
have been assigned to the same side (address 7806
or 7807). Additionally, this functien must be parame-
terized as operative, i.e. RESTRFEJF = ON or RE-
STR. E/F = BLOCK TRIP REL undér address 1901.

The pick—up value of the differential protection can
be checked by means ofia secondary test set.

m Caution!

Test, currents larger than 4 times Iy may
overload and damage the relay if applied
contintiously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

The test current is applied via one phase current in-
putand the additional current input. Itis importantto
ensure equal polarity. The preset parameter for |-
REF> as pick—up value (Address 1903) applies.

A counter—check is performed with opposite phase
polarity. Trip must not occur. It is particularly impor-
tant to take care that the thermal limits of the cur-
rent inputs are not exceeded, during this coun-
ter-—-check!
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6.6.6 Testing the back—up overcurrent time protection

For testing the back—up overcurrent time protec-
tion, this function must have been assigned to one
side of the protected object or to the virtual object
(address 7821). Additionally, this function must be
switched effective, i.e. address 2101 BACK-UP O/C
= ON or BLOCK TRIP REL, the latter means that no
trip command is given to any trip relay even ifit is as-
signed to.

6.6.6.1 Testing the high--set overcurrent stage

I>>

Testing can be performed with single —phase, two—
phase or three—phase test current. When assessing
the currents it must be considered that the current
which is evaluated by the relay is referred to the
rated current of the protected object or transformer
winding.

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!

For testing the | > > stages, therefore, measurement
shall be performed dynamically. It should be stated
that the relay picks up at 1.1 times setting yalue and
does not at 0.9 times setting value.

When the test current is injectedjthe pick —Up indi-
cation of the I>> stage (annunciation¥”’Backup
I>>") appears. After expiry of thétime delay, trip sig-
nal is given (LED 4 at deliveryjand annunciation
"Back Gen.Trip”). If thefprotection is switched
ON, then the assigneditrip‘eontacts close.

It must be noted that the set’'times are pure delay
times; operating timés offthe measurement func-
tions are not included:

6.6.6.2 Testing the definite time overcurrent
stage 1>

For this test the DEFINITE TIME mode must be se=
lected in addresses 2111.

The rated object current is to be considered.

When the set value for | > (address,2112)dis exceed-
ed, the pick—up indication "Baekupy, I>/Ip” ap-
pears.

After expiry of the time delay (address 2113 T—1>),
trip signal is given (LED, 4“at.delivery and annunci-
ation ”"Back Gen.Trip?®)s If the protection is
switched ON, then thetassigned trip contacts close.

It must be neted that/the set times are pure delay
times; operating,times of the measurement func-
tions arewnot included.

6.6.6.3, Testing the inverse time overcurrent
stage I,

For these tests, one of the INVERSE time modes
must be selected in addresses 2111.

The rated object current is to be considered.

/\\| 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!

When the test current is increased above 1.1 times
the set value Ip (address 2114 Ip), pick—up indica-
tion appears ("Backup I>/1Ip”).

The time delay depends on which characteristic has
been selected in address 2111 and the set time mul-
tiplier in address 2115. The expected time delays
can be calculated from the formulae given in the
Technical data or read from the characteristic curves
in Figure 3.10 (Section 3.6). Consider current
matching factors!.
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6.6.7 Testing the thermal overload protection functions

Two thermal overload protection functions are avail-
able, each of which can be assigned to any desired
side of the protected object or to the virtual object.
When setting the configuration parameters (refer to
Section 5.4.2) the relay was informed to which side
of the protected object the first overload protection
(address 7824) and the second overload protection
(address 7825) is assigned. Each overload protec-
tion can, additionally, be parameterized as opera-
tive, i.e. it must be set under address 2401 or 2501
THERMAL OL = ON or BLOCK TRIP REL.

The basis current for the detection of overload is the
rated current of the protected object.

For use as transformer protection, the basis current
is the rated current of the protected transformer
winding. If the windings have different MVA ratings,
then the overload function always refers to the rated
current of the respective winding. It is assumed that
the transformer data for each winding have been
correctly parameterized according to Section 6.3.3.

For use as generator or motor protection, overload
protection is based on the rated current of the pro*
tected machine which is derived from the datavac-
cording Section 6.3.4.

For use as branch point protection, overloadproteg-
tion is based on the rated current of the brahch peint
according Section 6.3.5.

If the overload protection is used fora virtual object,
overload is based on the rated ctinrentef the virtual
object according Section 6.3.6.

Depending on the selectedscalculation method (ad-
dress 2406 for overload protéction 1 and address
2506 for overload protections2) the protection pro-
cesses a maximum or the average value. In the latter
case the test currentsymust be either symmetrical
(three—phase) or, iffenly a single—phase current
source is @vailable, gthe current must be injected

through all three phases. For the other calculation
methods a single—phase current throtighwone
phase is sufficient.

When applying a test current which corresponds to
the maximum permissible current tripping must not
occur. After an appropriate timegapproximately 5 x t)
a steady—state temperature risé"according to the
following relationship is established:

Q 1
Q

{ip

This value can be read.out in address block 59.

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!

To,check the time constant, the current input is sim-
ply subjected to 1.6 x the pick—up value, i.e. 1.6 - Iy
object - K. Tripping will then be initiated after a time in-
terval which corresponds to half the time constant.

Itis also possible to check the trip characteristic (Fig-
ure 3.11, refer to Section 3.7). It must be noted, that
before each measurement, the temperature rise
must be reduced to zero. This can be achieved by
either de—activating and re —activating the overload
function (address 2401 or 2501) or by blocking the
overload protection for a short time via binary inputs
(FNo 1553 or 1603) or by observing a current free
period of at least 5 x t.

If testing with preload is performed, then it must be
ensured that a condition of thermal equilibrium has
been established before time measurement com-
mences. This is the case, when the preload has
been applied constantly for a period of at least 5 x t.
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6.6.8 Testing the tank leakage protec-
tion (if fitted)

One of the additional measured current input i or g
can be allocated to the tank leakage protection (ad-
dress 2827). Dependent of which input is used, the
pick—up value of the protection had been set under
address 2703 (setting range 0.10 to 10 times rated
relay current) or address 2704 (setting range 10 mA
to 1000 mA independent of the rated current). For
testing the tank leakage protection, this function
must be parameterized as operative, i.e. TANK =
ON or TANK = BLOCK TRIP REL under address
2701.

Apply test current to the current input which is as-
signed to the tank leakage protection.

] Caution!

Test currents larger than 4 times Iy or 15 A
(highly sensitive input) may overload and
damage the relay if applied continuously
(refer to Section 3.1.1 for overload capabili-
ty). Observe a cooling down period!

Testing with higher currents, therefore, shall be per-
formed dynamically. It should be stated that the
relay picks up at 1.1 times setting value and does n@t
at 0.9 times setting value.

When the set pick—up value is exceeded, pick—up
indication "Tank Gen. F1t”occurs (not allocated
when delivered from factory).

After expiry of the set delay time (addressi2725) trip
signal is issued (annunciation "Tank®Gen. “Trip”,
LED 8 when delivered).

6.6.9 Testing the coupling of external
trip functions

Two desired signals from external protection of'su-
pervisory units can be connected into the process-
ing of the 7UT51 via binary inputs. Like the internal
signals, they can be annunciated, delayed and
transmitted to the trip matrix.

The external signals can be checked when they
have been configured as EXIST ‘undersaddresses
7830 and/or 7831 (refer to Section, 5.4»2) and para-
meterized as operative (addresses 3001 and/or
3101) Additionally, binary inputsamust be allocated
to these functions (refer4o Sedction 5.5.2).

After the binary input/of thexested external trip func-
tion has been activated, annunciation
">Ext. Trip #”iggiven;thisis astraightacknowl-
edgement message by the binary input as opera-
tional indication®®Annunciation ’Ext. * Gen.Flt”
is the aCtwal fault event annunciation.

After T=BELAY (address 3002 or 3102) annunci-
ation’Ext.” * Gen.Trp” will occur.

For/thesinput of annunciations of the Buchholz pro-
tection (when the relay is used as transformer pro-
tection), three binary inputs are reserved already.
When these are allocated to physical inputs, their
correct function can be tested, too.
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6.7 Commissioning using primary tests

6.7.1 General hints

All secondary testing sets and equipment must be
removed. Reconnect current transformers.

Since external matching transformers have been
eliminated and since the digital protection unit
7UT51 offers a number of commissioning aids, com-
missioning can be performed quickly and without
external instruments.

Before commencement of the actual primary tests it
is advisable to re—check that the matching factors
for the rated currents of the protected object are cor-
rect. These factors are presented in the operational
annunciation each time the parameterizing process
has been terminated.

Select the operational annunciations either by direct
addressing with DA 5100 E or by pressing the
key M/S and continue with {}, so that address 5100
appears. By paging with the key t the messages
can be read out. The following factors are available:

current processed by 7UT51
current through the relay terminals

k CT 1=

for side 1 of the protected object and similagforthe
other sides:

k CT 2=

k CcT 3 = (only 7UT513)
ksCT 1 = (only 7UT513)
ksCT 2 = (only 7UT513)
ksCT 3 = (only 7UT513)

where ksCT are theffactors for inputs from the cur-
rent transformer-in, thestar —point connection of an
earthed transformerwinding as far as they are used.

When 7UT518is used, check that LED 14 does not
light. When the relay is delivered, this LED indicates
that combinations of configuration or function pa-
rameters arefnot consistent. Thus, when this LED is
illuminated, look up in the operational indications
whieh,is,.the cause of this inconsistence. The follow-
ing messages may appear:

0/L 1 Err S3 overload protection 1 hassbeen

(FNo 1576) assigned to a third side (terminal)
of the protected object but this
side does not exist (cf. addresses
7801 and 7824

0/L 2 Err S3 overload pretection 2 has been

(FNo 1626) assighed to,a third side (terminal)
of ghe (protected object but this
side'dees not exist (cf. addresses
7801 and 7825).

Backup Err 83 back—up overcurrent time pro—

(FNo 2457) tection has been assigned to a
third side (terminal) of the pro-
tected object but this side does
not exist (cf. addresses 7801 and
7821).

Erry2 CT startwo star-—point current trans—

(ENo 5711) formers have been assigned to
the same side (terminal) of the dif-
ferential protection (cf. addresses
7806 and 7807).

REF Err S3 restricted earth fault protection

(FNo 5828) has been assigned to a non—ex-

isting third side (terminal) of the
protected object (cf. addresses
7801 and 7819).

REF Err2CTstatwo star—point current trans-—

(FNo 5829) formers have been assigned to
the same side (terminal) of the re-
stricted earth fault protection (cf
addresses 7806 and 7807).

REF Err0CTstano star—point current transfor—

(FNo 5830) mer has been assigned to the re-
stricted earth fault protection (cf.
addresses 7806 and 7807).

REF ErrVir obrestricted earth fault protection

(FNo 5831) has been allocated to an imper-
missible side (terminal) of the pro-
tected object, e.g. side 1 or2 ofa
generator orto a branch point (ad-
dresses 7801 and 7819). For
these cases, the restricted earth
fault protection must only be as-
signed to a virtual object.
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REF no exist restricted earth fault protection

(FNo 5834) has been programmed as EXIST
but cannot be processed by the
relay (address 7819).

Tank no existtank leakage protection has been

(FNo 5928) programmed as EXIST but cannot
be processed by the relay (ad-
dress 7827).

Err no CTstatZero sequence current correc—
(FNo 5712) tion has been parameterized for
one transformer winding, but no
current input is assigned to the
transformer star—point current
(address 7806 or 7807 as well as
addresses 1106 or 1126 or 1146)s

6.7.2 Preparation of symmetrical current tests

/_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.)

First, the differential protection is switched to BLOCK
TRIP REL (address 1601 for transformer, 1701 for
generator/motor, 1801 for branch—point) or the trip
commands to the circuit breakers are interrupted.
The restricted earth fault protection remains (or is
switched) OFF (address 1901).

Switching on of a particular function can be general:
ly performed in two different ways. The setting ads
dresses concerned are shown in the respective sec-
tions.

— BLOCK TRIP REL: The protection function is op-
erative and outputs annunciations¥However, the
trip command is blocked and it isypot transmitted
to any trip relay even when assigned:

— Protection function ON: Thesprote€tion function is
operative and outputs (@nnufciations. The trip
command activates the tripsrelays which have
been marshalled to the“protection function ac-
cording to Sectiong5.5.5 If the protection com-
mand is not marshalledto any trip relay, tripping
does not occur.

At first commissionimng, current checks must be per-
formed befare the protected object is energized for
the first time. This ensures that the differential pro-
tectiomis operative as a short—circuit protection dur-
ing the, first"excitation of the protected object with
voltage. If current tests are only possible with the
protected object under voltage (e.g. power trans-
formers in networks when no low voltage test equip-

ment is available), it is imperative that a back—up
short—circuit protection, e¥g. avercurrent time pro-
tection, be commissionedibefore, which operates at
least at the feeding“side and acts on the circuit
breaker of the fegding,side. The trip circuits of other
protection devices{(e.g. Buchholz protection) must
either remainyoperative as back—up protection.

The test arrangement varies dependent of the appli-
cation;

{/;\- DANGER!

Operations in the primary area must
only be performed with plant sections
voltage--free and earthed!

On network power transformers or asynchronous
machines, a low voltage test equipmentis preferably
used. A low—voltage current source is used to ener-
gize the protected object, which is completely dis-
connected from the network (see Figure 6.10). A
short—circuit bridge, which is capable to carry the
test current, is installed outside of the protected
zone and allows the symmetrical test current to flow.

On power station unit transformers and synchro-
nous machines, the checks are performed during
the current tests. The generator itself forms the test
current source (see Figure 6.11). The current is pro-
duced by athree —pole short—circuit bridge which is
installed outside of the protected zone and is capa-
ble to carry rated current for a short time. The ma-
chine is started but not yet excited. Check by means
of remanence currents that no current transformer is
open or short—circuited. In order to achieve this,
read out the operational measured values (address
block 57) one after the other. Even when the currents
and the measurement accuracy is still very small,
the described errors can be already detected.
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On branch points, a low—voltage test source can be
used. Alternatively, load current test is possible. In
the latter case the above hints about back—up pro-
tection must be observed!

The test current must be at least 2 % of the rated
relay current.

When 7UT513 is used on a protected object with
three terminals (three—winding transformers,
three —terminal branch points) or when a virtual ob-
jectis included, the test currents are always fed over
two sides: first side 1 to side 2, then side 1 to side 3.

Current tests are initiated by a measurement re-
quest by the operator. The measured test values are
stored but not continuously actualized to ensure

s00v | |
3~ L___| 7uUT51 |
400V

Test source

comparable results. If the test arrangement 4is
changed, a new measurement request will be nec-
essary.

During test operation, the differential proteetionand,
if applicable, the restricted earth fault protection re-
main operational when they are switched'@N:. Note
that trip may occur due to connection or configura-
tion errors if trip signals are not interrupted.

When no activities are carried outsduring more than
60 minutes — i.e. no measurementrequest nor any
change in the address block¥1 — the relay termi-
nates the test operation automatically. Of course, it
is possible to terminate test operation at any time
(refer to Section 6.7.7 for details).

400V | |
3~ L_ 7uts1 |_
400V

Test source

Figure 6.10 Current tests with lowsvoltage test source

—1
|—1

L___| 7uUT51 -

=

A
N |
I )
:I__I

7uT8t - A

Figure 6.11 Current tests in a power station
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6.7.3 Realization of the symmetrical current tests — address block 41

Initiation of the tests is made via operator keyboard
or personal computer. Tests are listed from address
4000, the commissioning measurements for the dif-
ferential protection in address block 41. This is
reached:

— directly with key DA followed by address number
41 00 and finally operation of the enter
key E or

— by paging through the blocks with { or || until ad-
dress 4100 is reached.

Allmeasured values are stored immediately after the
operator has started measurement request and‘are
available for read —out. They are not actualized'in or-
der to ensure comparable results. When the test
conditions have been changed, a new measure-
ment request must be started.

For starting a measurement gequest, codeword
entry is required (refer to Section's.3. lafor details).

Tlao000N
dlrestTs

Commencement of test” bloeks

e 100m
IlcoMmMIssIoN TEST

Page on with key 1.

}lla101M TEST DIFF
tllrest -

Block "Cemmissioning tests”

After confirmation with the "Yes” —key J/Y measurement
is’carried out

Confirm with the "Yes” —key J/Y. Thelrelay.measures
all currents and phase angle ofgthisytest address
4101. As soon as the first measured value appearsin
the display, the test current can be,switched off. The
values can be read out by répeatedly depressing the
"No”—key N, the backspace'key R allows for read-
ing out the preceding value:

After start, the relaydfirst ghecks whether measure-
ment can be carried out/If a protection function has
picked up before, measurement is rejected (see be-
low). When the measured quantities are too small, a
corresponding message is given. In these cases,
address41Q.1\must be left (e.g. by paging with key |
back te,address 4100), and the test arrangement
must Be re=checked. Increase the test current if
necessary. Finally go back to address 4101 and re-
peat the procedure.

The indices of the measured current are defined as

follows:

Behind the symbol I, the index of the side of the pro-
tected object (e.g. transformer winding) is given, af-
ter this the line symbol L and the phase, e.g.

I1 L1 current of side 1 in phase L1.

Compare the displayed currents with the test cur-
rents. If deviations occur which cannot be explained
by tolerances, either the connection or the test ar-
rangement is wrong:

e disconnect the protected object (shut—down
generator) and earth,

® check connections and test arrangement,

® repeat test.
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6.7.3.1 Tests concerning all applications

41010 TEST DIFF Display of the measured current of side 1, phaseilL1, re-
. ferred to rated relay current,

11 L1-= 2.4 % e.g. 124 %

41010 TEST DIFF Error messages after measurementrequest:

INVALID invalid result (e.g. because of‘hetwerk fault)

CURRNT TOO SMALL all currents too small for evaluation

I1 L 1= *%%*+% when the current for an individual measurement is too
_ small, this is indicated Ry "*kx"

When no INVALID or CURRNT TOO SMALL message, the further currents can be read out by using the
"No” —key N:

41018 TEST DIFF Display ofithe*measured current of side 1, phase L2, re-
. ferredto rated relay current,

I1 L 2= 12 0 3 e.gl12.0%

41010 TES DIFF Display of the measured current of side 1, phase L3, re-
. ferred to rated relay current,

11 L3-= 2.3 % e.g. 123 %

41010 TES D 1fF F Display of the measured current of side 2, phase L1, re-
3 ferred to rated relay current,

I2 L 1= 12 0 s e.g.12.0%

41010 TEsS® DIFF Display of the measured current of side 2, phase L2, re-
. ferred to rated relay current,

I2 L 2= 1L 6 % e.g.11.6%

4101 TEST DIFF Display of the measured current of side 2, phase L3, re-
. ferred to rated relay current,

I2 L 3= 11 8 3 eg.11.8%

if 7UT513 is configured for a protected object with three sides (tertiary winding, third branch point feeder, ad-
dress 7801), the measured values of the third side are stored, too. But, as no currents flow through this side, the
display shows xx*xx now. If the additional current inputs are not assigned to a transformer winding (addresses
7806 and/or 7807), or if the protected object is not a transformer (address 7801), the currents of the additional
current inputs do not appear at all.
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41010 TESsT DIFTF
I3 Ll: * % % %
41010 TESsT DIFTF
I3 L2= * % % %
1010 TEsSsT DIFF
I3 L3= * % % %
1010 TEsST DIFF
IA: * % % %

1010 TEsST DIFF
IB: * % % %

Display of the measured current of side 3, phase L1, not
defined at this moment

Display of the measured current of side 3, phase L2, nét
defined at this moment

Display of the measured current of side 3yphase L3, not
defined at this moment

Display of the measured eurrentof the additional current
input |, not defined at this‘moment

Display of the'measured current of the additional current
input Ig, nobdefined at this moment

Ifthe current magnitudes are consistent, page on teiaddress 4121 with the key 1. The phase angle relations are
now displayed. It is not necessary to request fofa new. measurement. The phase angle differences are dis-
played in 30° increments, thus, small deviations (upte + 10°) are tolerated. When the measured angle is out-
side of this tolerance range, the display shows Zinyal”. The angle differences are defined for clockwise phase
rotation. At first, the angle differences of the three currents of side 1 against each other:

41210 TEST ANGALNL
TEST ?

1210 TEs T/ ANGL L
I1L2-I1MMy1IE 240 °
1210 TES'T ANGL L
I1L3-I1L1-= 120 °

Display of the results of angle measurement of the line
currents? Confirm with the "Yes”—key J/Y or abort with
the "No”—key N, or page on with key 1.

Display of the phase angle between the currents of side
1, phase L2 against phase L1,
should be 240°

Display of the phase angle between the currents of side
1, phase L3 against phase L1,
should be 120°

If the values are not correct, wrong polarity or phase interchange at side 1 is the cause:

e diseennect the protected object (shut—down generator) and earth,

® chegck connections and test arrangement,

oy repeat test by renewed measurement request.
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The phase angle relations of side 2 are now displayed:

41210 TEST ANGL L Display of the phase angle between the currents(of side
2, phase L2 against phase L1,

I2r2-12L01= 240 ° should be 240°

41210 TEST ANGL L Display of the phase angle between the currents of side
2, phase L3 against phase L1,

r2r3-1211= 120 ° should be 120°

If the values are not correct, wrong polarity or phase interchange at side 2 is the CausenProceed as above for
side 1.

If 7UT518 is configured for a protected object with three sides (tertiary Winding;, third branch point feeder, ad-
dress 7801), the measured values of the third side are stored, too. Buigas noteurrents flow through this side, the
display shows *xxx now.

41210 TEST ANGL L Displayeef theyphase angle between the currents of side
3, phaseyL2 against phase L1,

I3L2-T3L1= **x*% not defined¥at this moment

41210 TEST ANGIL L Display of the phase angle between the currents of side
3)phase L3 against phase L1,

I3L3-TI3L1= **xH* not defined at this moment

The polarities of the through—flowing Currents are here defined to be equal, i.e when currents of equal phase
flow through the protected objeet, the angle difference is 0 provided the connections are correct. But the theo-
retical angle value depends on the'protected object and — on transformers — on the connection group. Table
6.4 lists these angles. The,mgasured angles must be equal for all three phases. If not, individual phases are
interchanged.

The polarity of the current,connections and the parameterized polarity are taken into consideration when the
angles are displayedsThus, ifall three angles differ by 180° from the theoretical value, the polarity of one com-
plete current transformer set is wrong. This can be corrected by checking and changing the corresponding
plant parameters:

address 1105 4 forfthe primary winding of a transformer,
address 1125 “for the secondary winding of a transformer,

address 1206  for generators or motors, note that this parameter must be OPPOSITE SIDES when the relay
is used as transverse differential protection,

address 1303  for side 1 of a branch point,
address'1305  for side 2 of a branch point.

NOTE: The connection group of power transformers is defined from the higher voltage side to the lower voltage
side. The angle (CG - 30°) is valid only when measurement is carried out in this way, i.e. the test source is on the
higher voltage side and the short—circuit bridges are on the lower voltage side. If measurement is carried out
from the lower voltage side, the angle must be: 360° — CG - 30°.
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41210 TEST ANGL L Display of the phase angle between the currents of side
. 1, phase L1 against side 2, phase L1,
I1L1-T2L1= 0 refer to Table 6.4
Display of the phase angle between the currents of'side
41210 TEST ANGL L
! . 1, phase L2 against side 2, phase L2,
I1L2-1T2L2= 0 refer to Table 6.4
Display of the phase angle between‘the currents of side
41210 TEST ANGL L
i . 1, phase L3 against side 2, phase L3,
1L3-TIT2L3= 0 refer to Table 6.4
Protected Generator/Motor/ Transformer with connection groupynumeral 7)
object branch point 011 ]l2] 3| 4| 5| 64 71%8 | 9] 10| 11
Phase angle of o o q 9 L
the testedgphase 0’ 0°( 30°(60°| 90°| 120°| 150°| 180/*210[ 2401 270[ 300 330

1) Values are valid for measurement from the hig
voltage side: 360° minus the stated angle is valid

Table 6.4

her voltage side; whemmeasuring from the lower

Displayed phase angle dependent on the protected object

If 7UT518 is configured for a protected object with'thre€ sides (tertiary winding, third branch point feeder, ad-
dress 7801), the measured values of the third sidetare stered, too. But, as no currents flow through this side, the

display shows *xxx now.

41210 TEsST ANG L
I1L1-I3L1-= * ok Hy *
41210 TEsT ANGL L
I1L2-1I3 2 = Wk x *
41210 PES T, ANGL L
I1L3-I3LA3-= * ok ok ok

Display of the phase angle between the currents of side
1, phase L1 against side 3, phase L1,
not defined at this moment

Display of the phase angle between the currents of side
1, phase L2 against side 3, phase L2,
not defined at this moment

Display of the phase angle between the currents of side
1, phase L3 against side 3, phase L3,
not defined at this moment

Before thetests with symmetrical currents are termi-
nated qthexdifferential and stabilizing currents are
checked. Even though the tests which have been
cafried,out till now should have detected all connec-
tien, errors, nevertheless, errors are possible con-
cerning current matching and the assignment of the
eennection group.

Switch over to address 4161 by pressing the key 1
twice. In this address, the calculated values can be
read out by scrolling through the display with the
"No”—key N or backspace key R. When assessing
the currents note that the differential and stabilizing
values are referred to the rated current of the pro-
tected object.
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If considerable differential currents occur, recheck
the concerned parameters:

For transformer protection refer to Section 6.3.3, ad-
dresses 1102 to 1104 (matching of transformer
winding 1), addresses 1121 to 1124 (matching of
transformer winding 2).

For generator or motor protection refer to Section
6.3.4, addresses 1202 and 1203 (matching ofsthe
rated machine values).

For branch point protection refer to Secliont6.3¢5,
addresses 1301 and 1302 (matching ofiside 1) and
1304 (matching of side 2).

41610 T /s
EST 2

16 10 T /s
IL1dif*f 2
41610 T /s
L2dif*f 2
41610 T / s
L3dif*f 2
41610 T 7's
IL1l1res %
41610 T /s
I L 2 rge s %
41610 T /s
I L 3 ¥rre s %

Display of the results of calculation ofithe differential and
stabilizing currents? Confirm with, the #Yes” —key J/Y or
abort with the "No” —key N, ompageyon with key 1.

Display of the differentiahcurrent of measuring system L1,
referred to the rated ecurrentsof the protected object, e.g.
0.4 %

The value should,be hegligible against the magnitude of
the line currents

Displajrefihedifferential current of measuring system L2,
referredte, the'rated current of the protected object, e.g.
0.4 %

Thelvaluesshould be negligible against the magnitude of
the line currents

Display of the differential current of measuring system L3,
referred to the rated current of the protected object, e.g.
0.5 %

The value should be negligible against the magnitude of
the line currents

Display of the stabilizing (restraint) current of measuring
system L1, referred to the rated current of the protected
object, e.g. 24.4 %

The value should be approximately twice the test current

Display of the stabilizing (restraint) current of measuring
system L2, referred to the rated current of the protected
object, e.g. 23.6 %

The value should be approximately twice the test current

Display of the stabilizing (restraint) current of measuring
system L3, referred to the rated current of the protected
object, e.g. 24.1 %

The value should be approximately twice the test current

If 7UT51 is configured for a protected object with two sides (generators, motors, two—winding transformers,
two—terminal branch points), the symmetrical current tests are thus completed. Disconnect the protected ob-
ject (shut—down generator) and earth, disconnect test arrangement. Section 6.7.3.2 is not of interest.
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6.7.3.2 Tests concerning protected objects with three terminals

Modify the test arrangement such that the test cur-
rent will flow from side 1 to side 3 of the protected ob-
ject. Side 2 must be isolated: The short—circuit
bridges at side 2 must be removed and inserted at
side 3.

After the test current has been switched on, mea-
surement request is initiated: Leave address 4161
by paging back to address 4101 with the key [fand
perform measurement request.

As soon as the first measured value appears in the
display, the test current can be switched off.

bller1o1mTEST
tllrest -

DIFF

After confirmation with the "Yes” —KeyidfY measurement
is carried out

Confirm with the "Yes” —key J/Y. The relay measures
all currents and phase angle of this test address
4101. The values can be read out by repeatedly de-
pressing the "No” —key N. The order is the same are
shown in the preceding sub—section. Since the test

currentis now flowing from side 1 to side 3, all results
which concern sidef2 are indifferent. When some re-
sults are notplausible; proceed as in Section 6.7.3.1
accordingly.

1010 TESs DIFTF
I1 L1-= 12 4 2
41010 TE s DIFTF
I1 L2-= 12 0 %
41010 TE s DI RF
1 L 3= 2 3 2
4 o180 TES I FF
2 L]_: * &, * %

* % %

Display’éfithet¥measured current of side 1, phase L1, re-
ferred tofrated relay current,
e.guil2.4%

Display of the measured current of side 1, phase L2, re-
ferred to rated relay current,
e.g. 12.0 %

Display of the measured current of side 1, phase L3, re-
ferred to rated relay current,
e.g.12.3%

Display of the measured current of side 2, phase L1, re-
ferred to rated relay current,
not defined as no current |12 flows

Display of the measured current of side 2, phase L2, re-
ferred to rated relay current,
not defined as no current I2 flows

Display of the measured current of side 2, phase L3, re-
ferred to rated relay current,
not defined as no current 12 flows
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41010 TESsT DIFTF
I3 L1-= 12 0 2
o1l TEST DIFTF
I3 L2-= 11 7 2
o1l TEST DIFTF
I3 L 3= 11 9 2
41010 TESsT DIFTF
A = * k%
41010 TESsT DIFTF

If the current magnitudes are consistent, p
now displayed. Itis not necessarytore

three currents against each other:

41210 tEsT & L
TEST ?
%ANGL L
= 240 °
1 ANGL L
1L3-I1L1-= 120 °
—
1210 TEsST ANGL L

I
*

I2L2-I20L1

Display of the measured current of side 3, phase L1,

12.0 %

Display of the measured current of side 3, phase L2, e.g.

11.7 %
Display of the measured curr \e 3, phase L3, e.g.
11.9%

S

Display of the me %rrent of the additional current
input I, not d is moment

L 4

Disp% measured current of the additional current

ian defined at this moment

address 4121 withthe key 1. The phase angle relations are

q%new measurement. Atfirst, again, the angle differences ofthe

Display of the results of angle measurement of the line
currents? Confirm with the "Yes”—key J/Y or abort with
the "No” —key N, or page on with key 1.

Display of the phase angle between the currents of side
1, phase L2 against phase L1,
should be 240°

Display of the phase angle between the currents of side
1, phase L3 against phase L1,
should be 120°

Display of the phase angle between the currents of side
2, phase L2 against phase L1,
not defined as no current 12 flows
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41210 TEST ANGL L Display of the phase angle between the currents of side
2, phase L3 against phase L1,
I12L3-T2L1= **x* not defined as no current 12 flows
2101 TEST ANGL L Display of the phase angle between the currents of side
. 3, phase L2 against phase L1,
I3L2-I3L1-= 240 Shouldb8240°
4 o101 TEST ANGL L Display of the phase angle between the'eurrents of side
3, phase L3 against phase L1,
I3L3-I3L1-= 120 ° should be 120°

The phase angles between the currents of the sides of the protected objectfellowiagain. The same definitions
are valid as during test of the sides 1 against 2. The theoretical angle value depends on the protected object
and — ontransformers — onthe connection group as shown in Table 6.4, The measured angles must be equal
for all three phases. If not, individual phases are interchanged.

The polarity of the current connections and the parameterized jpolarity, are taken into consideration when the
angles are displayed. Thus, if all three angles differ by 180° fromthetheoretical value, the polarity of one com-
plete current transformer set is wrong. This can be corrected®y checking and changing the corresponding
plant parameters:

address 1105  for the primary winding of a transformer; this'should have already been verified during the
tests according to Section 6.7.34@,. If this parameter is changed now, the complete tests con-
cerning winding 1 against winding2,would have to be repeated!

address 1145  for the tertiary winding of a tfansfermer.

address 1303  forside 1 of a branch point; this Should have already been verified during the tests according
to Section 6.7.3.1. If'this‘parameter is changed now, the complete tests concerning side 1
against side 2 woul@have to be repeated!

address 1307  for side 3 of a brahch peint.

NOTE: The connection group of powertransformers is defined from the higher voltage side to the lower voltage
side. The angle (CG - 30°) is¢aligt only when measurement is carried out in this way, i.e. the test source is on the
higher voltage side and,the short=circuit bridges are on the lower voltage side. If measurement is carried out
from the lower voltage side, th€ angle must be: 360° — CG - 30°.

L Display of the phase angle between the currents of side
1, phase L1 against side 2, phase L1,
not defined as no current |12 flows

41210 TESsT AN
I 1L -I20L1

(9]
=

I

*
*
*
*

L Display of the phase angle between the currents of side
1, phase L2 against side 2, phase L2,
not defined as no current 12 flows

4 152 101 TEsT AN
TN L 2 -I20L2

(9]
=

I

*
*
*
*
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Display of the phase angle between the currents of side
41210 TEST ANGL L
i 1, phase L3 against side 2, phase L3,
I1L3-T20L3= **x*x not defined as no current 12 flows
41210 TEST ANGL L Display of the phase angle between the currents«6f side
. 1, phase L1 against side 3, phase L1,
1L1-I3L1= 0 refer to Table 6.4
Display of the phase angle between the'currents of side
41210 TEST ANGL L
i S 1, phase L2 against side 3, phase'k2,
I1L2-I3L2= 0 refer to Table 6.4
Display of the phase angle,between the currents of side
41210 TEST ANGL L :
i . 1, phase L3 against{side3, phase L3,
I1L3-I3L3= 0 refer to Table 6.4

Before the tests with symmetrical currents are termi-
nated, the differential and stabilizing currents are
checked. Even though the tests which have been
carried out till now should have detected all connec-
tion errors, nevertheless, errors are possible con-
cerning current matching and the assignment of the
connection group.

Switch over to address 4161 by pressingythe'kKey
twice. In this address, the calculated valuesteanbe
read out by scrolling through the displaywiththe
"No” —key N. When assessing the currentg naote that
the differential and stabilizing values'are seférred to
the rated current of the protected object.

If considerable differential, cufrents occur, recheck
the concerned parameters:

Fertransformer protection refer to Section 6.3.3, ad-
dresses 1102 to 1104 (matching of transformer
winding 1); this should have already been verified
during the tests according to Section 6.7.3.1. If
these parameter are changed now, the complete
tests concerning winding 1 against winding 2 would
have to be repeated! Check addresses 1141 to 1144
(matching of transformer winding 3).

For branch point protection refer to Section 6.3.5.
Addresses 1301 and 1302 (matching of side 1) must
not be changed; this should have already been veri-
fied during the tests according to Section 6.7.3.1. If
this parameters are changed now, the complete
tests concerning side 1 against side 2 would have to
be repeated! Check address 1306 (matching of side
3).

416 I EST DIF/ST
TEST @2

41610 TEST DIF /ST
WL 1diff= 0.4 %

Display of the results of calculation of the differential and
stabilizing currents? Confirm with the "Yes”—key J/Y or
abort with the "No” —key N, or page on with key 1.

Display of the differential current of measuring system L1,
referred to the rated current of the protected object, e.g.
0.4 %

The value should be negligible against the magnitude of
the line currents
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Display of the differential current of measuring system L2,
41610 TEST DIF /ST referred to the rated current of the protected object, e.g.
IL2diff= 0.3 % 0.3% O

The value should be negligible against the magnitud
the line currents 6

Display of the differential current of measuring system L3,
41610 TEST DIF/ST referred to the rated current of the protected objectpe.g.
IL3diff= 0.4 % 0.4 %

The value should be negligible agai ttr%nitude of

the line currents \

Display of the stabilizing (restraint) ¢ t of measuring
41610 TEST DIF/ST system L1, referred to the rated cufrent of the protected
ILlrest-= 24 .4 % object, e.qg. 24.4 %

The value should be appm@ wice the test current

Display of the stabiliz raint) current of measuring

1610 TEST IF/sT system L2, referr thesfated current of the protected

IL2rest-= 23 .7 % object, e.g.

The value s

proximately twice the test current

%ilizing (restraint) current of measuring

Display o&
1610 TEST DIF /ST syste referred to the rated current of the protected
IL3rest-= 24 .2 % obje 2%

al ould be approximately twice the test current

The symmetrical current tests are thus comple@connec’[ the protected object and earth, disconnect test

arrangement.
L 4 \

O
Q>®

L 4
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6.7.4 Preparation of zero sequence current tests

The zero sequence current tests are necessary with meterized to lo—CORRECTION (addresses 1106
7UT513, if or 1126 or 1146), or
— zero sequence current correction by means of — therestricted earth fault protection is usedyi.e. ad-
one of the additional measured current inputs I dresses 7806 and/or 7807 are assigned to a side
or Ig is carried out with transformer differential of the protected object or virtual object, which is
protection, i.e. addresses 7806 and/or 7807 are also assigned to the restricted earth fault protec-
assigned to a transformer winding, which is para- tion.
—
-

—an
= — il
oy S
R

Test
source

|
|
|
|
|
|
L 7ZUT51 L __

Figure 6.12 Zero sequence current measurement on a star—delta transformer

[

Test |
source | > |

|

|

|

I 7UT51 ]

Figure 6.13 Zero sequence current measurement on a star—star transformer with delta winding
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Besides this, the star—point of the respective wind-
ing must be earthed and a current transformer must
be installed in the earthing lead of that star—point.

Zero sequence current measurement is always per-
formed from that side of the protected object where
the star—point is earthed. The transformer must
have a delta winding. The sides which are not in-
cluded in the tests can remain open as the delta
winding ensures that the zero sequence current
path is low—ohmic circuited.

The restricted earth fault protection — if used — is
switched to BLOCK TRIP REL (address 1901).

During test operation, the differential protection and,
if applicable, the restricted earth fault protectiofi re-
main operational when they are switched ON. Note
that trip may occur due to connection or configura-
tion errors if trip signals are not interrupted.

Figures 6.12 to 6.16 illustrate examples for the test
arrangement.

Test
source

i_______‘;_l_l

7UT51

Figure 6.14 Zero sequence measuremeft ona-delta winding with artificial star—point

Test
source

|
I
|
|
I
-

Figure 6.15 Zero sequence current measurement on a zig—zag winding
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~
I

Test
source

r—————

Figure 6.16 Example for a single—phase transformer

6.7.5 Realization of the zero sequence

Initiation of the tests is again made via operator key-
board or personal computer by a measurement re-
quest by the operator. The measured test values are
stored but not continuously actualized to gnsure
comparable results. If the test arrangemeni/’is
changed, a new measurement request is necessary.

As soon as the first measured value appears in the
display the test current can be switehed offf

current tests — address block 41

Since the results of the symmetrical current tests
have already been checked, only the results of the
zero sequence current tests are relevant now. The
remaining results can be by—passed by pressing
the "No” —key N. The displayed currents are referred
to the rated current of the relay.

f 41010 TES T, DM FF
fllrest -

Are the test for differential protection to be carried out?
Confirm with the "Yes”—key J/Y or abort with the
"No”—key N, or page on with key 1.

After confirmation withythe "Yes” —key J/Y measure-
ment is cafriedut. The relay measures all currents
and phase angles/of this test address. The values
can be read out by repeatedly depressing the
"No”—key N, the backspace key R allows for read-
ing out the preceding value.

If wrong values occur for the additional currents I
and/or lg, the test arrangement must be re—
checked. Additionally, re—check and correct the
relevant configuration parameters according to Sec-
tion5.4.2: address 7806 for measured current |5, ad-
dress 7807 for measured current Ig.

41010 TESsT DIFTF
Ix Ll= 6.4 %

Display of the measured current of side x, phase L1, re-
ferred to rated relay current,

e.g.6.4 %

For the sides which are not included in the test, xxxx will
appear because of missing current
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Display of the measured current of side x, phase L2, re-

41010 TEST DIFF ferred to rated relay current,

Ix L2= 6.0 % e.g. 6.0 %

For the sides which are not included in the test, xxxx will
appear because of missing current
Display of the measured current of side 1, phase L3, re-

41010 TEST DIFF ferred to rated relay current,

Ix L3= 6.3 % e.g.6.3%

For the sides which are not included in thestest, *xxx will
appear because of missing current
Display of the measured current ofithe additional current

41010 TEST DIFF input la, e.g. 18.6 %

I A = 18 .6 o The value should be approximatelyathree times the line
currents; if this additional current,input is not connected
or configured, xxxx will befdisplayed

41010 TEST DTIFF Display o_fthe_ measured current_ofthe additional current
input Ig, in this example not defined (assumed that only

IB= »=*x= I be connegted)

Switch over with the key 1 to address 4121. The phaselangléwelation of the phase currents need not be
checked now. The phase angles of all phase currents of the\winding under test against each other are zero,
those against different windings are not defined bécause of missing current. Therefore, page on with 1 to ad-
dress 4141. The phase angles as shown below are digplayed and can be scrolled by means of the "No” —key
N. Numerical values are to be expected only for those,curfent inputs which are included in the test current path,
for the remaining currents, »xkxx are displayed¢Inithe illustration of the following examples it is assumed that
the zero sequence current tests are carried out yiathe winding 1 of a transformer and the associated star—
point current connected to Ia.

If an additional current input is not assigned to'any side of the protected object (addresses 7806 and/or 7807),
then the associated measured valugs do not appear at all.

If considerable deviations occur,#€% check the corresponding parameters and correct them where necessary:

Address 1108, when the additiofial current input is assigned to winding 1 of a transformer,
Address 1128, when the additional current input is assigned to winding 2 of a transformer,
Address 1148, whenthesadditional current input is assigned to winding 3 of a transformer,

Address 1405, when the additional current input is assigned to a virtual object.

Display of the results of angle measurement of the star—
42410 TEST ANGL S 3 ;

! point to line currents? Confirm with the "Yes” —key J/Y or
[ES T 2 abort with the "No” —key N, or page on with key 1.
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10

=
IS
H

Display of the phase angle between the star—point cur=
rent connected to input |5 against the phase current of
side 1, phase L1

should be 0°, when these currents are under test

Display of the phase angle between the star=point cur-
rent connected to input I against the phase cifrent of
side 1, phase L2

should be 0°, when these currents are undeg, test

Display of the phase angle bétween the star—point cur-
rent connected to input |5 againstihe phase current of
side 1, phase L3

should be 0°, when these currénts are under test

i1l T E

=
IS

Display of the phasg angle between the star—point cur-
rent connected to,input |5 against the phase current of
side 2, phase 141

undefined; when(these currents are not under test

Display‘ef thesphase angle between the star—point cur-
rent'édnneeted to input |5 against the phase current of
sidef2, phase L2

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input |5 against the phase current of
side 2, phase L3

undefined, when these currents are not under test

i1l T E

=
IS

Display of the phase angle between the star—point cur-
rent connected to input |5 against the phase current of
side 3, phase L1

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input |5 against the phase current of
side 3, phase L2

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input |5 against the phase current of
side 3, phase L3

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input Ig against the phase current of
side 1, phase L1

undefined, when these currents are not under test
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4 111

T

Display of the phase angle between the star—point cur-
rent connected to input Ig against the phase current of
side 1, phase L2

undefined, when these currents are not under test

Display of the phase angle between the star—pointieur-
rent connected to input Ig against the phase current of
side 1, phase L3

undefined, when these currents are not under test

4 11

-I2

H

Display of the phase angle betweeh theystar—point cur-
rent connected to input Ig against'the phase current of
side 2, phase L1

undefined, when these currents,are/not under test

Display of the phase angle between the star—point cur-
rent connected to input lglagainst the phase current of
side 2, phase L2

undefined, when these, currents are not under test

Display of the,phase angle between the star—point cur-
rent connécted%te’input Ig against the phase current of
side 2, phase, L3

undefifednwhen these currents are not under test

- I3

Risplay of the phase angle between the star—point cur-
rent connected to input Ig against the phase current of
side 3, phase L1

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input Ig against the phase current of
side 3, phase L2

undefined, when these currents are not under test

Display of the phase angle between the star—point cur-
rent connected to input Ig against the phase current of
side 3, phase L3

undefined, when these currents are not under test

When on the winding of a transformer, which has been included in the performed zero sequence current tests,
the zero@eguence current correction is used, then the differential and stabilizing currents of the differential

protection'must even be checked now.

Switeh,0ver to address 4161 by pressing the key 1. In this address, the calculated values can be read out by
serolling through the display with the "No” —key N. When assessing the currents note that the differential and
stabilizing values are referred to the rated current of the protected object.
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16 10 T /
TEST ?

16 10 T /
IL1dif*f 2
41610 T /
L2dif*f 2
41610 T /
IL3dif 2
16 10 T /
IL1l1res %
16 10 T i
IL2res %
41610 T /
L3 res %

Display of the results of calculation of the differential anhd
stabilizing currents? Confirm with the "Yes”—key J/Y<er
abort with the "No” —key N, or page on with key #¢

Display of the differential current of measuring'system L1,
referred to the rated current of the protected object, e.g.
0.4 %

The value should be negligible against the magnitude of
the line currents

Display of the differential curréntief measuring system L2,
referred to the rated current'ofghe protected object, e.g.
0.3%

The value should be negligibleyagainst the magnitude of
the line currents

Display of the differential current of measuring system L3,
referred tafthe rated current of the protected object, e.g.
0.4 %

The value should®be negligible against the magnitude of
the line‘eurrents

Display of the stabilizing (restraint) current of measuring
system L1, referred to the rated current of the protected
object, e.g. 0.4 %

Thevalue should be negligible against the magnitude of
the line currents

Display of the stabilizing (restraint) current of measuring
system L2, referred to the rated current of the protected
object, e.g. 0.4 %

The value should be negligible against the magnitude of
the line currents

Display of the stabilizing (restraint) current of measuring
system L3, referred to the rated current of the protected
object, e.g. 0.4 %

The value should be negligible against the magnitude of
the line currents

If considerable differential currents occur, recheck the concerned parameters for zero sequence current pro-
cessing and the matching factors: addresses 1106 to 1108 when the zero sequence current is associated with
winding 1, addresses 1126to 1128 when the zero sequence current is associated with winding 2, and address-
esiili46.to 1188 when the zero sequence current is associated with winding 3. If the differential current corre-
sponds to 1/5 of the test current, the star—point current correction is not effective. If the differential current cor-
responds to 2/3 of the test current, the star—point current has wrong polarity.

If the restricted earth fault protection is not available or not used, the zero sequence current tests are thus com-
pleted. Disconnect the protected object and earth, disconnect test arrangement. Section 6.7.6 may then be
by—passed.
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6.7.6 Current tests for restricted earth fault protection — address block 41

If the relay is equipped with the restricted earth fault
protection and this is to be used, a further zero se-
quence current test must be carried out.

If the restricted earth fault protection operates on a
side of the protected object which is already
checked according to Section 6.7.3, sub—section
6.7.6.1 can be passed over since these checks have
already be done. In this case, only sub—section
6.7.6.2 is relevant.

But, if the restricted earth fault protection operates
on aside which has not yet been included in the fore-
going tests, e.g. on a virtual object, first the tests ac-
cording sub—section 6.7.6.1 are necessary.

The test arrangement is according Section 6.7.4;
only the tested side of the protected object is of ipter-
est.

A renewed measurement request of the operator is
necessary. The measured values are then stored but
not continuously actualized to ensure,comparable
results. If the test arrangement is charged, a new
measurement request is necessary.

As soon as the first measured valuesappears in the
display the test current cambe switched off.

e 100m
IMlcomMmmMIissIon

TEST

}lla1s1W TEST REF
tllrest -

Block "Commissigning tests”
Switch ovepnte,address 4181 by repeatedly depressing
the key 1

After’ confirmation with the "Yes”—key J/Y measure-
ments (for/the restricted earth fault protection is carried

Confirm with the "Yes” —key J/Y. The relay measures
all currents and phase angles of this, test address
4181. As soon as the first measured valugappears in
the display, the test current can be switchedwff. The

6.7.6.1

During zero sequenge current test, the three phase
currents must bedpproximately equal and without
phase difference. “@therwise wrong polarities are
present in the current transformer connections.

If one angle is 1807%instead of 0°, wrong polarity is
present as‘explained below.

values can be read out by repeatedly depressing the
"No”—key N, the backspace key R allows for read-
ing out the preceding value.

Measurement ofithe phase current relationship

e Disconnect the protected object and earth,
® check connections and test arrangement,

® repeat test.

4278 1l TEST RETF
™D 1= 6.4 %

Display of the measured current of phase L1, referred to
rated relay current,
e.g.6.4 %
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41810 TEST RETF
IL 2= 6 0 %

41810 TESsST RETF
IL 3= 6 3 %

41810 TESsT RETF
L2-IL1= 0 °
41810 TESsST RETF
IL3-IL1= 0 °

Display of the measured current of phase L2, referred{to
rated relay current,
e.g. 6.0 %

Display of the measured current of phase L3, reférred to
rated relay current,
e.g.6.3%

Display of the phase angle betweenythe current of
phase L2 against phase L1,
should be 0°; 180° may indicdte wrong polarity in L2

Display of the phase,angle between the current of
phase L3 againstiphase L1,
should be 0°; 1807 may indicate wrong polarity in L3

6.7.6.2 Measured values of the restricted,earth fault protection

The currents 10* and 10** are referred teathe tated
relay current; besides this, they correspondite the
values lg’ and ly” which are relevantsfor the’actual
protection function.

10* is the current which flows thfoughithe star—point
current transformer, 10** is'thé sum,of the phase cur-
rents. When the rated primaryteusrents of all these

c.t.s are equal, then |0* and I10** are almost equal.

If the display shows undefined values, i.e. *xxk, the
test arrangement must be checked as well as the as-
signment of the additional measured current inputs
Ia and Ig (addresses 7806 and 7807, refer to Section
5.4.2).

418 101 BES L RETF
0* & 4 8% 4 3

18 Wl TEST RETF
I **x= 18.6 %

Display of the measured current of the star—point, re-

ferred to rated relay current, should be approximately the

star—point current
e.g.18.4 %

Display of the sum of the phase currents, referred to rated
relay current, should be approximately three times the
phase current

e.g. 18.6 %

The phase angle between 10* and 10** must be 0°.

check and correct the concerned parameters:

If it is 180°, the star—point c.t. has wrong polarity. Re—
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— Address 1108, when winding 1 is assigned to the restricted earth fault protection, i.e. address 7806 on SIDE
1 for current input |5 or address 7807 on SIDE 1 for current input Ig.

— Address 1128, when winding 2 is assigned to the restricted earth fault protection, i.e. address 7806 on SIDE
2 for current input |4 or address 7807 on SIDE 2 for current input Ig.

— Address 1148, when winding 3 is assigned to the restricted earth fault protection, i.e. address 7806 on SIDE
3/V. OBJ for current input |5 or address 7807 on SIDE 3/V. OBJ for current input Ig.

— Address 1405, when a virtual object is assigned to the restricted earth fault protection, i.e. address 7806 on
SIDE 3/V. OBJ for current input |5 or address 7807 on SIDE 3/V. OBJ for current inputig.

41810 TEsT
I0*-TI0 * *

RETF

0

[e]

Display of the phase angle betweenithe current of

the star—point c.t. against the sum.of the currents of the
phase c.t.s,

should be 0°

Before the tests are terminated, the differential and stabilizing currents ate checked. When assessing the cur-
rents note that the differential and stabilizing values are referred tothe rated current of the protected object. If
considerable differential currents occur, recheck the concerned parameters:

— Address 1107, when winding 1 is assigned to the restricted eatth fault protection, i.e. address 7806 on SIDE
1 for current input 15 or address 7807 on SIDE 1 for cufreptinput Ig.

— Address 1127, when winding 2 is assigned to therestricted earth fault protection, i.e. address 7806 on SIDE
2 for current input I or address 7807 on SIDE 2%oef current input Ig.

— Address 1147, when winding 3 is assigned tosthe restricted earth fault protection, i.e. address 7806 on SIDE
3/V. OBJ for current input |5 or address 7807 on'SIDE 3/V. OBJ for current input Ig.

— Address 1404, when a virtual objectis assigned to the restricted earth fault protection, i.e. address 7806 on
SIDE 3/V. OBJ for current input |5 or.address 7807 on SIDE 3/V. OBJ for current input Ig.

Res t =

3 6

.9

41810 TEsT DW.F /ST
Dif f = 0 S
41810 TE ST DIF /ST

Display of the differential current I 1+1 o+1 3+1Isp| (Isp
negative), referred to the rated current of the protected
object,

e.g. 0.6 %

The value should be negligible against the magnitude of
the test currents

Display of the stabilizing (restraining) current I, 1| + [I_o|
+ I3l + [Lspl, referred to the rated current of the protected
object,

e.g. 36.9 %

The value should correspond approximately to twice the
star—point current

The zero sequence current test are now completed. Disconnect the protected object and earth. Remove the

test arrangement.
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6.7.7 Leaving test operation — address block 48

When no activities are carried out during more than
60 minutes — i.e. no measurement request nor any
change in the address block 41 — the relay termi-
nates the test operation automatically. No valid test
values are indicated thereafter.

It is, nevertheless, recommended, that the test
mode be definitely finished after the tests have been
completed.

Leaving the test mode is carried out in address block
4800, which is reached by direct addressing DA

4 8 0 0, or by paging in block with the keys.{ or ||J.
Page on with the key 1 to the next (and onlyyaddress
of this block, where the question of terminating the
test operation is answered with the "Yes” —key J/Y. If
one presses the "No”—key N, the relay continues
the test mode.

The used protection functions mtst be switched to
the ON-position in caseyntheyvere in position
BLOCK TRIP REL duringgeemmissioning, in order to
be effective (address 1601 famntransformer, 1701 for
generator/motor, 1804 for,branch—point).

fesool coMmMmIssION
dlresTt srtorp

Block "Commissioning tests to stop”
Switch over tgfaddress 4801 by depressing the key 1

bllaesoimTEST

AfterConfitmation with the "Yes” —key J/Y the test opera-
* sTOP ?

tiofr of theyrelay is terminated

6.7.8 Checking the coupling of external trip signals

If the coupling of external functions for alarm and/or
trip processing is used in 7UT541, then one or more of
these functions must be gonfigufed as EXIST in the
addresses 7830 and/or %831} /Additionally, the re-
spective function muste switched to BLOCK TRIP
REL in address&001,and/ or 3101 EXT. TRIP *.

The operation ofsthe ‘Goupling is to be checked for
one after anethier. For this, the source object of the
coupled signaly i operated and the effect is
checked.

Finally, the used functions are parameterized to ON
in the associated addresses 3001 and/or 3101.

If further annunciations — like Buchholz protection
signals or user definable annunciations — are used,
these must either be checked. The origin of each an-
nunciation is operated and the reaction of the relay is
checked.
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6.7.9 Switching tests and 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”).

Manual starting of afault record can be carried outin
address block 49, which can be reached by paging
with f} or |, or by direct dialling with DA 4900 E.
The start address is reached with 1:

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 important
for use on transformers where large inrush currents
can be produced by transient saturation of the trans-
former iron. Since a large inrush current may have
the same effect as a single—ended infeed fault but
which must not initiate tripping, the effectiveness of
the inrush stabilization is checked by energizing the
power transformer several times.

The differential protection should be switched 10
BLOCK TRIP REL (address 1601) during these
switching tests in order to avoid tripping.

As the "pick—up” signal of the relay is not stabilized,
the inrush current will start fault recording automati-
cally, provided the initiation mode (address 7402)
was set to STORAGE BY FD (factory_setting, refer
also to Section 5.3.4). Otherwiseya fault'record is
only stored if the relay has tripped. Nevertheless, a
fault record can always be triggeredwia a binary in-
put provided this is allocated.

Conclusions as to the effectivepess of the inrush sta-
bilization can be drawn from the recording of the dif-
ferential currents andthe harmonic contents. If nec-
essary, the inrush cutrent stabilization effect can be
increased (smallerfvalue of the second harmonic in
address 1614);awhen trip occurs or when the re-
corded@ata shew that the second harmonic content
does not'safely*exceed the set stabilizing threshold
(address,1619). A further method to increase inrush
stability isto’set the cross—block function effective
orto inerease the duration of the cross—block func-
tion/(address 1612, refer to Section 6.3.7).

e oooB TEST
JlFaAvurLT RECORDING

bla o010 FavL T HEO.
START ?

SUCCESSF UL

Beginning of block "Test fault recording”
page on with 1 to address 4901

Start fault recording? Confirm with "J/Y”— key or abort
with page—on key t

The relay acknowledges successful completion of the
test recording

After tests do not forget to switch the differential protection ON (address 1601 for transformer protection).
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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
block 78, refer Section 5.4) and that all desired pro-
tection functions have been switched ON.

Push the key M/S on the front. The display shows
the beginning of the annunciation blocks. Thus, it is
possible that the measured values for the quiescent
state of the relay can be displayed (see below).
These values had been chosen during configuration
(refer Section 5.3.2) under the addresses 7105 and
7106.

Stored indications on the front plate should be reset
by pressing the push-button "RESET LED” on the
front so that from then on only real faults are indi-
cated. From that moment the measured values of

the quiescent state are displayed. During
the RESET button, the LEDs on the fro
up (except the "Blocked” —LED); thus, 2
performed at the same time.

Check that all modules are properly ifgerted. The
green LED mustbe ononthe ;the red LED must

not be on. \

Close housing cover. @

All terminal screws — ose not in use — must
be tightened.

If a test switch'is available, then this must be in the

operating iti
The %otection relay is now ready for op-
eratio

R
>

L 4

N
S

Q
o
&

L 4
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7 Maintenance and fault tracing

Siemens digital protection relays are designed tore-
quire no special maintenance. All measurement and
signal processing circuits are fully solid state and
therefore completely maintenance free. Input mod-
ules are even static, relays are hermetically sealed or
provided with protective covers.

If the device is equipped with a back-up battery for
saving of stored annunciations and the internal time
clock, the battery should be replaced after at most
10 years of operation (refer to Section 7.2). This rec-
ommendation is valid independent on whether the
battery has been discharged by occasional supply
voltage failures or not.

As the protection is almost completely self-moni-
tored, from the measuring inputs to the command
output relays, hardware and software faults are au-
tomatically annunciated. This ensures the high avail-
ability of the relay and allows a more corrective rath-
er than preventive maintenance strategy. Tests at
short intervals become, therefore, superfluous.

With detected hardware faults the relay blocks itself;
drop-off of the availability relay signals "equipment
fault”. If there is a fault detected in the external mea-
suring circuits, generally an alarm is given only.

Recognized software faults cause the processorio
reset and restart. If such a fault is not eliminated,by
restarting, further restarts are initiated. If the fault’is
still present after three restart attempts the_protec:
tive system will switch itself out of servicefand indi-
cate this condition by the red LED "Blocked? on'the
front plate. Drop-off of the availabilityfrelay, signals
"equipment fault”.

The reaction to defects and indi¢ations‘given by the
relay can be individually and in,_chronological se-
quence read off as operatiopalanntinciations under
the address 5100, for defect diagnosis (refer to Sec-
tion 6.4.2).

If the relay is connected tofa local substation auto-
mation system (LSA)pdefect indications will also be
transferred via the serialinterface to the central con-
trol system.

/_v\ Warning

Ensure that the connection modules are not
damaged when removing or inserting the
device modules! Hazardous voltages may
occur when the heavy current plugs are
damaaed!

7.1 Routine checks

Routine checks of characteristics or pick-up values
are not necessary as they form part of the continu-
ously supervised firmware programs. The plamned
maintenance intervals for checkingmand mainte-
nance of the plant can be used to peftformoperation-
al testing of the protection equipment. gEhis mainte-
nance serves mainly for checking the,interfaces of
the unit, i.e. the coupling with thé plant. The follow-
ing procedure is recommengded:

— Read-out of operationalyalues (address block
57) and comparison With the actual values for
checking the analog,interfaces.

— Simulatiah,of anjinternal short-circuit with 4 x Iy for
checking thewanalog input at high currents.

/v_\ Warning

Hazardous voltages can be present on
all circuits and components connected
with the supply voltage or with the meas-
uring and test quantities!

A Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!
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7.2 Replacing the back-up battery

The device annunciations are stored in NV—RAMSs.
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 /JH,

— VARTA Order No. 6127 101 501 for relays from
production series /KK or later.

The battery is located at the rear edge of the proces-
sor board of the basic module GEA. The basic mod-
ule must be removed from the housing in order to re-
place the battery.

— Prepare area of work: provide conductive'surface
for the basic module.

— Open housing cover.

— Read out device annunciations, i.€"all addresses
which commence with 5 (5000 onwards). This is
carried out most convenient uSing thefront oper-
ating interface and a personal computer with the
DIGSI® protection data precessing program; the
information is thus stored inthe PC.

Note: All configuration,datas@nd settings of the de-
vice are stored in EEPROMs protected against
switching off ofthe'pewer supply. They are stored
independent of the back-up battery. They are,
therefore, ngitherylost when the battery is re-
placed norwhenfthe device is operated without a
battery.

— Only for relay until production series /JH: Pre-
pate the battery as in Figure 7.1:

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) eaegh and
bend over at a length of 40 mm (16/10 inch).

| 15 | 15 _|
T |
|

.|.

Dimensions
20 in mm

Bending the back-up battery, up to
preduction series /JH

Figure 7.1

Relays\from production series /KK or later have
notaxial legs.

— Loosen 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)!

m 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 /JH and to Figure 7.3 from pro-
duction series /KK.

— Insert the prepared battery into the terminals or
holder as in Figure 7.2 (until production series
/JH) and tighten the screws or as in Figure 7.3
(from production series /KK).

C53000-G1176—-C99
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Rear view on the
removed basic module

View upon
the p.c.b.

i

—
+

|

+
|

| |

Figure 7.2

— 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 off in line with the
applicable requlations!

Installation of the back-up battery for relay up to productionseriesy/JH

Do not reverse polarities! Do not re-
charge! Do not throw into fire! Danger
ofsexplosion!

# 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.

F/_/—/—\:—
_ —_
) View upon
Reanview on the the p.c.b.
removedibasic module
I
| |
Figure 7.3 Installation of the back-up battery for relay from production series /KK
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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 messaggs and,
if a parameterizing process has not yet beén com-
pleted, the last parameters are not stored:

7.3.1 Replacing the mini-fuse

— Select a replacement fuse 5 x 20 mm. Ensure
that the rated value, time lag (medium‘siew) and
code letters are correct. (Figure 7.4).

— Prepare area of work: provide,conductive surface
for the basic module.

— Open housing cover.

/_v\ Warning

Hazardousgvoltages can be present in
thef deviee even after disconnection of
the'supply voltage or after removal of the
modules from the housing (storage ca-
pacitors)!

£ kogsen the basic module using the pulling aids
previded at the 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 on the removed
basic module

rated
/ at Upn/V— value

Mini-fuse of the power supply;
/ medium slow (M)

24/48 2 A/E
60/110/125 1,6 AJE
220/250 1A/G

Figure 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 le-
ver. (Figure 7.5).

— Close housing cover.

Switch on the device again. If a power supply failure
is still signalled, a fault or short-circuit is presenti
the internal power supply. The device should be re-

turned to the factory (see Chapter 8). .

surface.

L 4

N

Removing the basic modulg:

— Loosen the basic mod

ul
provided at the top an ttom,
u ce onto conductive

— Pull out basic mod

Inserting th @dule:

— Push reIeN r fully to the left,

— Insert

— Firmly he module using the
reIe@ r.

9
(} |

Y

e pulling aids

oo | ol

View from above onto a 1/3 size
module with releasing lever

re 7.5 Aid for removing and inserting basic module

204

C53000-G1176—-C99



7UT51 v3

Repairs, Storage

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 presentiin the
device even after disconnection’ofthe sup-
ply voltage or after removal ofthe module
from the housing (storage £apacitors)!

m Caution!

Electrostatic disghargesvia the component
connections, the,PCB) tracks or the con-
necting ping#of, tAé" modules must be
avoided, under’all) circumstances by pre-
viously touchingsan earthed metal surface.
Thisfapplies‘egually for the replacement of
removable components, such as EPROM
or EEPROM chips. For transport and re-
turning ‘of individual modules electrostatic
protective packing material must be used.

Cemponents and modules are not endangered as
long,as‘they are installed within the relay.

Should it become necessary to exchange any de-
vice or module, the complete parameter assignment
should be repeated. Respective notes are contained
in Chapter 5 and 6.

9 Storage

Solid state protective relays shall be stered in*dry
and clean rooms. The limit temperature, range for
storage of the relays or associated spare“parts is
—25 °C to +55 °C (refer Section 3.1.4 under the
Technical data), corresponding to —12 &F to 130 °F.

The relative humidity must be within limits such that
neither condensation nor iée foums.

It is recommended to reducetthe storage tempera-
ture to the range +108C to#35 °C (50 Ft0 95 °F);
this prevents fromarly‘ageing of the electrolytic ca-
pacitors which are centained in the power supply.

For very long sterage periods, it is recommended
that the relay should be connected to the auxiliary
voltage source for one or two days every other year,
in orderte, regenerate the electrolytic capacitors.
The,same is'valid before the relay is finally installed.
In‘'extreme climatic conditions (tropics) pre-warming
weouldthus be achieved and condensation avoided.

Before initial energization with supply voltage, the
relay shall be situated in the operating area for at
least two hours in order to ensure temperature
equalization and to avoid humidity influences and
condensation.
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General diagrams
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Einbau- und Aufbaugeh&use mit V24— Schnittstelle
FLUSH AND SURFACE MOUNTING CASE WITH V24 DATA LINK

7UTE12% — *D**x_ B %%/
TUTB12% - *Crxx_*B %/
TUTE12% - *Ex#%_xB %%/

31

4A1

4A3

32

4A2

4A4

T
w
<
b
N
A

4A3
474 E—Z:—o F-SMA

Aufbaugehéduse mit LWL—Modul

SURFACE MOUNTING CASE WITH FIBER OPTIC INTERFACE

TUT512% = *D**x_ *C%)

&re A2  General diagram 7UT512 (sheet 2 of 2)
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Einbau- und Aufbaugeh&use mit V24— Schnittstelle
FLUSH AND SURFACE MOUNTING CASE WITH V24 DATA LINK

7UTE13% = *D**x_ 5B %/
TUTB13%— *CH*x— ¥B** |
7UTE13%— *Ex#%_xBxx |

51

16

RxD 4A1 4A3
MR : 4A2 V.24 4A4 : MT
| " " : 77|
Y O
Einbaugehause mit LWL —Modul
FLUSH MOUNTING CASE WITH FIBER ACE
7UTE13* —*C***_*C** /
TUT513*—*E***_*C** | \
|
4, 4
Fosma 65 +0 F-SMA
|
[ _sv]
L 4 \
O I —
| ‘>-
4A1 4A3
4A2 4A4 E—:—o F-SMA
| | | | |
LY
@ -

Figure A.5

Aufbaugehéduse mit LWL—Modul

SURFACE MOUNTING CASE WITH FIBER OPTIC INTERFACE

7UTE13%— XD***— *C** |

General diagram 7UT513 (sheet 3 of 3)
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B CT connections
Surface case
- Modﬁl_e/flush _-case - O
1, 3A1 3A2 4
2 2A1 2A2 5
: . :
L1 |L2 | L3
3 1A1 1 1A2 6 V'S
.
) )
) )
) )
) )
) )
17 3B1 3B2 20
; L ;
L L2fts 18 2B1 —— 2B2 '
1 1B1' '1B2
o —
__Tursi2

Figure B.1  CT connection example 7UT512 for a two-windi rmer
Surfac_e case
L1 L2 L3 Module/fl
1, 3A1| 3A2 , 4
) )
2 2A 2A2 5
) )
3 '1A2 6
) C) )
" ) 1
) ) !
[ [ '
3B1 3B2 10
” L : .
2B1 2B2 11
L
) )
1B1 1B2 ' 12
L
) )
) )
4
27 3D1 3D2 30
; L L L "
28 2C1 2C2 1
o 3
29 ' 1C1 1C2 !
— c 2
1 L2 L3 | . ]
7 UT 513 _

re B.2 CT connection example 7UT513 for a three-winding transformer
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Surface case

L1 L2 L3

Modﬂle/ﬂush -case

1, 3A1 3A2 4 < : ’
' '
2 2A1 2A2 5
, .
3 1A1, 1A2 6 &
L

L1 L2 L3

L1 L2 L3

10

11

12

3D1! —— + 3D2 30

201' —— ' 2C2 31

1C1 —— 1C2 32
7UT 513

Figure B.3 CT connectb&xle 7UT513 for a three-winding transformer with matching transformers
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Surface case

Modale/ﬂush “case
1. 3A1 3A2 " 4
O
) )
2 2A1 2A2 5
: L :
L1 |L2| L3
3 1A1, 1 1A2 6
.
) )
4
/\ ] '
11l | | 0_)
N1 ' ) \
) )
17 3B1 3B2 20
' L '
) )
18 2B1 p— 2B2 , 21
) )
19 1B1 1B2
: — '
7UT512 @

Figure B.4  CT connection example 7UT512 for a generator 0

%

Surface
| u e/flush “case i
10 3A2 v 4
L
)
2 2A2 5
’ - [
1A1 1 1A2 6
L
) )
— ! !
2 ) )
3 ) )
) )
17 3B1 3B2 20
' L '
18" 2B1 2B2 ' o1
L
) )
19 1B1 1B2 22
- — -
L 4 .
7 UT 512

a4

@5 CT connection example 7UT512 for generator transverse differential protection
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Surface mounting O
Flush mounting/module

L1 L2 L3 — - — 5 — |
1, 3A1 3A2 .Q
; L ;
2 2A1 2A2 5
: S >
3 1A1! [§]
T
i : Side :
—Z 17
.
‘[T-—| 2D2 1 34
' [
nn oo, |
-[T-—| ,1D2 14
[

%‘ . Side2 .
7 3B1 B2 1
— 3 0
] ]
8 2B1, —— , 2B2 11
[*H] 1B1 1B2 1 12

L oo R mY
* ’ * N | Side3
D2
. — 3 30
] ]
28 2C1 — oo a1
] ]
29 1C1, p— ,1C2 32
L} L}
| O ' '

R\ b
S Figure B.6  Connection example 7UT513 for a three-winding transformer with star-point c.t.s
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C Tables Q

Table .1 ANNUNGIAHONS O LSA o oo oo 8y

Table C.2 Annunciations for PC, LC—display, and binary inputs/outputs ........ & ....... 220

Table C.3 Reference table for functional parameters (address blocks 11 to 30 ............. 224

Table C.4 Tests and commissioning aids (address blocks 40 to 49) ®Q ................. 234
Table C.5 Annunciations, measured values, etc. (address b@g) ...................... 235
Table C.6 Reference table for configuration parameters ((Ny ocks 60t079) ............... 236
Table C.7 Operational device control facilities ( @s 80t089) ... 245

N

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

NOTE: The actual tab\@hed to the purchased relay.
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Annunciations 7UT51X for LSA (DIN 19244 and according IEC 60870-5-103)

O

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
v : Annunciation with Value
M : Measurand PS
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 configure ion type")
Inf - Information number
An IEC 60870-5-103
FNo.| Meaning CA|GI|BT|Typ|Inft
11|{>User defined annunciation 1 CA|GI|BT pl 27
12|>User defined annunciation 2 CA|GI|BT p| 28
13|>User defined annunciation 3 CA|GI|BT pl 29
14|>User defined annunciation 4 CA|GI|BT p| 30
51|Device operative / healthy GI 135| 81
52 |Any protection operative \ C CA|GI pl 18
55|Re-start of processor system C 193|CcA P 4
56|Initial start of processor syste C 194 |CcA P 5
59|Real time response to LSA C 192
60 |LED Reset C 30|CA p| 19
61 |Logging and measuring fu n ocked|CG CA|GI pl 20
62 |Test mode CG CA|GI pl 21
63| PC operation via syste rface CG 135| 83
95| Parameters are being s CG 97|CA|GI pl 22
96| Parameter set A is actdye CG 46|CA|GI pl 23
97| Parameter set B is i CG 47|CA|GI pl| 24
98 |Parameter set C is CG 48 |CA|GI pl 25
99| Parameter set D is CG 49|CA|GI pl 26
110 [Annunciations lost (buffer overflow) C 196 135(130
112 |Annunciations ost C 76 135(131
140|General 1ntern ure of device CG CA|GI pl 47
141 |Failure 1 24 VDC power supply|CG 88 GI 135]161
143 |Failure l& 15 VDC power supply|CG 83 GI 135(163
144 |Failure 1 5 VDC power supply [CG 89 GI 135|164
145|Failure nal 0 VDC power supply |CG 84 GI 135|165
151 |Failure odule 1 CG 91 GI 135(166
152 Fallure O module 2 CG 92 GI 135(167
154 Fall e RKA module CG 90(CA|GI pl 36
CG CA|GI p| 46
alue supervision of currents |CG CA|GI pl 32
Current symmetry supervision CG 86 135(183
the power system CG 2 135(231
event with consecutive number C 135|232
391 |>Warning stage from Buchholz protection|CG 22 GI 150 41
392 >Q‘ip stage from Buchholz protection CG 21 GI 150| 42
93 |>Tank supervision from Buchholz protec. |CG 23 GI 150 43
General fault detection of device C 142 BT|[150|151
General drop-off of device C 240 150|152
1|({General trip of device C 230 BT |(150|161
1{Circuit breaker manually closed (pulse) |CG 45 GI 150(211
721 |Operat. meas. current L1 side 1 [%] 1is M 1341145
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FNo.| Meaning Op|Ft|No. |CA|GI|BT|Typ|Int
722 |Operat. meas. current L2 side 1 [%] is M 134 (145
723 |Operat. meas. current L3 side 1 [%] is M 134145
724 |Operat. meas. current L1 side 2 [%] is M 134(145
725|Operat. meas. current L2 side 2 [%] is M 134(145
726 |Operat. meas. current L2 side 2 [%] is M 134 (145
727 |Operat. meas. current L1 side 3 [%] is M 134(145
728 |Operat. meas. current L2 side 3 [%] is M 134 (145
729 |Operat. meas. current L3 side 3 [%] is M 134(145
730 |Operat. meas. current IA [%] is M 134 (145
731 |Operat. meas. current IB [%] is M 134145
1561 |Thermal overload protec. 1 switched off|CG 161 167| 61
1562 |Thermal overload protection 1 blocked CG 162 167| 62
1563 |Thermal overload protection 1 active CG 168 GI 167| 63
1565 |Thermal overload prot.l: Current warn. |[CG bl GI 167| 65
1566 Thermal overload prot.l: Warning stage |[CG 12 GI 167| 66
1567 |Thermal overload prot.l: Pick-up stage |[CG 167| 67
1571 |Trip by thermal overload protection 1 CGl,. 10 BT|167| 71
1576 |Thermal overload prot.l err.: no side 3yC GI 167 76
1611 |Thermal overload protec. 2 switched off{{€& 164 167|111
1612 |Thermal overload protection 2 blocked CG 165 167|112
1613 |Thermal overload protection 2 activé CG 166 GI 167(113
1615 |Thermal overload prot.2: Current warn.9lCG 167 GI 167|115
1616 |Thermal overload prot.2: Warning stage [€G 168 GI 167|116
1617 |Thermal overload prot.2: Pick-up stagelfCG 167117
1621 |Trip by thermal overload protectiomy?2 CG|[169 BT|167|121
1626 |Thermal overload prot.2 err.: ng sider 3|C GI 167(126
2306|>Block I>> stage of back-up overcunrent |CG 175 62 6
2307 |>Block I>/Ip stage of backAuplovereurr. [CG 174 62 7
2401 |Back-up overcurr. prot. ig switched off|CG 171 62101
2402 |Back-up overcurrent prot,. Wsdblocked CG 172 62102
2403 |Back-up overcurrent prot.§is“active CG 173 GI 62103
2411 |Back-up overcurrent: Gens fault det. CG|[180 BT| 602|111
2412 |Back-up overcurrent: Faulghdetection L1 CG|181 62112
2413 |Back-up overcurrent: Fault /detection L2 CG|182 62113
2414 |Back-up overcurrent:fFaulth detection L3 CG|[183 62]114
2421 |Back-up overcurrent:\Fault det. I>> C [186 62121
2422 |Back-up overcurren®y: ®a@lt det. I>/Ip C |187 62122
2441 |Back-up overcurrgnt:Wime TI>> expired C (184 62141
2442 |Back-up overcuxsent: Time TI>/Tp exp. C |185 62142
2451 |Back-up overcuf®ent® General Trip C (188 BT| 62|151
2457 |Back-up 0O/C eFfor®Side 3 no exist C GI 621157
4526 >External trip 1 CG 51

4531 [External tripWwfis switched off CG 151 51(131
4532 |External gfripel is blocked CG 152 511132
4533 [Exterrnal t¥ip/1l is active CG 153 GI 511133
4536 |Extefhal Wt rip 1: General fault det. CG|241 BT| 51(136
4537 |Extérnal t¥ip 1l: General trip C |243 BT| 511|137
4538 |External prip 1: Drop-off C |244

4546 | >Extesnad trip 2 CG 53

4551 |External trip 2 is switched off CG 156 51151
4552 |External trip 2 is blocked CG 157 511|152
4553 |External trip 2 is active CG 158 GI 511153
455¢ |[External trip 2: General fault det. CG|245 BT| 51156
4557\ External trip 2: General trip C 247 BT| 511|157
4558 External trip 2: Drop-off C |248

5608 | >Block trip signal of diff. protection |CG 25

5615|Differential protection is switched off|CG 101 75| 15
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56l6|Differential protection is blocked CG 102 750, 16
5617 |Differential protection is active CG 103 GI 75| T
5621 |Diff. prot.: IDIFF> time delay started C (237 75| 21
5622 |Diff. prot.: IDIFF>> time delay started C 238 75| 22
5631 |Diff. prot.: General fault detected CG|223 BT| 75| 31
5632 leferentlal protection: Drop-off C (239

5641 |Diff. prot.: Blocked by harmonics L1 CG 75| 41
5642 |Diff. prot.: Blocked by harmonics L2 CG 75| 42
5643 |Diff. prot.: Blocked by harmonics L3 CG 75| 43
5651 |Diff. prot.: Blocked by ext. fault L1 CG 75| 51
5652 |Diff. prot.: Blocked by ext. fault L2 CG 75| 52
5653 |Diff. prot.: Blocked by ext. fault.L3 CG 75| 53
5662 |Diff. prot.: Blocked by CT fault L1 CG 04 75| 62
5663 |Diff. prot.: Blocked by CT fault L2 CG 1095 75| 63
5664 |Diff. prot.: Blocked by CT fault L3 CG T0e 75| 64
5671 |Differential protection: General trip C CA p| 68
5672 |Differential protection: Trip L1 @, 207 |CA pl| 86
5673 |Differential protection: Trip L2 cyf108|ca p| 87
5674 |Differential protection: Trip L3 e [109|ca p| 88
5681 |Diff. prot.: IDIFF> L1 (without Tdelay) CG 751 81
5682 |Diff. prot.: IDIFF> L2 (without Tdelay) CG 75| 82
5683 |Diff. prot.: IDIFF> L3 (without Tdelay) CG 751 83
5684 |Diff. prot: IDIFF>> L1 (without Tdelay) CG 75| 84
5685 |Diff. prot: IDIFF>> L2 (without ,Tdelay) CG 75| 85
5686 |Diff. prot: IDIFF>> L3 (without Tdelay) CG 75| 86
5691 |Differential prot.: Trip by IDTEE> C 18 BT| 75| 91
5692 |Differential prot.: Trip by IDIFE>> C 8 BT| 75| 92
5701 |Diff. curr. of L1 at tripf (fundamental) vVIi1l1l1l 751101
5702 |Diff. curr. of L2 at tri#p (fundamental) vV|i1l1l2 751102
5703 |Diff. curr. of L3 at trip®ffundamental) V113 751103
5704 |Restr. curr. of L1 at tHhip Waverage DC) vV|i1l1l4 751104
5705|Restr. curr. of L2 at tripp(average DC) V|115 751105
5706 |Restr. curr. of L3 atftridp (average DC) Ville 751106
5711 |Diff. prot. error: 2 star-pointCT for 1|C GI 751111
5712 |Diff. prot. error:gNo s®@r-point CT CG GI 751112
5811 |Restricted earth fault)lis switched off |CG 121 76| 11
5812 |Restricted earth@faulst” is blocked CG 122 76| 12
5813 |Restricted earth fawult is active CG 123 GI 76| 13
5816 |Restr. earthyflty: Time delay started C |124 76| 16
5817 |Restr. earth“flt. ™ Gen. fault detected CG|[125 BT| 76| 17
5821 |Restr. eartfi "£1tW: General trip C [127]|cCA BT pl 89
5826 |Restr. earth flt.: Value D at trip v|1l28 76| 26
5827 |Restr. eaxthwfidt.: Value S at trip V{129 76| 27
5828 |Restr. ¢anth flt. err.: Use not side 3 |C GI 76| 28
5829 |Rest¥y, earth flt. err.: 2 starpoint CT |C GI 76| 29
5830 |Regtr.“earth flt. err.: No starpoint CT|C GI 76| 30
5831 |Reéstus earth flt. err.: Only virt. obj.|C GI 76| 31
5834 |Restfricfed earth fault error: Non-exist|C GI 76| 34
5911 |Transformer tank protec. switched off CG 131 76(111
5912 |Transformer tank protection is blocked |CG 132 76112
5913 |Transformer tank protection is active CG 133 GI 76(113
5916 |Transf. tank prot.: Time delay started C |134 761116
5817 |Transf. tank prot.: Gen. fault detected CG|[135 BT| 76|117
5921 |Transformer tank prot.: General trip Cc |137 BT| 76|121
2926, Transformer tank prot.: Value at trip V(138 761126
5928 | Transformer tank prot. error: Non exist|C GI 76(128
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Annunciations 7UT51X for PC, LC-display and binary inputs/outputs

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
M : Measurand
Ear - Earth fault annunciation
I0 - I: can be marshalled to binary input
O: can be marshalled to binary output (LED, trip/sig
FNo. |Abbreviation Meaning
3|>Time Synchro|>Time synchronization
4[>Start FltRec|>Start fault recording
5|>LED reset >LED reset
7|>ParamSelec.l|>Parameter set selection 1 (wit
8| >ParamSelec.2|>Parameter set selection 2 (wi N )
11|>Annunc. 1 >User defined annunciation 1 CG
12|>Annunc. 2 >User defined annunciation 2 CG
13|>Annunc. 3 >User defined annunciati 3 CG
14 |>Annunc. 4 >User defined annunciati CG
51|Dev.operative|Device operative / health CG
56|Initial start|Initial start of proc stem C
60 |LED reset LED Reset C
95| Param.running|Parameters are being& CG
96| Param. Set A |Parameter set A 1is i CG
97| Param. Set B |Parameter set B CG
98| Param. Set C |Parameter set C CG
99| Param. Set D |Parameter set D CG
100 |Wrong SW-vers|Wrong softwag€e C
101 |Wrong dev. ID|Wrong devic tification C
110 (Annunc. lost |Annunciation (buffer overflow) C
111 |Annu. PC lost|Annunciati PC lost C
115|Fl1t.Buff.Over|Fault ann ion buffer overflow
120 |Oper.Ann.Inva|Operatio nunciations invalid CG
121 |Flt.Ann.Inval|Fault an tions invalid CG
124 |LED Buff.Inva|LED a ion buffer invalid CG
129 |VDEW-StateInv ate)invalid CG
135|Chs Error sum CG
136|Chs.A Error check sum for parameter set A |[CG
137|Chs.B Error check sum for parameter set B |[CG
138|Chs.C Error check sum for parameter set C |[CG
139|Chs.D Error check sum for parameter set D |[CG
141 |Failure 24V of internal 24 VDC power supply|CG
143 |Failure 15 lure of internal 15 VDC power supply|CG
144 |Failure 5 Failure of internal 5 VDC power supply |CG
Failu Failure of internal 0 VDC power supply |CG
Failure in I/O module 1 CG
Failure in I/O module 2 CG
Failure in the RKA module CG
LSA (system interface) disrupted CG
Measured value supervision of currents
163 |Failure Isymm|Failure: Current symmetry supervision CG
203 |Flt.RecDatDel |Fault recording data deleted C
2 Flt.Rec.viaBI|Fault recording initiated wvia bin.input|C
05y Flt.Rec.viaKB|Fault recording initiated via keyboard |C
t.Rec.viaPC|Fault recording initiated wvia PC interf|C
3 System Flt Fault in the power system CG

la

C)O

is)

Ear

IO

I0
I0
I0
I0
I0
I0
I0
I0

OO0OO0OO0O0

OO0OO0OO00OO0

O O
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FNo. |Abbreviation Meaning Op|Ft|Ear|IO
302 |Fault Fault event with consecutive number C

356 |>Manual Close|>Manual close IQ
391 |>Buchh. Warn |>Warning stage from Buchholz protection|CG TO
392 |>Buchh. Trip |>Trip stage from Buchholz protection CG I0
393 |>Buchh. Tank |>Tank supervision from Buchholz protec.|CG I0
501 |Device FltDet|General fault detection of device )
502 |Dev. Drop-off|General drop-off of device C

511 |Device Trip General trip of device O
545 (T-Drop Time from fault detection to drop-off

546 |T-Trip Time from fault detection to trip

561 |Manual Close |Circuit breaker manually closed (pullse) [€G 0
571|Fail. Isym 1 |Fail.: Current symm. supervision side(l JCG 0
572 |Fail. Isym 2 |Fail.: Current symm. supervision side 2|CG 0
573|Fail. Isym 3 |Fail.: Current symm. supervision@Wside"3|CG 0
721(I1 L1[%]= Operat. meas. current L1 side lmg[$Twids M

722|111 L2[%]= Operat. meas. current L2 side,Jdl [@) is M

723 |1I1 L3[%]= Operat. meas. current L3 side P, [%] is M

724112 L1[%]= Operat. meas. current L1 siden T3] is M

725|112 L2[%]= Operat. meas. current Lz sidée 27[%] is M

726|112 L3[%]= Operat. meas. current L2Wsides” [%] is M

727113 L1[%]= Operat. meas. current L1Wside 3 [%] is M

72813 L2[%]= Operat. meas. currentWiR Side 3 [%] is M

729|113 L3[%]= Operat. meas. current &3 sSide 3 [%] is M

730 |IA[%]= Operat. meas. current, IAH[%] is M

731 |IB[%]= Operat. meas. curréent ©® [%] is M

741|111 L1 = Operat. meas. current L1 side 1 [A] is M

742|111 L2 = Operat. meas. current®l2 side 1 [A] 1is M

743(I1 L3 = Operat. meas. curfFent L3 side 1 [A] is M

744112 L1 = Operat. meas.curregnt L1 side 2 [A] 1is M

745|112 L2 = Operat. mgés. jcurrent L2 side 2 [A] 1is M

746(I2 L3 = Operat. measd current L3 side 2 [A] is M

747|113 L1 = Operat. meéas.Ycurrent L1 side 3 [A] 1is M

74813 L2 = Operat. measy, current L2 side 3 [A] 1is M

749113 L3 = Operat.fmegas. current L3 side 3 [A] 1is M

750|IA = Operat.Pmeas. current IA [A] is M

751|IB = Operdt. me@s. current IB [A] is M
811|@1/0trp= Temperatlire rise 1 for warning and trip| M

812 |©®1/0trpLl= TeMperature rise 1 for phase Ll M
813|01/0trpL2= Temperature rise 1 for phase L2 M
814|01/0trpL3= Temperature rise 1 for phase L3 M
821|@2/0trp= Temperature rise 2 for warning and trip| M
822|©2/0trpLl= Temperature rise 2 for phase L1 M
823|0©2/0trpL2= Temperature rise 2 for phase L2 M
824|10©2/0trpL3s Temperature rise 2 for phase L3 M

1553(>0/L 1 Blo€k [>Block thermal overload protection 1 I0
1554 |>0/14L amnhunc|>Only annunciat. from thermal overload I0
1555|>0/L1 BLoTrip|>Block trip signal of thermal overload I0
1561 |0/L 1lpoff Thermal overload protec. 1 switched off|CG 0
1562 |OAL /I blocked|Thermal overload protection 1 blocked CG 0
1563 |0/l active |Thermal overload protection 1 active CG 0
1565|0/L I¥Warn I |Thermal overload prot.l: Current warn. [CG @)
1566|0/L 1 Warn ® |Thermal overload prot.l: Warning stage [CG 0
1567|0/L 1 F.D. ® |Thermal overload prot.l: Pick-up stage [CG 0
1871({0/L 1 Trip Trip by thermal overload protection 1 CG 0
15%6|0/L 1 Err S3 |Thermal overload prot.l err.: no side 3|C 0
1603)(>0/L 2 block [>Block thermal overload protection 2 I0
1604 [>0/L 2 annunc|>Only annunciat. from thermal overload I0
1605(>0/L2 bloTrip|>Block trip signal of thermal overload I0
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FNo.

Abbreviation

Meaning

Op

Ft

Ear

=
O

1611
1612
1613
1615
1616
1617
1621
1626
2303
2304
2306
2307
2401
2402
2403
2411
2412
2413
2414
2421
2422
2441
2442
2451
2457
4523
4525
4526
4531
4532
4533
4536
4537
4543
4545
4546
4551
4552
4553
4556
4557
5603
5605
5615
5616
5617
5621
5622
5631
5641
5642
5643
5651
565&
5653
5662
5668
5664

O/L
O/L
0/L
0/L
0/L
O/L

off
blocked
active
Warn I
Warn ©
F.D. ©
O/L Trip
O/L Err S3
>Backup block
>Back bloTrip
>I>> block
>I>/Ip block
Backup off
Backup block
Backup active
Back Gen. Flt
Backup Flt L1
Backup Flt L2
Backup Flt L3
Backup I>>
Backup I>/Ip
Backup TI>>
Backup TI>/Tp
Back Gen.Trip
Backup Err S3
>Ext 1 block
>Extl bloTrip
>Ext trip 1
Ext 1 off

Ext 1 blocked
Ext 1 active
Ext 1 Gen.Flt
Ext 1 Gen.Trp
>Ext 2 block
>Ext2 bloTrip
>Ext trip 2
Ext 2 off

Ext 2 blocked
Ext 2 active
Ext 2 Gen.Flt
Ext 2 Gen.Trp
>Diff block
>Diff bloTrip
Diff off

Diff blocked
Diff detive
Diff» T “start
Diff>> 4T strt
Di€f Gen.HF1t
BlockHaém L1
Block Harm L2
Block Harm L3
Block Sat L1
Block Sat L2
Block Sat L3
Block Iflt.L1
Block Iflt.L2
Block Iflt.L3

DN NDNDDNDDNDN

overload
overload
overload
overload

Thermal
Thermal
Thermal
Thermal
Thermal
Thermal

protec. 2 switched off
protection 2 blocked
protection 2 active
prot.2: Current warn.
overload prot.2: Warning stage
overload prot.2: Pick-up stage
Trip by thermal overload protection 2
Thermal overload prot.2 err.: no side 3
>Block back-up overcurrent time prot.
>Block trip signal of back-up overcurrg
>Block I>> stage of back-up overcurrent
>Block I>/Ip stage of back-up overcurr.
Back-up overcurr. prot. is switched O%HL
Back-up overcurrent prot. is blocked
Back-up overcurrent prot. is actdme
Back-up overcurrent: Gen. faultldety
Back-up overcurrent: Fault detec®ion L1
Back-up overcurrent: Fault dgteetieén L2
Back-up overcurrent: Fault detection L3
Back-up overcurrent: FaultldetisI>>
Back-up overcurrent: Fault\det. I>/Ip
Back-up overcurrent: Tife,TL>> expired
Back-up overcurrent: ,Time TI>/Tp exp.
Back-up overcurrent: General Trip
Back-up O/C error: SGde@Pno exist
>Block external trip“id

>Block trip signadof external trip 1
>External trip 1

External tripfTQis(switched off
External tridp 1/is blocked

External trippd is active

External triap I, General fault det.
External txipWl: General trip

>Block external trip 2

>Block trip signal of external trip 2
>Extergial E¥ip 2

External trip 2 is switched off
Extefnalwtrip 2 is blocked

Exflernal trip 2 is active

Extexnal trip 2: General fault det.
Extermal trip 2: General trip

>Bloek differential protection

>Block trip signal of diff. protection
Diff ferential protection is switched off
Differential protection is blocked
Differential protection is active

Diff. prot.: IDIFF> time delay started
Diff. prot.: IDIFF>> time delay started
Diff. prot.: General fault detected
Diff. prot.: Blocked by harmonics L1
Diff. prot.: Blocked harmonics L2
Diff. prot.: Blocked harmonics L3
Diff. prot.: Blocked ext. fault L1
Diff. prot.: Blocked ext. fault L2
Diff. prot.: Blocked ext. fault.L3
Diff. prot.: Blocked CT fault L1
Diff. prot.: Blocked CT fault L2
Diff. prot.: Blocked CT fault L3

CG
CG
CG

CG
CG

CG

CG
CG
CG

CG
CG
CG

CG
CG
CG

CG
CG
CG

CG
CG
CG

CG

CG
CG
CG

CG
CG
CG

OOO0OO0OOQPO O

o

[oNoNoNoRoNoNoNoNONORONONONCRONONONORONONONG]
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FNo. |Abbreviation Meaning Op|Ft|Ear|IO
5671 |Diff Gen.Trip|Differential protection: General trip Q
5672 |Diff Trip L1 |Differential protection: Trip L1 Q
5673 |Diff Trip L2 |Differential protection: Trip L2 O
5674 |Diff Trip L3 |Differential protection: Trip L3 )
5681 |Diff> L1 Diff. prot.: IDIFF> L1 (without Tdelay) C )
5682 |Diff> L2 Diff. prot.: IDIFF> L2 (without Tdelay) C )
5683 |Diff> L3 Diff. prot.: IDIFF> L3 (without Tdelay) C )
5684 (Diff>> L1 Diff. prot: IDIFF>> L1 (without Tdelas) C @)
5685 |Diff>> L2 Diff. prot: IDIFF>> L2 (without Tdelay) C )
5686 |Diff>> L3 Diff. prot: IDIFF>> L3 (without Tdelaw) C )
5691 |Diff> Trip Differential prot.: Trip by IDIFF> C )
5692 |Diff>> Trip Differential prot.: Trip by IDIFF>> C )
5701(Dif L1 = Diff. curr. of L1 at trip (fundamen®tal) C

5702 |Dif L2 = Diff. curr. of L2 at trip (fundamental) o
5703|Dif L3 = Diff. curr. of L3 at trip (fundament@l) C

5704 |Res L1 = Restr. curr. of L1 at trip (amerage DC) C
5705|Res L2 = Restr. curr. of L2 at trip (avexage DC) o

5706 |Res L3 = Restr. curr. of L3 at trip#(awmerage DC) o

5711 |Exrr 2 CT star|Diff. prot. error: 2 star-podnt€T for 1|C )
5712 |Err no CTstar|Diff. prot. error: No stae-point CT CG 0]
5713k CT 1= Adaption factor CT winding & C

5714 |k CT 2= Adaption factor CT wifding, 2 C

5715k CT 3= Adaption factor CT pwin@&ing"3 C

5716 |ksCT 1= Adaption factor CT star Point winding 1|C

5717 | ksCT 2= Adaption factor CT(stahgdpoint winding 2|C

5718 |ksCT 3= Adaption factor CTWstar point winding 3|C

5803 | >REF block >Block restrictgdjearth fault prot. I0
5805 |>REF blo Trip|[>Block trip signad of restr. earth flt. I0
5811 |REF off Restricted g&a%th (fault is switched off |[CG )
5812 |REF blocked Restricted'earth fault is blocked CG )
5813 |REF active Restrictgd™edrth fault is active CG )
5816 |REF T start Restr. eafth “Blt.: Time delay started C 0
5817 |REF Gen. Flt |Restr. earthyflt.: Gen. fault detected CG )
5821 |REF Gen. Trip|Restr. garth flt.: General trip C 0
5826 |REF D= Restr. earth flt.: Value D at trip C

5827 |REF S= Restyg. eawth flt.: Value S at trip C

5828 |REF Err S3 Rest®. earth flt. err.: Use not side 3 |C O
5829 |REF Err2CTsta|ReStrme€arth flt. err.: 2 starpoint CT |C 0
5830 |REF ErrOCTsta|Restry, earth flt. err.: No starpoint CT|C )
5831 |REF ErrVir dbpRestr. earth flt. err.: Only virt. obj.|C 0
5832 |REF k CT= REF™ Adaption factor CT winding C

5833 |REF ksCT= REF: Adaption factor CT starpoint wind. |C

5834 |REF no exist |Restricted earth fault error: Non-exist|CG @)
5903 |>Tank blogk >Block transformer tank protection I0
5905 |>Tank bloTrigp|>Block trip signal of transformer tank I0
5911 | TankWeff Transformer tank protec. switched off CG 0
5912 |Tagk blecked |[Transformer tank protection is blocked |[CG 0
5913 |Tank actiwve Transformer tank protection is active CG 0
5916 |Tankl' T gtart |[Transf. tank prot.: Time delay started C 0
5917 |Tank, Gén. Flt|Transf. tank prot.: Gen. fault detected CG 0]
5921 |Tank "Gen.Trip|Transformer tank prot.: General trip C 0]
5926 | Tank= Transformer tank prot.: Value at trip C

5928 |Tank no exist|Transformer tank prot. error: Non exist|C 0

C53000-G1176—-C99 223



7UT51  v3 Appendix

Reference Table for Functional Parameters 7UT51X O

1000 PARAMETERS < ’

1100 TRANSFORMER DATA

L 4
1102 UN WIND 1 Rated voltage of winding 1 of the t rmer
min. 0.4 kv
max. 800.0 — \
1103 PN WIND 1 Rated apparent power of winding
min. 0.2 MVA

max. 5000.0 _—

1104 IN CT WINI1 Primary rated current of 1 ng 1
min. 1 A
max. 100000 —_—

1105 CT1 STARPT Starpoint formatio [@nding 1

TOWARDS TRANSF. [ ] Towards transforme
TWDS.LINE/BUSBAR [ ] Towards line/busbar

1106 Io HANDLE Processing of ze ence current of wind. 1
Io-ELIMINATION [ 1] Io-elimination
Io-CORRECTION [ 1 Io-correction
WITHOUT [ 1] Without

1107 IN CT STP1 Prim. rate nt of starpoint CT winding 1
min. 1 A

max. 100000 _—

1108 CT1 EAR-PT Eart o) formation of starpoint CT wind. 1
TOWARDS TRANSEF. [ ] Tow ransformer
TOWARDS EARTH [ ] Towar earth

1121 VECTOR GR2 group numeral of winding 2

min. O /'S
max. 11

min. 0.4

1122 UN WIND 2 & Rated voltage of winding 2 of the transformer
v

max. 800.0

1123 PN WIND 2 @O Rated apparent power of winding 2

min. 0.2 MVA
max. SOQQ‘-'
1124 IN WIN2 Primary rated current of CT winding 2
min A
max. —
1125 CT2 STARPT Starpoint formation of CT winding 2

TOWARDS TRANSF.
TWDS .LINE/BUSBAR

Towards transformer
Towards line/busbar

——
—

11 HANDLE Processing of zero sequence current of wind. 2
Jo-ELIMINATION [ ] To-elimination
o0—CORRECTION [ ] To-correction
WITHOUT [ ] Without
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1127 IN CT STP2 Prim. rated current of starpoint CT winding 2
min. 1 A
max. 100000 —_—

1128 CT2 EAR-PT Earth point formation of starpoint CT winm@
TOWARDS TRANSF. Towards transformer
TOWARDS EARTH Towards earth

——
[E——

1141 VECTOR GR3 Vector group numeral of winding 3 ¢

min. 0
max. 11 _
1142 UN WIND 3 Rated voltage of winding 3 of @\nsformer

min. 0.4 kv
max. 800.0 e

1143 PN WIND 3 Rated apparent power of wifading ’3
min. 0.2 MVA

max. 5000.0 _—

1144 IN CT WIN3 Primary rated curren winding 3
min. 1 A
max. 100000 —_—
1145 CT3 STARPT Starpoint for i f CT winding 3
TOWARDS TRANSEF. [ ] Towards tran r
TWDS.LINE/BUSBAR [ ] Towards line b
1146 Io HANDLE Processing o ero sequence current of wind. 3
Io-ELIMINATION [ 1] Io-elimin
Io-CORRECTION [ ] Io-correcti
WITHOUT [ 1 Wwith
1147 IN CT STP3 Prim: ted current of starpoint CT winding 3
min. 1 A
max. 100000 —_—
1148 CT3 EAR-PT point formation of starpoint CT wind. 3
TOWARDS TRANSF. [ o) ds transformer

TOWARDS EARTH V'S

[
1200 GENERATOR OR M:ATA

Towards earth

1202 UN GEN/MOT < , Rated voltage of the generator or motor
min. 0.4 kv
max. 800 _—
1203 Rated apparent power of generator/motor
MVA
1206 Indication of polarity of the CT currents
SAME SIDE [ ] Same side
OPRQSITE SIDES [ ] Opposite sides
IN CT 1 Primary rated current of CT side 1
in. 1 A

max. 100000 —
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1208 IN CT 2
min. 1

max. 100000

Primary rated current of CT side 2 O
A

1300

1301

1302

1303

1304

1305

1306

1307

<

BRANCH POINT DATA

IN BRAN-PT
min. 1
max. 100000

IN CT 1
min. 1
max. 100000

CT1 STARPT

Nominal current of the branch point ¢
A @
Primary rated current of CT si@

A

—

Starpoint formation of CT Q
TOWARDS BUSBAR ] Towards busbar
]

TOWARDS LINE
IN CT 2

min. 1

max. 100000

CT2 STARPT

TOWARDS BUSBAR

TOWARDS LINE
IN CT 3

min. 1

max. 100000

CT3 STARPT

TOWARDS BUSBAR

TOWARDS LINE

Towards line

—

Primary rated current side 2
A
Starpoint form CT side 2

——
fa—

Primary rate rrent of CT side 3

] Towards busba
Towards line \
L
A @
Star, formation of CT side 3
usbar
s in

To
Tow e

——
[E—

1400

1401

1402

1404

1405

VIRT. OBJECT

IN VIRT OB
min. 1
max. 100000

IN CT

min. 1
max. 10000

IN CT P
min.
ma 1000

OPPOSITE SIDES

L 4

XS
-\g inal current of the virtual object

\ Primary rated current of CT

A

Primary rated current of starpoint CT
A

Earth point of the CT currents
[ ] Same side
[ ] Opposite sides

226
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1600 TRANSFORM. DIFF-PROT. DATA
1601 DIFF PROT. State of differential protection O
OFF [ ] off
ON [ 1 on
BLOCK TRIP REL [ 1] Block trip relay
1603 I-DIFF> Pick-up value of differential current P
min. 0.15 I/InTr

max. 2.00 E—

1604 I-DIFE>> Pick-up value of high set trip %
min. 0.5 I/InTr
max. 20.0 m— @
1606 SLOPE 1 Slope 1 of tripping charac@ C

min. 0.10
max. 0.50 _—

1607 BASE PT 2 Base point 2 for slope f tripping charact.
min. 0.0 I/InTr
max. 10.0 —_—

1608 SLOPE 2 Slope 2 of trippin racteristic
min. 0.25
max. 0.95 —_—

1610 2nd HARMON State of 2n &ic restraint
ON [ 1 on
OFF [ 1 off

1612 CROSSB 2HM T cross-blocking with 2nd harmonic
min. O AP
max. 1000/« —_—

1611l 2nd HARMON 2nd n ontent in the different. current
min. 10 %
max. 80 _— \

1613 n. HARMON /'S Choice of a further (n-th) harmonic restraint
5th HARMONIC harmonic
4th HARMONIC [ 4th harmonic
3rd HARMONIC ] 3rd harmonic
OFF off

1614 n. HARMON n-th harmonic content in the differen. current
min. 10 %
max. 80 _—

1615 CROSSB Active time for cross-blocking with n-th harm.
min. *1p
m 00QY _

1616 IDIFF n Limit IDIFFmax of n-th harmonic restraint
min. 0.5 I/InTr
max. 20.0 _—

6 T-SAT-BLO. Max. blocking time at CT saturation
in. 2 *1P

max. 250/e _—
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1618 SAT-RESTR. Min. restr. current for blocking at CT satur.
min. 5.00 I/InTr
max. 15.00 —_—
1625 T-DELAY > Trip time delay of diff. current stage IDI@
min. 0.00 s
max. 60.00/e _—
1626 T-DELAY >> Trip time delay of diff. current stage IDI?F>>
min. 0.00 s
max. 60.00/e _—
1627 T-RESET Reset delay after trip has been ithated
min. 0.00 s
max. 60.00 —_— :
1700 GEN/MOTOR DIFF-PROTECTION Q
1701 DIFF PROT. State of differential tion
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ 1] Block trip rela
1703 I-DIFF> Pick-up value)o rential current
min. 0.05 I/InGe
max. 2.00 _—
1706 SLOPE 1 Slope 1 of i ing characteristic
min. 0.10
max. 0.50 _—
1707 BASE PT 2 Ba t 2 for slope 2 of tripping charact.
min. 0.0 I/1
max. 10.0 —_—
1708 SLOPE 2 STo é" of tripping characteristic
min. 0.25
max. 0.95
1717 T-SAT-BLO. -~§ax. blocking time at CT saturation
min. 2 1p
max. 250/
1718 SAT-RESTR. Min. restr. current for blocking at CT satur.
min. 5.00 O I/InGe
max. 15.0@ e
1725 Trip time delay of differential protection
i s
1727 Reset delay after trip has been initiated
min. 0.00 s
max..60.00 e
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1800 BRANCH PT. DIFF-PROTECTION
1801 DIFF PROT. State of differential protection O
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ 1] Block trip relay
1803 I-DIFF> Pick-up value of differential current P
min. 0.30 I/InPt
max. 2.50 —_— %
1806 SLOPE 1 Slope 1 of tripping characterist
min. 0.10
max. 0.50 _—
1807 BASE PT 2 Base point 2 for slope 2 of t¥d ng charact.
min. 0.0 I/InPt
max. 10.0 —_—
1808 SLOPE 2 Slope 2 of tripping cha teristic
min. 0.25
max. 0.95 —_—
1817 T-SAT-BLO. Max. blocking time T saturation
min. 2 *1P
max. 250/ _
1818 SAT-RESTR. Min. restr. & for blocking at CT satur.
min. 5.00 I/InPt
max. 15.00 —_—
1825 T-DELAY Trip y of differential protection
min. 0.00 s
max. 60.00/ _—
1827 T-RESET R;-%~i$ ay after trip has been initiated
min. 0.00
max. 60.00 _—
1831 I DIFF>MON /'S Pigk-up value of diff. current monitoring
min. 0.15 nPbPt
max. 0.80

1832 T-MONITOR Time delay of blocking by monitoring

min. 1 I,‘-' s
max. 10/«

1900 RESTIE ULT PROTECTION
1901 R E State of restricted earth fault protection
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ ] Block trip relay
1903 I—ﬁgF> Pick-up value I REF> of restricted earth fault
min. 0.05 I/In
ax. 2.00 —
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1904 CRIT.ANGLE Critical angle of charact. trip-curve by REF
110 ° [ ] 110 °
90 [ 1 90 °
100 [ 1 100
120 [ 1 120
130 [ 1 130
1910 2nd HARMON State of 2nd harmonic restraint P
OFF [ 1 off
. o @
1911 2nd HARMON 2nd harmonic contend in the REF-cC
min. 10 %
max. 80 Em— @
1912 I REFmax 2 Limit IREFmax of 2nd harmonic raint
min. 1.0 I/In
max. 20.0 _—
1925 T-DELAY Trip time delay of restr ed earth fault
min. 0.00 s
max. 60.00/ _—
1927 T-RESET Reset delay after t as been initiated
min. 0.00 s
max. 60.00 —_—
2100 BACK-UP OVERCURRENT TIME
2101 BACKUP 0O/C State a p overcurrent protection
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ ] Blo\' relay
2103 I>> Pi value for high current stage I>>
min. 0.10 I
max. 30.00
1 4 . L .
2104 T-I>> ay time for I>> (definite time)
min. 0.00
max. 32.00/ \
2111 CHARACT Overcurrent time stage characteristic
DEFINITE TIM [ ] Definite time
NORMAL INV [ ] Normal inverse
VERY INVE [ ] Very inverse
EXTRENKV RS [ ] Extremely inverse
2112 1> Pick-up value of overcurrent time stage I>
mi .10 I/In
max . e
2113 T-I> Delay time for I> (definite time)
min..0.00 s
max. 32.00/ E—
2 Pick-up value of overcurrent time stage Ip

min. 0.10 I/In
max. 20.00 _—
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2115 T-Ip Time multiplier for Ip (inverse time)
min. 0.50 S
max. 32.00/e _—
2116 RMS FORMAT Method of RMS calculation for IDMT 0

WITHOUT HARMON.

WITH HARMONICS

——

] Without harmonics
] With harmonics

L

Reset delay after trip has been initiated

protection 1

2118 T-RESET
min. 0.00 s
max. 60.00 —_—
2121 MAN.CLOSE Effective stage after manual
INEFFECTIVE [ 1 Ineffective
I>> UNDELAYED [ 1 I>> undelayed
I>/Ip UNDELAYED [ 1] I>/Ip undelayed
2400 THERMAL OVERLOAD PROT. 1
2401 THERMAL OL
OFF

2402

2403

2404

2405

2406

2501

ON
BLOCK TRIP REL
ALARM ONLY

K-FACTOR
min. 0.10
max. 4.00

T-CONSTANT
min. 1.0
max. 999.9

® WARN
min. 50
max. 100

I WARN
min. 0.10
max. 4.00

0/L CALCUL
® MAX
® MEAN
® FROM IM

State of thermal gvebl
[ 1 off
[ 1] on
[ 1] Block trip re
[ 1 Alarm only
200

K-factor fo 1 overload protection 1

Time wfor thermal overload protectionl
min
T Xwarning stage

/'S Cuprent warning stage

&

n

Calculation method for thermal stages
] max. value of temperature rises of the phases
] mean value of temperature rises of the phases
] temperature rise from max. current

T M

THE L

OFF

ON

BLOCK TRIP REL

ALARM ONLY
-FACTOR

min. 0.10

max. 4.00

OVERLOAD PROT. 2

State of thermal overload protection 2
off

on

Block trip relay

Alarm only

K-factor for thermal overload protection 2
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2503 T-CONSTANT Time constant for thermal overload protection
min. 1.0 min
max. 999.9 —_—

2504 © WARN Thermal warning stage
min. 50 %
max. 100 —_—

2505 I WARN Current warning stage
min. 0.10 I/In
max. 4.00 _—

2506 O/L CALCUL Calculation method for thermal ‘-~Q§
® MAX [ 1] max. value of temperature rise e phases
©® MEAN [ 1] mean value of temperature ri the phases
® FROM IMAX [ ] temperature rise from max. cu

2700 TRANSFORM. TANK PROTECTION

2701 TANK State of transformer rotection
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ 1] Block trip rel

2703 I> TANK Pick-up value transformer tank current
min. 0.10 I/In
max. 10.00 —_—

2704 I> TANK Pick-up v transformer tank current
min. 10 mA
max. 1000 —_—

2705 RMS FORMAT Met RMS calculation
WITHOUT HARMON. [ 1 Wi harmonics
WITH HARMONICS [ ] Wi onics

2709 D.OFF TNK> o ff to pick-up ratio for I tank>
min. 0.25 S
max. 0.95

2725 T-DELAY K ime delay of trip
min. 0.00 s
max. 60.00/x

2727 T-RESET Reset delay after trip has been initiated
min. 0.00 s
max 0 _—

2900 MEAST SUPERVISION

2903 SYM.Ithres Symmetry threshold for current monitoring
min., 0.10 I/In
max. 1.00 _—

2 YM.Fact.I Symmetry factor for current monitoring
min. 0.00
max. 0.95 _—

&
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3000 EXTERNAL TRIP FUNCTION 1
3001 EXT.TRIP 1 State of external trip function 1 O
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ 1] Block trip relay
3002 T-DELAY Time delay of external trip function 1 P
min. 0.00 s
max. 60.00/e — %
3003 T-RESET Reset delay after trip
min. 0.00 s
max. 60.00 — (b
3100 EXTERNAL TRIP FUNCTION 2 6
3101 EXT.TRIP 2 State of external trip @on 2
OFF [ 1 off
ON [ 1 on
BLOCK TRIP REL [ ] Block trip relay
3102 T-DELAY Time delay of 1 trip function 2
min. 0.00 s
max. 60.00/e  —— \
3103 T-RESET Reset delay&er trip
min. 0.00 ]

max. 60.00 _—
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4000

Tests and Commissioning Aids 7UT51X O

TESTS 0

4100

4101

4121

4141

4161

4181

COMMISSION TESTS

L 4
TEST DIFF Measuring and indication of current@es
TEST ANGL L Indication of angles of line cu£§h‘i~
TEST ANGL S Indication of angles of star poi rrent

TEST DIF/ST Indication of diff. and restr. rent values

4800

4801

TEST REF Meas. / ind. of current—/Q values of REF

COMMISSION TESTS STOP

TEST STOP Stop the commissionWyteasts

4900

4901

TEST FAULT RECORDING x
FAULT REC. Initiatio 1t recording

N
S

L 4

N
&
&

L 4

234
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5000 ANNUNCIATIONS

Annunciations, Measured Values etc. 7UT51X O

5100 OPERATIONAL ANNUNCIATIONS e

5200 LAST FAULT

5300 2nd TO LAST FAULT E

5400 3rd TO LAST FAULT

5700 OPERATIONAL MEASURED VALUES

5701 I1 L1[%]= Operat. meas e L1 side 1 [%] is
5702 I1 L2[%]= Operat. meas. r t L2 side 1 [%] is
5703 I1 L3[%]= Operat. meas( c nt L3 side 1 [%] is
5704 12 L1[%]= Operat. meas.gcurrent L1 side 2 [%] 1is
5705 I2 L2[%]= Operat. m rrent L2 side 2 [%] is
5706 I2 L3[%]= Operat. urrent L2 side 2 [%] is
5707 I3 L1[%]= current L1 side 3 [%] is
5708 I3 L2[%]= . current L2 side 3 [%] is
5709 I3 L3[%]= current L3 side 3 [%] is
5710 IA[%]= current IA [%] is

5711 IB[%]= current IB [%] is

5721 11 L1 = current L1 side 1 [A] is
5722 11 12 = current L2 side 1 [A] is
5723 I1 L3 = current L3 side 1 [A] is
5724 12 L1 = /'S current L1 side 2 [A] is
5725 12 12 = . . current L2 side 2 [A] is
5726 12 13 = .-~pperat. meas. current L3 side 2 [A] is
5727 I3 L1 = Operat. meas. current L1 side 3 [A] 1is
5728 I3 12 = \ Operat. meas. current L2 side 3 [A] 1is
5729 I3 13 = Operat. meas. current L3 side 3 [A] 1is
5730 IA = Operat. meas. current IA [A] is

5731 IB = Operat. meas. current IB [A] is

5900 OVERLOAD ASURED VALUES

5911 @e1 Temperature rise 1 for warning and trip
5912 @l/et 1= Temperature rise 1 for phase Ll
5913 ©1/0trpL2= Temperature rise 1 for phase L2
5914 ©1/@trpL3= Temperature rise 1 for phase L3

5921 ©2/0trp= Temperature rise 2 for warning and trip
82/08trpLl= Temperature rise 2 for phase Ll
2/0trplL2= Temperature rise 2 for phase L2
2 for phase L3

; 4 ©2/0trpL3= Temperature rise
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Reference Table for Configuration Parameters 7UT51X O

6000 MARSHALLING ( ’

6100 MARSHALLING BINARY INPUTS

6101 BINARY INPUT 1 Binary input 1

\@.
\YQT

6102 BINARY INPUT 2 Binary input 2 Q
6103 BINARY INPUT 3 Binary input
6104 BINARY INPUT 4 Blar put 4

» O

6105 BINARY INPUT inary input 5

WS
&

6200 MA SIGNAL RELAYS

6201 Signal relay 1
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6202

6203

6204

6205

6206

6207

6208

SIGNAL RELAY

Signal

relay 2 O

SIGNAL RELAY

Signal

relay 3

SIGNAL RELAY

Signal

relay 4

SIGNAL RELAY

Signal

relay

SIGNAL RELAY

SIGNAL RELAY

SIGNAT, R

Y

L 4

\ ignal relay 7

Signal

relay 8

C53000-G1176—-C99
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6209

6210

6211

SIGNAL RELAY 9 Signal relay 9 O

O

SIGNAL RELAY 10 Signal relay 10

SIGNAL RELAY 11 Signal relay 11

6300

6301

6302

6303

6304

LED 1 LED 1

MARSHALLING LED INDICATORS K\§

LED 2 L

LED 3 .5‘55;:~:ED 3

L 4

LED LED 4
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6305 LED 5 LED 5 O
O
6306 LED 6 LED 6 ¢
6307 LED 7 LED 7
6308 LED 8 LED 8 @
5O
S
6309 LED 9 LED
6310 LED 10 ’\ 10
6311 LED 1 LED 11
4
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6312

6313

6314

LED 12 LED 12 O

LED 13 LED 13

LED 14 LED 14

6400

6401

6402

6403

6404

MARSHALLING COMMAND RELAYS \§

TRIP RELAY 1 Trip relay 1&

TRIP RELAY 2 Tdip ay 2

L 4

N

TRIP RELAY 3 K Trip relay 3

Trip relay 4

240
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6405 TRIP RELAY 5

Trip relay 5

OO

4

7000 OP. SYSTEM CONFIGURATION %
7100 INTEGRATED OPERATION
7101 LANGUAGE Language 0

DEUTSCH [ 1 deutsch

ENGLISH [ ] english

US-ENGLISH [ ] us—-english
7102 DATE FORMAT Date format

DD.MM.YYYY [ ] dd.mm.yyyy

MM/DD/YYYY [ ] mm/dd/yyyy
7105 OPER. 1st L Operational e for 1lst display line
7106 OPER. 2nd L age for 2nd display line
7107 FAULT 1st L Faul ssage for 1lst display line
7108 FAULT 2nd L %message for 2nd display line

- O

7110 FAULT INDIC .-~Fault indication: LED and LCD

WITH FAULT D ] With fault detection

WITH TRIP COMM: With trip command
7200 PC/SYSTE RFACES
7201 DEVICE Device address

mig.

m 54 _
7202 FEEDE DD. Feeder address

min. 1

maxe 254 _
7 SUBST. ADD Substation address

in. 1
max. 254 _
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7208

7209

7211

7215

7216

7221

7222

7225

7226

7235

7400

7402

STOR
@ -MAX
min.

FUNCT
min.
max.

1

TYPE

254

DEVICE TYPE

min.
max.

1

254

PC INTERF.
DIGSI V3

ASCII

PC BAUDRATE
9600 BAUD
19200 BAUD
1200 BAUD
2400 BAUD
4800 BAUD

PC PARITY
DIGSI V3

NO 2 STOP
NO 1 STOP

SYS INTERF.

VDEW COMPATIBLE
VDEW EXTENDED

DIGSI V3

LSA

SYS MEASUR.
VDEW COMPATIBLE [

VDEW EXTENDED

SYS BAUDR.
9600 BAUD
19200 BAUD
1200 BAUD
2400 BAUD
4800 BAUD

SYS PARITY

VDEW/DIGSIV3/

NO 2 STOP
NO 1 STOP

SYS PARAM

NO
YES

FAUL

——

— e e

— e

[

®

[ T S S G

[ —

[ S W1

Function type in accordance with VDEW/ZVEI O

Device type 0

Data format for PC-interface ¢
DIGSI V3

ASCII

Transmission baud rate for PC-i Xﬁe
9600 Baud

19200 Baud

1200 Baud

2400 Baud

4800 Baud

Parity and stop-bits forQlterface
DIGSI V3

no parity,2 stopbits
No parity,l stopbi

Data format fo —-interface
VDEW compatible
VDEW extended
DIGSI V3
LSA
Measureme at for system-interface
VDEW t
VDEW de
Tr ion baud rate for system-interface
96
1920
1
40

48

~~\§arity and stop-bits for system-interface

<

DEW/DIGSI V3/LSA
no parity,2 stopbits
No parity,l stopbit

Parameterizing via system-interface
no
yes

RDINGS

INITIATION
GE BY FD. [
GE BY TRIP [
START WITH TRIP [

STO

max.

0.30
5.

00

]
]
]

Initiation of data storage
Storage by fault det
Storage by trip

start with trip

Maximum time period of a fault recording
s

s
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<=3000 VAL. VAR

[
[

Length of fault
] 660 values fix
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7411 T-PRE Pre-trigger time for fault recording
min. 0.05 S
max. 0.50 _—
7412 T-POST Post-fault time for fault recording 0
min. 0.05 S
max. 0.50 _—
7431 T-BINARY IN Storage time by initiation via binar inp&ﬁ
min. 0.10 s
max. 5.00/« _—
7432 T-KEYBOARD Storage time by initiation via -~a~ﬁrd
min. 0.10 s
max. 5.00 _—

record (fo¥fmer [ESA)

7800
7801 PROT. OBJ.
2WIND-TRANSF.
3WIND-TRANSF.
GENERATOR/MOTOR

2ENDS-BRANCH PT.
3ENDS-BRANCH PT.

1PHASE-TRANSF.
7806 STARPOINT A
NO ASSIGNMENT
SIDE 1
SIDE 2
SIDE 3 / V. OBJ
7807 STARPOINT B
NO ASSIGNMENT
SIDE 1
SIDE 2
SIDE 3 / V.
7816 DIFF PROT.
EXIST
NON-EXIST

Q

R e N e N N

7819

OBJECT
7821 BAQg—UP o/C
NON-EXIST
REFERENCE SIDE
EFERENCE SIDE
REFERENCE SIDE
VIRTUAL OBJECT

w N =

SCOPE OF FUNCTIONS

e e N e N e e

Selection of
] 2winding-tra
] 3winding-tran
] Generator/motor
] 2ends-branch
] 3ends-bra
] lphase-t

st

Side 3 / virt.

Differential pr
] Existent
] Non-existent

Restricted eart
] Non-existent
] Winding 1
] Winding 2
] Winding 3
] Virtual object

Back-up overcur
] Non-existent
] Reference side
] Reference side
] Reference side
] Virtual object

ected object
e
r

int
nt

mer

ar point transformer A

obj.

otection

h fault protection

rent protection

1
2
3
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7824

7825

7827

7830

7831

7885

7899

OVERLOAD 1
NON-EXIST
REFERENCE SIDE
REFERENCE SIDE
REFERENCE SIDE
VIRTUAL OBJECT

OVERLOAD 2
NON-EXIST
REFERENCE SIDE
REFERENCE SIDE
REFERENCE SIDE
VIRTUAL OBJECT

TANK PROT.
NON-EXIST
SENSITIVE CT B
INSENSITIVE CT

EXT. TRIP 1
NON-EXIST
EXIST

EXT. TRIP 2
NON-EXIST
EXIST

PARAM. C/O
NON-EXIST
EXIST

FREQUENCY

fN 50 Hz

fN 60 Hz

fN 16 2/3 Hz

wN R

W N -

— e ——

Thermal overload protection 1
Non-existent

Reference side 1

Reference side 2

Reference side 3

Virtual object

C)O

Thermal overload
Non-existent

Reference side
Reference side
Reference side
Virtual object

protection 2

w N -

Transformer tank
Non-existent

L 4
Sensitive CT B

protection

Insensitive CT A 0
External trip function 1Q
Non-existent
Existent
External trip functio
Non-existent
Existent

&er
Non-existent
Existent
Rated e equency
fN 5
N
fn Hz

Parameter ch
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Appendix

Operational Device Control Facilities 7UT51X

8000

DEVICE CONTROL

QO

8100

8101

8102

8103

8104

SETTING REAL TIME CLOCK

DATE / TIME
DATE
TIME

DIFF. TIME

Actual date and time
Setting new date
Setting new time

Setting difference time

-
>

8200 RESET
8201 RESET Reset of LED memo
8202 RESET Reset of operation nunciation buffer
8203 RESET Reset of fau iation buffer
8300 SYS-VDEW ANNUNC.-MEAS.VAL
8301 SYS TEST Test] i stem-interface

OFF [ 1 off

ON [ 1 on
8500 PARAMETER CHANGE-OVER
8501 ACTIV PARAM /'S @ual active parameter set
8503 ACTIVATING .-~Activation of parameter set

SET A ] Set a

SET B Set b

SET C ] Set c

SET D [ 1 Set d

SET BY BI [ ] Set via binary input

SET BY L TR [ ] Set by lsa control
8510 COP Q--. Copy original parameter set to set
8511 C Copy original parameter set to set
8512 COPY Copy original parameter set to set
8513 COE‘ Copy original parameter set to set
5 COPY Copy parameter set A to set B

COPY Copy parameter set A to set C
516 COPY Copy parameter set A to set D

C53000-G1176—-C99
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7UT51  v3 Appendix
8517 COPY Copy parameter set to set
8518 COPY Copy parameter set to set
8519 COPY Copy parameter set to set O
8520 COPY Copy parameter set to set
8521 COPY Copy parameter set to set ¢
8522 COPY Copy parameter set to set %
8523 COPY Copy parameter set to set \
8524 COPY Copy parameter set to set @
8525 COPY Copy parameter set to seQ
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7UT51 V3.0

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

Name 00

o
\}Q}

Company/Dept.

Address

Telephone no.

Corrections/Suggestions

&N
>
N

R

C53000-G1176—-C99-6
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Substantial alterations against previous issue:

Errors corrected in section 2.2

L 4
Copying of this document and giving it to others and the use
or communication of the contents thereof, are forbidden with-
out express authority. Offenders are liable to the payment of
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ject to technical alteration a patent or the registration of a utility model or design.
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