INTERNATIONAL
STANDARD

IEC
60044-8

First edition
2002-07

Instrument transformers —

Part 8:
Electronic current transformers

Transformateurs de mesure —

Partie 8:
Transformateurs dé-courant électroniques

Reference number
IEC 60044-8:2002(E)


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by the IEC,
thus ensuring that the content reflects current technology. Information relating toe
this publication, including its validity, is available in the IEC Catalogue (of
publications (see below) in addition to new editions, amendments and corrigenda’
Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as 'the list
of publications issued, is also available from the following:

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iecch/catlg-e.htm) enables
you to search by a variety of criteria including, text searches, technical
committees and date of publication. On-line information is also available on
recently issued publications, withdrawn and réplaced publications, as well as
corrigenda.

e IEC Just Published

This summary of recently issued “publications (www.iec.ch/JP.htm) is also
available by email. Please contactihe Customer Service Centre (see below) for
further information.

. Customer Service Centre

If you have any questions regarding this publication or need further assistance,
please contact the Customer Service Centre:

Email: custserv@iec.ch
Tel: +41 22919 02 11

Fax: +44 22919 03 00



http://www.iec.ch/
http://www.iec.ch/catlg-e.htm
http://www.iec.ch/JP.htm
mailto:custserv@iec.ch
https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

INTERNATIONAL IEC
STANDARD 60044-8

First edition
2002-07

Instrument transformers —

Part 8:
Electronic current transformers

Transformateurs de mesure —

Partie 8:
Transformateurs dé-courant électroniques

0 IEC 2002 O Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 2291902 11  Telefax: +41 22919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE X F

International Electrotechnical Commission

MexayHapoaHas 3nekTpoTexHuyeckas Komuccusa For price, see current catalogue



https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

-2- 60044-8 O IEC:2002(E)

CONTENTS
O T L T I PP 6
S T o7 0 o = TS PP 7
L B =T o 1= - | PP PP TPPPI 7
1.2 General block diagram of electronic current transformers ..............ccccoeiiiiiiiin . 8
1.3 General block diagram of electronic transformers with a digital output ..................... 9
A Lo ¢ b= Y (VLT =] =T =Y o Lo Y 9
LY T ) (o T 12
3.1 General definitionNS . ... 12
3.2 [Additiomatdefimitions for measuring efectronic curment transformers o |- -ee- - 19
3.3| Additional definitions for protective electronic current transformers..........(C\¥]........ 19
3.4 | Additional definitions for digital output ..........c..coiiiiiiii L 22
3.5| Additional definitions for analogue voltage output ............ccoocooo Sl e 23
3.6| Index of main definitions and abbreviations .............ccooooo L N 23
4 Normal and special service conditions ..........c.ocoveviiiiiiiiiiiiin O e, 24
4.1 General ..o e 24
4.2 Normal service conditions ...........coooiiiiiiiiiiiiii a0 e 25
4.3 | Special service conditionS ........cccooiiiiiiii e e e 26
4.4 System earthing....ccooooiiiiiii e e 28
5 RaAUNGS coniiii e L Y 28
5.1 General ratings .o e N e en e e e aean | 28
5.2 Standard values for rated phase offset . ...ccooviiiiiiiii e 32
5.3 Rating for digital outpUt ... e 32
5.4 Rating for analogue voltage outpu. . ..o 33
6 DeSign reqUIrE€mMENES ..o S e e an e e 34
6.1] General design requirements .. .. ... e 34
6.2 | Design requirements for(digital output ..........cooooiiiii e 43
6.3| Design requirements'for analogue voltage output .............ccovviiiiiiiinininnfereennn, 60
7 Clasgsification of tests o e e 60
A T 1= = - | N 60
AV I ¢ L= (1 £ s TR PP 60
7.3 ROULINEEESTS. . ceniiii e e e e e e e eneens e 61
T4 SPECIAIESES oot e e an | 62
. T I8/ o) <N £ <] Y ISP 62
8.1 [ Short-time CUMENt 18818 .. it e e e e et eseareneseneaenaeenarensaenas|eerennns 62
8.2  Temperature-riSe teSt. ..o 63
8.3 Impulse tests on primary terminals ... 63
8.4 Wet test for outdoor type electronic current transformers................coooi 65
8.0 RIV A ESESe it i ea 65
8.6 Transmitted overvoltage test ... ... 65
8.7 Low-voltage components voltage withstand test................o 66
8.8  EMC eSS it 67
8.0  ACCUIACY S .o e 70
8.10 Additional accuracy tests for protective electronic current transformers .................. 72
8.11 Verification of the protection...........coooi i 72
8.12 TighINess teStS Lo e 73
8.13 ViIbration 1S S . e e 73

8.14 Additional type test for digital output.........coooi i 74


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

60044-8 00 IEC:2002(E) -3-

L I S o YU A1 g 1= 3 (=T £

9.1 Verification of terminal markings ........coouiiiiiiii

9.2 Power-frequency withstand tests on primary terminals
and partial discharge measurement...... ... ...

9.3 Power-frequency voltage withstand test for low-voltage components.......................
0.4 ACCUIACY 1SS o
9.5 TIghtNess 1eSES L ieei e
9.6 Additional routine tests for digital output............oii
9.7 Additional routine tests for analogue output......... ...
0 SPECIAI S S e

10.1 Chopped lightning-impulse test on primary terminals ... ]t
10.2 Measurement of capacitance and dielectric dissipation factor .................5 57 ........
10.3 Mechanical tests ..o i
10.4 Tests for accuracy versus harmoniCs ..........c.ovieviiniiiiiiiiiieeeeep e e |
10.% Tests in accordance with the technology applied ...........coooii o,
T MaAMKING e e e e e enen |

11.1 Terminal marking — General rules ...........coocoiiiiiinic s L e
11.2 Rating plate markings ..o NS
12 Additional requirements for measuring electronic current trahsformers ...................|........

12.1 Accuracy class designation ..........coooiiiiiii e |
12.2 Limits of current error and phase error at rated frequency............ccoocoveeve o
12.3 Accuracy requirements on harmonics ... ¢ 3 i |
13 Additional requirements for protective electronic current transformers ....................|........

13.1 ACCUraCY ClasSSES ..c.uiuieiiiiiiiee et e [
13.2 Accuracy requirements on harmORICS ......c.vuuiieiiiiiiie e eeee [,
14 Information to be given with enquiries; tenders and orders..............cooiviiiivin .

14.1 Designation... ..o e |
14.2 Dependability ... e en |
15 Rulgs for transport, storageand installation............c..cooiii e

15.1 Conditions during:transport, storage and installation...................... o
15,2 Installation .. e |
15.3 Unpackingand Hfting........oooooviiiiiii e |
15,4 ASSembIY . e |
15,8 OPEEALION . ... [
15.6 MaINTENANCE .. couii e |
16 Safelyl e
16.1 EleCtriCal @asSpeClS....cou i
16.2 MeChaniCal @SPECES. ... e e
16.3 Thermal @SPeCES ... e e e

Annex A (informative) Transient performances of ECTS . ..o,

Annex B (informative) Technical information for electronic current transformers
With digital OUTPUL ... o e e

Annex C (informative) Technical information for electronic current transformers
With @analogue OULPUL ... e et eas 1

Annex D (normative) Frequency response and accuracy requirements on harmonics for
electronic current and voltage transformer ... ... 1

Annex E (informative) Graph explaining the accuracy requirements............ccc.ccooviiiiiinn, 1


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

—4— 60044-8 O IEC:2002(E)

71 o 1Yo 1 =1 ] 4 VPP 124
Figure 1 — General block diagram of a single-phase electronic current transformer ................. 8
Figure 2 — Example of digital interface block diagram.............coccoiiiiiii e 9
Figure 3 — Altitude correction factor ... 27
Figure 4 — Manchester COING ... ..o e e r e ae e 43
Figure 5 — Characteristics of the optical pulsSe ...... ..o, 45
Figure 6 — Test circuit for the optical PUISE.........couiiiiii i 45
Figure 7 — Copper Wire iNterface ... . ..o 47
Figure § — Eye diagram ... 0 | 48
Figure 9 — Daisy-chain architecture..............coooiiiiii O 49
Figure 10 — Frame format according to FT3 ... Qe e | 51
Figure 11 — Status word #1 ..o 56
Figure 12 — Status word #2.......coooiiiiii e O e | 57
Figure 13 — Universal frame..... ... e T 58
Figure 14 — Pulse shape for clock input .........ccooiiiiii S 59
Figure 15 — Example of subassembly subjected to EMC tests (..o 68
Figure 16 — Temperature cycle accuracy test........coccoocee O i e 71
Figure A.1 — Equivalent electrical circuit of the network ... 91
Figure A.2 — More complex equivalent electrical circuit during short circuit....................]........ 92

Figure 4.3 — Equivalent electrical circuit of magnetic current transformer during short cifcuit..93

Figure A.4 — Magnetic reactance of the a CT.without remanence ....................ccoo e 93
Figure A.5 — Magnetic reactance of the CT'with remanence ...............c.cooiiiii 94
Figure A.6 — Example of magnetic reactance of the a CT fora TPZ class............ccoocooi ] oeennnns 95
Figure A.7 — Example of the magnétic reactance of a CT fora TPY class........c..cooeeeeii oo, 96
Figure B.1 — Combination of ECTs and EVTs to form the digital output......................... ] 98
Figure B.2 — Synchronizedssamples of current from bay 1 and bay 2

calculated from non-sypchronized samples from bay 1 and bay 2 respectively...............|...... 101
Figure B.3 — Samples\from current in bay 1 and 2 sampled synchronized

DY @ COMON CIOGKL .. e | 101
Figure B.4 — Phase error definition for the digital interface .................c ] 102
Figure B.5, =TSt Set-UpP ..c.uieiiiiii e | 103
Figure B 6= (‘nmlnariqnn of errors in conventional mp’rpring detpme and qu’rpmq hased

on ECTs and EVTs with digital output ... ..o 107
Figure C.1 — Test circuit for accuracy measurements in steady state....................o 109
Figure C.2 — Iron-core-coil transformer ... ... ..o 110
Figure C.3 — Equivalent circuit of the iron-core current transformer with voltage output......... 111
Figure C.4 — Stand-alone air-Core COil....... ..o 112
Figure C.5 — Equivalent circuit of stand-alone air-core current transformer

WIth VOITAGE OULPUL L. et e e 113
Figure C.6 — Phasor diagram — Stand-alone air-core coil.............cooeiiiiiiiiiiiiii e, 114
Figure D.1 — Digital data acquisition System ..o 118

Figure E.1 — Accuracy limits of @ multi-purpose ECT ........ccooiiiiiiiiiiii e 123


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

60044-8 00 IEC:2002(E) -5-

Table 1 — Temperature Categories .. ... e 25
Table 2 — Limits of temperature rise of the transformer ..., 30
Table 3 — DC VOIAGE ..ottt 31
Table 4 — AC VO AGE . oeiiii e 31
Table 5 — Rated values for digital outpUL ... 32
Table 6 — Low-voltage withstand capability............oooiiiii i, 34
Table 7 — Creepage distances for given pollution levels ..., 35
Table 8 — Immunity requirements and teStS ... ..o 37
Table 9 — Static withstand test [0ads ... ... 39
Table 10 — The compatible fibre optic transmission system ...........cooooiiiiiiiinc ey e, 44

Table 11 — The compatible copper-wire transmission system for simplex point-to-point I|nk ....46

Table 12 — Data channel mapping for DatSetName = 01, general application ..Qw.".......|........ 53
Table 18 — CoNNECIOrS ... b e e 60
Table 14 — Modalities of application of test loads to be applied to the primary terminals |........ 77
Table 15 — Markings of terminals ... T T e 78
Table 16 — Rating plate marking ..........ccooooiiiiiini A e e 80
Table 17 — Limits of error ... O e e 82
Table 18 — Limits of error for current transformers for special application......................fo..c.oe. 82
Table 19 — Limits Of @rror. . ..o e e e 83
Table 20 — Limits Of ©rror......c.ooouiiiiiii e 8 e e 84
Table 21 — Designation of an electronic current:itransformer.................o o, 85

Table B}1 — Sample application specific assignment of the data channels with
DataSetName = FE H. Application for line\pfotection and synchronization of 1/.-beaker
arrangements with combined ECTs/EV s on both sides of the breakers....................... |, 99



https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

-6- 60044-8 O IEC:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -

Part 8: Electronic current transformers

FOREWORD

2002(E)

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising

all n

ional electrotechnical committees (IEC National Committees). [he object of the [EC Is_td

interngtional co-operation on all questions concerning standardization in the electrical and electrenic
this epd and in addition to other activities, the IEC publishes International Standards. Their\prep

entru

partic
with tH
for S
organ

2) The f
intern
from 4

3) Thed
of stq
Comnm

4) In ord
Stand
diverg
indica

5) The |
equip

6) Attent
of pat

Internat
Instrum

The tex

Full infd
voting in

ted to technical committees; any IEC National Committee interested in the subject) dealt
pate in this preparatory work. International, governmental and non-governmental organizatior
e |IEC also participate in this preparation. The IEC collaborates closely with the International Or
andardization (ISO) in accordance with conditions determined by agreement between
zations.

brmal decisions or agreements of the IEC on technical matters express;~as nearly as po
htional consensus of opinion on the relevant subjects since each technical committee has repré
Il interested National Committees.

bcuments produced have the form of recommendations for international use and are published i
ndards, technical specifications, technical reports or guides and they are accepted by thg
ittees in that sense.

er to promote international unification, IEC National Cammittees undertake to apply IEC Int
hrds transparently to the maximum extent possibleNin®their national and regional stand
ence between the IEC Standard and the corresponding national or regional standard shall

ed in the latter.

FC provides no marking procedure to indicateyits~approval and cannot be rendered responsib
nent declared to be in conformity with one of jts standards.

on is drawn to the possibility that some ofithe elements of this International Standard may be t
bnt rights. The IEC shall not be held respansible for identifying any or all such patent rights.

onal Standard IEC 60044-8_has been prepared by IEC technical commi
bnt transformers.

of this standard is based on the following documents:

FDIS Report on voting
38/280/FDIS 38/282/RVD

rmation on the voting for the approval of this standard can be found in the r
dicated in the above table.

promote
fields. To
aration is
with may
s liaising
hanization
the two

sible, an
sentation

the form
National

prnational
rds. Any
be clearly

e for any

e subject

tee 38:

bport on

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INSTRUMENT TRANSFORMERS -

Part 8: Electronic current transformers

1 Scope

1.1 General

This part of IEC 60044 applies to newly manufactured electronic current transformers having
an anabyuc vuiiayc output-or=a diyiiai output,foruse—with—etectricat lm::a::willg instruments
and elegtrical protective devices at nominal frequencies from 15 Hz to 100 Hz.

NOTE Apditional requirements due to the bandwidth are considered. The accuracy requirements on harnjonics are
given in annex D.

Clause [I2 covers the accuracy requirements that are necessary forxelectronic| current
transformers for use with electrical measuring instruments.

Clause [I3 covers the accuracy requirements that are neceSsary for electronic| current
transformers for use with electrical protective relays, and particularly for forms of protg¢ction in
which the prime requirement is to maintain the accuracy up téseveral times the rated|current.
If required, the transient accuracy of an electronic current{ransformer during fault is also given
in this clause.

Electrorfic current transformers intended for both measurement and protection should comply
with all the clauses of this standard and .are called multipurpose electronic | current
transformers.

The trapsformer technology can be based on optical arrangements equipped with glectrical
compongents, on air-core coils (with arlwithout a built-in integrator), or on iron-core cpils with
integrated shunt used as a curreni-to-voltage converter, alone or equipped with electronic
compongents.

For andlogue output, the_glectronic current transformer may include the secondarly signal
cable. Bxamples of electraonic current transformer technologies using air-core coils and iron-
core coils with integrated)shunt are given in annex C.

For dig|tal outpuly. this standard takes into account a point-to-point connection ffom the
electronfic transfermer to electrical measuring instruments and electrical devices (see apnex B).

Some infermation has been added in order to ensure the compatibility of this point-to-goint link
with the overall system of communication in the substation, thus allowing daia exchange
between all kinds of substation devices. This information builds what is called the mapping of
the link layer of the point-to-point serial link. Processbus communication is under
consideration.

This mapping allows interoperability between devices from different manufacturers.

This standard does not specify individual implementations or products, nor does it constrain the
implementation of entities and interfaces within a computer system. This standard specifies the
externally visible functionality of implementations together with conformance requirements for
such functionalities.

NOTE 1 Translation of the analogue requirements on CT and VT into digital parameters, such as the number of
bits and the sampling speed, has been carried out as far as was reasonable, since the requirements on the
conventional CT and VT are expressed according to the actual technologies used and their shortcomings, rather
than on needs from the equipment using the information on current and voltage.
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NOTE 2 The approach chosen is to concentrate on what is needed by the secondary equipment and how the
performance can be calibrated. The concept is compatible with a processbus.

1.2 General block diagram of electronic current transformers

The applied technology decides which parts are necessary for the realization of an electronic
current transformer, i.e. it is not absolutely necessary that all the parts described in figures 1
and 2 be included in the transformer.

P1
Secondary
L Primary Primary Transmitfing se
B a— . . —>
J current sensor converter system with a mergltg
PR unit

AL

Primary power

supply
Secondaryf S1
converter with | ®
| ananalogug °
voltage outpt S2
MR ¢ v EF
Secondaly
power supply
IEC 1732/02

Key
IV Output invalid

EF Equ|pment failure
MR Maigtenance request

Figuire 1 — General block diagram of a single-phase electronic current transforjmer
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1.3 General block diagram of electronic transformers with a digital output

SC of ECTa (meas.)

SC of ECTb (meas.)

SC of ECTc (meas.)

SC of ECTa (prot.)

SC of ECTb (prot.)

SC of ECTc (prot)
\Lg 7

flas g

Merging unit Didital
S[ of ECT neutral
oufput
| SC of EVTa
| SC of EVTb
| SC of EVTc
3|2
(0] . .
| S[C of EVT neutral s | £ oo Merging pnit
g S 2 g power supply
[ o g
| spof EVT busbar = | O e |3

NOTE S[C of EVTa is the secondary converter of the electronic*voltage transformer of phase a (see IEC
SC of EQTa is the secondary converter of the electroniéZcurrent transformer of phase a. Other dat
mappings|are possible (see 6.2.3).

Figure 2 — Example ofdigital interface block diagram

Up to 1P secondary converter data channels are grouped together (merged) using a
unit (MW). A data channel carriesCa single stream of sampled measurement values
electronfic current transformer @or an electronic voltage transformer (see figure 2). Seve
channels may be transmitted-via one physical interface from the secondary converte

transformers or current instrument transformers and may be integrated into the merging

2 Normative references

IEC 1733/02

60044-7).
h channel

merging
from an
ral data
r to the
condary
rter can
trument
unit.

The foll

ent. For

dated references, only the edition cited applies. For undated references, the latest edition of

the referenced document (including any amendments) applies.

IEC 60028:1925, International standard of resistance for copper
IEC 60044-1, Instrument transformers — Part 1: Current transformers

IEC 60044-6, Instrument transformers — Part 6: Requirements for protective curren
formers for transient performance

IEC 60044-7: Instrument transformers — Part 7: Electronic voltage transformers

IEC 60050(161):1990, International Electrotechnical Vocabulary (IEV) — Chapter 161:
magnetic compatibility

t trans-

Electro-
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requirements

IEC 61850-9-1: Communication networks and systems in substations — Part 9-1. Specific
communication system mappings (SCSM) — Serial unidirectional multidrop point-to-point link 1

CISPR 11:1999, Industrial scientific and medical (ISM) radio-frequency equipment — Electro-
magnetic disturbance characteristics — Limits and methods of measurement

EIA RS-485: Standard for electrical characteristics of generators and receivers for use in
balanced digital multipoint systems

EN 50160:2000, Voltage characteristics of electricity supplied by public distribution sysfem

3 Definitions
For the purposes of this part of IEC 60044, the following definitions apply:

3.1 Geheral definitions

3.11

electronic instrument transformer

arrangernent consisting of one or more current or voltage sensor(s) which may be connjected to
transmifting systems and secondary converters, all intended to transmit a measuring qyantity in

a propdrtional quantity to supply measuring instruments, meters and protective or control
devices| In case of a digital interface this is done by‘using a merging unit for a set of electronic
instrument transformers

3.1.2
electrorlﬁc current transformer (ECT)
electronlic instrument transformer in ‘which the output of the secondary converter inf normal
conditiops of use is substantially proportional to the primary current and differs in phasg¢ from it
by a kngwn angle for an appropfiate direction of the connections

3.1.3
primary terminals
terminals through which-the current to be measured flows

3.1.4
primar;lcurrent sensor

electric,| electrical, optical or other device intended to transmit a signal corresponding to the
current flowing through the primary terminals to the secondary converter, either direcjly or by
means of a primary converter

3.1.5

primary converter

arrangement that converts the signal coming from one or more primary current sensors into a
signal suitable for the transmitting system

3.1.6

primary power supply

power supply to the primary converter and/or primary current sensor (can be combined with
secondary power supply (see 3.1.10)

1 To be published.
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3.1.7

transmitting system

short- or long-distance coupling arrangement between primary and secondary parts intended to
transmit the signal. Depending on the technology used, the transmitting system can also be
used for power transmission

3.1.8

secondary converter (SC)
arrangement that converts the signal transmitted through the transmitting system into a
quantity proportional to the current between the primary terminals, to supply measuring
instruments, meters and protective or control devices. For ECTs with analogue output, the
secondary converter directly supplies measuring instruments, meters and protective or control
devicesForetectronicinstromenttransformers—with digitdi output-—the acuunu'aly conyerter is
generally connected to a merging unit before supplying the secondary equipment

3.1.9
maintenance request (MR)
information indicating that the equipment needs maintenance

3.1.10
secondpry power supply
power s$upply of the secondary converter (can be combined: with primary powen supply
(see 3.1.6) or a power supply of other transformers)

3.1.11
rated alixiliary power supply voltage (U,,)
auxiliary power supply voltage value on which the requirements of a specification are bgsed

3.1.12
rated sUipply current (7,,)
value ofl the current required from the auxiliary power supply, including the MU power $upply if
required, in the rated conditions

3.1.13
maximym supply current (1, ,ax)
maximum value of the current required by the auxiliary power supply, including the MU power
supply if required, in the worst conditions

3.1.14
secondpry circait
external circuit-receiving the information signals supplied by the secondary converter (or the
merging upit).of an electronic instrument transformer

3.1.15
secondary terminals
terminals of the secondary converter (or the merging unit) which supply the secondary circuit

3.1.16

connecting point

point provided to connect electrical cables during site installation and test installation. Where
shielded cables are used, only the external shield is considered to be a connecting point. The
connecting points are specified by the manufacturer

3.1.17

low-voltage components

all electric or electrical components separated from the primary circuit at the full rated with-
stand voltage level
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rated frequency (f,)
value of the fundamental frequency on which the requirements of this standard are based

3.1.19

primary current in steady-state condition
in a steady-state condition, the primary current is defined by the following equation

[IEC 60044-7, modified]:

where

ip(1) = 1 x /2 x SIN2TUX fx 1+ ) +ip res(t);

2002(E)

O

Ip res(?)

t

3.1.20

rated p
r.m.s. \
perform

[IEV 32

3.1.21
second
for an a

IS the r.m.s. value of primary current at the fundamental frequency;
is the fundamental frequency;
is the primary phase displacement;

is the primary residual current including harmonic and subharmanie’ compong
primary direct current;

is the instantaneous value of the time;

being constant for steady-state condition.

imary current (Ipr)
alue of the component of the primary current at rated frequency f, on w
ance of the electronic current transformer is based

-01-11, modified].

ary output in steady-state condition
halogue output: in an electrical steady-state condition, the secondary voltage is

by the fopllowing equation:

where
US

S
s
U,

s dc

Usg res(?)

ug(£) = UsV2 .Sin2TLfit + §g) + Ugge + Us res(d);

is the r.m.s. valde)of secondary converter output, when Ugy .+ ug (o5(?) = 0;
is the frequency;

is the secondary phase displacement;

is the_secondary direct voltage;

is’the secondary residual voltage including harmonic

nts and

hich the

defined

and subharmonic components;

t

/. Us, b

is the instantaneous value of the time;

being constant for steady-state condition.

For a digital output:

where

ig(n) = IgV2 .sin(2mfit, ) + Igqe(N) + ig res(tn);

is a digital number at the merging unit output representing the actual instan
value of the primary current;

taneous

is the r.m.s. value of a certain digital merging unit output, when Ig4.(n) + ig os(7,) = 0;

is the frequency;
is the secondary phase displacement;
is the secondary direct output;
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is res(tn) is the secondary residual output including harmonic and subharmonic components;

n
tl"l
f, Ig, g
3.1.22

is the data sample counter;

is the time where primary current (and voltage) of the nth data set have been sampled;

being constant for steady-state condition.

rated secondary output
for analogue output, the r.m.s. value of the component at frequency f, of the secondary voltage
output (Ug,) on which the performance of the electronic current transformer is based. For digital
output, the hexadecimal number representing the rated primary current on the digital side

3.1.23

actual transformation ratio (K, and K)

condary
o of the
al value

br a pure
he actual

core coil.

fent and
e rated

For analogue output, the ratio of the actual r.m.s. primary current to the actual r.m.s. seg
output df an electronic current transformer (abbreviation: K,). For digital output) the rat
actual rlm.s. primary current to the actual r.m.s. secondary output, whichiis’a numerio
(abbreviation: K;)
NOTE 1 |For stand-alone air-core coils, these definitions are only valid for steady-state condition f
sinusoidal wave at rated frequency. When the frequency f of the primary (current differs to f,, t
transformption ratio is calculated according to K,(f) = fIf,*K;5 (or K4(f) = flf,"K,q)*
NOTE 2 [For instantaneous and composite error measurement an integratorhas to be used with the air
In this cage K, (or Ky) is the ratio of the primary current to the secondary output of the integrator.
3.1.24
rated t?nsformation ratio (K., and K,4)
rated vdlue of the transformation ratio
3.1.25
current|error (ratio error) (€ %)
error which an electronic current transformer introduces into the measurement of a cur
which drises from the fact that the“\actual transformation ratio is not equal to th
transformation ratio
[IEV 321-01-21, modified].
For anajogue output, the current error expressed in per cent is given by the formula:
Kia.Us —1
£%=—1"35_P %100
Ip
where
K., is|the rated transformation ratio;
]p islthe r m.s._value of the actual primnry current when ip w‘b(f) =Q;
U is the r.m.s. value of secondary converter output when Ugy. + ug 5(2) = 0.

S

NOTE This definition is only related to components at rated burden and rated frequency of both primary current
and secondary voltage. This definition is compatible with IEC 60044-1.

For digital output, the current error expressed in per cent is given by the formula:

K I -1
€% :%MOO

p
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where
K.q is the rated transformation ratio;
1 is the r.m.s. value of the actual primary current when i

p
Ig

p res(?) = 0;
is the r.m.s. value of the digital output when I 4.(n)+ ig (os(?,) = 0.

NOTE The current error is the result of a digital calculation (see annex B).

3.1.26

phase displacement (¢)
for analogue output, the difference in phase between the primary current phasor and the
secondary output phasor, the direction of the phasors being so chosen that the angle is equal
to its rated value at the rated frequency for a perfect transformer. The phase displacement is
said to pe positive when the secondary output phasor leads the primary current ptkagor. It is
usually expressed in minutes or centiradians

[IEV 321-01-23, modified]

¢ = ¢s - ¢p
where

¢p is the primary phase displacement;

¢ is thp secondary phase displacement.

For digital output, the time between the instant a certain current is present at the|primary
terminals and the instant the transmission of the relevant. digital data set at the MY output
starts (gxpressed in angular units relative to the rated frequency)

NOTE 1 |This definition is strictly correct for sinusoidal current-only.

NOTE 2 |[For both analogue and digital output, the phase. 'displacement ¢ of an ideal transformer (see|B6.1 and
3.1.29) cqn be considered to be made up of two componénts: the rated phase offset ¢4, and the rated delqy time ¢4,

NOTE 3 |See annex B for more explanation about phase-displacement calculation.

3.1.27
rated delay time (z,)
rated value of time needed e.g. fordigital data processing and transmission

3.1.28
rated phase offset (¢,)
rated phase displacement of the ECT due to the technology employed and which is not pffected
by the flequency

3.1.29
phase grror. ()
The phaseverror is the phase displacement ¢ minus the displacement caused by the rated
phase offset and the rated delay time. The phase error is related to the rated frequency.

be =0 — (dgr *+ brgr) and by, = —21f i1y,

For digital output intended to be synchronized with clock pulses, the phase error is the time
between a clock pulse and the sampling of the primary current belonging to the corresponding
digitally transmitted value (expressed in angular units relative to the rated frequency).

The phase error is usually expressed in minutes or centiradians

NOTE An explanation of the phase error and an explanatory drawing can be found in annex B.

3.1.30

accuracy class

designation assigned to an electronic current transformer, the current error and phase
displacement of which remain within specified limits under prescribed conditions of use


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

60044-8 00 IEC:2002(E) -17 -

3.1.31

highest voltage for equipment (U,))

The highest r.m.s. phase-to-phase voltage for which an electronic current transformer is
designed in respect of its insulation

[IEV 604-03-01, modified]

3.1.32

rated insulation level

combination of voltage values which characterizes the insulation of an electronic current
transformer with regard to its capability to withstand dielectric stresses

3.1.33
isolated neutral system
system |where the neutral point is not intentionally connected to earth, with theCexcgption of
high-impedance connections for protection or measurement purposes

[IEV 601-02-24]

3.1.34
resonant earthed (neutral) system
system [in which one or more neutral points are connected to e€arth through a reactgr which
approxifmately compensates the capacitive component of a single\phase-to-earth fault qurrent

[IEV 601-02-27]

3.1.35
earth-fgult factor
at a given location of a three-phase system angd,for a given system configuration, the ratio
of the highest r.m.s phase-to-earth power-frequency voltage on a healthy phase quring a
fault to [earth affecting one or more phases.at any point on the system to the r.m.s yalue of
phase-tp-earth power-frequency voltage which would be obtained at the given lodation in
the absence of any such fault

[IEV 604-03-06]

3.1.36
solidly parthed (neutral) system
system whose neutral point(s) is (are) earthed directly

[IEV 601-02-25]
3.1.37

impedahce earthed (neutral) system
system whose-neutral point(s) is (are) earthed through impedances to limit earth-fault clrrents

[IEV 601-02-26]

3.1.38

earthed neutral system

system in which the neutral is connected to earth either solidly or through a resistance or
reactance of a value low enough to reduce transient oscillations and to give a current sufficient
for selective earth-fault protection

a) A three-phase system with effectively earthed neutral at a given location is a system
characterized by an earth-fault factor at this point which does not exceed 1.4.
NOTE This condition is obtained approximately when, for all system configurations, the ratio of zero-sequence
reactance to the positive-sequence reactance is less than three and the ratio of zero-sequence resistance to
positive-sequence reactance is less than one.

b) A three-phase system with non-effectively earthed neutral at a given location is a system
characterized by an earth-fault factor at this point that may exceed 1.4.
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3.1.39
exposed installation
installation in which the apparatus is subject to overvoltages of atmospheric origin

NOTE Such installations are usually connected to overhead transmission lines, either directly, or through a short
length of cable and not protected by surge arresters.

3.1.40
non-exposed installation
installation in which the apparatus is not subject to overvoltages of atmospheric origin

3.1.41

rated short-time thermal current (1,,)
r.m.s. value of the primary current which an electronic current transformer will withstang for 1 s
without puffering harmful effects

3.1.42
rated dynamic current (1,,,)
peak vaJue of the primary current which an electronic current transformef.will withstand| without
being déamaged electrically or mechanically by the resulting electromagnetic forces

3.1.43
rated antinuous thermal current (I ,)

value of the current which can be permitted to flow continUously in the primary terminals, the
analogue secondary output being connected to the rated\burden, without the temperajure rise
exceedipg the values specified

3.1.44
wake-up time
some electronic current transformers are powered by the line current. The power sppply of
such trgnsformers needs a delay to establish after the primary current is switched ¢n. This
delay is called “wake-up time”. During' this delay, the output of the electronic| current
transformer is zero

3.1.45
wake-up current
minimum r.m.s. value ofithe primary current necessary to wake up the electronic| current
transformer (see 3.1.44)

3.1.46
IP cod
coding gystentto indicate the degrees of protection provided by an enclosure against agcess to
hazardous’ parts, ingress of solid foreign objects, ingress of water and to give aglditional
informationvin connection with such protection

[3.4 of IEC 60529]

3.1.47

degree of protection

extent of protection provided by an enclosure against access to hazardous parts, against ingress
of solid foreign objects and/or ingress of water and verified by standardized test methods

[3.3 of IEC 60529]

3.1.48

rated filling pressure for gas insulation p . (or density p,.)

pressure in Pascals (Pa), for gas insulation, referred to the standard atmospheric air conditions
of +20 °C and 101,3 kPa (or density), which may be expressed in relative or absolute terms, to
which the electronic current transformer is filled before being put into service, or automatically
replenished

[3.6.4.1 of IEC 60694, modified]
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3.1.49

alarm pressure for gas insulation p,, (or density p,,)

pressure (Pa), for insulation, referred to the standard atmospheric air conditions of +20 °C
101,3 kPa (or density), which may be expressed in relative or absolute terms, at which a
monitoring signal may be provided to indicate that replenishment is necessary in a relatively
short time

[3.6.4.3 of IEC 60694, modified]

3.1.50

minimum functional pressure for gas insulation p,. (or density p,,.)
pressure (Pa), for insulation, referred to the standard atmospheric air conditions of +20 °C
101,3 kPa_(or_density), which may be expressed in relative or absolute terms, at which and
above which rated characteristics of electronic current transformer are maintained and pt which
a replenishment becomes necessary

[3.6.4.5|of IEC 60694, modified]

3.1.51
absolute leakage rate, F
amount|of gas escaped by time unit, expressed in Pa.m3/s

3.1.52
relative| leakage rate, F
absolutg leakage rate related to the total amount of gas jinthe system at rated filling gressure
(or dengity) expressed in percentage per year or per day

3.2 Additional definitions for measuring electronic current transformers

3.21
measurjng electronic current transformer

electronlic current transformer intended* to transmit an information signal to
instruments, integrating meters and similar apparatus

ridicating

3.2.2
rated extended primary current
primary|current up to which-the same accuracy as the accuracy at the rated primary cprrent is
guarantged, and which eannot exceed the rated continuous thermal current /

3.2.3
rated extended primary current factor (K,.,)
ratio of the rated extended primary current {)o the rated primary current

3.3 Additional definitions for protective electronic current transformers

3.31

protective electronic current transformer

electronic current transformer intended to transmit an information signal to protective or control
devices

3.3.2

rated accuracy limit primary current

under steady-state conditions, value of primary current up to which the protective electronic
current transformer will comply with the requirements for composite error

3.3.3

accuracy limit factor (K)

under steady-state conditions, the ratio of the rated accuracy limit primary current to the rated
primary current
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3.34
composite error (&)
under steady-state conditions, the composite error is the r.m.s. value of the difference between

a) the instantaneous values of the primary current, and

b) the instantaneous values of the actual secondary output multiplied by the rated
transformation ratio, the positive signs of the primary current and secondary output
corresponding to the convention for terminal markings.

For analogue output, the composite error €, is generally expressed as a percentage of the
r.m.s. values of the primary current according to the formula:

Eq (%) = 10 ‘V/TL[UT [Kraue(t)_in(t_tdr )]Zdt

Ip J
where
K., is|the rated transformation ratio;
IID is|the r.m.s. value of the primary current;
ip is|the primary current;
Ug is|the secondary voltage;
T is|the duration of one cycle;
t is[the instantaneous value of the time;

tgr  is|the rated delay time.

NOTE 1 |For stand-alone air-core coils, secondary output is measured at the output of an integrator (see|definition
of K., or {4 and annex C).

For digifal output, the composite error g is generally expressed as a percentage of tHe r.m.s.
values gf the primary current according to theformula:

100 y& kTIT 2
£ (%) = 2 |V [k () = i (1)
1, Gkt 2 e

where
K.q isthe rated transformationTatio;

I, is|the r.m.s. value of.the primary current;

ip is|the primary cufrent;

ig is|the secondaty digital output;

T is|the duration of one power cycle;

n is|the sample counter;

tn is[the‘time where primary currents and voltages of the n'h data set have been sanipled;
k is the number of summation periods;

T is the distance in time between two samples of the primary current;

NOTE 2 For practical purposes the composite error is the result of a digital calculation, the algorithm of which is
given in annex B.
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3.3.5

rated primary short-circuit current for transient performance (Ipsc)

under transient conditions, the r.m.s. value of the primary symmetrical short-circuit current on
which the rated accuracy performance of the electronic current transformer is based

[3.1 of IEC 60044-6, modified]

3.3.6
rated symmetrical short-circuit-current factor for transient performance (K )

under transient conditions, the ratio:
K. =] M

ssc ~ ‘pscipr

[3.15 of [EC 60044-6, modified]

3.3.7
rated primary time constant for transient performance (t,,,)
under transient conditions, rated value of the time constant of the d.c.\eomponent of the
primary|current on which the performance of the current transformer is based

[3.6 of IEC 60044-6, modified].

3.3.8
dead time (z,)
time inferval between interruption and re-application cof\the primary short circui{ during
a breaker auto-reclosing duty cycle (refer also to IEC 60056)

[3.9 of IEC 60044-6]

3.3.9
rated duty cycle (C — O and/or C - O - C ~0)
duty cy¢le in which during each specified energization, the primary current is assumed to be
“fully offset” with the rated primary timg constant (Tpr) and be of rated amplitude (/

[3.10 of[IEC 60044-6, modified]

psc)

Duty cycles are as follows.

Single energization: C&\' — O

Dodble energizationy)C -+ -0 —-¢,_C-¢" -0

(both energizations in the same polarity of magnetic flux when applicable)
where

t' is thg duration of first current flow;
" is thg dufation of the second current flow.

3.3.10
transient response
response of the secondary output to a transient change of the primary current

[2.2.3 of IEC 60044-7, modified]

3.3.11
primary current in transient condition (ip(t))
in the transient condition, primary current is defined as follows

[A.1 of IEC 60044-6, modified]:

ip(t) = IpSC\/E-(sin(Zth t+ d)p) - sin(¢p)-exp(—t/rp)) + i res(?);
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where

Ipsc is the r.m.s. value of the symmetrical component of primary current;
f is the frequency;

T, is the primary time constant;

¢p is the primary phase displacement;

ip res(?) is the primary residual current including harmonic and
subharmonic components and primary direct current;

t is the instantaneous value of time.

3.3.12
instantlmeous error current (ig( 7), ig(n))
differenge between the instantaneous values of the secondary output multiplied-by the rated
transformation ratio and the primary current

[3.2 of IEC 60044-6, modified]

For an gnalogue output, the instantaneous error current is defined for 1 X(#y; 'and is given by the
following expression:

ig(1) = Kpg.ug(t) = in(t = tgr)

NOTE 1 |For stand-alone air-core coils the voltage u4(¢) is measured at the dutput of an integrator (see dgfinition of
K., and K}4 and annex C).

For digital output, the instantaneous error current is detined for ¢, > ¢4, and is given by the
following expression:

ig(n) = Kyguig(n)ein(1y)

NOTE 2 [For practical purposes, the instantaneous erroxis the result of a digital calculation, the algorithnmp of which
is given in annex B.

NOTE 3 |[For stand-alone air-core coils, secondary.@utput is measured at the output of an integrator. Thelintegrator
can be reflized digitally in the evaluation unit. Since the integrator may influence the delay time, it is allowed in this
test set-up that the rated delay time differs from_the regular rated delay time of the transformer under test,

3.3.13

maximym peak instantaneous error ( ¢)

maximum instantaneousérror current, for the specified duty cycle, expressed as a percentage
of the pgak value of thé rated primary short-circuit current.

[3.4 of IEC 60044-65-modified]

=100 7, /(N2 Lps) %

3.4 Additional definitions for digital output

3.41
digital output
the digital output is made up of an optical or an electrical output interface at the merging unit.

It supplies measuring instruments, meters and protective or control devices with digitally coded
time-coherent sets of current and/or voltage data

3.4.2

merging unit (MU)

physical unit used to do the time-coherent combination of the current and/or voltage data
coming from the secondary converters. The merging unit can be part of one of the transformers
in the field or may be a separate unit, for example, in the control room (see figure 2)
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3.4.3

merging unit clock input
electrical or optical input of the merging unit that can be used to synchronize several merging
units if required

3.44

merging unit power supply
power supply of the merging unit (can be combined with the secondary power supply

(see 3.1

3.4.5

.10)

data rate (1/7,)

number

3.4.6
output
informa

3.5 Ad

3.5.1
equipm
informa

3.5.2
burden

of current and/or voltage data sets transmitted per second

nvalid (I1V)

ditional definitions for analogue voltage output

lent failed (EF)
ion indicating that the equipment has failed

impedance of the secondary circuit expressed in ghms, at power factor of 1

3.5.3
rated b

irden (Rb,)

value of{the burden on which the accuracy requirements of a specification are based

3.5.4
second
direct v

pry direct voltage offset/(Ugyco)

when /(t) = 0

NOTE F

br a primary converter powered by the primary current, this definition is not applicable. In this

evaluatiop method should\he agreed between manufacturer and purchaser (see annex E).

3.5.5

stand-alone-air-core coil

transfor

mer based on air-core coil technology without a built-in integrator (see annex C

ion indicating that the output signal of the electronic current transformer is inva

oltage component «of -the secondary voltage of an electronic current tran

id

sformer

case, the

3.6 Index of main definitions and abbreviations

ECT
EVT
EF
\Y
MR
MU
Rb,
sc
Jr

Kra’ Krd

electronic current transformer, definition 3.1.2
electronic voltage transformer, see IEC 60044-7
equipment failed, definition 3.5.1

output invalid, definition 3.4.6

maintenance request, definition 3.1.9

merging unit, definition 3.4.2

rated burden, definition 3.5.3

secondary converter, definition 3.1.8

rated frequency, definition 3.1.18

rated transformation ratio of an electronic current transformer, definition 3.1.24
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Koer rated extended primary current factor, definition 3.2.3

Kai accuracy limit factor, definition 3.3.3

Kgse rated symmetrical short-circuit factor, definition 3.3.6

t instantaneous value of time, definition 3.1.19

tar rated delay time, definition 3.1.27

te dead time, definition 3.3.8

Ty time between two data sets, reciprocal of the data rate, definition 3.4.5
Un highest voltage for equipment, definition 3.1.31

Us, for analogue output, rated secondary output, definition 3.1.22
Usdeo secondary direct voltage offset, definition 3.5.4

Uar rated auxiliary power supply voltage, definition 3.1.11

I rated supply current, definition 3.1.12

Iamax maximum supply current, definition 3.1.13

Iin rated short-time thermal current, definition 3.1.41

Ieth rated continuous thermal current, definition 3.1.43

Igyn rated dynamic current, definition 3.1.42

Iose rated primary short-circuit current for transient, definition 3.3.5
I, r.m.s. value of primary current when i, o) SOsdefinition 3.1.19
Loy rated primary current, definition 3.1.20

ip(t) primary current, definitions 3.1.19 and 3:3:11

primary residual current including harmonic and subharmonic components,
definition 3.1.19

i(1), i(n) instantaneous error current fortransient conditions, definition 3.3.12

ip res(t)

¢ phase displacement, definition 3.1.26

bor rated phase offset, definition 3.1.28

b phase error, definition 3.1.29

€% current error forsteady state conditions, definition 3.1.25
€ compositeerror, definition 3.3.4

: maximunpeak instantaneous error, definition 3.3.13

T rated*primary time constant, definition 3.3.7

pr
Pre» Pre | <Srated filling pressure or density, definition 3.1.48

Paer Pae alarm pressure or density, definition 3.1.49

Pme, Pme Minimum functional pressure or density, definition 3.1.50

4 Normal and special service conditions

4.1 General

Unless otherwise specified, high-voltage electronic current transformers are intended to be
used at their rated characteristics under the normal service conditions listed in 4.2

If the actual service conditions differ from these normal service conditions, high-voltage
electronic current transformers shall be designed to comply with any special service conditions
required by the user, or appropriate arrangements shall be made (see 4.3).
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NOTE 1 In order to ensure proper operation of electronic components, these components should comply with the
environmental requirements of IEC 60068-2.

NOTE 2 Detailed information concerning classification for environmental conditions is given in IEC 60721-3-3
(indoor) and IEC 60721-3-4 (outdoor).

4.2 Normal service conditions
4.2.1 Ambient air temperature

Electronic current transformers are classified into three categories as given in table 1.

Table 1 — Temperature categories

422 |

The altijude does not exceed 1 000 m.

4.2.3

Vibratio

Minimum temperature Maximum temperature
Category o o
C C
-5/40 -5 40
-25/40 -25 40
—40/40 -40 40

NOTE When choosing the temperature category, storage and transportation
conditions should also be considered.

Altitude

Vibrations or earth tremors

ns may occur due to switchgear operations or short-circuit forces. It sh

buld be

recognized that vibrations due to causes external to the electronic current transformer (for

examplg, switching operations of circuit-breakers, etc.) must be regarded as normal| service

conditions. Tests should be performed to prove the correct operations of the ECT when

subjectgd to such events (see 8.13). Vibrations due to earth tremors are considered ag special

service ponditions.

4.2.4 Other service conditions for indoor electronic current transformers

Other sg¢rvice conditions considered are as follows.

a) Thelinfluence of solar radiation may be neglected.

b) The|ambient air is not significantly polluted by dust, smoke, corrosive gases, vapours or
salt,

c) The conditions of humidity are as follows:

1)

exceed 95 %;

2,2 kPa;

90 %;

exceed 1,8 kPa.

For these conditions, condensation may occasionally occur.

NOTE 1
NOTE 2

Condensation can be expected where sudden temperature changes occur in periods of high hum

In order to withstand the effects of high humidity and condensation, such as the breakdown of

the average value of the relative humidity, measured during a period of 24 h does not
the average value of the water vapour pressure for a period of 24 h does not exceed
the average value of the relative humidity for a period of one month does not exceed

the average value of the water vapour pressure for a period of one month does not

idity.

insulation

or the corrosion of metallic parts, electronic voltage transformers designed for such conditions should be used.
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NOTE 3 Condensation may be prevented by special design of the housing, by suitable ventilation and heating or
by the use of dehumidifying equipment.

4.2.5 Other service conditions for outdoor electronic current transformers

Other service conditions considered are as follows.

a) The average value of the ambient air temperature, measured over a period of 24 h, does
not exceed 35 °C.

b) Solar radiation up to a level of 1 000 W/m2 (on a clear day at noon) should be considered.

c) The ambient air may be polluted by dust, smoke, corrosive gases, vapours or salt. The
pollution does not exceed the pollution levels given in table 7.

d) The|wind pressure does not exceed 700 Pa (corresponding to a 34 m/s wind speed].

e) The|presence of condensation or precipitation should be taken into account.

4.2.51 Partially outdoor electronic current transformers

In the cpse of an electronic current transformer of the type which is partially indoors, |partially
outdoors, the manufacturer shall indicate which part of the equipment‘is indoors and which part
of the eqquipment is outdoors.

4.3 Special service conditions
4.3.1 General

When e]ectronic current transformers may be used.under conditions different from thg normal
service [conditions given in 4.2, the user's requirements should refer to the standardized steps
given hereafter.

4.3.2 Altitude

For installations at an altitude higher than 1 000 m, the arcing distance under the standardized
referenge atmospheric conditions (shall be determined by multiplying the withstand yoltages
requireq at the service location By a factor k£ in accordance with figure 3.

NOTE Ap for the internal insulation, the dielectric strength is not affected by altitude. The method| used for
checking the external insulation~should be agreed between manufacturer and purchaser.
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These fadtors can be calculated using the following equation:

k = ¢M(H —1000) /8150

where
H is the altitude in meters;
m= for power-frequency and lightning impulse veltage;

m=0,75 for the switching impulse voltage.

Figure 3 — Altitude correction factor

4.3.3 Influence of altitude on temperature rise

For instpllation at an altitude® higher than 1 000 metres, temperature rises of parts |n air at
atmospheric pressure shalkbe corrected as follows:

AO, = AO,, 1-0.03(H=1000)
1000

where:

7O,

A©,, is the value of temperature-rise measured at low altitude;

is the corrected value of temperature rise;

H is the altitude of the service location, in metres.

NOTE For low-voltage auxiliary and control equipment, no special precautions need to be taken if the altitude is
lower than 2 000 m. For higher altitude, see IEC 60664-1.

4.3.4 Ambient temperature

For installations located in a place where the ambient temperature can be significantly outside
the normal service condition range stated in 4.2.1, the preferred ranges of minimum and
maximum temperature to be specified should be

a) —50 °C and 40 °C for very cold climates;
b) -5 °C and 50 °C for very hot climates.
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In certain regions with a frequent occurrence of warm humid winds, sudden changes of
temperature may occur, resulting in condensation, even indoors.

NOTE Under certain conditions of solar radiation, appropriate measures, for example, roofing, forced ventilation,
etc., may be necessary, in order not to exceed the specified temperature rises.

4.3.5 Earthquakes

Requirements and testing are under consideration (future edition of IEC 60044-1).

NOTE For installations where earthquakes are likely to occur, the relevant severity level in accordance with
IEC 61166 shall be specified by the user.

4.4 System earthing
The considered system earthings are:

a) isolated neutral system (see 3.1.33);
b) resgnant earthed system (see 3.1.34);
c) earthed neutral system (see 3.1.38);
1) | solidly earthed neutral system (see 3.1.36);
2) | impedance earthed neutral system (see 3.1.37).

5 Ratings

5.1 Gehperal ratings
5.1.1 $tandard values for rated primary current (Ipr)

The standard values of rated primary currgfits are:

10-12,5-15~-20-25-30-40-50-60-75 A,

and their decimal multiples or fraétions. The preferred values are underlined.

5.1.2 $tandard values(for rated extended primary current factor (Kpcr)

The standard values for K, are:

12-15-2-5-10-20-50-100

The preferred value is underlined.

5.1.3 Rated continuous thermal current (/)

The rated continuous thermal current shall not be lower than the rated primary current or the
rated extended primary current if specified.
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5.1.4 Short-time current ratings

5.1.4.1
5.1.4.1.

The sta

and the

5.1.4.1.

The sta

5.1.4.1.

The val
thermal

value (see 3.1.42).

5.1.4.2
5.1.4.2.

The sta

and their decimal multiples. The preferred values are underlined.

5.1.4.2.

The pregferred values are _derived from the product of Ior and K

5.1.4.2.

The sta

Standard values for symmetrical short-circuit current
1 Standard accuracy limit factors (K,)

ndard accuracy limit factors are:
3-5-75-10-125-15-17,5-20-25-30-40-63 - 80,

ir decimal multiples.

2 Rated short-time thermal current (7,)

ndard r.m.s. values, expressed in kiloamperes, are in accordance with IEC.6004
6,3-8-10-12,5-16-20-25-31,5-40-50-63 -80 &~.100

8 Rated dynamic current (Idyn)

e of the rated dynamic current (/y,,,) shall normally be 2;5-times the rated sh
current (Iy,), and it shall be indicated on the rating platerwhen it is different f

Standard values for transient performanceé
| Standard values for rated symmetrical'short-circuit current factor (K.,

ndard values of K ¢ are:

3-56-75-10-125-15-17,5-20-25-30-40-63 - 80,

2 Rated primary short-circuit current (/,5.)

SSC

B8 Standard values for rated primary time constant (Tpr)

4-6:

ort-time
fom this

selected from th¢ values
given in| the above subclauses. The rated primary short-circuit current shall be lower
equal to, /;, (IEC 60044-6).

than, or

ndard values of the rated primary time constant expressed in milliseconds are:

40 - 60 —-80—-100 - 120 (IEC 60044-6)

NOTE For some applications, higher values of rated primary time constant may be required. An example is large
turbo-generator circuits.

5.1.5 Standard frequency range

The ECT fulfils its accuracy class requirements inside the standard frequency range. The
standard frequency range shall be from 99 % to 101 % of the rated frequency (f;) for accuracy
classes for measurement, and from 96 % to 102 % of the rated frequency for the accuracy

classes

for protection (IEC 60044-7).

The accuracy outside the standard frequency range, if specified, is defined in annex D.
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5.1.6 Limits of temperature rise

The temperature rise of a ECT with a primary current equal to the rated continuous thermal
current flowing through its terminals and with rated burden (for analogue voltage output), shall
not exceed the appropriate value given in table 2. These values are based on the service
conditions given in clause 4.

If ambient temperature in excess of the values given in 4.2 are specified, the permissible
temperature rise in table 2 shall be reduced by an amount equal to the excess ambient
temperature.

If a electronic current transformer is specified for service at an altitude in excess of 1 000 m,
and tested at an altitude below 1 000 m, the limits of temperature rise given in table 2 shall be
reducej by the amounts given in 4.3.3.

The temperature rise of the ECT is limited by the lowest class of insulation aecording to the
technolggy used. The maximum temperature rises of the insulation classesharé as given in
table 2.

Table 2 — Limits of temperature rise of the transformer

Class of insulation Maximum temperature rise
(in accordance with IEC 60085) K
Allfclasses immersed in oil 60
Alllclasses immersed in oil and hermetically sealed 65
Alllclasses immersed in bituminous compound 50

Classes not immersed in oil or bituminous compound

Y 45
A 60
E 75
B 85
F 110
H 135

NQTE With some products ((for example, resin) the manufacturer should specify the relepfant
inqulation class.

A representative meastrement of the temperature rise of the expected hottest part of the ECT
should be made. This. measurement depends on the technology used (i.e. resistive measure-
ment of|the windings; thermal measurement of the primary conductor).

5.1.7 Rated auxiliary power supply voltage (U,,)

The rated auxiliary power supply voltage means the voltage measured at the power ports of the
apparatus itself during its operation, including, if necessary, the auxiliary resistors or
accessories supplied or required by the manufacturer to be installed in series with it, but not
including the conductors for the connection to the electricity supply.

The rated auxiliary power supply voltage should be selected from the standard values given in
tables 3 and 4.
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Table 3 — DC voltage

\

24
48
60

110 or 125

220 or 250

NOTE The preferred values are underlined.

Table 4 — AC voltage

Three-phase, three-wire or | Single-phase three-wire Single-phase two-wire
four-wire systems systems systems
\Y \Y \Y
- 120/240 120
(220/380) - (220)
230/400 - 230
(240/415) - (240)
277/480 - 277

NOTE 1 The lower values in the first column are veltages to neutral and the higher
values are voltages between phases. The lowervalue in the second column is the
voltage to neutral and the higher value is the voltage between lines.

NOTE 2 The value 230/400 V will be, in thefuture, the only IEC standard voltage and
its adoption is recommended in new systems. The voltage variations of existing
systems at 220/380 V and 240/415 V shoeuld be brought within the range 230/400 V %
10 %. The reduction of this range will be considered in a later stage of standardization.

5.1.8 Rated auxiliary power supply frequency

The stapdard values of rated.supply frequency are d.c., 50 Hz and 60 Hz.

5.1.9 $tandard reference range of auxiliary power supply voltage

The stapdard reféerence range of auxiliary power supply is defined by slow voltage variations
given in|table 8,

5.1.10 PBtandard reference range of temperature

Unless otherwise specified, the standard reference range of temperature shall be from the
lower limit to the upper limit of ambient air temperature given in clause 4.

5.1.11 Standard reference range for wake-up time

The standard maximum values for wake-up time at rated primary current are:
none—1ms—-2ms—-5ms

During wake-up time the output shall be zero for analogue output and invalid for digital output.
Care shall be taken so that protection relay takes no tripping decision during this delay.
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5.2 Standard values for rated phase offset

The standard values for rated phase offset are:
0° and 90° (for example, for stand-alone air-core coils).

5.3 Rating for digital output
5.3.1 Rated value for a digital output

Standard r.m.s. values of rated secondary output are given in table 5.

Table 5 — Rated values for digital output

Measuring ECT Protective ECT EVT
(scaling factor SCM) (scaling factor SCP) (sealing factpr SV)
Rated alue 2D41 H 01CF H 2D41 H
(range-flag = 0) (Decimal: 11 585) (Decimal: 463) (Decimal: 11 585)
Rated v‘alue 2D41 H 00E7 H 2D41 H
I:’;nsgcea_ T:g":"f)e (Decimal: 11 585) (Decimal: 234) (Decimal: 11 585)

NOTE 1 |The values given are hexadecimal numbers representing the rated“primary current on the digitall side (both
are r.m.s|values).

NOTE 2 |Protective ECT can measure currents up to 50 times the rated primary current (0 % offset) or 2% times the
rated primary current (100 % offset) without any overflow. Measliring ECT and EVT can measure up t¢ twice the
rated primjary range without any overflow.

NOTE 3 [If the output of the transformer is the derivative efdhe primary current, the dynamic range is different from
the dynanpic range of a current output. The full scale of ctirrent transformers is related to the d.c. compongnt induced
by certaip transient conditions. After derivation, the\ amplitude of this low-frequency component i§ reduced.
Consequdntly, a protective ECT delivering the derjvative of the current can be able to measure, for example with
range-flag = 0, either 50 times the rated primary-current with no d.c. component (0 % offset) or 25 time$ the rated
primary ctirrent with full d.c. component (100 %(offset).

NOTE 4 |[For protective ECT, the maximumprimary current measurable without overflow is doubled when|the range-
flag is sef.

5.3.2 $tandard values for'the rated delay time (74,)
Standard values for rated delay time are:
2*Ts, 3% Ty (Tgbeing the inverse of the digital data rate).

NOTE 1 |If the data frame contains only metering data, higher delay times, but limited to a maximum of 3|3 ms, are
allowed tq achieve optimum anti-aliasing filtering.

NOTE 2 If the merging unit is intended to be used with synchronization pulses, the rated delay time is 3 ms
(+10 % — 100 %) for all data rates, since it is not relevant for phase error.

5.3.3 Rated values for the digital data rate (1/Ty)

Rated values for digital data rate are
80%*f, — 48%f, — 20*f, with f. =50 Hz or 60 Hz,

and 48%, with f =16 2/3 Hz.

NOTE 1 For 20*f, and for 48* f, not all accuracy requirements on harmonics are fulfilled for all accuracy classes
(see annex D).

NOTE 2 In case of a system fed with higher data rate than needed, under-sampling techniques described in
IEC 60255-24 (common format for transient data exchange for power systems) should be implemented within the
secondary equipment.
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5.4 Rating for analogue voltage output

5.4.1 Standard values for the rated delay time (74,)

The standard values for rated delay time are:

none, 50 ps, 100 us, 200 us, 500 us

5.4.2 Standard values of rated secondary voltage (Uy,)

The standard r.m.s. values of rated secondary voltage, U, at rated primary current are:

For app
voltage
values @

o 22,5
tran

« 150
(e.g

NOTE T

For app
for prote

NOTE 7
measuren
choice of

5.4.3

The sta

The totg

NOTE A
protective

22,5 mV —150 mV - 200 mV —-225 mV -4V

ication without secondary converter (transmitting system directly connected to
re:

mV and 225 mV for ECTs delivering an output voltage proportional to the curr
sformer with iron core and integrated burden),

mV for ECTs delivering an output voltage proportional to/the derivative of the
air core coils).

he rated secondary voltages 40 mV, 100 mV and 1 V may be"used for existing design.

ctive application is 200 mV and is 4 V for measurement application.

[he rated secondary voltages 200 mV is also recommended by ANSI for analogue protection 0
ent output, 2 V is recommended by ANSI due to a measurement range of four times 7. Wit
the specified value of I, these standard vajues are compatible.

Rated burden (R,,,)

hdard values of rated burden in ohms are:
2kQ-20kQ -2 MQ

| burden hasstobe equal to, or higher than, the rated burden.

tention sheuld be paid to the parallel capacitance of electrical measuring instruments or
devices:

the low-

equipment — see figure 1) used in general in medium-voltage range, the standgrd rated

ent (e.g.

current

ications using electronic secondary convertei\(see figure 1), the standard rated value

utput. For
a clever

electrical
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6 Design requirements

6.1 General design requirements

6.1.1

6.1.1.1

6.1.1.2

6.1.1.2.1

Insulation requirements

6.1.1.2.2__ Partial discharges (IEC 60044-1 51 2 2)

6.1.1.2.38
6.1.1.2.4
6.1.1.2.p

6.1.1.3

60044-8 O IEC:2002(E)

Rated insulation levels for primary terminals (IEC 60044-1, 5.1.1)

Power-frequency withstand voltage (IEC 60044-1, 5.1.2.1)

Other requirements for primary terminals insulation (IEC 60044-1, 5.1.2)

Chopped lightning impulse (IEC 60044-1, 5.1.2.3)

Multiple chopped impulses (IEC 60044-1, 5.1.2.5)

Low-voltage components voltage withstand capability

Capacitance and dielectric dissipation factor (IEC 60044-1, 5.102.4)

The low-voltage components like the merging unit and the secéondary converters g

include

be capaple of meeting the following requirements.

Table 6 — Low-voltage withstand capability

several separated circuits with galvanic insulation between them. This insulati

enerally
on shall

Power-frequency Impulge voltage
Ports {o be tested Designs and reference standards voltage withstand withstand
capability cagability
Power supply inputs In accordance with 6.2.10.6f IEC 60694 2,0 kV a.c., 1 min for 5 kV, 1/2/50 ps
a.c. power supply input
or
2,8 kV d.c., 1 min for
d.c. power supply input
Inputs and outputs Design 1:Double-shielded twisted paired 1,5 kV a.c., 1 min 5kV, 1]2/50 ps
connected to a cable when-one or both of the shields and or
galvanic Jink between | the signal wires are connected to the 2,1kVd.c., 1 min
the switchgear area secondary devices with a plug assembled to
and conttol cubicle the ¢able and only one shield is connected to
(see figurp 15) the transformer
Other designs: 2,0kV a.c., 1 min 5kV, 1]2/50 ps

(in accordance with 6.2.10 of IEC 60694
clause 8 of IEC 60255-5)

or
2,8 kV d.c., 1 min

Other inguts

(in accordance with clause 6 of IEC 60255-

500 V a.c., 1 min

oF

and outptts
(see figure 15)

Sand lEC 681850 .23)
o= t vi

700 V d.c., 1 min

NOTE The d.c. test is recommended only for electronic devices.

6.1.1.4

6.1.1.4.1

General

Requirements for the external insulation

If the ECT is equipped with a porcelain insulator, the insulator should be according to
IEC 60815. If the ECT is equipped with a composite hollow type insulator, the insulator should
comply with IEC 61462.
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6.1.1.4.2

Pollution

For outdoor electronic current transformers with ceramic high-voltage insulator, susceptible to

contamination, the creepage distances for given pollution levels are given in table 7.

Table 7 — Creepage distances for given pollution levels

Minimum nominal specific c di /
Pollution level creepage distance reepage ¢ istance
arcing distance
mm/kV a b
| Light 16
<35
Il Medium 20
Il Heavy 25
<4,0
IV Very heavy 31

a Ratio of the leakage distance between phase and earth over the(nm.s. phase-
to-phase value of the highest voltage for the equipment (see IEC 60071-1).

b For other information and manufacturing tolerances on the’ creepage distance,
see |[EC 60815.

NOTE 1 It is recognized that the performance of surface in§ulation is greatly affected
by insulator shape.

NOTE 2 In very lightly polluted areas, specific n@minal creepage distances lower
than 16 mm/kV can be used depending on service experience, 12 mm/kV being
the lower limit.

NOTE 3 In case of exceptional pollution (severity, a specific nominal creepage
distance of 31 mm/kV may not be adequate,“Depending on service experience and/or
laboratory test results, a higher value of specific creepage distance can be used, but in
some cases the practicability of washing~may have to be considered.

6.1.2 General requirements fortémperature rise

The electronic current transformer shall be designed and constructed to withstand,
exceedipng the specified limit for temperature rise and without damage, the therma

caused py the following-conditions:

— maxjmum specified ambient temperature;

— rated frequency;

— rated continuous thermal current;

without
effects

— the ¢ombination of auxiliary power supply voltage and secondary burden which cadises the

maximum Internal power dissipation of the secondary converter.

6.1.3 Radio interference voltage requirements

The purpose of the radio interference voltage requirement is to verify the emission of corona
discharges created by the electronic transformer. The main cause of corona discharges are HV
parts and partial discharges at the surface of the insulator housing. This test is relevant for
electronic transformers having U, 2 123 kV.

The requirement and test procedure are described in IEC 60044-1.
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6.1.4 Transmitted overvoltage requirements

The purpose of the transmitted overvoltage requirement is to verify the transmission of over-
voltages transmitted from the primary of the electronic transformer to the secondary output, the
merging unit or to the power supply.

The main cause of overvoltages is the switching of HV equipment. This requirement is not
applicable if a transmitting system providing galvanic insulation is used (see figure 1).

The requirement and test procedure are described in IEC 60044-1.

6.1.5 Fleetromagnhetic-compatibilityrequirements
6.1.5.1 General

EMC is|the ability of an equipment or system to function satisfactorily in its{electromagnetic
environment without introducing intolerable electromagnetic disturbances te anythingd in that
environment (IEV 161-01-07). In order to assess the behaviour of an electronic transfprmer in
this spegific electromagnetic environment, it is necessary to set appropriate limits for gmission
and immunity. The purpose of each of the relevant tests is described in the fpllowing
subclauges.

6.1.5.2 Emission requirements

Besides| the emission requirements considered to be covefed with a radio interference] voltage
test (RIY test) and transmitted overvoltage test, for electronic transformers also emissipn limits
considefed in CISPR 11 are relevant and shall be tésted accordingly.

6.1.5.3 | Immunity requirements.

Table 8|gives a list of type tests which can be considered relevant for electronic trangformers
with the|associated severity class and.assessment criteria. Other tests which can be of|interest
for this @pplication are still under consideration.

6.1.5.3.1 Harmonic and interharmonic disturbance

The pufpose is to verify~the immunity of the electronic transformer against harmgnic and
interharmonic components’ of the low-voltage power supply of the electronic transformer. This
test is oply applicabléfor electronic transformers using a.c. power supply.

6.1.5.3.2 Slow._voltage variation

The pufpese-is to verify the immunity of the electronic transformer against slow|voltage

variations of the low-voltage power supply of the electronic transformer. The requirgment is
relevant for a.c. or d.c. power supply.

6.1.5.3.3 Voltage dips and short interruption

The purpose of this test is to verify the immunity of the electronic transformer against voltage
dips or voltage interruption of the low-voltage power supply of the electronic transformer. The
requirement is relevant for a.c. or d.c. power supply.

6.1.5.3.4 Surge immunity

The purpose of this test is to verify the immunity of the electronic transformer against
unidirectional transient caused by overvoltages from switching in the power network and
lightning strokes (direct or indirect). This test is very important for HV and MV installations
because of the high probability of lightning exposure.
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Table 8 — Immunity requirements and tests

Test Reference standard Severity class Asse_ssn_1ent
criteria
Harmonic and interharmonic test IEC 61000-4-13 2 A
Slow voltage variation test IEC 61000-4-11 From +10 % to —20 % A
Slow voltage variation test IEC 61000-4-29 From +20 % to -20 % A
Voltage dips and IEC 61000-4-11 30 % dip x 0,1s © A
short interruption test
interruption x 0,02s ¢
Voltage dips and IEC 61000-4-29 50 % dip x 0,1s ¢ A
short interruption test
interruption x 0,05s ¢
Surge immunity test IEC 61000-4-5 4 B
Electricallfast transient/burst test IEC 61000-4-4 4 B
Oscillatory waves immunity test IEC 61000-4-12 3 B
Electrostgtic discharge test IEC 61000-4-2 2 B
Power freguency magnetic field IEC 61000-4-8 5 A
immunity fest
Pulse magnetic field immunity test IEC 61000-4-9 5 B
Damped ¢scillatory magnetic field IEC 61000-4-10 5 B
immunity fest
Radiated,|radiofrequency, electro- IEC 61000-4-3 3 A
magnetic [field immunity test

a Only dpplicable to electronic transformer with a.c. power port:
b Only gpplicable to electronic transformer with d.c. poweér\port.
C Value$ are adapted to common protective devices.

A: Normal performance within the accuracy.§pecification limits (steady-state conditions at ratgd primary
current qr lower).

B: Tempgorary degradation of performances of measurements, which are not relevant for protectign or self-
diagnosi$ which are self-recovered is allowed. A reset or restart is not allowed. No output overvoltage gfeater than
500 V is|allowed. No degradation of performance causing false trips of protective devices is allowed foi electronic
protective transformers.

6.1.5.3.p Electrical fast'transient/burst
The purpose of this test is to verify the immunity of the electronic transformer against hursts of
very short transients generated by the switching of small inductive loads, relay|contact
bouncing (conducted interference) or switching of HV switchgear — particularly SF6 or|vacuum
switchgear (radiated interferences).

6.1.5.3.6 Oscillatory wave immunity

The purpose of this test is to verify the immunity of the electronic transformer against repetitive
damped oscillatory waves occurring in low-voltage circuits in HV and MV stations due to
switching phenomena (isolators in HV/MV open-air stations, particularly HV busbar switching)
or faults in HV or MV networks.

6.1.5.3.7 Electrostatic discharge

The purpose of this test is to verify the immunity of the electronic transformer against
electrostatic discharges (ESD) generated by an operator touching (directly or with a tool) the
equipment or its vicinity. In general, this is not of great concern because electronic parts of
electronic transformers are located outdoors or indoors, generally standing on a bare concrete
floor, without any synthetic carpet or furniture nearby. Moreover, the electronic parts are
generally mounted inside a metallic cabinet well bonded to a well-controlled earthing network,
for safety reasons. This makes the probability of ESD very low.
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6.1.5.3.8 Power-frequency magnetic field immunity

2002(E)

The purpose of this test is to verify the immunity of the electronic transformer when subjected
to power-frequency magnetic fields related to the proximity of power conductors, transformers,

etc. in normal or faulted conditions; this test is important because of the expected vi
electronic parts of the electronic transformer to main circuits.

6.1.5.3.9 Pulse magnetic field immunity

cinity of

The purpose of this test is to verify the immunity of the electronic transformer when subjected

to impulse magnetic field generated by lightning strokes on buildings, metal structu
earth networks; this test is relevant to HV and MV installations because of the in
lightning-expasition

res and
creased

6.1.5.3.10 Damped oscillatory magnetic field immunity
The purpose of this test is to verify the immunity of the electronic transformerwhen s

to dampged oscillatory magnetic field generated the switching of HV busbars*by isolatq
test is mainly applicable to electrical equipment installed in HV substations

6.1.5.3.11 Radiated, radiofrequency, electromagnetic field immunity

The pufpose of this test is to verify the immunity of thelelectronic transformer
electrompagnetic fields generated by radio transmitters or, any other device emittin
radiated electromagnetic energy. The most important €oncern in HV and MV inst

comes from the possibility of the use of walkie-talkie and portable phones, as the prob
vicinity ¢f broadcasting stations or amateur radios is,-in~general, very low.

6.1.6 $ignal-to-noise ratio

The mipimum signal-to-noise ratio of the,"ECT output shall be 30 dB (relative f{
secondgry output) over the bandwidth specified by the manufacturer.

6.1.7 Wake-up current

If relevgnt, the wake-up current'shall be specified by the manufacturer.

6.1.8 Mechanical requirements

These fequirements-\generally only apply to free-standing electronic current trans
having ¥, = 72,5-.kV"and above.

In table|9, guidance is given on the static loads that electronic current transformers

ibjected
rs. This

against
) wave-
bllations
hbility of

o rated

formers

shall be

capable|of‘withstanding. The figures include loads due to wind and ice.

The specified test loads are intended to be applied in any direction to the primary terminals.
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Table 9 — Static withstand test loads

wit

specified withstand test load.

Highest voltage for equipment Static withstand test load Fg
Un N
kV Load class | Load class Il
72,5to 100 1250 2 500
123 to 170 2 000 3 000
245 to 362 2 500 4 000
2420 4 000 6 000
NOTE 1 The sum of the loads acting in routine operating conditions should not exceed 50 % of the

NQTE 2 In some applications, electronic current transformers with through current terminals-shg

hstand rarely occurring extreme dynamic loads (for example, short circuits) not exceedingct,4)tin

thg static withstand test load.

uld
es

NJTE 3 For some applications, it may be necessary to establish the resistance to rofation of the
primary terminals. The moment to be applied during test shall be agreed between, manufacturer and
pufchaser.

6.1.9 Reliability and dependability

The mapufacturer should provide information according to relévant standards, like IEC 60812

and IEQ 61025, on the dependability and reliability of the/ECT. This includes assesgment of

mean time to failure (MTTF), mean time between failures (MTBF) and also a failure m

effect a

nalysis (FMEA) related to main parts subjected t@ maintenance. A block diagrar

provided describing relationship between sub-parts:~and how the redundancy, if

pbde and
n will be
any, is

managed. Parts subjected to maintenance and relevant maintenance procedures ust be
identified.
NOTE A]solution to improve the reliability and dependability could be the implementation of proper redun

The mapufacturer shall endeavour to provide all the control necessary to avoid any
operatign as a result of loss of supply“er’insufficient supply, loss of an internal compone

a result

The reli

of a component malfunction:;

bility and dependability aspects of electronic current transformers are compsz

those of the electrical companents in the substation. Hence, the reliability and depend
electronfic current transformer shall be treated similarly.

At least
some o

the electronic current transformer shall be able to maintain its accuracy cla
f those ©omponents are replaced, which need not to be calibrated after ins{

A replagement-of components is allowed only with components specified by the manu

of the e

ectronic current transformer.

Hancy.

Epurious
nt or as

rable to
hbility of

5s when
allation.
facturer

Components (i.e. sub-parts), which can be replaced on site without requiring calibration, shall
be specially identified by an appropriate mark. This capability shall be demonstrated by test.

No other component can be replaced without recalibration of the complete electronic current

transfor

6.1.10

mer.

Requirements for liquids in equipment

The manufacturer shall specify the type and the required quantity and quality of the liquid to be
used in equipment and provide the user with necessary instructions for renewing the liquid and
maintaining its required quantity and quality.
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Liquid level

A device for checking the liquid level when appropriate, preferably during service, with
indication of minimum and maximum limits admissible for correct operation, shall be provided.

6.1.10.2 Liquid quality

Liquids for use in equipment shall comply with the instructions of the manufacturer.

For oil-f

6.1.11

illed equipment, new insulating oil shall comply with IEC 60296.

Requirements for gases in equipment

The maLufacturer shall specify the type and the required quantity, quality and density of the

gas to b
gas and

For su
IEC 603

In order
filled wi
higher

measur
point, rg

Parts of
laid dow

e used in equipment and provide the user with necessary instructions for\renewing the
maintaining its required quantity and quality, except for sealed pressurg systenjs.

phur hexafluoride-filled equipment, new sulphur hexafluoride!shall comply with
76.

to prevent condensation, the maximum allowable moisture content within equipment
h gas at rated filling density for insulation p,, shall bé such that the dew point is not
han -5 °C for a measurement at 20 °C. Adequate’ correction shall be made for
ement made at other temperatures. For the measurément and determination of [the dew
fer to IEC 60376B and IEC 60480.

high-voltage equipment housing compressed gas shall comply with the requirements
n in the relevant IEC standards.

The tightness characteristic of a closed:pressure ECT stated by the manufacturer ghall be

consistg

The tigh

not excged 0,5 % per year.

NOTE T
temperaty

Means
service.

NOTE A

nt with a minimum maintenance and inspection philosophy.

tness of closed pressure.ECT for gas, specified by the relative leakage rate F},,, shall

Fel

hese values can be used\ to calculate times between replenishments, 7, outside extreme corditions of
re or frequency of op€érations.

hall be provided to enable gas ECTs to be safely replenished whilst the ECT is in

tention._is. dfawn to the need to comply with local regulation relevant to pressure vessels.

6.1.12

Farthing of equipment

In the case of an electronic current transformer having highest voltage for equipment U, =
1,2 kV, the frame of each equipment device shall be provided with a reliable earthing terminal
having a clamping screw or bolt for connection to an earthing conductor suitable for specified
fault conditions.

The dia

meter of clamping screws or bolt shall be at least 8 mm and 12 mm for devices

installed in a switchgear area with U, = 36 kV.

Parts of metallic enclosures connected to the earthing system may be considered as an

earthing

conductor.
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6.1.13 Degrees of protection by enclosures

Degrees of protection according to IEC 60529 shall be specified for all enclosures

of high-

voltage equipment containing parts of the main circuit allowing penetration from outside as well
as for enclosures for appropriate low-voltage control and/or auxiliary circuits and mechanical

operating equipment of all high-voltage equipment devices.

The degrees of protection apply to the service condition of the equipment.

NOTE The degrees of protection may be different for other conditions such as maintenance, testing, etc.

6.1.13.1 Protection of persons against access to hazardous parts and protection

—of theequipmentagainstingressof sotid foreignobjects

The degree of protection of persons provided by an enclosure against access (to-ha
parts of| the main circuit, control and/or auxiliary circuits and to any hazardous|movi
(other than smooth rotating shafts and slowly moving linkages) shall be indicated by n
a designation specified in IEC 60529.

The first characteristic numeral indicates the degree of protection provided by the e
with respect to persons, as well as of protection of the equipment inside the enclosure]
ingress of solid foreign bodies.

If the priotection against access to hazardous parts only is‘requested or if it is higher t
indicatef by the first characteristic numeral, an additional\etter may be used as in IEC

IEC 60529 gives details of objects which will be “excluded” from the enclosure for ead

zardous
Ng parts
eans of

hclosure
against

han that
50529.

h of the

degreeq of protection. The term “excluded” implies that solid foreign objects will not enpter fully

the enclosure and that a part of the body or an*gbject held by a person, either will not ¢
enclosufe or, if it enters, that adequate clearance will be maintained and no hazardous
be touched.

6.1.13.2 Protection against ingress of water

No dedrees of protection against harmful ingress of water according to the
characteristic numeral of the IP-code is specified (second characteristic numeral X).

Equipment for outdoor(installation provided with additional protection features against
other weather conditions shall be specified by means of the supplementary letter W
after thg second characteristic numeral, or after the additional letter, if any.

6.1.13.3 Protection of equipment against mechanical impact under normal servig
conditions

nter the
part will

second

rain and
placed

Enclosures of enclosed equipment shall be of sufficient mechanical strength (possible

corresponding tests are specified in 8.11.2).
For indoor installation, the proposed impact level is 2 J.

For outdoor installation without additional mechanical protection, higher impact levels
specified, subject to an agreement between manufacturer and user.

6.1.14 Flammability

may be

Where possible, the materials shall be selected to comply with classification given in
IEC 60707, and the parts designed such that they retard the propagation of any flame resulting

from accidental overheating in the equipment.
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6.1.15 Vibration
The output of protective electronic current transformer shall operate correctly when subject to

vibration levels appropriate to its application. Different parts of the ECT may be subjected
to different vibration levels.

The output of measuring electronic current transformer is only subjected to the vibration
endurance test.

6.1.16 Requirements for transmitting system and output link

6.1.16.1 General

If used [for transmitting system and/or output link, the optical fibre cables shall conlply with
IEC 607]94. The fibre cables shall be metal-free, water-resistant. Those cables s$hall be
mounted separately from wire cables in special ducts.

The transmitting system and output link cables should be protected against)xodent attagk.

6.1.16.2 Optical connectors

No optidal fibre connectors are allowed outdoors without appropriaté protective enclosufe.

6.1.16.3 Fibre optic terminal box

Where & fibre optic terminal box is used it shall be directly accessible for inspection af ground
level.

6.1.16.4 Total cable length

The ECT shall be capable of operating with"maximum length of transmitting system cable and
output link as specified by the manufacturer.

NOTE The manufacturer has to take into@account that the total cable length could reach 1 km for very high-voltage
air-insulafed substations.

6.1.17 Maintenance
Some HCT designs require maintenance work. In order to evaluate the complexity Jof such

maintenjance and invorder to be able to perform this maintenance efficiently, the mandyfacturer
shall prgvide a maintenance manual according to 15.6.2.

6.1.18 Faijlure detection and maintenance announcement

ECT failure; whereautommaticatty detected; stattresuttimzeroanmatogue output or—=activation of
digital output data invalid flag. At least, the failure of the transmitting system shall be
automatically detected or the transmitting system shall allow a monitoring by the relay. In the
special case of cessation of output due to interruption of power supply the output shall be zero
for voltage output and inactive for digital output. Following restoration of the ECT power supply,
the operation of the ECT shall be automatically self-restored. ECT maintenance requirement,
where detected, shall be announced. For digital output this shall result in the activation of the
required maintenance flag (see 6.2.4.1.11)

6.1.19 Operability

In order to facilitate the operation and maintenance of the ECT, the position of user accessible
parts shall be agreed between the user and the manufacturer. These parts may include
switches, socket outlets, fuses, input and outputs, etc.
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6.2 Design requirements for digital output
6.2.1 General

Regarding the physical and the link layer of the digital interface, two technical solutions are
allowed. One uses Ethernet and is described in IEC 61850-9-1, the other is described here.
The application layer is the same in both cases. With the realization described here either
synchronize pulses or interpolation schemes can be used to get time-coherent primary current
and voltage samples from several merging units. With the Ethernet link according to
IEC 61850-9-1 synchronize pulses are usually used.

6.2.2 Physical layer

The connection of the merging unit to the secondary equipment may either be realized as a
fibre optic transmission system or as a copper-wire-based transmission system,| In the
following subclauses, descriptions are given for both alternatives.

The stapdard transmission speed is 2,5 Mbit/s for the universal frame.-Manchester coding is
used. M[SB are transmitted first.

Manchefter coding: transition from low level to high level is binary 4, transition from high level
to low Igvel is binary 0, as explained in the following drawing

1 0
Binary data to be 0 : N
tfansmitted l_ I_
Inplit of the receiver IEG 1735/02
High level
t
Low level
200 ns 200 n$
400 ns 400 ns
IEq 1736/02

Figure 4 — Manchester coding

NOTE 1 General information on digital output is given in annex B.
NOTE 2 High levels and low levels are defined in 6.2.2.1 and 6.2.2.5.

6.2.2.1 Fibre optic transmission
If a fibre optic transmission system is used, the compatible interface is a fibre optic connector
at the MU. The type of connector is specified in table 10. This table offers some guidelines

which should help to build a safe fibre optic transmission link. Other mechanical specifications,
for example, mounting position and cable layout, are manufacturer specific.

High level is defined as “light on” and low level is defined as “light off”.
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Table 10 — The compatible fibre optic transmission system

Characteristics Plastic fibre Glass fibre
Connector BFOC/2,5 ¢ BFOC/2,5 a
Cable type Step index 980/1 000 um Graded index 62,5/125 pm P
Typical distance Upto5m Up to 1 000 m
Optical wavelength 660 nm 820 nm — 860 nm
Maximum transmission power d e -10 dBm —-15 dBm
Minimum transmission power d e -15 dBm —20 dBm
Maximunm lcbc;v;llg powWeT @ =+5dBm =4+5dBm
Minimun receiving power d —-25 dBm —-30 dBm
System rfeserve f Min. +3 dB Min. +3 dB

a  An USH connector can be used in harsh environments.

b 50/125 um optical fibores may be used. If this type of fibre is used, the transmitting power that can bd input is
reddyced and therefore the distance, the receiving power, and the system feserve shall be {pecified
sepgrately.

¢ HP plastic connector can be used for plastic fibre applications.

d  Powgr values are average values with 50 % duty cycle.

e MeaEurement of transmitted optical power shall be made at the odtput of an optical fibre of 10 m ih length
(for gilica 62,5/125 pm) or 1 m in length (for plastic fibres). 0 dBmisrdefined as 1 mw of optical powefr r.m.s.

f  Whdgn designing the transmission link, care should be taken that instantaneous (peak) values of th¢ optical
powpr on the receiver does not exceed its maximum ratings:f maximum ratings are exceeded, the [receiver
might not be able to detect the bit stream correctly (be¢ause it has been blinded), thus signalling|a lot of
errofs on the transmission line (see also 6.2.2.2.2).

6.2.2.2 | Optical driver characteristics

6.2.2.2.1 Rise and fall time

The risg and fall times, determined-between the 10 % and 90 % amplitude points, shall be less
than 20|ns.

6.2.2.2.2 Characteristics of the optical pulse

Overshgot shall be less than 30 % of the nominal output of the optical pulse, and the ripple
limited o 10 % ofd¢he nominal output of the optical pulse during the second half of the pulse.

Overshd

ot andvripple are defined in the following drawing:
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Poptical N/‘ Forbidden operating area

Ppeak

............ Pripplemax v 0,3 x P100%

. P
P100% 17

............................ Pripplemin

0,1 x P100%

100 ns

Pl
<4

Real optical

200ns pulse

Theoretical optical

pulse
IEC 173]/02

Figure 5 — Characteristics of the optical pulse
The ovdrshoot is defined by overshoot (Ppeax — P1og %) / Pigo %) * 100 %

The ripgle is defined by (MAX|P (100 ns < ¢ < 200 ng)="Pqgg o |) / P1goy * 100 %

NOTE These measurements are made in order to check that the receiver is not affected by too high opt|cal levels
and that the output from the transmitter is stable enough*or good detection of the optical levels.

6.2.2.2.3 Test circuit for the optical pulse

Test point: the voltage
Veo measured between Vmes
(for example 5 V) and the ground gives an
Optical pulse image of the optical pulse.

coming from the
transmitter \/\_»
Vmes

® » To fast
oscilloscope

Rl =1000 Q _ 1 Cl<3pF (including
— ] stray capacitance)

Fastphotodiode

IEC 1738/02

Figure 6 — Test circuit for the optical pulse

NOTE 1 This test circuit does not describe the decoupling networks which are necessary for the VCC supply.
NOTE 2 The oscilloscope and its associated probe should have a bandwidth of at least 500 MHz.

NOTE 3 The photodiode used for the test circuit should have a very small rise and fall time, typically <1,5 ns.
A good example is the BPX65.

NOTE 4 The optical pulse should be taken at the output of an optical fibre of 10 m length (for silica 62,5/125 pm)
or 1 m length (for plastic fibres).
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Optical receiver characteristics

6.2.2.3.1 Rise and fall time of the receiver

2002(E)

The rise and fall times of the signal, determined between the 10 % and 90 % amplitude points,

shall be

less than 20 ns.

6.2.2.3.2 Pulse width distortion

Pulse width distortion shall be less than 25 ns.

6.2.2.4

Timing accuracy for optical transmission

6.2.2.4.

Data trs
voltage

6.2.2.5

As an

mission
electricd
standar

In this

system may be used between the MU and electrical¢measuring instrume
| protective devices. This transmission system shalk comply with the EIA
.

bpplication, it is used only as an unidirectionak link, from the ECT to the s¢

equipment. Due to the characteristic of the EIA RS*485 standard, a maximum nu

32 units

NOTE 1
NOTE 2

The typ
the chd
intercon

of load can be connected to one physical line.

Table 11 — The compatible copper-wire transmission system
for simplex‘point-to-point link

Characteristics
Connector Sub D, 9 pin
Cable type Shielded twisted pair
Typical distance Up to 250 m

As an alternative, ‘Rd-45 connectors type with relevant EMC protection may be used.

The case of/multipoint connections is more complex: some indications are given in 6.2.2.6.4.3.

b of the.eable used is not defined in the EIA RS-485 standard. However, guid
ice (of* the cable is given in A.2.2 of the EIA RS-485 standard. Anyw

I Clock jitter
nsitions shall occur within 10 ns of the nominal clock period measured at fhe half-
points.
Copper wire interface
hlternative to fibre optic transmission described above, @ jcopper-wire-base

i trans-
nts and
RS-485

condary
mber of

pnce on
ay, the

nécting cable shall be shielded and have a characteristic impedance in the 1

ange of

90 Q to

400N N o4 Ll £ oo naLy
U 32 dU UIC TTTYUCTIVY UT I IVITTZ.

All other mechanical specifications are manufacturer specific.

The output of the line driver is a three-point cable (see also 11.1.2). Low level is defined when
the voltage at point A (Va) is greater than the voltage at point B(Vb) and Va'-Vb' (at the input of
the receiver) >200 mV peak. High level is defined when the voltage at point A (Va) is lower
than the voltage at point B (Vb) and Va'-Vb' (at the input of the receiver) <-200 mV peak.
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E > Transmission Cable
(twisted pair)

Connections points to

Laald oad £
STHCTO A ToTIeTehce

NOTE 1

optic baged systems. The inclusion of a copper-wire-based system should not degrade the perfor

electronid

NOTE 2
agree on

NOTE 3
of severa

NOTE 4

6.2.2.6

NOTE M
standard

6.2.2.6.
6.2.2.6.
The line

measur
0,1 MHZ

6.2.2.6.

potential
» C

Figure 7 — Copper wire interface

(@)

IH

Copper-wire-based transmission systems are more susceptible to electfomagnetic interference

measuring instruments and electrical protective devices.

Circuits designed for RS422-type communication may also be used, but manufacturer and usg
t.

Special care should be taken for the specification of the mechanical connections of the cables i
receivers linked to a transmitter through a daisy chain:

Minimum sensitivity of the receiver is defined by thetequirements of 6.2.2.6.2.3.

Electrical requirements for a copper wire transmission

ore detailed information on the shape of\waveforms, EMC requirements and test circuits can b
EIA-RS 485.

| Line driver characteristics
1.1 Output impedance
driver shall have-a balanced output with an internal impedance of 110 Q + 20

bd at terminals to which the transmission line is connected, at frequenci
to 6 MHz

1.2 Signal amplitude

C 1739/02

than fibre
mance of

r have to

the case

b found in

% when
bs from

The sig

hal-amplitude shall lie between 3 V _and 10 V peak-to-peak. when measured &

Cross a

resistor (110 Q + 1 %) connected on the output terminals, without any interconnecting cable

present.

6.2.2.6.1.3 Rise and fall time

The maximum rise and fall times, determined between the 10 % and 90 % amplitude points,
shall be 20 ns when measured across a 110 Q resistor connected to the output terminals of the

line driv

er.

6.2.2.6.2 Line receiver characteristics

6.2.2.6.2.1 Receiver input impedance

The receiver shall have a minimum input resistance of 12 kQ.
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6.2.2.6.2.2 Maximum input signals

The receiver shall correctly interpret the data when connected directly to a line driver working
between the extreme voltage limits specified in 6.2.2.6.1.2.

6.2.2.6.2.3 Minimum input signals

The receiver shall correctly interpret the data when a random input signal produces the eye

diagram characterized by a ¥V ,;, of 200 mV and T,,,;, which is equal to 50 % of the symbol period.
Tmin
B E—
VI‘IOITI len
\_/ T
|-t B
Tnom
IEC 1740/02

Key
Vaom in the range defined by 6.2.2.6.1.2 (signal amplitude);
Venin = 200 mV;
Thom = 20p ns;

Tmin = 0,5]* 200 ns = 100 ns.

Figure 8 — Eye diagram
6.2.2.6.3 Timing accuracy

6.2.2.6.3.1 Clock jitter

Data trgnsitions shall occur within +10 ns of the nominal clock period measured at the half-
voltage points.

6.2.2.6.4 Miscellaneous

6.2.2.6.4.1 Adaptation of the line termination impedance

In orden te*ensure proper operation of the transmission line, especially at high speed, it is a
common practice to add a terminating impedance to the transmission line. This terminating
impedance avoids any reflections on the line which could degrade the quality of the signal. The
general rule in this case is to adapt the output impedance of the line driver and the global input
impedance of the receiver(s) to the characteristic impedance of the cable line. Depending on
the choice of the cable, the values for this characteristic impedance can slightly vary, within the
limits set in this standard. As a general rule, the best match between both output and input
impedance and the characteristic impedance will guarantee the best transmission quality.

6.2.2.6.4.2 Simplex point-to-point connection

This consists of one driver and one receiver. In this case the easiest way to terminate the line
properly is to connect a resistance whose value matches the characteristic impedance of the
line in parallel to the inputs of the receiver.
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6.2.2.6.4.3 Simplex multipoint connections

This consists of one driver and several receivers connected at different points of the
transmission line. In this case the preferred architecture is the daisy-chain connection. The star
architecture, however simpler and easier to implement, does not guarantee a proper quality of
signal transmission for our application. The daisy-chain architecture is illustrated in the
following figure:

Line driver - | Receivers

- Termingating
/ impedance on the
longest|strip of the

transmipssion line

IEC 1741/02

Figure 9 — Daisy:chain architecture

Some simple principles are to be respected’in order to build a safe transmission link:

— only[terminate the longest portion“ef the line cable. The other transmission links [shall be
congidered as stubs and, as such, be limited in length (compared to the main trangmission
link,|the length of the stubs §hall typically be less than 10 m).

— the pum off all loads (impedances) seen by the driver (including input impedancg of the
recejvers, terminating-resistance, etc.) shall be 60 Q minimum.

NOTE It] is more difficult to find connectors suitable for multiplex point to point connections than tp simplex
connectiops. However.-connectors used by fieldbus such as Worldfipbus, Profibus, Interbus, Bitbus, CAN may be
used. Thg connection df'the cable shield should require special attention.

6.2.3 Linklayer

This link Tayer has been adapted from the tormat r 13, described in IEC 60870-0-1. The

advantages of this format are:

— good data integrity,

— the frame structure makes it possible to use it for multidrop synchronous data links, at high
speed.

The link service class is S1: SEND/NO REPLY. This reflects the fact that the transformer
transmits its values continuously and periodically, not needing any acknowledgement or answer
from the secondary equipment.
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R1 Line idle is binary 1. This value 1 is continuously transmitted, in Manchester coding,
between two frames in order to make the synchronization of the receiver’'s clock easier,
thus increasing the reliability of the communication link. A minimum of 70 idle bits shall be
transmitted between two frames.

R2 The first two octets of a frame represent a start character.

R3 16 user data octets are completed by a 16-bit check sequence. If necessary, the frame

sha

R4 The

The 16

R5 The

Il be filled up with pad bytes in order to complete the assigned number of bytes.

check sequence forms a code generated by the polynomial:
X16 + X13 + X12 + X11 + X10 + X8 + X6 + X5 + X2 +1.
pits of the check sequence generated by this specification are inverted.

receiver checks the signal quality, the start character, the check sequences

and the

frame length. The frame is rejected if one of these checks fails, otherwise it is rel¢ased to

the

NOTE 1

synchronigation methods can use a small blank interval just before/sStart character, in order to prepare th

for the trg

NOTE 2

way for t
interval d
idle inter

user.

Rule R1: it is recommended to stuff as many idle bits as/pessible between two frames; som

nsmission to come.

Rules R5 and R6 from IEC 60870-5-1 have been modified since the service class used is S1: t
e emitter to know that an error has been detected by the receiver, so the specified minimun
bfined by R5 of IEC 60870-5-1 is not needed and would lead to unnecessary high data rate. Min
al is defined by rule R1 and can be used for checking purposes.

receiver
receiver

<

here is no
line idle
mum line
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27 ‘26 ’25 ‘24 23 | 22 ‘21 20
Start 0 0 0 0 1 0 1
Character 0 1 1 0 0 1 0 0
Pay
Load 1
(16 bytes)
DATA
CRC msb CRC
for pay load 1 Isb
Pay
Load 2
(16 bytes)
DATA
: Pad bytes if necessary
Pad bytes if necessary
Pad bytes if necessary
CRC msb CRC
for pay load 2 Isb
Byte 38 Ray
Byte 39 Load 3
Byte 40
Byte 41 (16 bytes)
Byte42
Byte 43
Byte 44
Byte 45 DATA
Byte 46
Byte 47
Byte 48
Byte 49
Byte 50
Byte 51
Byte 52
Byte 53
Byte 54 CRC msb CRC
Byte 55 for pay load 3 Isb
IEC 1742/02

Figure 10 — Frame format according to FT3
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6.2.4 Application layer

For compatibility with the future standard IEC 61850-9-1, several identifiers (for example,

logical node name and logical device name) are defined and included in the data frame.

6.2.4.1

Data type specification

6.2.4.1.1 Length of data set

Length:=

UI16[1..16], <0..65535>

The length field contains the length of the following data set. The length is given in octets and

is calcu
point-to

6.2.4.1.

LNName4d

For the

ated as the length of the data set without the header (lengih and data Group).
point link as defined in this standard the length is always 44 (dec).

P Logical Node Name (LNName)

ENUM8<0..255>,

point-to-point link defined in this standard the Logical Node Name (LNName)

always 02.

6.2.4.1.

8 Data Set Name (DataSetName)

DataSetNlame = ENUM 8<0...255>

The Da
channel

Table 1
Name =

A Data

assignment. Permitted values are 01 and<¥E H (254 decimal).

2 defines the assignments of theyDataChannels to the signal sources for
01.

For the

value is

aSetName is a unique number identifyingithe structure of the dataset, i.e. {he data

DataSet

intended to accommodate for applications where the standard channel mapping of ta

not app
equivalg
the secq

The va
assignn

icable. The manufacturer has to supply information about the data channel
nt to table 13 (valuejyreference value and scaling factor for each data channel)
ndary equipment ¢an be correctly configured. See clause B.3 for an example.

ue of DataSeiName cannot be changed during operation, i.e. the data
ent is fixed by design or configuration prior to shipment.

e 13 is

apping
so that

BetName = FE H (254 decimal) denotes an application specific channel t]:apping
I

channel
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Table 12 — Data channel mapping for DatSetName = 01, general application
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DataSetName 01
Source Object reference Reference value Scaling factor
(see table 5)
DataChannel#1 Current Phase A, prot. PhsATCTR.Amps Rated Phase Current | SCP
DataChannel#2 Current Phase B, prot. PhsBTCTR.Amps Rated Phase Current | SCP
DataChannel#3 Current Phase C, prot. PhsCTCTR.Amps Rated Phase Current | SCP
DataChannel#4 Neutral Current NeutTCTR.Amps Rated Neutral SCM
Current
DataChannel#5 Current Phase A, meas. | PhsA2TCTR.Amps Rated Phase Current | SCM
DataCharnel#6 Current Phase B, meas. | PhsB2TCTR.Amps Rated Phase Current | SCM
DataCharnnel#7 Current Phase C, meas. |PhsC2TCTR.Amps Rated Phase Current | SCM
DataCharjnel#8 Voltage Phase A PhsATVTR.Volts Rated Phase Voltage | SV
DataCharnnel#9 Voltage Phase B PhsBTVTR.Volts Rated Phase Voltage ,|.8V
DataCharnel#10 Voltage Phase C PhsCTVTR.Volts Rated Phase Voltage | SV
DataCharnel#11 Neutral Voltage NeutTVTR.Volts Rated Phase(Voltage | SV
DataCharnnel#12 Busbar voltage BBTVTR.Volts Rated Phase-Voltage | SV

NOTE |Object reference in IEC 61850-9-1 is based on the format <LNName>.<DataName>; LNName is
<LNPrefix><LNClassName><LNInstancelD>; DataName and LNClassName are standardized; the rest

is confipurable. In the values provided in the table above, TCTR, and* TVTRare LNClassNames| amps,
volts are DataNames; the rest is an example of how the naming cauld be configured.
6.2.4.1.4 Logical Device Name (LDName)
LDNames# Ul16,< 0..65535>
The Logical Device Name (LDName) can bé‘used to identify the source of the data fet by a
unique |number in the substation. LDName can be parameterized, for example] during
installatjon.
6.2.4.1.5 Rated phase current(PhsA.Artg)

PhsA.Artg:= UI16 <0..65535>

NOTE Agcording to the futuré TEC 61850-7-4, each phase can have its own rated value. To model the irfformation
contained|in the universal dataset, we have selected phase A.

Gives the rated phase current in amperes (r.m.s).

NOTE Thpe transmission of this value is optional. If it is not sent, the value zero should be transmitted ihstead. In
this case|the receiver has to be parameterized explicitly as has been done with conventional transformgrs. If it is
transmittqd o ‘parameterization of the receiver is necessary and therefore the risk of badly configured glevices is
reduced gnd.the set-up is simplified.

6.2.4.1.6 Rated neutral current (Neut.Artg)

Neut.Artg:= UI16 <0..65535>
Gives the rated neutral current in amperes (r.m.s.)

NOTE The transmission of this value is optional. If it is not sent, the value zero should be transmitted instead. In
this case the receiver has to be parameterized explicitly as has been done with conventional transformers. If it is
transmitted no parameterization of the receiver is necessary and therefore the risk of badly configured devices is
reduced and the set-up is simplified.

6.2.4.1.7 Rated phase voltage and rated neutral voltage (PhsA.Vrtg)
PhsA.Vrtg:= Ul16 <0..65535>

NOTE According to the future IEC 61850-7-4, each phase can have its own rated value. To model the information
contained in the universal dataset, we have selected phase A.
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Gives the rated voltage in 1/(\/5*10) kV (r.m.s.)

The rated phase voltage and the rated neutral voltage are transmitted multiplied by v3 to avoid
truncation errors.

Example: For an EVT with a rated voltage of U, = 145 kV/\/g, the rated phase-voltage value in
the data frame is 145 kV/~/3 * 43 *10 = 1 450.

NOTE The transmission of this value is optional. If it is not sent, the value zero should be transmitted instead. In
this case the receiver has to be parameterized explicitly as it has been done with conventional transformers. If it is
transmitted no parameterization of the receiver is necessary and therefore the risk of badly configured devices
is reduceg-are-the-setupts—simphied-

6.2.4.1.8 Rated delay time

ty,:= UI1g <0..65535>
Gives the rated delay time in pus.

6.2.4.1.9 DataChannel#1 to DataChannel#12

DataChannel#n:=116 <-32768...32767> (i.e. 16 bits linear 2s cOmplement)

Each data channel DataChannel#1 to DataChannel#12Vvgives the measured instantaneous
value of| either

— phage voltage;

— phage current for protection application;
— phage current for metering application;
- neulal current; or

— neutfral voltage.

The aspignment of the datal channels to measuring values depends on the Value of
DataSefName as described in'6.2.4.1.4 and clause B.3.

Scaling| of phase currént’data for protection and metering applications

If the ddta chann€l/eontains a phase current, the scaling is defined by the rated output yalue for
measuring ECTs_or the rated value for protection ECTs (see table 5).

Scaling lexa@mple:

Let us consider a protective ECT with a rated primary current equal to 4 000 A (r.m.s) and a
rated output of SCP = 01CF H (r.m.s, RangeFlag = 0) as defined in table 5.

The analogue instantaneous current value corresponding to a sample of, for example, 2DFO H
is (2DF0/01CF) * 4 000 A =101 598 A.

In case of an overflow, positive overflow must be indicated by the code 7FFF H, negative
overflow must be indicated by 8 000 H.

Scaling of derivative phase current data for protection and metering applications

If the data channel contains the derivative of the phase current, the scaling is defined with the
rated output value for measuring ECTs or the rated value for protection ECTs (see table 5) and
with the rated pulsation of the primary current (w = 2.1f,).
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Scaling of neutral current data

A neutral current can either be measured with a separate transducer or be calculated by
summation of the three phase currents. The scaling is defined by the rated output value for
measuring ECTs SCM (see table 5) and does not depend on the setting of the RangeFlag.

In case of an overflow, positive overflow must be indicated by the code 7FFF H, negative
overflow must be indicated by 8 000 H. If the neutral current is calculated by adding the three
phase currents, overflow must also be indicated if one of the phase currents overflows.

NOTE Rated accuracy for the neutral current can be different from the accuracy defined for phase currents.

Scalingre

If the dqta channel contains the measured instantaneous voltage of phase A, B,.C)thg neutral
voltage ppr the busbar voltage, the scaling is defined by the rated output value SV (see table 5).

The busgbar voltage can be used to transmit one phase of the busbar’for synchrgnization
purposels.

Scaling lexample:

Let us ¢onsider an EVT with a rated primary voltage equal to 220kV/ /3 (r.m.s) and| a rated
output gf SV = 2D41 H (r.m.s.) as defined in table 5.
The anglogue instantaneous voltage value corresponding to a sample of, for example,|2DF0 H
is (2DF(/2D41) * 220 kV/+/3 = 134 kV.

In case| of an overflow, positive overflow must be indicated by the code 7FFF H, pegative
overflow must be indicated by 8 000 H. If thei'neutral voltage is calculated by adding the three
phase vpltages, overflow must also be indicated if one of the phase voltages does over{low.

NOTE Ahp overflow of the digital voltage value~can be reached in some cases of reclosure with trappefl charges
(see IEC p0044-7 clause B.4).

6.2.4.1.10 Sample counter (SmpCtr)

SmpCtr 4 UI16[1..16]<0..65535>

<(0...65535> :=tsequence counter

This 161bit counter is used to check that the contents of the frame are continuously refreshed.
This colintet shall be incremented each time a new frame is issued. In continuous operation,
once it rleaches overflow, it shall start again with the value 0.

When sync pulses are used to synchronize merging units, the counter shall be set to zero with
every sync pulse. The value 0 shall be given to the data set where the sampling of the primary
current coincides with the sync pulse.

6.2.4.1.11 Status words (StatusWord#1 and StatusWord#2)

StatusWord#n= BS16

An explanation of the status words StatusWord#1 and StatusWord#2 is given in figure 11 and
figure 12.

If one or more data channels are not used, the corresponding status flags shall be set to invalid
and the corresponding data channel shall contain 0000 H.
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If a transducer has failed, the corresponding status flag shall be set to invalid and the
maintenance required flag (LPHD.PHHealth) shall be set.

The maintenance flag (LPHD.PHHealth) may be set if all configured signals are valid for
preventive maintenance.

When the data is invalid due to a wake-up time period, the invalid flags and the wake-up time
indicator flag shall be set.

The synchronization pulse missing or not valid bit (bit4) shall be set when the following logical
condition is fulfilled: [[synchronization pulse is missing or not valid] and [the internal clock of

the MU has drifted by more than half of its rated limits for phase error]].

Explanation Comment
Bit 0 Maintenance required 0: ok
(LPHD.PHHealth) 1: Warning or alarm
(maintenance required)
Bit 1 LLNO.Mode 0: On (normal operation)
1: Test
Bit 2 Wake-up time indication 0: On (normal operation), data valid Shall be set during a
Wake-up time data validity 1: Wake-up time, data not valid wake-up time peripd
Bit 3 Merging unit 0: Data set not to be used with
synchronization interpolation schemes
method 1: Data set suitable for interpolation
Bit 4 For synchronized 0: Samples synchronized If the MU is used with
merging units 1: Time sync missing/hot valid iqtgrpolation schemes this
bit is also set
Bit 5 For DataChannel #1) 0: Valid
1: Invalid
Bit 6 For DataChannel #2 0: Valid
1: Ihvalid
Bit 7 For DataChannel #3 OsValid
1: Invalid
Bit 8 For DataChannel #4 0: Valid
1: Invalid
Bit 9 For DataChannel #5 0: Valid
1: Invalid
Bit 10 || For DataChannel #6 0: Valid
1: Invalid
Bit 11 || FerDataChannel #7 0: Valid
1: Invalid
Bit 12 | Type of CT output 0: i(¢) Shall be set for air-core
i(¢) or d(i(¢)/dt) 1: d(i(t)ldr) coils
Bit 13 | RangeFlag 0: Scaling factor SCP = 01CF H Scaling factors SCM and
1: Scaling factor SCP = 00E7 H SV are not affected
Bit 14 | For future use
Bit 15 | For future use

Figure 11 — Status word #1

IEC 1743/02
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Explanation Comment

Bit 0 For DataChannel #8 0: Valid
1: Invalid

Bit 1 For DataChannel #9 0: Valid
1: Invalid

Bit 2 For DataChannel #10 0: Valid
1: Invalid

Bit 3 For DataChannel #11 0: Valid
1: Invalid

Bit 4 For DataChannel #12 0: Valid
1: Invalid

Bit 5 For future use

Bit 6 For future use

Bit 7 For future use

Bit 8 For proprietary use

Bit 9 For proprietary use

Bit 10 || For proprietary use

Bit 11 || For proprietary use

Bit 12 || For proprietary use

Bit 13 || For proprietary use

Bit 14 || For proprietary use

Bit 15 || For proprietary use

Figure 12 — Status word #2

IEC 1744/02
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27 26 25 24 23 22 21 | 20

Byte 1 Header msb Length of data set ( = 44dec)
Byte 2 Isb
Byte 3 msb LNName ( = 02) Isb
Byte 4 Dataset msb DataSetName Isb
Byte 5 msb LDName
Byte 6 Isb
Byte 7 msb Rated phase current
Byte 8 (PhsA.Artg ) Isb
Byte 9 msb Rated neutral current
Byte 10 (Neut.Artg ) Isb
Byte 11 msb Rated phase voltage
Byte 12 (PhsA.VRtg) Isb
Byte 13 msb Rated delay time
Byte 14 (t4r) Isb
Byte 1 Dataset msb DataChannel #1
Byte 2 Isb
Byte 3 msb DataChannel #2
Byte 4 Isb
Byte 5 msb DataChannel #3
Byte 6 Isb
Byte 7 msb DataChannel #4
Byte 8 Isb
Byte 9 msb DataChannel #5
Byte 10 Isb
Byte 11 msb DataChannel #6
Byte 12 Isb
Byte 13 msb DataChannel #7
Byte 14 Isb
Byte 15 msb DataChannel #8
Byte 16 Isb
Byte 1 msb DataChannel #9
Byte 2 Isb
Byte 3 msb DataChannel #10
Byte 4 Isb
Byte 5 msb DataChannel #11
Byte 6 Isb
Byte 7 msb DataChannel #12
Byte 8 Isb
Byte 9 msb StatusWord#1
Byte 10 Isb
Byte 11 msb StatusWord#2
Byte 12 Isb
Byte 13 msb SmpCnt
Byte 14 Isb
Byte 15 msb Reserved for future specifications

by IEC 61850-9-1
Byte 16 Reserved for future specifications  Isb

by IEC 61850-9-1

Figure 13 — Universal frame

IEC 1745/02

NOTE In the case where some voltage or current values are not used, the corresponding field should be 0000 H
and the corresponding invalid flag in the status word should be set.
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6.2.5 Merging unit clock input

If specified, the clock input may be electrical or optical and should follow the following
specifications:

- Time trigger: on the rising flank from low to high. For trigger levels, see below.
— Clock rate: one pulse per second.

- The MU shall make a plausibility check whether the input pulse is corrupted.

The following figure shows the shape of the pulse graphically.

Voltage,

light
A o i il o

14

50 % T

0 4+

T A B
Change of second Change of second
in MU in MU

EC 1746/02

Figure 14 — Pulse shape for clock input

Further specifications

Optical input

rigger level: 50 % of maximum lighty as in figure 14.

ame connectors, fibres etc. as(for the digital output (see table 10).

ulse duration ¢, > 10 ps.

ulse gap ¢, > 500 ms.

Lowl-voltage input (forrexample, for backplane solutions)
oltage level: 10.V or 24 V.
rigger level:\5 V.

ulse duration #, > 30 ms.

ulse.gap ¢ > 500 ms.

bt currant 1 mMmA ta 20 M A
G et —te==o1

Voltage input on station battery level
- Voltage level: 60 V to 250 V.

— Trigger level: 35 V.

- Pulse duration 7, > 30 ms.

- Pulse gap ¢, > 500 ms.

— Input current 1 mA to 20 mA.

NOTE 1 The pulse can be generated by a master clock or, for example, by a GPS receiver. Such a device usually
has an open collector output to which the station battery can be connected. For longer distances and higher
accuracies an optical input is necessary. Where there are no EMC problems, the simple low-voltage input is the
most cost-effective solution.

NOTE 2 The manufacturer should declare with which sync pulse source the accuracy measurements of the
transformers are made. He should also declare which requirements a sync pulse source needed to reproduce this
accuracy has to fulfil (for example, maximum rise time).


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

- 60 - 60044-8 O IEC:

6.3 Design requirements for analogue voltage output

6.3.1 Connectors

As guidance, the following designs are recommended.

Screw t

6.3.2

If doubl
EMC re

a) Inn1r shield grounded to one side and outer shield gréunded on the other side.

b) Out
c) Oute

inner shield grounded on one side.

7 Classification of tests

7.1 Ge

The tes

Type te

not cov
which h
subject

electror{c current transformers made to the same specification comply with the requi

Routine

Table 13 — Connectors

2002(E)

Connector AC withstand voltage
Twin-BNC clamp-type plug for <1,5 kV
RG-108A
ODU — MINI — SNAP <2kV
Phoenix Miniconnec <2 kV
NOTE Phoenix Miniconnec may not be suitable for a 2 MQ burden.

brminals may also be used.

Farthing of the output cable

b-shielded cable is used, different solutions may be impleméented in substations
uirements

r shield grounded on both sides, inner shield.grounded on one side.
I shield grounded on one side and the other side grounded through a capg

heral

s specified in this standard are classified as type tests, routine tests, and speci

5t A test made oh ‘an electronic current transformer of one type to demonstrate

red by routine tests. The validity of a type test which has been made on a tran
s minor‘medifications or a type test made on an unmodified subassembly
fo agreement between manufacturer and purchaser.

to fulfil

citance,

bl tests.

that all
Frements
sformer
Shall be

test: A test to which each individual electronic current transformer is subjected.

Special test: A test other than a type test or a routine test, agreed on by manufacturer and
purchaser.

7.2 Type tests

7.2.1 General type tests

The following tests are type tests; for details reference should be made to the relevant

subclau

Ses:

a) short-time current tests (see 8.1);

b) temperature-rise test (see 8.2);

c) lightning-impulse test (see 8.3.2);

d) swit

ching-impulse test (see 8.3.3);
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e) wet test for outdoor type electronic current transformers (see 8.4);

f) RIV

test (see 8.5);

g) transmitted overvoltage test (see 8.6);

h) low-voltage components voltage withstand test (see 8.7)
i) EMC tests: emission (see 8.8.3);

i) EMC tests: immunity (see 8.8.4);

k) accuracy test (see 8.9);

) addi

tional accuracy tests for protective electronic current transformer (see 8.10);

m) verification of the protection (see 8.11);

n) tighfness tests (see 8.12);

0) vibration test (see 8.13).

All the
unless d

After el
they sha

7.2.2 |
a) Veri
b) Veri
c) Veri
7.3 Ro
7.3.1 ¢

The foll

a) verification of terminal markings (see 9.1);

b) pow
c) part
d) pow

e) acc:rracy tests (see 9.4);

f) tigh

ielectric type tests should be carried out on the same electronic currént tran
therwise specified.

pctronic current transformers have been subjected to the dielectric type tests
Il be subjected to all the routine tests of 7.3.

Additional type tests for digital output

ication of the driver characteristics (see 8.14.2.1);
ication of the receiver characteristics (see 8.14.2.2);

ication of timing accuracy (see 8.14.2.3).

utine tests
General routine tests

bwing tests apply to each individual electronic current transformers:

er-frequency withstand test on primary terminals (see 9.2);
al discharge mgasurement (see 9.2.2);
er-frequency-withstand test for low-voltage components (see 9.3);

ness-tests (see 9.5).

sformer,

of 7.2,

The ord

prof the tests is not standardized, but accuracy tests shall be performed after t

he other

tests.

Repeated power-frequency tests on primary terminals should be performed at 80 % of the
specified test voltage.

7.3.2 Additional routine tests for digital output

a) Fibre optic transmission (see 9.6.1);

b) Copper-wire transmission (see 9.6.2).

7.3.3 Additional routine tests for analogue output

(see 9.7).
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ecial tests

7.4.1 General special tests

2002(E)

The following tests are performed upon agreement between manufacturer and purchaser:

a) chopped lightning impulse test (see 10.1);

b) measurement of capacitance and dielectric dissipation factor (see 10.2);

c) multiple chopped impulse test on primary terminals (see IEC 60044-1 annex B);

d) mechanical tests (see 10.3);

e) accuracy test versus harmonics (see 10.4);

f) test$ in accordance with the technology applied (see 10.5).

8 Type test

8.1 Sh

For the

prt-time current tests

a tempegrature between 10 °C and 40 °C.

This test shall be made with

= the g

maxi

= and

mum internal power dissipation of the secondary{converter,

at a current 7 for a time ¢, such that (72¢) is-hot less than (/)2 and provided

valug between 0,5 s and 5 s.

The dy

= the @

maxi

= and

namic test shall be made with

mum internal power dissipation;ef the secondary converter,

with a primary current thé_peak value of which is not less than the rated

currgnt (Zy,,) for at least one peak.

The dyrlamic test may be €wombined with the thermal test above provided the first ma

current

pf that test is not\less than the rated dynamic current (Zyyp).

hsformer shall be deemed to have passed these tests if, after cooling to

temperdture (between 10 °C and 40 °C), it satisfies the following requirements.

The tra
a) ltis
b) Itw

not visibly damaged.

thermal short-time current 7, test, the electronic current transformer shall initiglly be at

ombination of auxiliary power supply voltage and. secondary burden which caldses the

t has a

ombination of auxiliary power supply voltage and secondary burden which cauyses the

dynamic

or peak

ambient

thstands the dielectric tests specified in 9.2.1 but with the test voltages reg

uced to

90 % of those given for the primary terminals.

c) On examination, the insulation next to the surface of the conductor does not show
significant deterioration (for example, carbonization).

Acceptance criteria b) and c) may not be relevant depending on the design, for example,
electronic current transformer with separated insulator.

The examination c) is not required if the current density in the primary conductor, corres-

ponding

to the rated short-time thermal current, does not exceed

= 180 A/mm? where the primary conductor is of copper of conductivity not less than 97 % of
the value given in IEC 60028;

= 120 A/mm? where the primary conductor is of aluminium of conductivity not less than 97 %
of the value given in IEC 60121.
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NOTE Experience has shown that in service the requirements for thermal rating are generally fulfilled in the case
of Class A insulation provided that the current density in the primary conductor, corresponding to the rated short-
time current, does not exceed the above-mentioned values.

Consequently, compliance with this requirement may take the place of the insulation examination, if agreed
between manufacturer and purchaser.

8.2 Temperature-rise test
A test shall be made to prove compliance with the requirements of 6.1.2. For the purpose of

this test, electronic current transformers shall be deemed to have attained a steady
temperature when the rate of temperature rise does not exceed 1 K per hour.

The test-site-ambient temperature shall be between 10 °Cand 30 °C

For the [test, the transformers shall be mounted in a manner representative of the modnting in
service.

The temperature rise may be measured by thermometers, thermocouples or other [suitable
device.

In the c@se of an electronic current transformer having more than’ené secondary converter, the
test is t¢ be performed on each secondary converter.

The elegtronic current transformer shall be deemed to have, passed this test if

a) the {emperature rise is in accordance with the rating values given in 5.1.6
b) aftef cooling to ambient temperature, it satisfies the following requirements:
1) iI: is not visibly damaged,

2) its errors do not differ from those. recorded before the test by more than half the limits

bf error to its accuracy class.

8.3 Impulse tests on primary terminals
8.3.1 GGeneral conditions
8.3.1.1 Ambient air

Reference is made_to. IEC 60060-1 regarding standard reference atmospheric conditipns and
atmospheric factofs.

For eledtronic current transformers where external insulation in free air is of principal ¢oncern,
the corrpotion factor K, shall be applied, when specified.

For electronic current transformers having internal insulation only, the ambient air conditions
are of no influence and the correction factor K, shall not be applied, even when specified.

8.3.1.2 Wet test procedure

No humidity correction factor shall be applied for wet tests. The wetting procedure shall be in
accordance with IEC 60060-1.

8.3.1.3 Condition of electronic current transformers

Dielectric tests shall be made on electronic current transformers completely assembled, as in
service; the outside surfaces of insulating parts shall be carefully cleaned.

The electronic current transformers shall be mounted for test with minimum clearances and
height as specified by the manufacturer.
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Equipment tested at one distance above ground surface level will be deemed to be satisfactory
if mounted at a greater distance above ground surface level in service.

For electronic current transformers using compressed gas for insulation, dielectric tests shall
be performed at minimum functional density pme.-

The minimum functional density may be expressed as the pressure at the reference
temperature of 20 °C. If, at the time of the test, the temperature differs from 20 °C, the
pressure must be adjusted to correspond to the minimum functional density. The temperature
and pressure of the gas during the tests shall be noted and recorded in the test report.

8.3.1.4 Records

The pegk value and the waveshape of each impulse shall be recorded.

8.3.2 Lightning-impulse test

In ordeff to comply with 6.1.1.2.3, the electronic current transformer shall be subjecfed to a
lightning-impulse test. The test voltage shall have the appropriate~value given in tables 3,
4 and 5 of IEC 60044-1 depending on the highest voltage for equipment and the specified
insulatipn level.

The test voltage shall be applied between the line termjnals’ of the primary curren{ sensor
connected together and earth. The frame (if any), the case\(if any), and all secondary tgerminals
(if any) shall be connected together and to earth.

Improvgments in failure detection may be obtained by the recording of an additional quantity.

At the option of the manufacturer,

— the ¢arth connection may be made through a suitable current-recording device;

— the [secondary terminals (if any)“may be connected together and earthed or [may be
connected to a suitable device for recording the appropriate output quantity during the test.

NOTE |If| not specified otherwise, the test shall be performed with the electronic current transformer dompletely
assemblef, including the transmission system and secondary converter.

8.3.2.1 | Primary terminals having U,, < 300 kV

impulsep of eaech polarity not corrected for atmospheric conditions shall be applied. The

The te} shall beperformed with both positive and negative polarities. Fifteen congecutive
electronlic current transformer passes the test if

" no 'iiernpﬁ\/p diqr‘hnrgn occurs in the nnn_cnlf_rpefnring internal insulation:

» no flashovers occur along the non-self-restoring external insulation;

= no more than two flashovers for each polarity occur across the self-restoring external
insulation;

= no other evidence of insulation failure is detected (for example, variations in the wave
shape of the recorded quantities).

NOTE The application of 15 positive and 15 negative impulses is specified for testing the external insulation. If
other tests are agreed between manufacturer and purchaser to check the external insulation, the number of
lightning impulses should be reduced to three of each polarity, not corrected for atmospheric conditions.

8.3.2.2 Primary terminals having U, = 300 kV

The tests shall be performed with both positive and negative polarities. Three consecutive
impulses of each polarity, not corrected for atmospheric conditions, shall be applied.
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The electronic current transformer passes the test if

" no

disruptive discharge occurs;

= no other evidence of insulation failure is detected (for example, variations in the wave-
shape of the recorded quantities).

8.3.3 Switching-impulse test

In order to comply with 6.1.1.1 the electronic current transformer shall be subjected to a
switching-impulse test. The test voltage shall have the appropriate value given in table 4 of
IEC 60044-1, depending on the highest voltage for equipment and the specified insulation
level. The test voltage shall be applied between the line terminals of the primary current sensor

connected together and earth. The frame (if any), the case (if any), and all secondary.{j

(if any)

At the ¢ption of the manufacturer the connection to earth may be made threugh a

current
earthed
during t

The test shall be performed with both positive and negative polarities. Fifteen con

impulse

Electrorjic current transformer passes the test if

" no
u no

" no

instilation;

" no

8.4 Waet test for outdoor type electronic current transformers

In order{to verify the performance of the external insulation, outdoor type transformers
subjected to a wet test. The 'wetting procedure shall be in accordance with IEC 60060-1f

8.4.1

The tes
voltage

8.4.2

shall be connected together and to earth.

or may be connected to a suitable device for recording the appropriate output
e test.

5 of each polarity, corrected for atmospheric conditions§shall be applied.

Hisruptive discharge occurs in the non-self-restoring internal insulation;
lashovers occur along the non-self-restoring external insulation;
more than two flashovers for each polarity occur across the self-restoring

Primary terminals having U, < 300 kV

shall_be“performed in accordance with table 3 of IEC 60044-1 with power-fr
corrécted for atmospheric conditions.

brminals

suitable

recording device. The secondary terminals (if any) may be connécted together and

quantity

Secutive

external

other evidence of insulation failure is detected (for example, variations in the wave
shape of the recorded quantities):

shall be

equency

Primary terminals having U, 2 300 kV

The test shall be performed with switching-impulse voltage in accordance with table 4 of
IEC 60044-1.

8.5 RIV tests

See |IEC 60044-1.

8.6 Transmitted overvoltage test

See IEC 60044-1.
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8.7 Low-voltage components voltage withstand test

8.7.1 Test conditions

The atmospheric conditions during the test shall be

= ambient air temperature: 15 °C to 35 °C;
= relative humidity: 45 % to 75 %;
= air pressure: 86 kPa to 106 kPa.

8.7.2 Application of the test voltage

2002(E)

The tes
in a new

Each in
circuits

a) For
sing
b) For

Unless
secondd

The tes

For dev
a metal
shall be

8.7.3

The po
given ir

The tes
under tg

The soy

The tes

voltage shall be applied to the connecting points of the electronic current trar
and dry condition without self-heating.

Hependent circuit shall be tested at the prescribed test voltage in relation to
connected together and to earth.

e circuit shall be connected together;
obvious, the independent circuits are described by the manufacturer. For ¢
ry converter and merging unit can be independent gircuits.

voltages shall be applied directly to the terminals.

foil covering the whole enclosure_except the terminals around which a suitg
left so as to avoid flashover to the\terminals.

Power-frequency voltage withstand test

wer-frequency voltagé_withstand tests shall be made by applying the
6.1.1.3.

voltage sourcé shall be such that, when applying half the specified value to th
st, the voltage.drop observed is less than 10 %.

rce voltage shall be verified with an accuracy better than 5 %.

bl tests, the circuits which are to be connected to earth shall be thus connected.

sformer

all other

the test between a given circuit and all other circuits, all the-connecting points of the

xample,

ces with an insulating enclosure the exposed conductive parts shall be repres¢nted by

ble gap

oltages

b device

| woltage shall be either substantially sinusoidal with a frequency between 45

Hz and

65 Hz o

.

The open-circuit voltage of the voltage source is initially set to not more than 50 % of
the specified test voltage. It is then applied to the device under test. From this initial value the
voltage shall be raised to the specified value in such a manner, that no appreciable transients
occur and maintained for 1 min. It shall then be reduced smoothly to zero as rapidly as
possible.

Acceptance criteria:  no breakdown or flashover shall occur.

8.7.4 |

mpulse-voltage withstand test

The impulse-voltage withstand tests shall be made by applying the voltage given in 6.1.1.3.
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A standard lightning impulse in accordance with IEC 60060 shall be used. The parameters are:

= f

ront time: 1,2us £30 %

= time to half value: 50us £20%

= output impedance: 500Q +£10 %

= output energy: 0,5 £10%

The length of each test lead shall not exceed 2 m.

The impulse voltage shall be applied to the appropriate points accessible from the outside of
the device, the other circuits and the exposed conductive parts being connected to earth.

During kLe test, no input or auxiliary energizing quantity shall be applied to the device!

Three ppsitive and three negative impulses shall be applied at intervals of not Jess than

Acceptq

8.8 EM

8.8.1 G@General

The tes

In many cases an electronic transformer mayZbe divided into a number of maj

assemb

switchgear area. EMC tests relevant for theapplied technology of electronic transforn

to be c4

or the missing subassemblies being sjmulated. An example of major subassembly di

given in

nce criteria: no flashover is accepted and after the test, the \ECT shall still
with basic accuracy tests.

C tests

s shall be made to prove the compliance with 6.1.5.

ies such as, for example, circuits located in control cubicles and circuits locatg
rried out on each major subassembly the full electronic transformer being in 9

figure 15.

5s.

comply

or sub-
d in the
er have
peration
Vision is
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2
7 S\Jbaoaclllb:y 1 Subaooclllb:y 2
2 /
/2
/ /7, 8
3
4,56,7,8 /4,5,6
/ Link between 3
Subassembly 1 and 2
] Switchyard area
T - OV Control cubicle area
S IEC 1747/02
Key
1 HVline
2 Enclogure port
3  Ground port
4 Signal port
5 Comnjand port
6 Comnjunication port
7 a.c. ppwer port
8 d.c. ppwer port
Subassembly 1: “outdoor part” in.switchgear area
Subassembly 2: “indoor part” in ¢ontrol cubicle area
Figure 15 — Example of subassembly subjected to EMC tests

8.8.2 GGeneral conditions during EMC tests
The general conditions for EMC tests are described in IEC 61000-4-1 and CISPR 11l During

the EMC tests, the length of cable between the ECT and test equipment and between
subassembly 1 and 2 should be the maximum specified by the manufacturer and the
arrangement of the cable shall, as far as practicable, represent in-service conditions.

8.8.3 EMC emission tests

An emission test will be performed according to the CISPR 11 testing procedure. The test limits
will be those of group 1 class A. The test shall preferably be performed on the complete
assembly but for ease of testing in case one of the possible subassemblies contains no
electrical parts, that test can be performed on the remaining subassembilies.

8.8.4 EMC immunity tests

The test shall be performed on a port-by-port basis, guidance for the identification of ports
being given in figure 15.
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8.8.4.1 Harmonic and interharmonic disturbance test

The test shall be performed according to the test procedure of IEC 61000-4-13. The severity
level is class 2 (full harmonic distortion 10 %). The assessment criterion is given in 6.1.5.3.

8.8.4.2 Slow voltage variation test

The test shall be performed according to the test procedure of IEC 61000-4-11 for a.c. power
supply and IEC 61000-4-29 for d.c. power supply. The voltage variations used are from +10 %
to —20 % of the nominal voltage of the a.c. power supply and from +20 % to —20 % of the
nominal voltage of the d.c. power supply. The assessment criterion is given in 6.1.5.3.

8.8.4.3 [ Voltage dips and short interruption test

The test shall be performed according to the test procedure of IEC 61000-4-11_fora.¢. power
supply gnd IEC 61000-4-29 for d.c. power supply.

= Thg voltage dip used for the test is 30 % of the nominal voltage of the’a.c. power supply
dur|ng 0,1 s. The voltage interruption test is performed during 0,02 s\for a.c. power|supply.

= Thg voltage dip used for the test is 50 % of the nominal voltage\of the d.c. power supply
dur|ng 0,1 s.

= Thg voltage interruption test is performed during 0,05 s {low impedance) for d.q. power
supply.
= Theg assessment criterion is given in 6.1.5.3.

8.8.4.4 | Surge immunity test

The tedqt shall be performed according to the.'test procedure of IEC 61000-4-5. The test
generatpr to be used is the combination wave (hybrid) generator (IEC 61000-4-5, §.1) with
standard 1,2/50 ps voltage waveform (open-circuit) and 8/20 ps current waveform| (short-
circuit). |The test level is according to installation class 4 (4 kV common mode, 2 kV differential
mode). The assessment criterion is given in 6.1.5.3.

8.8.4.5 Electronic fast transient/burst test

The tes| shall be performed.'according to the test procedure of IEC 61000-4-4, the tést level
being class 4 (4 kV test\voltage at 2,5 k Hz repetition rate on power supply port and|2 kV at
5 k Hz repetition rate_on/input/output signal, data and control ports — common mode). [The test
will be farried outfusing the coupling/decoupling network on the power supply port [and the
capacitive coupling tlamp on I/O and communication ports. The assessment criterion [is given
in 6.1.5]3.

8.8.4.6 | "\ Oscillatory waves immunity test

The test shall be performed according to the test procedure of IEC 61000-4-12. The test
generator to be used is the damped oscillatory wave generator (IEC 61000-4-12, 6.1.2). The
test voltage will be 2,5 kV common mode and 1 kV differential mode both for power supply and
control/signal lines (as in IEC 60255-22-1). Test frequency will be 1 M Hz at 400/s repetition
rate (as in IEC 60255-22-1). The assessment criterion is given in 6.1.5.3.

8.8.4.7 Electrostatic discharge test

The test shall be performed according to the test procedure of IEC 61000-4-2. The test level is
class 2 (4 kV test voltage) which gives protection in antistatic environments (like concrete) for
relative humidity as low as 10 % (see also IEC 61000-4-2, clause A.4). The assessment
criterion is given in 6.1.5.3.
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8.8.4.8 Power-frequency magnetic field immunity test

The test shall be performed according to the test procedure of IEC 61000-4-8. Test level is 5
(100 A/m steady state and 61 000 A/m x 1"). The assessment criterion is given in 6.1.5.3.

8.8.4.9 Pulse magnetic field immunity test

The test shall be performed according to the test procedure of IEC 61000-4-9. Test level is 5
(61 000 A/m peak). The assessment criterion is given in 6.1.5.3.

8.8.4.10 Damped oscillatory magnetic field immunity test

Th L THN £ ol H 4 41 4 4 ! £l nannn 4
e teS S>liallh e PCliTurmicu aCLUOTUInnyg o e tcol protcuurc Ur 1w U TUVU=5=

;
class 5 [100 A/m test field). The assessment criterion is given in 6.1.5.3.

+0—Test level is
8.8.4.11 Radiated, radiofrequency, electromagnetic field immunity test

The tes} shall be performed according to the test procedure of IEC 61000-4-3. Test|level is
class 3 [10 V/m field strength). The assessment criterion is given in 6.1¢5:3.

8.9 Accturacy test
8.9.1 General

The follpbwing accuracy tests are applied to measuring-electronic current transformef and to
protectiye electronic current transformer. Test circuits ‘are given in annex B for digitdl output
and annex C for analogue output.

8.9.2 Basic accuracy tests
8.9.2.1 Basic accuracy tests for measuring electronic current transformer

To prove compliance with 12.2, tests shall be made at each value of current given in tables 19,
20 and 21 at rated frequency, at rated burden (if relevant), and at ambient temperaturg, unless
otherwige specified. Current transformers having rated primary current factor greater than 1,2
shall be|tested at rated primary‘extended current instead of 1,2 times the rated primary|current.

NOTE The test can be carried~out using a pure delay time device inserted between the reference transfprmer and
the accurficy measurement system.

8.9.2.2 | Basic accuracy test for protective electronic current transformer

To prove compliance with 13.1.3, the test shall be made at rated primary current (see table 20),
at rated|frequency, at rated burden (if relevant) and at ambient temperature.

NOTE Thetest can be carried out using a pure delay ime device Inseried between the reference transformer and
the accuracy measurement system.

8.9.3 Temperature cycle accuracy test

In addition to the basic accuracy tests made in accordance with 8.9.2, the temperature cycle
accuracy test shall be performed in the following conditions:

- atrated frequency;

— atrated current or rated primary extended current applied continuously;

— atrated burden (if relevant);

— with indoor and outdoor components exposed to their specific maximum and minimum
ambient air temperature. A cycle test in accordance with figure 16 shall be performed.
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Air temperature

A

Maximum

Ambient

Minimum

c o : co : S : " Time
——— 44— —¢————>
Minimum 3*T Minimum 3*T Minimum 3*T
> > e —
-¢- Instants where accuracy has to be measured &2 1748/02

Figure 16 — Temperature cycle accuracy test

Minimum temperature variation rate is 5 K/h. It can be digher only if allowed| by the
manufagturer.

The thefmal time constant T shall be declared by the manufacturer.

NOTE T|me needed to stabilize the temperature of the electronic current transformer depends mainly op the size
and consfruction of the transformer.

For elegtronic current transformers, partially.indoor, partially outdoor, the tests shall Qe made
for inddor and outdoor parts, each one @t both extremes of relevant temperaturg range,
respecting the following rules:

— ambjent air temperature for both\parts;

— maxjmum temperature for ifdoor part when maximum temperature for outdoor part;
— minimum temperature for indoor part when minimum temperature for outdoor part.

In normpl service conditions the measured error of every measuring point should be wjthin the
limits of|the relevant accuracy class.

8.9.4 Test forlaccuracy versus frequency

In additjon’te-the basic accuracy tests made in accordance with 8.9.2, tests for accurgcy shall
be mad¢ at'the two extremes of standard reference range of frequency given in 5.1.5,|at rated
current, at rated burden (if relevant) and at constant ambient temperature.

The error shall be within the limits of the relevant accuracy class.

NOTE Measurement with different frequencies are performed with a test circuit. For the tests, accuracy
measurement system calibrated at rated frequency may be acceptable.

8.9.5 Test for accuracy in relation to replacement of components

To prove compliance with 6.1.9 the following test shall be performed. The ability of the
electronic current transformer to fulfil its accuracy class when some of its components are
replaced shall be proven by means of an accuracy test at room temperature, rated frequency,
rated current and rated burden (if relevant).
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8.9.6 Test for signal-to-noise ratio

To prove compliance with 6.1.6 a test for signal-to-noise ratio shall be performed. The test
procedure shall be agreed upon between manufacturer and user. See D.2.3 for guidance.

8.10 Additional accuracy tests for protective electronic current transformers
8.10.1 Test for composite error
Compliance with the limits of composite error given in table 20 shall be demonstrated by a

direct test in which a substantially sinusoidal current equal to the rated accuracy limit primary
current is passed through the primary terminals with rated burden (if relevant).

The tesf may be carried out on an ECT similar to the one being supplied, except that feduced
insulatign may be used provided that the same geometrical arrangement is retaingd.

NOTE Where very high primary currents and a single-bar primary conductor of ECT are congerned, thg distance
between the return primary conductor and the ECT should be taken into account from\.the point df view of
reproducipg service conditions.

8.10.2 [rest for transient performance

Complignce with the limits of instantaneous error up to ¢ and/or t" and at accuracy limit
conditiop given in table 20 shall be demonstrated by a directitest in which a transien{ current
defined|in 3.3.11 is passed through the primary terminals-with rated burden (if relevant), rated
primary|short-circuit current, rated primary time constant)and rated duty cycle.

NOTE Where very high primary currents and a single-bar primary conductor of ECT are concerned, th¢ distance
between the return primary conductor and the ECT should “be taken into account from the point df view of
reproducipg service conditions.

8.11 Verification of the protection
8.11.1 Nerification of the IP coding
In accdrdance with the requirements specified in 6.1.13.1 and 6.1.13.2, tests ghall be

performed in accordance with\JEC 60529 on the enclosures of all parts of the ECT fully
assembled as under serviceyconditions.

8.11.2 Mechanical impact test

In accofdance with-the requirements specified in 6.1.13.3, enclosures for indoor indtallation
shall be|subjected to an impact test. Three blows are applied to points of the enclosure(that are
likely to|be the-weakest points. Devices such as connectors, displays, etc. are excepted.

The uske—ef—a—spFi ir—HEC-6006812-75 is

recommended.

After the test, the enclosure shall show no breaks and the deformation of the enclosure shall
not affect the normal function of the electronic current transformer, and shall not reduce the
specified degree of protection. Superficial damage, such as removal of paint, breaking of
cooling ribs or similar parts, or depression of small dimension can be ignored.
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8.12 Tightness tests

The purpose of tightness tests is to demonstrate that the leakage rate F,,, does not exceed its

permissible value specified in 6.1.11.

rel

For gas-filled electronic current transformer, in general, only cumulative leakage measure-
ments allow calculation of leakage rates. For the application of an adequate test method,
reference is made to IEC 60694, 6.8 and to IEC 60068-2-17.

For oil-filed electronic current transformer, the tightness test shall be a type test on the
electromagnetic unit assembled as for normal service, filled with the liquid specified. A
minimum pressure of (0 5 0, 1) x 109 Pa above the maximum operatmg pressure shall be
maintainet—¢ H une mer essfully
passed the test if there is no eV|dence of Ieakage

8.13 V{bration tests
8.13.1 Vibrations test for secondary parts

The sepondary converter, the merging unit and secondary power~supply are denerally
comparable to electrical secondary equipment in the substation) and shall be tgsted in
accordajnce with IEC 60068-2-6 with the secondary parts operating in the normal| service
conditiop.

8.13.2 Vibration test for primary parts

The test arrangement shall, as far as reasonably practicable, represent the worst-casd service
conditiop in respect of vibration. Vibration levels will vary depending on connection arrange-
ments, insulation type, and for circuit breakers,tRe actuation principle (spring mechanisms are
considefed to generate higher vibration levels).

8.13.3 Nibration test for primary parts during short-time current

This test is performed to determine-that the ECT operates correctly in the presence of yibration
resulting from busbar vibration gaused by short-time current electromagnetic forces.

This tegt can be carried outtin ‘conjunction with short-time current test or composite efror test.
5 ms after the last opening of the circuit-breaker, the r.m.s. value of the secondary output
signal df the ECT at rated frequency calculated over one period, which should theofetically
be “0”, |shall not exceed 3 % of the rated secondary output. To represent the worst-case
conditign with respect to vibration, the ECT should be connected via a rigid conngction to
the circpit-breaker.

8.13.4 Nibration tests for primary parts mechanically coupled to a circuit- breake

8.13.4.1 General

These tests shall also apply to GIS switchgear, medium voltage switchgear and dead tank
circuit-breaker mounted ECTs.

8.13.4.2 During operation

This test is performed to determine that the ECT operates correctly in the presence of vibration
resulting from circuit-breaker operation.

The circuit-breaker shall be operated through one duty cycle (open-close-open) without current.
5 ms after the last opening of the circuit-breaker, the r.m.s. value of the secondary output
signal of the ECT at rated frequency calculated over one period, which should theoretically
be “0”, shall not exceed 3 % of the rated secondary output. To represent the worst-case
condition in respect of vibration, the circuit-breaker should be connected via a flexible
conductor.
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8.13.4.3 Vibration endurance test

2002(E)

The circuit-breaker shall be operated without primary current 3 000 times as described in
IEC 60056. ECT accuracy at rated current shall be measured before and after the test. The
ECT error following the test must not differ from that recorded before the test by more than half
the limit of error appropriate to its accuracy class.

NOTE Vibration levels generated by circuit-breakers have been found to be principally dependant on the actuation
principle. A circuit-breaker having a spring mechanism will generally produce higher levels of vibration, thus an ECT
test on such a circuit-breaker may be considered valid for other circuit-breakers, subject to agreement between

manufact

urer and purchaser.

8.14 Additional type test for digital output

8.14.1

For th
charact

8.14.2

8.14.2.1 Verification of optical driver characteristics
a) Risg and fall time.
b) Characteristics of optical pulse.

8.14.2.2 Verification of optical receiver characteristics
a) Risqg and fall time.
b) Pulge width distortion.

8.14.2.3 Verification of timing accuracy
a) Clogk jitter
The conmtent of the test signal for.this test shall be a Manchester-encoded pseudo

sequeng¢e with a minimum repetition period of 511 bits. Jitter shall be measured
crossing point.

NOTE It

8.14.3

8.14.3.1 Verification of line-driver characteristics
a) Output impedance.
b) Signal-amplitude.

eneral

e tests, the ECT shall be used under normal service conditions,,at i
ristics (auxiliary power supply, and recommended fibre optic/cable typeiand len

Fibre optic transmission

is possible to combinesjitter measurement and rise and fall time measurement

Copper-wire transmission

s rated
gth).

random
At zero-

c) Rise-andfaltime-

8.14.3.2 \Verification of line-receiver characteristics

a) Rec

eiver input impedance.

b) Maximum correctly detectable input signals.

c) Mini

mum correctly detectable input signals.

8.14.3.3 Verification of timing accuracy

a) Clock jitter.

The jitter shall be measured at the output of the recommended cable for the transmission line,
at specified length, terminated by its rated termination impedance (in order to measure also the
effect of the transmission medium, of impedance mismatches, connectors, etc.). If this is not
possible, it is acceptable to use a model of the transmission line.
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The content of the test signal for this test shall be a Manchester-encoded pseudo-random
sequence with a minimum repetition period of 511 bits. Jitter shall be measured at zero-
crossing point.

NOTE It

is possible to combine jitter measurement and rise and fall time measurement.

9 Routine tests

9.1 Verification of terminal markings

It shall be verified that the terminal markings are correct (see table 15).

9.2 Power-frequency withstand tests on primary terminals and partial discharge

m
9.2.1
See 8.2

When th
frequen
parts an

Bases f
the type
necessd

9.2.2

See 8.2
If not re

9.3 Po

asurement
Power-frequency test

1 of IEC 60044-1.

e insulation is only provided by solid insulators and air at ambient pressure, the
Cy voltage withstand test may be omitted if the dimensigns between the co
d the frame are checked by dimensional measurements.

br the checking of dimensions are the dimensionak(outline) drawings, which ar
test report (or are referred to in it). Therefgres/ in these drawings, all infg
ry for dimensional checking including the permissible tolerances shall be given

Partial discharge measurement

2 of IEC 60044-1.
evant for a specific design, this_test can be omitted.

wer-frequency voltage-withstand test for low-voltage components

For roufine tests the same_test set-up as for the type test is used (see 8.7.3). The du

the test
The chad

9.4 Ac

can either be 1 min as described or 1 s at 1,1 times the specified test voltag
ice shall be at the'manufacturer’s discretion.

curacy tests

The routine test is, in principle, the same as the type test in 8.9.2. However, routine te
reduced number of currents are permissible if type tests on a similar transform
demonstrated _that such a reduced number of tests is sufficient to prove anpli:\r

specified accuracy class.

power-
hductive

b part of
rmation

ation of
je level.

sts at a
er have

ce with

9.5 Tightness tests

Routine tests shall be performed at normal ambient temperature with the electronic current
transformer filled at the pressure corresponding to the manufacturer's test practice. For gas-
filled electronic current transformer sniffing may be used. For oil-filled electronic current
transformer the tightness test of 8.12 should be applied if relevant.
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ditional routine tests for digital output

9.6.1 Fibre optic transmission

a) Measurement of transmission power according to table 10.

9.6.2 Copper-wire transmission

a) Measurement of signal amplitude at output of line driver.

9.7 Ad
a) Mea

ditional routine tests for analogue output

2002(E)

b) If agplicable (ECT powered by line current), measurement of the minimum primary
needed to ensure nominal performance of the ECT.

10 Sp

101 C

See cla

10.2 M

See cla

10.3 M

The tes
complyi

The eldgctronic current transformer, shall be assembled with all relevant parts su

mechan

Liquid-ilmmersed electronic, current transformer shall be filled with the specified in

medium

The tes

The ele
evidenc

bcial tests

hopped lightning-impulse test on primary terminals

Ise 9 of IEC 60044-1.

leasurement of capacitance and dielectric dissipation factor

Ise 9 of IEC 60044-1.

lechanical tests

s are carried out to demonstrate that an electronic current transformer is ca
ng with the requirements specified.in table 9.

ical stress, installed in a vertical position with the frame rigidly fixed.

and submitted to-the ‘operating pressure.
loads shall be applied for 60 s for each of the conditions indicated in table 14.

ctronicgurrent transformer shall be considered to have passed the test if the)
b of damage (deformation, rupture or leakage).

current

bable of

bject to

sulation

re is no
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Table 14 — Modalities of application of test loads to be applied to the primary terminals

Horizontal to each terminal

Vertical to each terminal

NOTE The test load shall be applied to the centre of the terminal.

10.4 Tests for accuracy versus harmonics

The tesfs are carried out to demonstrate that an electronic current transformer complies with
the accyracy requirement on harmonics specified in 12.3 and 13.2.

In an ideal case,tests on harmonics should be made with the rated primary current at the rated
frequengy plus a percentage of the rated primary at each considered harmonic frequengy. Such
a primgry<eurrent should provide a realistic image of the dynamic requirements| on the
transformer—and-witt-yreld—a good image of Some non-timear phenomena whicit cam mappen in
the transformer (intermodulation, for example).

However, it can be difficult to achieve a test circuit which generates such primary current. For
practical considerations, it is accepted that the accuracy tests be made with only one single
harmonic frequency applied at the primary side for each measurement.

The test circuit shall be defined by agreement between user and manufacturer.

NOTE 1 The test circuit could be adapted from the one defined in clause D.5.

NOTE 2 The reference CT could be replaced by a coaxial shunt commonly used for short-circuit tests.
NOTE 3 The primary current could be supplied by a power amplifier.

NOTE 4 Tests which apply to quality metering could be more difficult to achieve.
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10.5 Tests in accordance with the technology applied
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Special tests in accordance with the technology applied can be defined by an agreement
between manufacturer and purchaser, for example, artificial pollution tests or artificial ageing

tests.

11 Marking

11.1 Terminal marking — General rules

The terminal markings shall identify

a) thejrimary and secondary terminals;

b) for

nalogue output, the relative polarities of secondary outputs.

Additionally, all cables, including their terminations, shall be clearly marked’to allow identi-
fication.| The fibres shall be coded or coloured for identification at both ends\in accordapce with

IEC 60304.

11.1.1 Method of marking

The terminals shall be marked clearly and indelibly, either on their surface or in their immediate

vicinity.

The mafking shall consist of letters followed, or preceded where necessary, by numbegrs. The
letters shall be in block capitals.

11.1.2 Markings to be used

The markings of electronic current transforfier terminals shall be as indicated in table 15.

Table 15— Markings of terminals

Primary P11
terminal

Kra

o P2

Secondary
terminal

P10

Krd

Ho P2

|

Optical fiber

P1 o] Ho P2

ODU- S1
MINI-SNAP

Secondary
terminals
Sz

ANALOGUE OUTPUT

DIGITAL OUTPUT, OPTICAL

DIGITAL OUTPUT,
COPPER WIRES
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Pin-out of the electrical connector for the digital output:

PIN n° SIGNAL
1

DATA A

O |0 |N O |O |~ |WIN

D
r
©

All earthing terminals shall be marked with the earth symbol, as indicated by symbol{number
5019 of [EC 60417.

Any fibrg optic terminal boxes shall be clearly labelled ‘Fibre optic terminalbox'.

Optical fables shall be sufficiently clearly marked with the words ‘optical cable’ to distinguish it
from elgctrical cables.

11.1.3 |ndication of relative polarities

For anaJogue output, all the terminals marked P1, S1_shall have the same polarity at the same
instant faking into account the effect of delay time (if any).

For digifal output, the terminal marked P1 shall~have the positive polarity (negative [polarity)
when itg corresponding value in the frame has\its MSB equal to 0 (equal to 1).

11.2 Rpting plate markings
All elecfronic current transformers.shall carry at least the following markings:

a) the manufacturer’s name or other mark by which he may be readily identified;
b) a serial number or a type designation, preferably both;

c) the rated primary, current and rated secondary output;

d) the rated frequency (for example, 50 Hz);

e) the accuraey.class;

NOTE ,Where appropriate, the category of secondary output should be marked (for example, 1S, 2 KQ,
clasp0s57 2S, 20 kQ, class 1).

f) the highest voltage for equipment (for example, 1,2 kV or 145 kV);
g) the rated insulation level (for example, 6/—kV* or 275/650 kV).

NOTE The two items f) and g) may be combined into one marking (for example, 1,2/6/-kV*or 145/275/650 kV).

All information shall be marked in an indelible manner on the electronic current transformer or
on a rating plate securely attached to the transformer.

In addition, the following information shall be marked whenever space is available:

h) the rated short-time thermal current (/y,) and the rated dynamic current if it differs from
2,5 times the rated short-time thermal current (for example, 13 kA or 13/40 kA);

*

A dash indicates the absence of an impulse voltage level.
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The rating plate of all electronic current transformers shall, where practicable, be readable
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the class of insulation, if different from class A,;

NOTE

electronic current transformer should be indicated.

) on transformers with two secondary converters, the use of each converter and its
corresponding terminals.

from ground level and carry the markings given in table 16.

Table 16 — Rating plate marking

60044-8 O IEC:2002(E)

If several classes of insulating material are used, the one which limits the temperature rise of the

Common rating plate markings

Rlating Abbre- Measuring | Protective | Analogue Digital Clause of Note

viation ECT ECT output output subclause

Designdtion: ECT X X X X

Electricgl current

transformer

Manufagturer’s X X X X

name o

abbreviation

Type designation X X X X

Serial nhimber with X X X X

year of

manufagture

Referenge to X X X X

IEC 60044-8

Highest|voltage for Un X X X X 3.1.31,6.1.1 1

equipment

Rated irjsulation X X X X 3.1.32,6.1.1

level

Rated frlequency fr X X X X 3.1.18

Rated pfimary Ioe X X X X 3.1.20, 5.1.1

current

Rated sport-time Iin X X X X 3.1.41,

thermal |current 5.1.4.1.2

Rated dlynamic Tayn X X X X 3.1.42,

current 51.4.1.3

Rated ektended Kper 3.2.3,5.1.2

primary |current

factor

Rated symmmetrical Kgsc X X X 3.3.6,

short-cifjcuif*Current 5.1.4.2.1

factor for transient

conditions

Rated primary time Tor X X X 3.3.7,

constant 5.1.4.2.3

Rated phase offset dor X X X X 3.1.28,5.2

Rated duty cycle X X X 3.3.9

Rated wake-up time X X X X 3.1.44,5.1.11

Weight X X X X

NOTE For part replacement, refer to the operation manual.
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Rating plate markings for each secondary converter

Rating Abbreviation | Measuring | Protective | Analogue Digital Clause or Note
ECT ECT output output subclause
Rated secondary X X X 3.1.22,5.4.2
output
Terminal markings X X X 111
Rated burden Ry, X 3.5.3,5.4.3
Accuracy class X X X X 12,13 3
Rated delay time t X X X X 3.1.27,5.3.2,
dr
5.4.1
Rating plate markings for auxiliary power supply
Rating Abbreviation | Measur- | Protective | Analogue Digital Clause,or Note
ing ECT ECT output output subClause
Rated apxiliary Upgr X X X X 31.11,56.1.7 4
power sppply
voltageq
Rated apxiliary X X X X 5.1.8
power sppply
frequengy
Rated sppply Ior X X X X 3.1.12
current
(nomingl
conditiops)
Maximum supply I3 max X X X X 3.1.13
current
(overlogd
conditiops)
x = apglicable
Rating plate markings for the merging unit
Rating Abbreviation { Measuring | Protective | Analogue Digital Clause or Note
ECT ECT output output subclause
Type oflinterface X X X
(opticalfelectrical)
Rated dglay time tar X X X 3.1.27,5.3.2,
5.4.1
Data rafe 1Ty X X X 3.4.5,5.3.3
Clock input{yes:no) X X X 3.4.3,6.2.5
Intended to be used X X X Annex B
with interpolation
schemes (yes/no)
Type of connector X X X 6.2.2.1,6.2.2.5
Type of fibre X X X 6.2.2.1

x = applicable

NOTE 1

(for example, 145/275/650 kV).

NOTE 2 See relevant sub-part.
NOTE 3 The rated burden and the corresponding accuracy class shall be combined to form one marking (for
example, 20 kQ, class 1).

NOTE 4 The nature of auxiliary power supply and rated voltage shall be combined to form one marking
(for example, 230 V a.c.).

The highest voltage for equipment and rated insulation level may be combined to form one marking
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12 Additional requirements for measuring electronic current transformers

12.1 Accuracy class designation

For measuring current transformers, the accuracy class is designated by the highest
permissible percentage current error at rated current prescribed for the accuracy class

concerned.

12.1.1 Standard accuracy classes

The standard accuracy classes for measuring current transformers are:

01-02-05-1-3-5.

12.2 Limits of current error and phase error at rated frequency

For clagses 0,1 — 0,2 — 0,5 and 1, the current error and phase error at rated \frequency ghall not
exceed the values given in table 17.
Table 17 — Limits of error
* percentage current (ratio) * phase.error at percentage
error at percentage of rated of rated current shown below
Accuracy current shown below - —
class Minutes. Centiradians
5 20 100 120 5 20 100 120 5 20 100 120
0,1 0,4 0,2 0,1 0,1 15 8 5 5 0,45 0,24 0,15 0,15
0,2 0,75 0,35 0,2 0,2 30 15 10 10 0,9 0,45 0,3 0,3
0,5 1,5 0,75 0,5 0,5 90 45 30 30 2,7 1,35 0,9 0,9
1,0 3,0 1,5 1,0 1,0 180 90 60 60 5,4 2,7 1,8 1,8
NOTE The limit of current error and phase erfror prescribed for 120 % of rated primary current should be fetained
up to the fated extended primary current.

For clagses 0,2 S and 0,5.S,.the current error and phase error of current transforme
special ppplications (in pafticular, in connection with special electricity meters which easure
correctly at a current between 1 % and 120 % of the rated current) at rated frequency
exceed the values given-in table 18.

Table 18)— Limits of error for current transformers for special application

rs for

shall not

* percentage current (ratio)

* phase error at percentage

of rated current shown below

Accutaey d
class current shown below Minutes Centiradians
1 5 20 100 | 120 1 5 20 100 | 120 1 5 20 100 | 120
0,28 0,75(0,35| 0,2 | 0,2 | 0,2 30 15 10 10 10 0,9 |045] 0,3 (0,3 ] 0,3
0,58 1,510,751 0,5 | 0,5 | 0,5 90 45 30 30 30 2,7 11,351 0,9 | 0,9 0,9

NOTE The limit of current error and phase error prescribed for 120 % of rated primary current should be retained
up to the rated extended primary current.

For class 3 and class 5, the current error at rated frequency shall not exceed the values given

in table 19.
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Table 19 — Limits of error

+ percentage current (ratio) error at percentage
Class of rated current shown below
50 120
3 3 3
5 5 5

NOTE The limit of current error prescribed for 120 % of rated primary
current shall be retained up to the rated primary extended current.

Limits o

More in
are ava

For ana
in the rg

123 A

Accurad

13 Ad

131 A
13.1.1

For prdg
highest
prescril]

protecti
annex A

13.1.2

The sta

phaseerrorare not specified forctass 3andtlass5:

ormation and an explanatory diagram on the limits of accuracy and protection
lable in annex E.

levant clauses.

Ccuracy requirements on harmonics

y requirements on harmonics are given in annex D.

ditional requirements for protective electronic current transformers

Ccuracy classes
Accuracy class designation

tective electronic current transformers, the accuracy class is designed
permissible percentage composite error at the rated accuracy limit primary

pn) or by the letters “TBE” (meaning transient protection electronic classe
for more explanations).

Standard accuracy classes

ndard accuracy classes for protective current transformers are:

5P, 10 P, and 5TPE.

13.1.3

Limits of error

classes

ogue output, the secondary burden used for test purposes shall be“'chosen as gpecified

by the
current

ed for the accuracy .class concerned, followed by the letter “P” (meaning

5 — Ssee

At rated frequency, the current error, phase error and composite error and, during application
of specified duty cycle if transient performance is specified, the maximum peak instantaneous
error, shall not exceed the values given in table 20. The phase error indicated in the tables of

limits of

errors are the values remaining after the compensation of the rated delay time.
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Table 20 — Limits of error

Current error at

Phase error at rated
primary current

Composite error at
rated accuracy limit

At accuracy limit
condition

Accuracy rated primary n )
class current ) . Primary current . aximum pea
o Minutes Centiradians instantaneous error
% % %
5TPE +1 + 60 +1,8 5 10
5P +1 + 60 +1,8 5 -
10 P +3 - - 10 -

NOTE 1

and other classes (TPS, TPX, TPY, TPZ) defined in IEC 60044-6 are given in annex A

Information on transient conditions related to class TPE and classes (PR and PX) defined in IEC 60044-1

For analogue output electronic current transformers, the secondary burdencused [for test
purposess shall be chosen as specified in the relevant clauses.

13.2 Agcuracy requirements on harmonics

Accurady requirements on harmonics are given in annex D.

14 Infprmation to be given with enquiries, tenders and orders

14.1 Depsignation

When dpecifying an electronic current transformetr~for an enquiry or an order, the fpllowing
items in[table 21 are necessary to determine its pesformances.
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Table 21 — Designation of an electronic current transformer

— 85 —

Rating Abbreviation Definition Clause or sub-

clause

Rated mechanical strength 6.1.8

Highest voltage for equipment Un 3.1.31 6.1.1.1

Rated insulation level 3.1.32 6.1.1.1

Service conditions 4

Rated frequency fr 3.1.18 515

Rated prifmary current Tor 3.1.20 5111

Rated prifnary short-circuit current for transient Ipsc 3.3.5 65.0.412.2

response

Rated extended primary current factor Koer 3.2.3 5.1)2

Rated symmetrical short-circuit current factor for ssc 3.3.6 51421

transient fesponse

Specified|primary time constant for transient Tor 3.3.7 51.4]2.3

response

Type of oltput (analogue voltage or digital)

Type of merging unit sync method (interpolation or Annek B

sync pulsg, for digital output)

Electrical|or optical interface at the merging unit (for 6.2l

digital oufput)

Rated seqondary output (for analogue output) Usr 3.1.22 5.412

Rated segondary burden (for analogue output) Rp: 3.5.3 5.4l3

Accuracy [limit factor Kais 3.3.3 51.411.1

Accuracy|class 12, 113

Rated auxiliary power supply voltage Ugr 3.1.11 51l7

Rated phgse offset dor 3.1.28 5.

Rated delpy time far 3.1.27 5.3.2, 5.4.1

Rated wake-up time 3.1.44 5.1.11

Maximum|power consumption of the ECT

Applicatign (for example, free-standing, GIS,

suspended on pusbar, breaker-mounted)

14.2 Dependability

The manufacturer shall provide a reliability and dependability credibility file (see 6.1.9).

15 Rules for transport, storage and installation

It is essential that the transport, storage and installation of electronic current transformers, as
well as their operation and maintenance in service, be performed in accordance with

instructi

ons given by the manufacturer.

Consequently, the manufacturer should provide instructions for the transport,

delivery

at the latest.

storage,
installation, operation and maintenance of electronic current transformers. The instructions for
the transport and storage should be given at a convenient time before delivery, and the
instructions for the installation, operation and maintenance should be given by the time of
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It is impossible, here, to cover in detail the complete rules for the installation, operation and
maintenance of each one of the different types of apparatus manufactured, but the following
information is given with regard to the most important points to be considered for the
instructions provided by the manufacturer.

15.1 Conditions during transport, storage and installation

A special agreement should be made between manufacturer and user if the services conditions
of temperature and humidity in that order cannot be guaranteed during transport, storage and
installation. Special precautions may be essential for the protection of insulation during
transport, storage and installation, and prior to energizing, to prevent moisture absorption due,

for instance, to rain, snow or condensation. Vibration during transport shall be considered.
Appropr'nfn instructions-should be gi\lnn

15.2 Installation

For each type of electronic current transformer, the instructions provided by the manyfacturer
should gt least include the items listed below.

15.3 Uppacking and lifting

Required information for unpacking and lifting safely, including details of any special lifting and
position|ng devices which are necessary, should be given.

15.4 Apsembly

When the electronic current transformer is not fully assembled for transport, all transpprt units
should be clearly marked. Drawings showing assembly of these parts should be proviged with
the elecfronic current transformer.

15.4.1 Mounting

Instructions for mounting of electronic’current transformers, operating devices and puxiliary
equipment should include sufficient details of locations and foundations to enable site
preparalion to be completed.

These donstructions should-also indicate

— the fotal mass of the_apparatus inclusive insulating fluids;
— the nass of insulating fluids;
— the mass ofthe heaviest part of the apparatus to be lifted separately if it exceeds 140 kg;

— the ¢entrejof gravity.

15.4.2 Connections
Instructions should include information on

a) connection of conductors, comprising the necessary advice to prevent overheating and
unnecessary strain on the electronic current transformer and to provide adequate clearance
distances;

b) connection of auxiliary circuits;
c) connection of liquid or gas systems, if any, including size and arrangement of piping;
d) connection for earthing;

e) type of cable to be connected at the secondary terminals: the manufacturer shall indicate a
recommended cable (including complete reference and the references of at least one
supplier) and the maximum recommended length, for this cable, between the secondary
terminals and the secondary equipment.
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15.4.3

Final installation inspection

Instruction should be provided for inspection and tests which should be made after the
electronic current transformer has been installed and all connections have been completed.

These i

nstructions should include

— a schedule of recommended site tests to establish correct operation;

— procedures for carrying out any adjustment that may be necessary to obtain correct

ope

ration;

— recommendations for any relevant measurements that should be made and recorded to
help with future maintenance decisions;

— instructions for final inspection and putting into service.

NOTE When optical system used, it is important to verify its integrity and to perform functional tests d

inspectio

15.5 Oreration

The ins

— A ggneral description of the equipment with particular attention to the technical de
of it

und
— The

— A dgscription of the safety features of the equipment and the operation.

— As

maintenance and testing.

15.6 Mlintenance

15.6.1

The effgctiveness of maintenanee depends mainly on the way instructions are prepare
manufa

15.6.2

The mapufacturerishould issue a maintenance manual including the following informatic

a) Sch

b) Detgiled.description of the maintenance work:

n to ensure that no physical damage has occurred to the fibre during installation.

ructions given by the manufacturer should contain the following information.

5 characteristics and all operation features provided, $o that the user has an a
grstanding of the main principles involved.

minimum wake-up current.

elevant, a description of the action te.be taken to manipulate the equipn

General

Cturer and implemented by the user.

Recommendation for the manufacturer

¢dule-maintenance frequency and active time.

ring final

Ecription
dequate

hent for

d by the

n.

recommended place for the maintenance work (indoor, outdoor, in factory,
electronic current transformer);

on site,

procedures for inspection, diagnostic tests, examination, overhaul, function check-out

(limits of values and tolerances for example, opto-electrical component o
efficiency);

reference to drawings;
reference to part numbers;
use of special equipment or tools (cleaning and degreasing agents);

precautions to be observed (for example, cleanliness).

perating
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c) Comprehensive drawings of the details of the electronic current transformer important for
maintenance, with clear identification (part number and description) of assemblies,
subassemblies and significant parts.

NOTE Expended detail drawing which indicate the relative position of components in assemblies and sub-
assemblies are a recommended illustration method.

d) List of recommended spare parts (description, reference number quantities) and advice for
storage.

e) Estimate of active scheduled maintenance time.

f) How to proceed with the equipment at the end of its operating life, taking into consideration
environmental requirements.

The ma

nufacturer should inform the users of a particular tyne of electroniccurrent transformer

and abo

Availabi
availabi
10 years

15.6.3

If the us
qualifice

The use

—  the g

ut corrective actions required by possible systematic defects and failures.

ity of spares: The manufacturer should be responsible for ensuring the ¢
ity of recommended spare parts required for maintenance for a period not le
5 from the date of the final manufacture of the electronic current transformer.

Recommendations for the user

tion as well as a detailed knowledge of the electronic eurrent transformer.

r should record the following information:

erial number and the type of the electronic«current transformer;

— the date when the electronic current transforpder is put in service;

— the
life g

— date

— the
and
statq

— refe
In case
manufa

nature
manufa

15.6.4

esults of all measurements and tests\including diagnostic tests carried out du
f the electronic current transformer;

s and extent of the maintenance,work carried out;

following a special operfating condition (for example, fault and post-fault o
);

ences to any failure'report.

cturer by stafing the special circumstances and measures taken. Depending
bf the failure, an analysis of the failure should be made in collaboration
cturer.

Failure report

bntinued
ss than

er wishes to do his own maintenance, he should ensure‘that his staff have dufficient

ring the

history of service, records\of the electronic current transformer measuremenit during

perating

of failure and(defects, the user should make a failure report and should inform the

pon the
vith the

The purpose of the failure report is to standardize the recording of the electronic current
transformer failures with the following objectives:

— to describe the failure using a common terminology;

— to provide data for the user statistics;

— to provide a meaningful feedback to the manufacturer;

The following gives guidance on how to make a failure report.
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A failure report should include the following whenever such data is available:

a)

b)

d)

f)

g)

identification of the electronic current transformer which failed:

substation name;

identification of the electronic current transformer (manufacturer, type, serial number,
ratings);

electronic current transformer family (oil or SF6 insulation, self-supported or busbar
supported, whether mechanically coupled to a circuit-breaker or not);

electronic current transformer technology used (air-core coil, iron-core coil, opti

location (indoors, outdoors);

cal)

enclosure.

hisfory of the electronic current transformer:

strg

clag
orig

date of commissioning of the equipment;

date of failure/defect;

date of last maintenance;

details of any changes made to the equipment since manufacture;

condition of the electronic current transformer when the failure/defect was dis
in service, maintenance, etc.).

ntification of the subassembly/component responsible for the primary failure/def
high-voltage stressed components;

electrical control and auxiliary circuits;

other components.

sses presumed contributing to the failure/defect

environmental conditions (temperature, wind, snow, ice, pollution, lightning, etc
sification of the failure/defect

major failure;

minor failure;

defect.

in and cause,of-the failure/defect

origin (megchanical, electrical, electronic, tightness, if applicable);

cause_(design, manufacture, inadequate instructions, incorrect mounting, i

covered

ct:

4%

~

hcorrect

rrraintenance, stresses beyond those specified, etc.).
co

sequences of the failures or defect

electronic current transformer down-time;
time consumption for repair;
labour cost;

spare parts cost.

A failure report may include the following information:

drawings, sketches;

photographs of defective components;

single-line station diagram;

reco

rds or plots;

references to maintenance manual.
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A high-voltage electronic current transformer can be safe only when it is installed in
accordance with the relevant installation rules and used and maintained in accordance with the
manufacturer’s instructions (see clause 15).

A high-voltage electronic current transformer is normally only accessible to instructed persons.
It shall be operated and maintained by skilled persons. When unrestricted access is available
to a distributed electronic current transformer, additional safety features may be required.

The following specifications of this standard provide personal safety measures for e

current

16.1 E

ectronic

ransformers against various hazards.

ectrical aspects

solating distance

arthing (indirect contact)
eparation of HV and LV circuits

P coding (direct contact)

lechanical aspects

ressurized components

nechanical impact protection

nermal aspects

ammability

~ o~ o~ o~

(
(

(

see 6.1.
see 6.1.
see 6.1.

see. 6.

see 6.1.

see 6.1.

see 6.1.

1);

12);
13);
13);

11);
13.3);

14);
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A1 |

Annex A
(informative)

Transient performances of ECTs

ntroduction

Any current transformer (magnetic or electronic) reproduces the a.c. component and the

visible i
a.c. co
the inpu

A detai
IEC 600
based

sensors
to the u

amplitude and the magnitude of the transient d.c. component.

ed analysis of transient performances required for certain“applications is given in
44-6. However, this standard applies only for the conventional technology, which is
bn magnetic materials. Many ECTs, based on different” technologies like Faraday
or Rogowski coils, are not subjected to the limitation of*conventional CTs, and|provide
ser more flexibility with regards to primary d.c. components. The aim of this anfex is to

illustratg¢ the benefit that users can get using ECTs when transient performances are refjuired.

A.2 Short-circuit current in a network

To dete
electricd

'mine the short-circuit current in a network, an equivalent electrical circuit coulfl be the
| circuit describe in figure A.1.

Circuit
Netwark impedance (R-L) o .
breaker

Line

Short-circuit

/

Figure A.1 — Equivalent electrical circuit of the network

IEC 1749/02

An approximate expression for the instantaneous value of a short-circuit current having a
symmetrical component I,sc may be written:

where T
of the ci

i(t) =2 O Ete‘“  [gos(6) - cos(w(l + )

is the primary time constant (expressed by the ratio L/R of the electrical components
rcuit described in figure A.1).
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The second part of the expressions describes the time evolution of the primary current for
steady-state condition.

The first part describes the transient component which is added to the steady-state current to
fulfil continuity equations related to reactive components of the network. Such part exists only
when the phase displacement between primary voltage and current are not the same before
and after the primary fault. If the phase displacement remains unchanged, 6 = 90° and the
transient component collapses.

To eliminate such short circuit, the circuit-breaker is open. As many short circuits are the result
of atmospheric over-voltages on the line insulator, automatic cycles are apply to the circuit-
breaker to eliminate these faults in a short time and continue to supply the network. In case of
real faJlt, the short circuit appears a second tme when the circuit-breaker clo’Ees. To
determine the behaviour of a current transformer during transient phenomena, a combifation of
two shoft-circuit currents is necessary (as described in 3.3.9).

Howevelr, the short-circuit current generally results in a network of an addition of fifferent
exponential currents (figure A.2) and describing the short-circuit currentby*this formula is only
an app%ximation. On the other hand, the symmetrical amplitude /pgehand the primary time
constanf change with the location of the fault, and also with the network configuration when the
fault ocfurs. Due to the presence of power transformers in the/substation, the primary time
constanf could be very high (for example, 200 ms) if the short” circuit is located near the
substatipn, but could be lower if the fault occurs some kilometres farther due to the fesistive
part of the line (for example, 60 ms). /psc depends also on.the situation of the fault.

R1-L1 [f—m—«—
Circuit Line

u1 *~ breaker

R2-L2

u2

R8:L3 |—

Short-circuit

IEC 1750/02

Figure.A.2 — More complex equivalent electrical circuit during short circuit

The determinationof-these parameters s—diffictttand—severat hypUtthCb aretobetaken into
account to determine the specification of the current transformer. This is also due to the
behaviour of the current transformers which are affected by the characteristics of primary short
and by the secondary circuit as explained in the following clause.

A.3 Equivalent circuit of a current transformer during short circuit

To analyse the behaviour of magnetic CTs during short-circuit current, the following equivalent
circuit described in figure A.3 is useful.
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Figure A.3 — Equivalent electrical circuit of magnetic current transformer
during short circuit

hary current is represented by a current source. The secondary circuit is repn

( reactance which is the magnetic impedance of the CT. core.

culties are related to the non-linearity of this impedance when saturation of

[To simplify this impedance could be considered.as”an open circuit when the co
d; in this case, the error represented by thé.current in this impedance is ve
il). When saturation occurs, this impedancé. could be represented by a short ¢
ary current is flowing through this impedance, the error is very high. The curre
ry circuit reaches zero.

bn occurs when the magnetic fluxireaches the knee point of the saturation cu
4). The flux is the result of thelintegration of the voltage Us (see figure A.3).

7 §

(psaturation

Knee point

Magnetic flux

esented

urden impedance (including the impedance of the wires),, Fhe CT is only represented

he core
Fe is not
ry small
rcuit, all
ht in the

've (see

\

Current in the magnetic reactance Im

IEC 1752/02

Figure A.4 — Magnetic reactance of the a CT without remanence

In steady-state conditions, the saturation of the core is directly linked by the amplitude of Us.
This voltage depends on the current and the burden which are the main parameters to be
checked to avoid saturation of the core.

During transient conditions, the flux is the result of the global evolution of Us which contains in
this case a sinusoidal part and a d.c. part coming from the primary short-circuit current. The
higher the primary time constant, the more quickly the knee point is reached. To avoid
saturation during transient due to the d.c. component, an important increase in the size of the
core is needed.
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When the short-circuit current disappears, the magnetic core is not able to return immediately
in initial conditions. A transient exponential current is flowing through the secondary circuit. The
time constant of this current is the secondary time constant (T, = L/Rb). Due to the high value
of the reactance of the core, this time constant could also be very high compared to the
primary time constant (for example, T, could reach 2, 3,... 5 s depending on the size of the
core). If a new short circuit appears before the flux goes down, the possible increase before
saturation is reduced.

Another problem could also appear when the short-circuit current disappears. If the core is built
without an air gap, a remanence flux could be obtained. This is again a very important aspect if
a new short-circuit current is applied to the CT. The possible increase of the flux before
saturation is drastically reduced. (In some cases, the remanent flux could reach 80 % of the
saturatipn fTux.)

A
(psaturation ”””””
3 Knee point
\\

= \

g \\

[e)] i

© y

= \
A
[ Pomanent

Current in the magneti¢ reactance Im

IEC 1753/02

Figure A.5 — Magnetic reactance of the CT with remanence

A.4 Accuracy classes for maghetic current transformers

A.4.1 General

The technological limitations*of magnetic CTs could be solved by a good design of the core.
Howevefr, the design is-related to a particular specification and new designs have to e made
for diffefent applications: For this reason, different protective classes are given in the felevant
standargls for CTs.SFhe following clauses give a quick explanation of the protective|classes
describId in IEG-80044-1 and IEC 60044-6. The protective classes in IEC 60044-1 are based
on steadly-state.tests. In IEC 60044-6 they are based on transient tests.

A.4.2 Accuracy classes in steady-state conditions

A.4.2.1 Classical Class P of IEC 60044-1

When the short-circuit current is not very high compared to the rated current, the time to
eliminate the fault is not critical. Classical electromechanical relays can be used (now modern
electronic analogue or digital relays are also used). In addition, in this type of electrical circuit,
the primary time constant being in general very small the transient current could be neglected.
For this kind of application the classical class P is used. The aim is to avoid saturation in
steady-state conditions, only the value of the short-circuit current and the burden are to be
taken into account.
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A.4.2.2 New Class PR and PX of IEC 60044-1

When the short-circuit current is high, the consequences are dangerous and elimination in a
short time is required. This problem was solved during seventies with the definition of transient
performance classes (see A.4.3). The verification of these classes are costly and the total
behaviour of the CTs are not always needed. For instance, in some cases, it is enough to
determine the condition to avoid saturation with the calculation of the voltage Us for the knee
point (see figures A.3 and A.4).This is the aim of the new class PX based on long experience
of the BS practices.

The class PR is relevant for differential relays. In this case, the elimination of the short-circuit
current has to be as quick as possible. The reaction time of the protective relay is very small
(for example, 5 ms). Even with a d.c. component, the Increase In the 1lux Is too small o reach
saturatipn of the core during this short time. Later saturation can occur without inciderjce. The
only cordition is to avoid a remanent flux to be sure that every CT connected to the differential
protectiye relays are in the same initial conditions.

A.4.3 Transient accuracy classes of IEC 60044-6

The IEQG 60044-6 standard defines special classes like TPS, TPX,.TRY, TPZ, and provides a
detailed| analysis of transient performances required for certaip ‘applications These |classes
complete the set of protection classes P, PR and PX defined in IEE"60044-1.

The expglanation of the differences between these four classes is not the aim of this anpex and
for morg explanations the reader can consult IEC 60044-6:

The clagses TPZ and TPY are very often used for ‘modern distance protective relays. [The aim
for the ¢lass TPZ is to avoid saturation of the core’ due to the d.c. component. For that a large
air gap|is include in the core. The effect is 10 change the characteristics of the magnetic
impedance as shown in figure A.6.
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7
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i Current in the magnetic reactance Im

IEC 1754/02

Figure A.6 — Example of magnetic reactance of the a CT for a TPZ class

The result is to eliminate the remanence apparition and to avoid the effect of the d.c.
component. The secondary output does not transmit a correct view of the d.c. component, and
the phase error is bigger as a classical protective class. For this TPZ class the error is based
on the power-frequency component only.

If the phase error has to be reduced, TPY class should be used. For this class, the size of the
magnetic core is increased to avoid saturation even if a d.c. component exists. The difficulty
comes from the big influence on the magnetic flux (which demands that the size of the core be
increased). The increasing factor is given by k= (1 + 1,w) (for example, for a primary time
constant equal to 100 ms, the factor k is higher than 30 for a power frequency of 50 Hz).
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The effect is to change the characteristics of the magnetic impedance as shown in figure A.7.

A

Class TPY

(psaturation

Knee point

Magnetic flux

Current in the magnetic reactance Im
IEC 1755/02

Figure A.7 — Example of the magnetic reactance of a CT for a|TPY class

Due to the size of the core the saturation flux is very high and the.ai¥’ gap in the cor¢ avoids

remanence flux. The error is given by a transient error which includes the d.c. compor
the power-frequency component. This definition of error is  taken in this standard
electronfic current transformer.

A.5 lass TPE

Class T|PE is defined by a maximum peak instaptaneous error of 10 % at the accur
conditiop, the rated primary time constant and’the rated duty cycle. The peak insta
error asjsesses the error of the transient d.c.scomponent and the a.c. component at or
definition is equivalent to the definition of\class TPY for conventional CTs. A class T
thus melets the usual requirements for protection applications and fault transient record

(E)CTs |for a.c. applications usually have a high pass characteristic below rated frg
Class TPE implicitly defines the maximum lower cut-off frequency (or secondary time ¢

ent and
for the

cy limit
aneous
ce. The
PE ECT

ng.

quency.
pnstant)

of an ECT. For example, a rated primary time constant of 1,, = 120 ms implies a lower cut-off

frequengy of maximum 0,35'Hz for a first-order system to yield an instantaneous errg
transient d.c. component.below 10 %. A higher primary time constant requires a lowe
frequengy to obtain the'same peak instantaneous error of the transient d.c. component.

If an EQT is

— applled in;a network with a higher primary time constant than the rated time con
(equivalent)

r of the
r cut-off

stant or

— has a higher cut-off frequency (lower secondary time constant) than required by class TPE

requirements

the instantaneous error of the transient d.c. component increases. If the design is sufficiently
linear, the instantaneous a.c. error remains low or even within the specified limits of the ECT.
The transient behaviour is similar to a conventional class TPZ CT. As protection algorithms

usually depend only on the instantaneous a.c. error, the design can be applied

without

restriction. Nevertheless, interpreting transient fault recorder data requires the knowledge of
the secondary time constant of the ECT. If the design is significantly non-linear, the
instantaneous a.c. error will increase and may exceed an acceptable limit. The manufacturer

should therefore specify the instantaneous a.c. error for this application.
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A.6 Comparison of class TPE to conventional transient performance classes

Above a certain level of signals, almost every system becomes non-linear. However, two cases
should be considered, according to the frequency response.

— Case one: Systems without d.c. rejection.

This is typically the case for conventional technology using magnetic materials. Any d.c.
component on the primary induces a d.c. offset on the magnetic induction which reduces
the linear zone available for the a.c. component. Moreover, due to the hysteresis of the
material, and if no countermeasure is applied (for example, air gaps), the material
memorises the former history of the magnetic induction. Therefore, the behaviour of the CT

subr
effe
reas
rele

— Cas

The
unal
tran

whe
Whs
adju
part

Therefd
the acc

Exampl¢

Assume
frequen
errors (¢

hitted to transient conditions depends on the history and can result in saturation
on, conventional CTs with transient performances should be tested.‘accof
ant duty cycle.

b two: System with d.c. rejection

le to transmit any d.c. components. This is typically the case/for any system
sfer function on the following form:

o
" ot
S

ﬁ ow

H(f) = Hy.
1+

e fiow is the low cut-off frequency and f the,frequency of the network.

or all of the d.c. component.

pracy of the a.c. component measurement.

14

compon

example, which can be associated with an equivalent frequency of 0,8 Hz, the erro

higher

f the ECY —comply with accuracy class 5TPE (see 13.1.3), for both a.c. &
nts. Ifyfor any reason, a primary fault appears with a larger time constant, 20(

utithe a.c. error will be the same. The protective relay is able to work correctly.

, as the

ts of applied primary current are added to those coming from the pass./for that

ding to

frequency response of such systems is limited in the low fregquency side: 'Lhey are

aving a

n submitted to the primary current, expressed in clause A.2, and when properly
sted, these systems can transmit the a.c. component with low errors while rémoving

re the primary time constant can vary up to very large values without affecting

a rated primary/time constant of 60 ms, which can be associated with an eduivalent
cy of 2,67 Hzy'and an ECT designed with a low cut-off frequency of 0,5 Hz. Transient

nd d.c.
ms, for
will be

Due to the great difficulties in determining the rated value of the primary time constant and the
amplitude of the short-circuit current (/,5;) for a given network and the high sensibility of

magneti

¢ CTs to the primary time constant, this is a major advantage of the TPE class.

Another advantage is also given by the relative independence of the accuracy versus the
burden in the secondary circuit for analogue output. In the case of digital output, there is non-
correlation of the output on accuracy.
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Annex B
(informative)

Technical information for electronic current transformers
with digital output

B.1 Scope

This annex applies to newly manufactured electronic current transformers with digital output for

use wit

Electron
air-core

This an
error m

B.2 (

To use

must bg treated in a uniform way. Instantaneous values/of current and voltage, taken 1
stance with a time uncertainty of less than a few microseconds, must be transmitted to

same in

electrical measuring nstruments and electrical protective devices.

ex gives the information required to deal with interpolation and 'sync mech
asurement and calculation, etc.

Dperation principle of the digital output.

efficiently the advantages for electrical current and voltage transformers, the

ic current transformers use current sensors (current transformers, Hall @€ffect $ensors,
coils (Rogowski) for example) and/or optical arrangements and provide-a digital output.

anisms,

signals
rom the

the megsuring and protection equipment. A recommended way to do this is to combpine the
currenty and voltages from one bay, i.e. the curtents and voltages in the three phages and

transmif them in one protocol. The physical\unit doing this combination of curre

figure B

nts and
given in

voltageg is called the merging unit (MU). The structure of the measuring system is
1.
ECT 1 PC sc
LCT 2 PC sc —»| Digital output
ECT 3 PC sc
- © ] ow fe— E
EVT, 1 PC sC
EVT 2 PC SC
EVT 3 PC sc
EVT N PC SC
EVT BB PC sc
IEC 1756/02

Key

- PC - Primary Converter

- SC - Secondary Converter
- MU - Merging Unit

Figure B.1 — Combination of ECTs and EVTs to form the digital output


https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

60044-8 0 I[EC:2002(E) - 99 -

How the transformers connected to one merging unit are synchronized is manufacturer specific
and not defined in this standard.

B.3 Other assignment of the data channels

Some applications require different data channel assignments from the one given in table 12 of
6.2.4.1.3 (DataSetName =01). For example, a line protection relay for a 1% breaker
arrangement with combined voltage and current transducers on either side of the breakers
requires at least two sets of currents (protection resolution) and one set of voltages.

DataSetName = FE H (254 decimal) allows the manufacturer to freely assign data channels to
sources[tommeetspecificappiicationstmthistase, the mmanufacturerspecifies thedatajchannel
assignnjent as shown in the example in table B.1. The following items are necessary.fof correct
configunation of the data sink for each data channel:

Valug: Textual description of the signal

Refefence value: The applicable reference value for this channel} possible values are
rated phase current, rated neutral current, rated phase voltage

Scaling factor: The scaling factor of this data channel*as defined in table 5. Possible
values are SCP, SCM and SV

The datp channel assignment must not change during.nermal operation.

Table B.1 — Sample application specific assignment of the data channels with
DataSptName = FE H. Application for line protection and synchronization of 1'z-beaker
arrangements with combined ECTS/EVTs on both sides of the breakers

DataSgtName FEH
Value Source Reference value Scaling factpr
DataCharlnel#1 Current Phase A,/prot. DS 1 Rated Phase Current SCP
DataCharnel#2 Current Phase B, prot. DS 1 Rated Phase Current SCP
DataCharnel#3 Current Bhase C, prot. DS 1 Rated Phase Current SCP
DataCharnnel#4 Voltage.Phase A Line A Rated Phase Voltage SV
DataChannel#5 Voltage Phase B Line A Rated Phase Voltage SV
DataCharnel#6 Voltage Phase C Line A Rated Phase Voltage SV
DataCharnel#7 Current Phase A, prot. DS 2 Rated Phase Current SCP
DataCharnel#8 Current Phase B, prot. DS 2 Rated Phase Current SCP
DataChannel#9 Current Phase C, prot. DS 2 Rated Phase Current SCP
DataChannel#10 Voltage Phase A Bus Bar 1 Rated Phase Voltage SV
DataChannel#11 Voltage Phase A Bus Bar 2 Rated Phase Voltage SV
DataChannel#12 Voltage Phase A Line 2 Rated Phase Voltage SV



https://iecnorm.com/api/?name=c755a09d4b3952fc70ded831d46527dc

- 100 — 60044-8 O IEC:2002(E)

B.4 Mathematical description of the digital output

Compared to an analogue output the digital output is not a function of time (t) but a sequence

of values and therefore a function of a counter n, which is an integer number.

The time at which the primary currents and voltages of the nth data set have been sampled is
called ¢,. Since equidistant sampling is used, the distance in time 7 between two samples is

constant and equal to the reciprocal of the data rate: #,,,4 — 1, = Tg

With the help of these definitions the digital output can be described as follows:

ig(n) = Iggo V2 .SINQRTLL L, + bg) + Isgo(n) + igres(n);

where

i
S
of the primary current;

]SSC

]sdc

is the r.m.s. value of the symmetrical component of a certain merging unit output;
is the secondary direct output including the exponential component;

isres IS the secondary residual output including harmonic and subharmonic components;

n is the data set counter;

In

f is the frequency;

¢s is the secondary phase displacement.

B.5 Time synchronization of the’'merging units

Many pfotections require signals~from different bays with synchronized current and
information. It is therefore necessary to be able to synchronize current and voltage infq
from different protocols. There are two means to do this synchronization, interpolatio
values ffom several protocols or to use a station-wide clock for synchronization of the
protocols.

In the case of intefpolation, the different known time delays in the different protocols g
to calculate thessamples at a decided instance using interpolation between the samp
the diffdrent protocols. See figure B.2.

is g digital number at the merging unit output representing the actuallinstantaneolis value

is the time at which primary currents and voltages: of the nth data set have been sampled;

voltage
rmation
h of the
Hifferent

re used
es from
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