IEC 61869-1:2007

Full docu

IEC 61869-1

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 1.0 2007-10

Instrument transformers —
Part 1: General requirements

Transformateurs de mesure —
Partie 1: Exigences générales



http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2007 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, 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 either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pays de résidence.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

" Catalogue of IEC publications: www.iec.ch/searchpub

The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,...).
It also gives information on projects, withdrawn and replaced publications.

" |EC Just Published: www.iec.ch/online _news/justpub

Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available
on-line and also by email.

" Electropedia: www.electropedia.org

The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical
Vocabulary online.

= Customer Service Centre: www.iec.ch/webstore/custserv

If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service
Centre FAQ or contact us:

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 03 00

A propos de la CEI

La Commission Electrotechnique Internationale (CEIl) est la premiére organisation mondiale qui élabore et publie des
normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI
Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

= Catalogue des publications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm
Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéeres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEI: www.iec.ch/online _news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

IEC 61869-1

Edition 1.0 2007-10

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Instrument transformers —
Part 1: General requirements

Transformateurs de mesure —
Partie 1: Exigences générales

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE X B
CODE PRIX

ICS 17.220.20 ISBN 2-8318-9322-4

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

-2- 61869-1 © IEC:2007

CONTENTS
O L L @ 1 I PP 6
S Yo 0] o 1P 9
P (o] 4 ¢ F= Y YN = £ =Y g Lo 9
Terms and definitioNs . ... e 10
3.1 General definitioNs ... .o 11
3.2 Definitions related to dielectric ratings ..........coooiiiiiii 11
3.3 Definitions related to current ratings.........coooiiiiiiii i 13
3.4 Definitions related t0 @CCUFACY .....c.oiiuiiiiiii e 13
3.5 Definitions related to other ratings.........cooiiiiiii 14
3.6 Definitions related to gas insulation ..o 14
3.7 Index of @abbreviations ... ... 15
4 Normal and special service CONditioNS ... ..o 15
T € =Y 7= - | PP 15
4.2 Normal service CoNditioNS ... 16
4.2.1  Ambient air temperature ... ... 16
4.2.2  AUE s 16
4.2.3 Vibrations or earth tremors ... 16
4.2.4 Other service conditions for indoor instrument transformers ...................... 16
4.2.5 Other service conditions for outdoor instrument transformers .................... 17
4.3 Special service CoONAitioONS ......ouiiiiiii 17
B N € 1= o =Y | PP 17
4.3.2  AUAE oot e 17
4.3.3 Ambienttemperature ..o 17
4.3.4 Vibrations or earth tremors ... 17
4.3.5 EarthQUaKES ..oeoiii 17
4.4 System Earthing ... e 18
D R A NG S et e 18
ot I 7= o 11 = S 18
5.2 Highest voltage for equUipmMeNnt ... ...t 18
5.3 Rated insulation [@VEeIS ... 20
.31 GBNEIAl e 20
5.3.2 Rated primary terminal insulation level ..............cccooi i 20
5.3.3 Other requirements for primary terminals insulation...................c...coo. 20
5.3.4 Between-section insulation requirements..............coiiii 21
5.3.5 Insulation requirements for secondary terminals ............cc..ccooeiiin . 21
5.4  Rated freqQUENCY ..o 21
5.5 Rated OULPUL .o e 21
5.6 Rated aCCUraCy Class ......ccuiiiiii i e 21
6 Design and CONSTTUCTION ... ..o e 21
6.1 Requirements for liquids used in equipment ... 21
L I B 1Y 4 =Y - | PP 21
6.1.2  Liquid qUality ..o e 21
6.1.3  LiQUid 1eVEel AeVICE ....ie i e 21
6.1.4  Liquid tightness ... 21
6.2 Requirements for gases used in equipment.............cooiiiiiininn e, Docu-ﬁients

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

61869-1 © IEC:2007 -3-

B.2.1  GeNEIAl it 21
B.2.2  GaAS QUAIITY couieiii e 22
6.2.3  Gas MONItONNG AEVICE .......iiiiiiii e e 22
6.2.4  Gas tighINeSS ..o 22
6.2.5 Pressure relief deviCe ......cooiiiiiii 23
6.3 Requirements for solid materials used in equipment...............ci 23
6.4 Requirements for temperature rise of parts and components...............ccoceeiiininns 23
B.4.1  GeNEIaAl .o e 23
6.4.2 Influence of altitude on temperature-rise............ccooiiiiiiiiiii 24
6.5 Requirements for earthing of equipment ... 25
B.5.1  GeNEIal .o 25
6.5.2 Earthing of the eNClOSUre......cc.uiiniii e 25
6.5.3 Electrical continuity .........ooooiiiiii 25
6.6 Requirements for the external insulation............... 25
B.6.1  POIULION oo 25
B.6.2  AIUAE ..ot e 26
6.7 Mechanical reqUIremMENtS. . ..o 27
6.8 Multiple chopped impulse on primary terminals ... 28
6.9 Internal arc fault protection requirements .............ccooiiiiiiiiici 28
6.10 Degrees of protection by ENCIOSUIES.......ccuiiiiii e 29
B.10.1 GeNEIAl ..o e 29
6.10.2 Protection of persons against access to hazardous parts and
protection of the equipment against ingress of solid foreign objects........... 29
6.10.3 Protection against ingress of water............coiiii 29
6.10.4 Indoor instrument transSformMers........coooviiiiii 30
6.10.5 Outdoor instrument transformers ............cooiiiiiiiiii 30
6.10.6 Protection of equipment against mechanical impact under normal
SEIVICE CONAITIONS .. e 30
6.11 Electromagnetic Compatibility (EMC) ......c.oiiiiii e 30
B.11.1 GeNEIAl .o 30
6.11.2 Requirement for Radio Interference Voltage (RIV) .....coooiiiiiiiiiiiins 30
6.11.3 Requirements for immunity ..........ccooiiiiiii e 31
6.11.4 Requirement for transmitted overvoltages...........ccoooiiiiiiiiii i 31
& 2 O o o 1= Lo o P 32
B. 13  MaArKiNgS et e 33
B.14 Fire NAzZaArd . ..o 33
A =1 € S PP 33
4% T © 1= 1= - | P 33
7.1.1  Classification of tests ... 33
T7.1.2 LISt Of 1SS i 34
7.1.3  SequeNCe Of 1888 ..ciu it 35
72 TP BSOS et e 35
T.2.1  GENEIAI et 35
7.2.2 Temperature-rise test .. ..o 36
7.2.3 Impulse voltage withstand test on primary terminals...................cooeiiinis 37
7.2.4 Wet test for outdoor type transformers...........ccoooiiiii 38
7.2.5 Electromagnetic Compatibility (EMC) tests ........ccooviiiiiiiiiiii, 38
T7.2.6 TSt fOr @CCUIMACY c.uiniii it e e e e 40
7.2.7 Verification of the degree of protection by enclosures.................. Docu.ments

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

—4 - 61869-1 © IEC:2007

7.2.8 Enclosure tightness test at ambient temperature ..., 41

7.2.9 Pressure test for the enclosure ..o 41

7.3 ROULINE 1ESTS o 41

7.3.1 Power-frequency voltage withstand tests on primary terminals .................. 41

7.3.2 Partial discharge measurement ... 42

7.3.3 Power-frequency voltage withstand tests between sections ....................... 44

7.3.4 Power-frequency voltage withstand tests on secondary terminals .............. 44

7.3.5  TeSt fOr @CCUIACY ... ittt 44

7.3.6  Verification of Markings ........oooiiiiiii 44

7.3.7 Enclosure tightness test at ambient temperature .................coll 45

7.3.8 Pressure test forthe enclosure ... 45

T4 SPECIAl SIS i e 45

7.4.1 Chopped impulse voltage withstand test on primary terminals ................... 45

7.4.2 Multiple chopped impulse test on primary terminals ...l 46

7.4.3 Measurement of capacitance and dielectric dissipation factor.................... 47

7.4.4 Transmitted overvoltage test ... 47

7.4.5 Mechanical tests. ... 49

7.4.6 Internal arc fault test. ... .o 50

7.4.7 Enclosure tightness tests at low and high temperatures............................. 51

7.4.8 Gas dew point test.. ..ottt 52

T.4.9  COrrOSION 1St .. e e 52

7.4.10 Fire hazard test ... 52

7.5 SaMPIE 1SS Lo e 52

8 Rules for transport, storage, erection, operation and maintenance ...............c..cccceeeeeni. 53

S O e 53

10 Influence of products on the natural environment ..., 53

Annex A (normative) ldentification of test specimen...........ccoooviiii i, 54
Annex B (informative) Rules for transport, storage, erection, operation and

L= 111 L= =Y o o= 55

Annex C (informative) Fire hazard ... 60

Annex D (informative) Sample teSt.. ..ot 61

Bl OG AP Y e 62

Figure 1 — Altitude correction factor for the temperature rise............ccoocoiiiiiiiiiiiiici e, 25

Figure 2 — Altitude correction factor ... ..o 27

Figure 3 — Transmitted overvoltages measurement: Test impulse waveforms....................... 32

Figure 4 — RIV Measuring CirCUIL ..o e e e e e e 39

Figure 5 — Test circuit for partial discharge measurement...............cooiiiiiiiiincn e, 42

Figure 6 — Alternative circuit for partial discharge measurement .............c..cooiiiiiin, 42

Figure 7 — Example of balanced test circuit for partial discharge measurement..................... 43

Figure 8 — Example of calibration circuit for partial discharge measurement.......................... 43

Figure 9 — Transmitted overvoltages measurement: general test configuration...................... 48

Figure 10 — Transmitted overvoltages measurement: test circuit and GIS Test
CONTIGUIATION (T ) ittt et ettt et e e e e e e e 48
Docliments

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

61869-1 © IEC:2007 -5-

Table 1 — Temperature CategOries ...t e 16
Table 2 — Rated primary terminal insulation levels for instrument transformers ..................... 19
Table 3 — Partial discharge test voltages and permissible levels .................cooo. 20
Table 4 — Permissible temporary leakage rates for gas systems ..........ccooiiiiiiiinn, 22
Table 5 — Limits of temperature rise for various parts, materials and dielectrics of

INSITUMENT IraNSTOIMEIS oo e e ens 24
Table 6 — Creepage diStANCES .....oiviiiiiiii e e e e 26
Table 7 — Static withstand test l0ads . ... ... 28
Table 8 — Arc fault duration and performance criteria.............oooiiii i 29
Table 9 — Transmitted over voltage limits.........coooiiii i 31
Table 10 — List Of 1eS1S ..o e 34
Table 11 — Gas type and pressure during type, routine and special tests ...................ol. 35
Table 12 — Modalities of application of the test loads to be applied to the line primary

BB I NALS e 50
Table C.1 — Fire hazard of electro technical products............ccooiiiiiiii e, 60

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

-6 - 61869-1 © IEC:2007

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -

Part 1: General requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall be attached to IEC or its directors, employees, servants or agents including individual experts
and members of its technical committees and IEC National Committees for any personal injury, property
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
and expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
essential for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61869-1 has been prepared by IEC technical committee 38:
Instrument transformers.

TC 38 decided to restructure the whole set of stand-alone Standards in the IEC 60044 series
and transform it into a new set of standards composed of general requirements documents
and specific requirements documents.

This Standard is the first issue of this new series and can be regarded as a Product Family
standard. It contains the general requirements for instrument transformers and shall be read
in conjunction with the relevant specific requirements standard for the instrument transformer
concerned.
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An overview of the planned set of standards is given below:

PRODUCT FAMILY STANDARDS PRODUCT PRODUCTS OLD STANDARD
STANDARD
61869-2 CURRENT 60044-1
TRANSFORMERS
61869-3 INDUCTIVE VOLTAGE | 60044-2
TRANSFORMERS
61869-4 COMBINED 60044-3
TRANSFORMERS
61869-5 CAPACITIVE VOLTAGE |60044-5
TRANSFORMERS
61869-1
61869-6 CURRENT 60044-6
GENERAL TRANSFORMERS FOR
REQUIREMENTS FOR TRANSIENT
INSTRUMENT PERFORMANCE
TRANSFORMERS
61869-9 61869-7 ELECTRONIC VOLTAGE | 60044-7
TRANSFORMERS
ADDITIONAL
REQUIREMENTS AND | 61869-8 ELECTRONIC 60044-8
DIGITAL INTERFACE CURRENT
FOR ELECTRONIC TRANSFORMERS
INSTRUMENT
TRANSFORMERS
61869-10 LOW-POWER STAND-
ALONE CURRENT
SENSORS

This Standard covers all general requirements formerly found in the stand-alone standards of
the IEC 60044 series. Additionally, it introduces some technical innovations:

e requirements for gas-insulated instrument transformers

e additional special tests

e requirements for internal arc fault protection

e requirements for degrees of protection by enclosure

e requirements for resistance to corrosion

e requirements for safety and environmental concerns

The text of this standard is based on the following documents:

FDIS

Report on voting

38/360/FDIS

38/364/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

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

Full document details: IEC 61869-12007
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or

*+ amended.
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INSTRUMENT TRANSFORMERS -

Part 1: General requirements

1 Scope

This International Standard is applicable to newly manufactured instrument transformers with
analogue or digital output for use with electrical measuring instruments or electrical protective
devices having rated frequencies from 15 Hz to 100 Hz.

This standard is a product family standard and covers general requirements only. For each
kind of instrument transformer the product standard is composed by this standard and the
relevant specific standard.

2 Normative references

The following referenced documents are essential for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60060-1: High-voltage test techniques — Part 1: General definitions and test requirements
IEC 60068-2-11: Basic environmental testing procedures — Part 2: Tests — Test Ka: Salt mist
IEC 60068-2-17: Basic environmental testing procedures — Part 2: Tests - Test Q: Sealing
IEC 60068-2-75: Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests.

IEC 60071-1: Insulation co-ordination — Part 1: Definitions, principles and rules

IEC 60085: Electrical insulation — Thermal classification

IEC 60270: High-voltage test techniques — Partial discharge measurements

IEC 60296: Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60376: Specification of technical grade sulfur hexafluoride (SFg) for use in electrical
equipment

IEC 60417: Graphical symbols for use on equipment
IEC 60455 (all parts): Resin based reactive compounds used for electrical insulation

IEC 60480: Guidelines for the checking and treatment of sulphur hexafluoride (SFg) taken
from electrical equipment and specification for its re-use

IEC 60529: Degrees of protection provided by enclosures (IP code)

IEC 60567: Oil-filled electrical equipment — Sampling of gases and of oil for analysis of free
and dissolved gases — Guidance Documents

Document Sharing Hub
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IEC 60694: Common specifications for high-voltage switchgear and controlgear standards

IEC 60695-1-1: Fire hazard testing — Part 1-1: Guidance for assessing the fire hazard of
electrotechnical products - General guidelines

IEC 60695-1-30: Fire hazard testing — Part 1-30: Guidance for assessing the fire hazard of
electrotechnical products — Use of preselection testing procedures

IEC 60695-7-1: Fire hazard testing — Part 7-1: Toxicity of fire effluent - General guidance

IEC 60721-3-3: Classification of environmental conditions — Part 3-3: Classification of groups
of environmental parameters and their severities — Stationary use of weatherprotected
locations

IEC 60721-3-4: Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

IEC 60815, Guide for the selection of insulators in respect of polluted conditions

IEC 60867: Insulating liquids — Specifications for unused liquids based on synthetic aromatic
hydrocarbons

IEC 61462: Composite hollow insulators — Pressurized and unpressurized insulators for use in
electrical equipment with rated voltage greater that 1 000 V — Definitions, test methods and
acceptance criteria and design recommendations

IEC 61634: High-voltage switchgear and controlgear — Use and handling of sulphur
hexafluoride (SFg) in high-voltage switchgear and controlgear

IEC 62155: Hollow pressurized and unpressurized ceramic and glass insulators for use in
electrical equipment with rated voltages greater than 1 000 V

IEC 62262: Degree of protection IK code

IEC 62271-2: High-voltage switchgear and controlgear — Part 2: Seismic qualification for rated
voltages of 72,5 kV and above.

IEC 62271-203: High-voltage switchgear and controlgear — Part 203: Gas-insulated metal-
enclosed switchgear for rated voltages above 52 kV

CISPR 18-2: Radio interference characteristics of overhead power lines and high-voltage
equipment — Part 2: Methods of measurement and procedure for determining limits

IEC Guide 109: Environmental aspects — Inclusion in electrotechnical product standards

ISO 3231: Paints and varnishes — Determination of resistance to humid atmospheres
containing sulphur dioxide

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.1 General definitions

311

instrument transformer

transformer intended to transmit an information signal to measuring instruments, meters and
protective or control devices or similar apparatus

[IEV 321-01-01, modified]

3.1.2
enclosure
housing affording the type and degree of protection suitable for the intended application

[IEV 826-12-20]

3.1.3
primary terminals
terminals to which the voltage or current to be transformed is applied

3.1.4

secondary terminals

terminals which transmit an information signal to measuring instruments, meters and
protective or control devices or similar apparatus

3.1.5

secondary circuit

the external circuit receiving the information signals supplied by the secondary terminals of an
instrument transformer

[IEV 321-01-08, modified]

3.1.6

section

electrically conductive part of an instrument transformer insulated from other similar parts and
equipped with terminals

3.2 Definitions related to dielectric ratings

3.21

highest voltage of a system (Usys)

highest value of the phase-to-phase operating voltage (r.m.s. value) which occurs under
normal operating conditions at any time and at any point in the system

[IEV 601-01-23, modified]

3.2.2

highest voltage for equipment (U,,)

the highest r.m.s. value of phase-to-phase voltage for which the equipment is designed in
respect of its insulation as well as other characteristics which relate to this voltage in the
relevant equipment standards

[IEV 604-03-01 ]

3.2.3

rated insulation level

combination of voltage values which characterizes the insulation of a transformer with regard
to its capability to withstand dielectric stresses
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3.24

isolated neutral system

system where the neutral point is not intentionally connected to earth, except for high
impedance connections for protection or measurement purposes

[IEV 601-02-24]

3.2.5

resonant earthed system (a system earthed through an arc-suppression coil)

system in which one or more neutral points are connected to earth through reactances which
approximately compensate the capacitive component of a single-phase-to-earth fault current

[IEV 601-02-27]

NOTE With resonant earthing of a system, the residual current in the fault is limited to such an extent that an
arcing fault in air is self-extinguishing.

3.2.6

earth fault factor

at a given location of a three-phase system, and for a given system configuration, the ratio of
the highest r.m.s. phase-to-earth power frequency voltage on a healthy phase during a fault to
earth affecting one or more phases at any point on the system to the r.m.s. value of phase-to-
earth power frequency voltage which would be obtained at the given location in the absence
of any such fault

[IEV 604-03-06]

3.2.7

earthed neutral system

system in which the neutral is connected to earth either solidly or through a resistance or
reactance of sufficiently low value 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 3 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.

3.2.8
solidly earthed neutral system
system whose neutral point(s) is(are) earthed directly

[IEV 601-02-25]

3.2.9
impedance earthed neutral system
system whose neutral point(s) is(are) earthed through impedances to limit earth fault currents

[IEV 601-02-26]

3.2.10
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.
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3.2.11
non-exposed installation
installation in which the apparatus is not subject to overvoltages of atmospheric origin

NOTE Such installations are usually connected to underground cable networks.
3.3 Definitions related to current ratings

See specific requirements standard.

3.4 Definitions related to accuracy

3.41
actual transformation ratio (k)
ratio of the actual primary voltage or current to the actual secondary voltage or current

3.4.2
rated transformation ratio (k,)
ratio of the rated primary voltage or current to the rated secondary voltage or current

3.4.3

ratio error (g)

the error which an instrument transformer introduces into the measurement and which arises
from the fact that the actual transformation ratio is not equal to the rated transformation ratio

3.4.4

phase displacement (Agp)

difference in phase between the primary voltage or current and the secondary voltage or
current phasors, the direction of the phasors being so chosen that the angle is zero for an
ideal transformer.

The phase displacement is said to be positive when the secondary voltage or current phasors
leads the primary voltage or current phasors. It is usually expressed in minutes or
centiradians.

NOTE 1 This definition is strictly correct for sinusoidal voltages or currents only.

NOTE 2 Electronic instrument transformers may introduce a delay time due to a digital data transmission and by
digital signal processing.

[IEV 321-01-23, modified]

3.4.5

accuracy class

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

[IEV 321-01-24, modified]

3.4.6

burden

admittance (or impedance) of the secondary circuit expressed in siemens (or ohms) and
power factor

NOTE The burden is usually expressed as the apparent power in volt-amperes absorbed at a specified power-
factor and at the rated secondary voltage or current.

3.4.7
rated burden
value of the burden on which the accuracy requirements of this specification are based.
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3.4.8

rated output (S,)

value of the apparent power (in voltamperes at a specified power factor) which the
transformer is intended to supply to the secondary circuit at the rated secondary voltage or
current and with rated burden connected to it

3.5 Definitions related to other ratings

3.5.1
rated frequency (fg)
value of the frequency on which the requirements of this standard are based

3.5.2
mechanical load (F)
forces on different parts of the instrument transformer as a function of four main forces:

— forces on the terminals due to the line connections,
— forces due to the wind,
— seismic forces,

— electro dynamic forces due to short circuit current

3.5.3

internal arc fault protection instrument transformer

instrument transformer designed in such a way to ensure an assigned protection level against
internal arc fault

3.6 Definitions related to gas insulation

3.6.1
pressure relief device
a device suitable to limit dangerous over-pressures inside the instrument transformer

3.6.2

gas-insulated metal-enclosed instrument transformer

metal-enclosed instrument transformer intended to be mounted on Gas-Insulated Switchgear
(GIS), inside or outside the switchgear enclosure

3.6.3
closed pressure system
volume that is replenished only periodically by manual connection to an external gas source

3.6.4

rated filling pressure

pressure referred to the standard atmospheric air conditions (20 °C and 101,3 kPa) to which
the gas-insulated instrument transformer is filled before being put in service, or periodicaly
replenished

3.6.5

minimum functional pressure

pressure referred to the standard atmospheric air conditions (20 °C and 101,3 kPa) at which,
and above which, rated insulation and other characteristics of the gas-insulated instrument
transformer are maintained and at which gas replenishment becomes necessary

3.6.6

design pressure of the enclosure

pressure used to determine the thickness of the enclosure. It is at least equal to the maximum
pressure of the enclosure at the highest temperature that the gas used for insulation can

reach under maximum service conditions. Documents
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3.6.7
design temperature of the enclosure
highest temperature that can be reached by the enclosure under service conditions

3.6.8
absolute leakage rate
amount of gas escaped by time unit, expressed in Pa.m3/s

3.6.9

relative leakage rate (F,,)

absolute leakage rate related to the total amount of gas in the instrument transformer at rated
filling pressure (or density). It is expressed in percentage per year.

3.7 Index of abbreviations

IT Instrument Transformer

CT Current Transformer

CVvT Capacitive Voltage Transformer
VT Voltage Transformer

AIS Air-Insulated Switchgear

GIS Gas-Insulated Switchgear

k actual transformation ratio

k, rated transformation ratio

£ ratio error

Ag phase displacement

S, rated output

Usys highest voltage for system
U, highest voltage for equipment
fr rated frequency

F mechanical load

Frel relative leakage rate

4 Normal and special service conditions

4.1 General

Unless otherwise specified, instrument 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, instrument
transformers shall be designed to comply with any special service conditions required by the
purchaser, or appropriate arrangements shall be made (see 4.3).

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

- 16 - 61869-1 © IEC:2007

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

For gas-insulated metal-enclosed instrument transformers, Clause 2 of IEC 62271-203 is
applicable.

4.2 Normal service conditions
4.2.1 Ambient air temperature

Instrument transformers are classified in three categories as given in Table 1.

Table 1 — Temperature categories

Category Minimum temperature Maximum temperature
°C °C
-5/40 -5 40
-25/40 -25 40
~40/40 —40 40

NOTE 1 In the choice of the temperature category, storage and transportation conditions should also be
considered.

NOTE 2 In case of instrument transformers integrated within other equipment (e.g. GIS, circuit breaker) the
instrument transformer should be specified for the temperature conditions for the respective equipment.

4.2.2  Altitude

The altitude does not exceed 1 000 m.

4.2.3 Vibrations or earth tremors

Vibrations due to causes external to the instrument transformers or earth tremors are
negligible.

4.2.4 Other service conditions for indoor instrument transformers
Other considered service conditions are as follows:

a) the influence 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) the average value of the relative humidity, measured for a period of 24 h does not
exceed 95 %;

2) the average value of the water vapour pressure for a period of 24 h does not
exceed 2,2 kPa;

3) the average value of the relative humidity for a period of one month does not
exceed 90 %;

4) the average value of the water vapour pressure for a period of one month does not
exceed 1,8 kPa.

For these conditions, condensation may occasionally occur.

NOTE 1 Condensation may be expected where sudden temperature changes occur in periods of high humidity.

NOTE 2 In order to withstand the effects of high humidity and condensation, such as the breakdown of insulation
or the corrosion of metallic parts, instrument transformers designed for such conditions should be used.

NOTE 3 Condensation may be prevented by special design of the housing, by suitable ventilation and heating, or
by the use of a dehumidifying device.

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

61869-1 © IEC:2007 -17 -

4.2.5 Other service conditions for outdoor instrument transformers
Other considered service conditions 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 IEC 60815;

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;

f) the ice coating does not exceed 20 mm.

4.3 Special service conditions

4.3.1 General

When instrument transformers are intended to be used under conditions different from the
normal service conditions given in 4.2, the purchaser's requirements should refer to
standardised criteria given hereinafter.

4.3.2 Altitude
4.3.2.1 Influence of altitude on external insulation

At an altitude >1 000 m, the disruptive discharge voltage for external insulation is affected by
the reduction of air density. Refer to 6.6.2.

4.3.2.2 Influence of altitude on temperature-rise

At an altitude >1 000 m, the thermal behaviour of an instrument transformer is affected by the
reduction of air density. Refer to 6.4.2.

4.3.3 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.

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, e.g. roofing, forced ventilation, etc., may
be necessary in order not to exceed the specified temperature rises. Alternatively, derating may be used.

4.3.4 Vibrations or earth tremors

Vibrations may occur due to switchgear operations or short circuit forces.

For an instrument transformer integrated within assembled equipment (GIS or AIS) the
vibration produced by the assembled equipment shall be considered.

4.3.5 Earthquakes
For installations where earthquakes are likely to occur, the relevant severiDd%ﬂr'Hents

accordance with IEC 62271-2 shall be specified by the purchaser.
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The compliance with such special requirements, if applicable, has to be demonstrated either
by calculation or by testing as defined by relevant standards.

4.4 System earthing
The considered system earthings are:

a) isolated neutral system (see 3.2.4);
b) resonant earthed system (see 3.2.5);
c) earthed neutral system (see 3.2.7).
1) solidly earthed neutral system (see 3.2.8),
2) impedance earthed neutral system (see 3.2.9).

5 Ratings

5.1 General

The common ratings of instrument transformers, including their auxiliary equipment if
applicable, should be selected from the following:

a) highest voltage for equipment (U,,);

b) rated insulation level;

c) rated frequency (fg),

d) rated output;

e) rated accuracy class.

The rating applies at the standardized reference atmosphere (temperature (20 °C),
pressure(101,3 kPa) and humidity (11 g/m3)) specified in IEC 60071-1.

5.2 Highest voltage for equipment

Standard values shall be selected from Table 2.

The highest voltage for equipment is chosen as the next standard value of U, equal to
or higher than the highest voltage of the system where the equipment will be installed.

For equipment to be installed under normal environmental conditions relevant to insulation,

Um shall be at least equal to Ugys.

For equipment to be installed outside of the normal environmental conditions relevant to
insulation, U, may be selected higher than the next standard value of U,, equal to or higher
than Ug s according to the special needs involved.

NOTE As an example, the selection of a Uy value higher than the next standard value of U, equal to or higher
than Usys may arise when the equipment has to be installed at an altitude higher than 1 000 m in order to
compensate the decrease of withstand voltage of the external insulation.
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Table 2 — Rated primary terminal insulation levels for instrument transformers

Highest voltage for Rated power-frequency Rated lightning impulse Rated switching
equipment Uy, (r.m.s.) withstand voltage (r.m.s.) | withstand voltage (peak) | withstand voltage (peak)
kV kV kV kV
0,72 3 -
1,2 6 -
3,6 10 20
40
7,2 20 40
60
12 28 60
75
17,5 38 75
95
24 50 95
125
36 70 145
170
52 95 250
72,5 140 325
100 185 450
123 185 450
230 550
145 230 550
275 650
170 275 650
325 750
245 395 950
460 1050
300 395 950 750
460 1050 850
362 460 1050 850
510 1175 950
420 570 1300 950
630 1425 1050
550 630 1425 1050
680 1550 1175
800 880 1950 1425
975 2100 1550
NOTE 1 For exposed installations it is recommended to choose the highest insulation level.
NOTE 2 In the case of instrument transformers intended to be installed in GIS, the rated power frequency
withstand voltage levels according to IEC 62271-203 may be different.
NOTE 3 For alternative levels, see IEC 60071-1.
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5.3 Rated insulation levels
5.3.1 General

For most of the values of highest voltage for equipment (U,,), several rated insulation levels
exist to allow application of different performance criteria or overvoltage patterns. The choice
should be made considering the degree of exposure to fast-front and slow-front overvoltage,
the type of neutral earthing of the system and the type of overvoltage limiting devices.

5.3.2 Rated primary terminal insulation level

The rated primary terminal insulation level of an instrument transformer shall be based on its
highest voltage for equipment Uy, according to Table 2.

Primary terminal intended to be earthed in service has U,, equal to 0,72 kV

For instrument transformers mounted on gas-insulated substations, the rated insulation levels,
testing procedures and acceptance criteria, are according to IEC 62271-203. The applicable
rated insulation levels are according to IEC 62271-203, Table 102 and 103, phase-to-earth
insulation.

5.3.3 Other requirements for primary terminals insulation
5.3.3.1 Partial discharges

Partial discharge requirements are applicable to instrument transformers having Uy, greater
than or equal to 7,2 kV.

The partial discharge level shall not exceed the limits specified in Table 3. The test procedure
is given in 7.3.2.2.

Table 3 — Partial discharge test voltages and permissible levels

Maximum permissible PD level
. PD test voltage pC
Type of earthing Instrument (r.m.s.)
of the neutral system transformer type KV Type of insulation
immersed in .
. solid
liquid or gas
Um 10 50
Earthed neutral system CT and earthed VT
12 U /3 5 20
(earth fault factor<1,4) m
Unearthed VT 1,2 Um 5 20
1,2 Um
i ’ 10 50
Isolated or non effectively CT and earthed VT
earthed neutral system 12U /\5 5 20
’ m
(earth fault factor>1,4)
Unearthed VT 1,2 Um 5 20

NOTE 1 If the neutral system is not defined, the values given for isolated or non-effectively earthed neutral
systems are valid.

NOTE 2 The maximum permissible PD level is also valid for frequencies different from rated frequency.

NOTE 3 CT for current transformer and VT for voltage transformer.

5.3.3.2 Chopped lightning impulse

If additionally specified, instrument transformers other than GIS devices shall be capable to
withstand a chopped lightning impulse voltage applied to its primary terminals having a peak
value of 115 % of the rated lightning impulse withstand voltage.
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5.3.3.3 Capacitance and dielectric dissipation factor
These requirements apply only to transformers having Uy, = 72,5 kV, with liquid immersed

primary insulation or gas insulated instrument transformers with capacitance grading
insulation system.

5.34 Between-section insulation requirements

For interconnected terminals of each section, the rated power-frequency withstand voltage of
the insulation between sections shall be 3 kV.

5.3.5 Insulation requirements for secondary terminals

The rated power-frequency withstand voltage for secondary insulation shall be 3 kV.

5.4 Rated frequency

The standard values of the rated frequency are 16 2/3 Hz, 25 Hz, 50 Hz and 60 Hz.

5.5 Rated output

See specific product standard.

5.6 Rated accuracy class

See specific product standard.

6 Design and construction

6.1 Requirements for liquids used in equipment
6.1.1 General

The manufacturer shall specify the type and the required quantity and quality of the liquid to
be used in equipment.

6.1.2 Liquid quality

For oil-filled equipment, new insulating oil shall comply with IEC 60296.
For synthetic liquid-filled equipment refer to IEC 60867.

6.1.3 Liquid level device

If supplied, the device for checking the liquid level shall indicate whether the liquid level is
within the operating range, during operation.

6.1.4 Liquid tightness

No liquid loss is permitted. Any liquid loss represents a danger of insulation contamination.

6.2 Requirements for gases used in equipment
6.2.1 General

The manufacturer shall specify the type and the required quantity and quality of the gas to be
used in equipment.
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6.2.2 Gas quality

New SFg (sulphur hexafluoride) shall comply with IEC 60376, while used SFg shall comply
with IEC 60480.

SFg handling shall be in accordance with IEC 61634.

The maximum allowed moisture content within instrument transformers filled with gas at rated
filling density for insulation shall be such that the dew-point is not higher than — 5 °C for a
measurement at 20 °C. Adequate correction shall be applied for measurement at other
temperatures. For the measurement and determination of the dew point, refer to IEC 60376
and IEC 60480.

6.2.3 Gas monitoring device

Gas-insulated instrument transformers having a minimum functional pressure above 0,2 MPa
shall be provided with pressure or density monitoring device. Gas monitoring devices may be
provided alone or together with the associated equipment.

6.2.4 Gas tightness
6.2.4.1 General

The following specifications apply to all instrument transformers that use gas, other than air at
atmospheric pressure, as an insulating medium.

6.2.4.2 Closed pressure systems for gas

The tightness characteristic of a closed pressure system stated by the manufacturer shall be
consistent with a minimum maintenance and inspection philosophy.

The tightness of closed pressure systems for gas is specified by the relative leakage rate Fg
of each compartment.

Standardized value is 0,5 % per year, for SFg and SFg-mixtures.

Means shall be provided to enable gas systems to be safely replenished whilst the equipment
is in service.

NOTE Lower leakage rates can be specified according to national regulations and regional practice.

An increased leakage rate at extreme temperatures (if such tests are required in the relevant
standards) is acceptable, provided that this rate resets to a value not higher than the
maximum permissible value at normal ambient air temperature. The increased temporary
leakage rate shall not exceed the values given in Table 4.

In general, for the application of an adequate test method, reference is made to
IEC 60068-2-17.

Table 4 — Permissible temporary leakage rates for gas systems

Temperature class Permissible temporary
R leakage rate
C
+40 and +50 3F,
ambient temperature Fo
-5/-10 /-15 /-25 /-40 3F,
- 6F
% i ... Documents
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6.2.5 Pressure relief device

The device shall be protected against any accidental damage.
For GIS instrument transformers refer to IEC 62271-203, Clause 5.105.

6.3 Requirements for solid materials used in equipment

Specifications for organic material used for instrument transformers (i.e. epoxy resin,
polyurethane resin, epoxy-cycloaliphatic resin, composite material, etc.) either for indoor or
outdoor installations are given in the IEC 60455 series.

NOTE Tests on complete instrument transformers taking into account phenomena such as sudden change of
temperature, flammability and aging are not yet standardized. IEC 60660 for indoor insulation and IEC 61109 for
outdoor insulation can be used as guidance.

6.4 Requirements for temperature rise of parts and components
6.4.1 General

The temperature-rise of windings, magnetic circuits and any other parts of instrument
transformers shall not exceed the appropriate value given in Table 5, when operating under
the specified rated conditions. These values are based on the service conditions given in
clause 4.2.1.

The temperature rise of the windings is limited by the lowest class of insulation either of the
winding itself or of the surrounding medium in which it is embedded.

If the instrument transformers are used within enclosures, attention shall be paid to the
temperature reached by the surrounding cooling media within the enclosure.

If ambient temperatures in excess of the values given in 4.2.1 are specified, the permissible
temperature rise given in Table 5 shall be reduced by an amount equal to the excess ambient
temperature.
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Table 5 — Limits of temperature rise for various parts, materials
and dielectrics of instrument transformers

Part of instrument transformers Temperatu‘r(e-rlse limit
1. Oil-immersed instrument transformers
— topall 50
— top oil, hermetically sealed 55
— winding average 60
— winding average, hermetically sealed 65
— other metallic parts in contact with oil as for winding
2. Solid or gas insulated instrument transformers
— winding (average) in contact with insulating
materials of the following classes®:
o Y 45
e A 60
e E 75
e B 85
o F 110
e H 135
— other metallic parts in contact with the above as for
insulating material classes windings
3. Connection, bolted or the equivalent
— Bare-copper, bare-copper alloy or bare-
aluminium alloy
e inair 50
e in SFg 75
e inoil 60
— Silver-coated or nickel-coated
e inair 75
e in SFg 75
e inoil 60
— Tin-coated
e inair 65
e in SFg 65
e inoll 60
% Insulating class definitions according to IEC 60085.

6.4.2 Influence of altitude on temperature-rise

If an instrument 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 AT given in Table 5 shall be
reduced by the following amounts for each 100 m that the altitude at the operating site
exceeds 1 000 m (see Figure 1):

a) oil-immersed instrument transformers: 0,4 %;
b) dry-type and gas insulated instrument transformers: 0,5 %.

Documents

Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

61869-1 © IEC:2007 - 25—

1,0

0,95 N

Ko (1) \

0.8 \. a)

0,85

0,8

0 1000 2000 3 000 4 000 5000

IEC 1956/07

Figure 1 — Altitude correction factor for the temperature rise

AT, .
The altitude correction factor for the temperature rise K, = ATh with
ho

— AT, temperature rise at altitude h > 1 000 m and

— AT, limits of temperature rise AT specified in Table 4 at altitudes ho <1 000 m.

6.5 Requirements for earthing of equipment
6.5.1 General

The frame of each equipment device, if intended to be earthed, shall be provided with a
reliable earthing terminal for connection to an earthing conductor suitable for specified fault
conditions. The connecting point shall be marked with the “earth” symbol, as indicated by
symbol No 5019 of IEC 60417.

6.5.2 Earthing of the enclosure

The enclosure of instrument transformers for gas-insulated switchgear (GIS) shall be
connected to earth. All metal parts which do not belong to a main or an auxiliary circuit, shall
be earthed.

6.5.3 Electrical continuity

The continuity of the earthing circuits shall be ensured taking into account the thermal and
electrical stresses caused by the current they may have to carry.

For the interconnection of enclosures, frames, etc., fastening (e.g. bolting or welding) is
acceptable for providing electrical continuity.

6.6 Requirements for the external insulation
6.6.1 Pollution

For outdoor instrument transformers with ceramic insulators susceptible to contamination, the
creepage distances for given pollution levels are given in Table 6. Creepage distances for
polymeric or composite insulators are under consideration (by TC36).
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Table 6 — Creepage distances

Pollution level Minimum nominal specific Ratio =
creepage distance creepage distance divided by
mm/kV @ © arcing distance
| Light 16 <3.5
Il Medium 20
Il Heavy 25 <4.0
IV Very heavy 31

® Ratio of the creepage distance between phase and earth over the r.m.s. phase-to-phase value of the highest
voltage for the equipment (see IEC 60071-1).

® For further information and manufacturing tolerances on the creepage distance, see IEC 60815.

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

NOTE 2 In very lightly polluted areas, specific nominal creepage distances lower than 16 mm/kV can be used
depending on service experience. A commonly adopted lower limit is 12 mm/kV.

NOTE 3 In cases of exceptional pollution severity, a specific nominal creepage distance of 31 mm/kV may not be
adequate. Depending on service experience and/or on 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.

6.6.2  Altitude

For installations at an altitude higher than 1000 m, the arcing distance under the standardised
reference atmospheric conditions shall be determined by multiplying the withstand voltages
required at the service location by a factor k in accordance with Figure 2.

NOTE As the dielectric strength of the internal insulation is not affected by altitude, the method used for checking
the external insulation should be agreed between manufacturer and purchaser.
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1,5
m=1
1,4
m=0,75
1,3
K
1,2
1,1
1,0
1000 1500 2000 2500 3 000 3500 4 000
H (m) IEC 1957/07

Key

These factors can be calculated with the following equation:

k = em (H — 1 000)/8 150

where
H is the altitude in metres
m=1 for power-frequency and lightning impulse voltage

m = 0,75 for switching impulse voltage

Figure 2 — Altitude correction factor

6.7 Mechanical requirements

These requirements apply only to instrument transformers having a highest voltage for
equipment of 72,5 kV and above.

The guidance for static loads that instrument transformers shall be capable of withstanding is
given in Table 7. 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 7 — Static withstand test loads

Static withstand test load Fy
N
Highest voltage
for equipmentU, Instrument transformers with:
kV voltage terminals current terminals
Load Load
class 1 class 11

72,5 to 100 500 1250 2 500
123 to 170 1000 2 000 3000
245 to 362 1250 2 500 4 000
> 420 1 500 4 000 5000

NOTE 1 The sum of the loads acting in routinely operating conditions should not exceed 50 % of the specified
withstand test load.

NOTE 2 In some applications instrument transformers with through current terminals should withstand rarely
occurring extreme dynamic loads (e.g. short circuits) not exceeding 1,4 times the static test load.

NOTE 3 For some applications it may be necessary to establish the resistance to rotation of the primary terminals.
The moment to be applied during the test has to be agreed between manufacturer and purchaser.

NOTE 4 In the case of transformers integrated within other equipment (e.g.: switchgear assemblies) the static
withstand test loads of the respective equipment should not be diminished by the integration process.

6.8 Multiple chopped impulse on primary terminals

If additionally specified, the primary terminals of oil-immersed instrument transformers having
U,,2300 kV shall withstand multiple chopped impulses in accordance with 7.4.2.

NOTE Requirements and tests relate to the behaviour of the internal shields and connections carrying high
frequency transient currents, mainly due to disconnect switching operations. The test may also be applied to
ratings below this level.

6.9 Internal arc fault protection requirements

These requirements apply to oil-immersed and gas-insulated free-standing instrument
transformers having U, = 72,5 kV, for which internal arc fault protection class is additionally
specified.

NOTE 1 This test is not a guarantee against containment under all short-circuit conditions, but a test to
demonstrate conformance to an agreed level of safety.

NOTE 2 This test is a new test and therefore the test procedure may be improved in the future.

If additionally specified, the instrument transformer shall be able to withstand an internal arc
of the specified current and duration.

The applied current is an asymmetrical current. The r.m.s. current value should be selected
from the standard symmetrical single-phase values of R10 range according to 4.5 of
IEC 60694. The first peak value of the current shall be 1,7 times the r.m.s. current.

NOTE 3 Reduced internal arc test levels should be agreed between the manufacturer and the purchaser.
Experience has shown that selection of test currents equal to 100 % system fault level, statistically requires a
degree of over-design of the transformer, since local fault levels are usually significantly lower.

The arc fault duration shall be according to Table 8.

It shall be considered that compliance with these requirements is achieved if the instrument
transformer passes the test described in 7.4.6.
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Table 8 — Arc fault duration and performance criteria

Internal arc Arc fault
fault current Protection duration Internal arc fault protection Internal arc fault protection
r.m.s. value stage
9 s class | class Il
kA
No external effect other than the
1 0,2 operation of suitable pressure
<40 relief device
2 0,5 Fracture of the housing and fire | No fragmentation (burn-through or
permitted, but all projected fire acceptable)
parts to be confined withinthe |\, external effect other than the
1 0,1 containment area operation of suitable pressure
>40 relief device
2 0.3 No fragmentation (burn-through or
’ fire acceptable)

6.10 Degrees of protection by enclosures
6.10.1 General

Degrees of protection according to IEC 60529 shall be specified, if applicable, for all
enclosures of instrument transformers containing parts of the main circuit allowing penetration
from outside, as well as for enclosures for appropriate low-voltage control and/or auxiliary
circuits.

6.10.2 Protection of persons against access to hazardous parts and protection of the
equipment against ingress of solid foreign objects

The degree of protection of persons provided by an enclosure against access to hazardous
parts of the main circuit, control and/or auxiliary circuits shall be indicated by means of a
designation specified in IEC 60529.

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

IEC 60529 gives details of objects which will be “excluded” from the enclosure for each of the
degrees of protection. The term “excluded” implies that solid foreign objects will not fully enter
the enclosure and that a part of the body or an object held by a person, either will not enter
the enclosure or, if it enters, that adequate clearance will be maintained and no hazardous
part will be touched.

NOTE Generally the degree of protection of persons against access to hazardous parts of the main circuit, or
control or auxiliary circuit of instrument transformers, and the protection of the instrument transformers against
foreign objects, may be provided by the immediate surroundings of the instrument transformers, such as substation
fence, building, module enclosure, and so on. Further protection may be required as a feature of the instrument
transformers as a whole or parts of it.

6.10.3 Protection against ingress of water

The degree of protection provided by an enclosure against ingress of water shall be indicated
by means of a designation specified in IEC 60529.

The second characteristic numeral indicates the degree of protection provided by the
enclosure with respect to the dangerous effects of water, either of atmospheric origin or other.
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6.10.4 Indoor instrument transformers

For instrument transformers for indoor installation, no degree of protection against harmful
ingress of water according to the second characteristic numeral of the IP-code is specified
(second characteristic numeral X).

The recommended minimum degree of protection for low-voltage control and/or auxiliary
enclosures for indoor instrument transformers is IP20 according to IEC 60529. This
requirement is not applicable to installations where personnel cannot gain access to the
instrument transformer without firstly de-energising the transformer and making it safe
through some controlled means (i.e. interlocking, documented operating instructions, etc.). In
this case the need for such external safety measures to the instrument transformer should be
clearly stated in the product documentation.

6.10.5 Outdoor instrument transformers

The recommended minimum degree of protection for low-voltage control and/or auxiliary
enclosures for outdoor instrument transformers is IP44 according to IEC 60529.

Instrument transformers for outdoor installation provided with additional protection features
against rain and other weather conditions shall be specified by means of the supplementary
letter W placed after the second characteristic numeral, or after the additional letter, if any.

6.10.6 Protection of equipment against mechanical impact under normal service
conditions

Enclosures of instrument transformers shall be of sufficient mechanical strength.

Corresponding tests are specified in 7.2.7.2. Porcelain insulators are excluded from impact
test.

For indoor installation, the recommended level of protection against effects of mechanical
impacts is impact level IK7 according to IEC 62262.

For outdoor installation without additional mechanical protection, users may specify higher
impact levels.

6.11 Electromagnetic Compatibility (EMC)
6.11.1 General
EMC is the ability of an equipment or system to function satisfactorily in its electromagnetic

environment without introducing intolerable electromagnetic disturbances to anything in that
environment [IEV 161-01-07].

For instrument transformers the following EMC requirements and tests are specified:

— Requirement for emission (Radio Interference Voltage - RIV). Applicable to high voltage
parts of the equipment.

— Requirements for immunity. Only applicable to electronic parts of the equipment.
— Requirement for transmitted overvoltages (special test).
6.11.2 Requirement for Radio Interference Voltage (RIV)

The RIV requirement applies to instrument transformers having U, 2 123 kV to be installed in
air-insulated substations.

The radio interference voltage shall not exceed 2 500 pV at 1,1 U, /\/5 Documents
Document Sharing Hub

Full document details: IEC 61869-12007


http://www.avadocuments.com/doc/iec-61869-1-2007
http://www.avadocuments.com/doc/iec-61869-1-2007

61869-1 © IEC:2007 -31-

NOTE This requirement is included to meet some electromagnetic compatibility regulations.

6.11.3 Requirements for immunity

The electromagnetic immunity requirements and tests are specified only for parts of
instrument transformers containing active electronic components.

Refer to specific product standard IEC 61869-9 (under consideration) for details.

6.11.4 Requirement for transmitted overvoltages

These requirements apply to instruments transformers having U, 2 72,5 kV.

The overvoltages transmitted from the primary to the secondary terminals shall not exceed the
values given in Table 9, under the test and measuring conditions described in 7.4.4.

Type A impulse requirement applies to instrument transformers for air-insulated switchgear,
while impulse B requirement applies to instrument transformers installed in gas insulated
metal-enclosed switchgear (GIS). Type A and B impulses are depicted in Figure 3.

The transmitted overvoltage peak limits given in Table 9 and measured in accordance with the
methods specified in 7.4.4 should ensure sufficient protection of electronic equipment
connected to the secondary winding.

Table 9 — Transmitted overvoltage limits

Type of impulse A B

Peak value of the applied voltage (U,)
2 2
1,6><£><Um 1,6><£><Um

5 5

Wave shape characteristics:

— conventional front time (T1) 0,50 us £ 20 % -

— time to half-value (T3) > 50 us -

— front time (T5) - 10 ns £ 20 %
— tail length (T>) - >100 ns
Transmitted overvoltage peak value limits (Us) 1,6 kV 1,6 kV

NOTE 1 The wave-shape characteristics are representative of voltage oscillations due to switching operations.

NOTE 2 See Figure 3.
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Figure 3 — Transmitted overvoltages measurement:
Test impulse waveforms

6.12 Corrosion

Caution has to be taken against corrosion of the equipment during the service life.

All bolted or screwed parts of the main circuit and of the enclosure shall remain easily
demountable.

Galvanic corrosion between materials in contact shall be considered because it can lead to
the loss of tightness.
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Oxidation can be considered as self-protection against corrosion.

Visual appearance shall remain acceptable.

6.13 Markings

All instrument transformers shall carry at least the following markings:

Y

the manufacturer’s name or other mark by which he may be readily identified;

O

the year of manufacture and a serial number or a type designation, preferably both,

Q O

)

)

) rated frequency;

) highest voltage of equipment;
)

rated insulation level,

- O

) temperature category;
g) mass in kg (when = 25);
h) class of mechanical requirements (for U,,272kV).

NOTE The two items d) and e) may be combined into one marking (e.g. 72,5/140/325 kV).

All information shall be marked in an indelible manner on the instrument transformer itself or
on a rating plate securely attached to the transformer.

In addition, the following information should be marked:

i) class of insulation if different from Class A;

NOTE If several classes of insulating material are used, the one, which limits the temperature rise of the
windings, should be indicated. On transformers with more than one secondary winding, the use of each
winding and its corresponding terminals should be indicated.

j) all indications relative to the measuring characteristics (see specific standard);

k) type of the insulating fluid;

I) rated filling pressure;

m) minimum functional pressure;

n) insulating fluid volume (or mass) contained in the instrument transformer.

6.14 Fire hazard

See Annex C.

7 Tests

71 General
711 Classification of tests
The tests specified in this standard are classified as follows:

e Type test: a test made on equipment to demonstrate that all equipment made to the same
specification complies with the requirements not covered by routine tests.

e Routine test: a test to which each individual piece of equipment is subjected. Routine tests
are for the purpose of revealing manufacturing defects. They do not impair the properties
and reliability of the test object.

e Special test: a test other than a type test or a routine test, agreed on by manufacturer and
purchaser. Documents
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e Sample test: A selected type or special test performed on one or more complete
instrument transformers out of a specified production batch.

7.1.2 List of tests

The list of tests is given in Table 10.

Table 10 — List of tests

Tests Subclause
Type tests 7.2
Temperature-rise test 7.2.2
Impulse voltage test on primary terminals 7.2.3
Wet test for outdoor type transformers 7.2.4
Electromagnetic Compatibility tests 7.2.5
Test for accuracy See specific
requirements standard
Verification of the degree of protection by enclosures 7.2.7
Enclosure tightness test at ambient temperature 7.2.8
Pressure test for the enclosure 7.2.9
Routine tests 7.3
Power-frequency voltage withstand tests on primary terminals 7.3.1
Partial discharge measurement 7.3.2
Power-frequency voltage withstand tests between sections 7.3.3
Power-frequency voltage withstand tests on secondary terminals 7.3.4
Test for accuracy 7.3.5
Verification of markings 7.3.6
Enclosure tightness test at ambient temperature 7.3.7
Pressure test for the enclosure 7.3.8
Special tests 7.4
Chopped impulse voltage withstand test on primary terminals 7.4.1
Multiple chopped impulse test on primary terminals 7.4.2
Measurement of capacitance and dielectric dissipation factor 7.4.3
Transmitted overvoltage test 7.4.4
Mechanical tests 7.4.5
Internal arc fault test 7.4.6
Enclosure tightness test at low and high temperatures 7.4.7
Gas dew point test 7.4.8
Corrosion test 7.4.9
Fire hazard test 7.4.10
Sample tests 7.5

For the testing of gas-insulated instrument transformers, the type and pressure of the gas
shall be according to Table 11.
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Table 11 — Gas type and pressure during type, routine and special tests

Test

Gas type

Pressure

Dielectric,

a

RIV
Accuracy

Temperature rise

Same fluid as in service

Minimum functional pressure

Internal arc
Short-circuit
Mechanical
Tightness

Gas dew point

Same fluid as in service

Rated filling pressure

Transmitted overvoltages

Not applicable

Reduced pressure

For gas-insulated instrument transformers installed on GIS, the wet test and RIV test are not applicable.

71.3 Sequence of tests

After the instrument transformer has been subjected to the dielectric type tests detailed in 7.2,
it shall be subjected to all routine tests detailed in 7.3.

For different types of instrument transformers, refer to product specific standards for further

test sequence and routine testing.

If special tests have to be carried out, they may have an influence on the sequence of tests.

7.2 Type tests
7.21 General

All the dielectric type tests shall be carried out on the same instrument transformer, unless

otherwise specified.

All the type tests shall be carried out on a maximum of two specimens.

NOTE A type test may also be considered valid if it is made on a transformer that has minor constructional
deviations from the instrument transformer under consideration. Such deviations should be subject to agreement

between manufacturer and purchaser.

All the type tests shall be carried out at ambient temperature between 10 °C and 30 °C.

7.211 Information for identification of specimen

The manufacturer shall submit to the testing laboratory drawings and other data containing
sufficient information to unambiguously identify by type the essential details and parts of the
equipment presented for test. Each drawing or data schedule shall be uniquely referenced
and shall contain a statement to the effect that the manufacturer guarantees that the drawings

or data schedules truly represent the equipment to be tested.

After completion of verification, detail drawings and other data shall be returned to the

manufacturer for storage.

The manufacturer shall maintain detailed design records of all component parts of the
equipment tested and shall ensure that these may be identified from information included in

the drawings and data schedules.
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NOTE 1 Manufacturers whose production systems have been certified for compliance with ISO 9001 do satisfy
the previously mentioned requirements.

The testing laboratory shall check that drawings and data schedules adequately represent the
essential details and parts of the equipment to be tested, but shall not be responsible for the
accuracy of the detailed information.

Particular drawings or data required to be submitted by the manufacturer to the test laboratory
for identification of essential parts of equipment have to be specified by the relevant
standards.

NOTE 2 An individual type test need not be repeated for a change of construction detail, if the manufacturer can
demonstrate that this change does not influence the result of that individual type test.

Annex A gives a list of drawings to be submitted

7.2.1.2 Information to be included in type test reports
The results of all type tests shall be recorded in type-test reports containing:

a) ldentification file as prescribed in 7.2.1.1 and Annex A.
b) Test arrangement
details of the testing arrangements (including diagram of test circuit);
general details of the supporting structure of the device used during the test;
photographs to illustrate the condition of equipment before and after test.
c) Test data to prove compliance with the specification;
test program;
records of the test quantities during each test, as specified in the relevant IEC standard;

statements of the behavior of the equipment during tests, its condition after tests and, if
applicable, any parts renewed or reconditioned during the tests;

conclusion.

7.2.2 Temperature-rise test

A test shall be made to prove compliance with 6.4.

For this test, the transformer shall be mounted in a manner representative of the mounting in
service.

The temperature rise of windings shall, when practicable, be measured by the increase in
resistance method, but for windings of very low resistance, thermocouples may be employed.

The temperature rise of parts other than windings may be measured by thermometers or
thermocouples.

Instrument transformers shall be considered to have attained a steady-state temperature
when the rate of temperature rise does not exceed 1 K/h.

For identification of any key components on which temperature measurements are to be made
and for further information regarding test arrangements and procedures, refer to product
specific standards.
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7.2.3 Impulse voltage withstand test on primary terminals
7.2.31 General

The impulse test shall be performed in accordance with IEC 60060-1, and, if any, in
accordance with the relevant instrument transformer specific standards.

The frame, case (if any) and core (if intended to be earthed) and all terminals of the
secondary system shall be connected to earth.

The impulse tests generally consist of voltage application at reference and rated voltage
levels. The reference impulse voltage shall be between 50 % and 75 % of the rated impulse
withstand voltage. The peak value and the wave shape of the impulse shall be recorded.

Evidence of insulation failure due to the test may be given by variation in the wave shape at
both reference and rated withstand voltages.

Improvements in failure detection may be obtained by recording of the current(s) to earth as a
complement to the voltage record.

The test voltage shall have the appropriate value, given in Table 2 depending on the highest
voltage for equipment and the specified insulation level.

7.2.3.2 Lightning impulse voltage test on primary terminals
7.2.3.21 Instrument transformers having U,,, < 300 kV

The test shall be performed with both positive and negative polarities. Fifteen consecutive
impulses of each polarity, not corrected for atmospheric conditions, shall be applied.

The following test procedure B of IEC 60060-1, adapted for HV equipment that has self-
restoring and non-restoring insulation, is the preferred test procedure. The instrument
transformer shall be considered to have passed the impulse tests for each polarity if the
following conditions are fulfilled:

— each series (+ and —) has at least 15 impulses;

— no disruptive discharges on non-self restoring insulation shall occur. This is confirmed by
5 consecutive impulse withstands following the last disruptive discharge.

— the number of disruptive discharges shall not exceed two for each series.

This procedure leads to a maximum possible number of 25 impulses per series.

No evidence of insulation failure shall be detected (e.g variation of the wave shape of the
recorded quantities on routine tests which serve as verification tests).

If disruptive discharges occur and evidence cannot be given during testing that the disruptive
discharges were on self-restoring insulation, the IT shall be dismantled and inspected after
the completion of the dielectric test series. If damage to non-self-restoring insulation is
observed, the instrument transformer shall be considered to have failed the test.

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 in order to check the external insulation, then, the
number of lightning impulses may be reduced to three of each polarity, not corrected for atmospheric conditions.

7.2.3.2.2 Instrument transformers having Uy, > 300 kV

The test shall be performed with both positive and negative polarities. Three consecutive
impulses of each polarity, not corrected for atmospheric conditions, shall be appliecbocuments
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The transformer shall be considered to have passed the test if:

— no disruptive discharge occurs;

— no other evidence of insulation failure is detected (e.g. variations in the wave shape of the
recorded quantities on routine tests which serve as verification tests).

7.2.3.3 Switching impulse voltage test
7.2.3.31 General

The test shall be performed with positive polarity. Fifteen consecutive impulses, corrected for
atmospheric conditions, shall be applied.

For outdoor-type transformers the test shall be performed under wet conditions. The wetting
procedure shall be in accordance with IEC 60060-1.

The following test procedure B of IEC 60060-1, adapted for HV equipment that has self-
restoring and non-restoring insulation, is the preferred test procedure. The instrument
transformer shall be considered to have passed the impulse tests if the following conditions
are fulfilled:

— the test has at least 15 impulses;

— no disruptive discharges on non-self restoring insulation shall occur. This is confirmed by
5 consecutive impulse withstands following the last disruptive discharge;

— the number of disruptive discharges shall not exceed two.

This procedure leads to a maximum possible number of 25 impulses.

No evidence of insulation failure shall be detected (e.g variation of the wave shape of the
recorded quantities).

If disruptive discharges occur and evidence cannot be given during testing that the disruptive
discharges were on self-restoring insulation, the IT shall be dismantled and inspected after
the completion of the dielectric test series. If damage to non-self-restoring insulation is
observed, the instrument transformer shall be considered to have failed the test.

Impulses with flashover to the walls or ceilings of the laboratory shall be disregarded.

7.2.4 Wet test for outdoor type transformers

The wetting procedure shall be in accordance with IEC 60060-1.

For instrument transformers having U, < 300 kV, the test shall be performed with power-
frequency voltage of the appropriate value given in Table 2 depending on the highest voltage
for equipment applying corrections for atmospheric conditions.

For instrument transformers having U,, = 300 kV, the test shall be performed with switching
impulse voltage of positive polarity, of the appropriate value given in Table 2, depending on
the highest voltage for equipment and the rated insulation level.

7.2.5 Electromagnetic Compatibility (EMC) tests
7.2.51 RIV test

As the radio interference voltage level may be affected by fibers or dust settling on the
insulators, it is permitted to wipe the insulators with a clean cloth before taking a

measurement.
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The following test procedure shall be followed:

The instrument transformer, complete with accessories, shall be dry and clean and at
approximately the same temperature as the laboratory room in which the test is made.

The test should be performed under the following atmospheric conditions:

— Temperature: from 10 °C to 30 °C;
— Pressure: from 0,870 x 105 Pa to 1,070 x 103 Pa;
— Relative humidity: from 45 % to 75 %.

NOTE 1 No correction factors for atmospheric conditions in accordance with IEC 60060-1 are applicable to radio
interference tests.

The test connections and their ends shall not be a source of radio interference voltage.

Shielding of primary terminals simulating the operation condition should be provided to
prevent spurious discharges. The use of sections of tube with spherical terminations is

recommended.
b B
J) O
1 I
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T IEC 1960/07
Key

T test transformer

Cg test object

Z filter

B corona-free termination

M measuring set with input resistance Ry
R, R -
Z+| R, +—2—M | =300Q
R, +Ry
Zg, Cg, L1, R1, Ro see CISPR 18-2
Figure 4 — RIV measuring circuit

The test voltage shall be applied between one of the terminals of the primary winding of the
test object (C,) and earth. The frame, case (if any), core (if intended to be earthed) and one
terminal of each secondary winding shall be connected to earth.
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