IEC 60076-1:2011

IEC

(J
®

IEC 60076-1

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 3.0 2011-04

Power transformers —
Part 1: General

Transformateurs de puissance —
Partie 1: Généralités

\ \ N\ \ N

===

N


https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2011 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 CEIl 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It also gives information on projects, withdrawn and replaced publications.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 (CEI) 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 CEI: www.iec.ch/searchpub/cur_fut-f.htm
Le Catalogue en-ligne de la CEI vous permet d’effectuer des recherches en utilisant différents critéres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEl: www.iec.ch/online news/justpub
Restez informé sur les nouvelles publications de la CEl. 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

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

IEC IEC 60076-1

®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 3.0 2011-04

Power transformers —
Part 1: General

Transformateurs de puissance —
Partie 1: Généralités

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

PRICE CODE X B
CODE PRIX

ICS 29.180

ISBN 978-2-88912-438-1

® Registered trade
Marque déposée

3

ark of
e la

a
O =

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

-2 - 60076-1 © IEC:2011

CONTENTS
O T L @ 1 I P 5
S T o7 0 o 1= PP 7
2 NOIMALIVE FEFEIENCES ..o et 8
3 Terms and definitioNs ... . 8
Tt O 7= o 11 = S 8
3.2 Terminals and neutral POINt ... 9
3.3 WWINAINGS et 10
B4 RAIING ot 11
G T TN I~ o o1 o =P 13
3.6 Losses and no-load CUrrent ... 15
3.7 Short-circuit impedance and voltage drop........ccccvviiiiiii i 16
R S B =T o o =T = LU = o 1T 17
3.9 INSUIATION e 17
K T O 0o o T 1= o 4o 1= P 17
311 Test classifiCation. .. ... 18
3.12 Meteorological data with respect to COOlING ......oeiiriiiiii e, 19
3.13 Other definitioNs ... 19
4 ServiCe CONAITIONS ...ttt ettt et e e e e e e e e e e e e e enes 20
g N € =Y o V=T - | 20
4.2  Normal service CONITIONS ......iuiiii e 20
5 Rating and general reqUIremMents ... .. ..o e 22
D RAIEA POW T ..o 22
BT GENEIAl e 22
5.1.2 Preferred values of rated POWEr.........ccooiiiiiiiiiiii 22
5.1.3 Minimum power under alternative cooling modes ............ccocoviiiiiiiiniennnen. 22
5.1.4 Loading beyond rated POWET.......c.oiiiiiii e 23
5.2 COOIING MO ..ottt et 23
5.3 Load rejection on transformers directly connected to a generator .......................... 23
5.4 Rated voltage and rated freqQUENCY .......ooniiniiii e 23
5,41 Rated VOIAGE ..o 23
5.4.2 Rated frEQUENCY . ouiiiiiiii e 23
5.4.3 Operation at higher than rated voltage and/or at other than rated

LLC=T0 [0 L= o o3 PP 24
5.5 Provision for unusual service conditions ..o 24
5.6 Highest voltage for equipment U, and dielectric tests levels................................. 25
5.7 Additional information required for enquUIry ... 25
5.7.1  Transformer classification...........oooiiiiiii 25
5.7.2 Winding connection and number of phases.........cc.ccoiiiiiiiiinini 25
5.7.3  S0UNA @VEI .o 26
LT A S I - 1 =7 o 1o o 26
5.8 Components and materials ...... ... 26
6 Requirements for transformers having a tapped winding............cc.cooiiiiiiiiiii i 27
6.1 General — Notation of tapping range ..o 27

6.2 Tapping voltage — tapping current. Standard categories of tapping voltage
variation. Maximum voltage tappPing......coo i 27
6.3 Tapping power. Full-power tappings — reduced-power tappings.........c.ccoeceeeieenenns. 30

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

60076-1 © IEC:2011 -3-

10
11

6.4 Specification of tappings in enquiry and order ..........c.coooiiiiiiii e 31
B.4.1  GENEIAl i e 31
6.4.2 Constructional specification ..............ooiiiiiiiii i, 31
6.4.3 Functional specification ... 32
6.5 Specification of short-circuit impedance ...........ccooiiiiiiiiiii 32
6.6 Load loss and temperature FiSe ..o 33
Connection phase displacement symbols ... 34
7.1 Connection and phase displacement symbols for three-phase transformers
and for single phase transformers connected in a three phase bank...................... 34
7.1.1  Connection SYMDbDOI .. ... 34
7.1.2 Phase displacement in clock number notation...................L 34
7.1.3 Windings not intended to be loaded ...........cciiiiiiiii 35
7.1.4 Reconnectable WiNAiNgS ....cciiiiiii e 35
708 EXAMDIES o 35
7.2 Connection and phase displacement symbols for single phase transformers
not in three phase bank ... 37
7.2.1  Connection SymboOl ... 37
7.2.2 Phase displacement in clock number notation...................L 38
7.2.3 Windings not intended to be loaded ... 38
7.2.4 Reconnectable Windings ... ..o 38
RaATING PlateS e e 39
B GBNEIAl e 39
8.2 Information to be given in all CaSes ......c.iiniiiiiiiiie 39
8.3 Additional information to be given when applicable...............coo 40
Safety, environmental and other requirements.............ooviiiii i 41
9.1 Safety and environmental requirements...........cooiiiiiii 41
9.1.1  LiQUIA 1EAKS et 41
9.1.2 Safety considerations ..o 41
9.2 Dimensioning of neutral conNNEeCtioN ...........cooiiiiiii 42
9.3  Liquid preservation SyStem . .. ..o 42
9.4 DC currents in neutral CirCUILS ........oiiuiiiiii e 43
9.5 Centre of gravity Marking ......ooouiiiiiii e 43
T O B ANCES .o e e e 43
BT PSPPI 44
11.1 General requirements for routine, type and special tests ...........c.coeiiiiiiiinnnnn. 44
TA41 GENEIAL .. 44
T1.1.2 ROULINE 18S8ES oot 46
1108 TP A SES oeiie a 46
T1.1.4 Special 1eS S o 47
11.2 Measurement of winding resistanCe............cooiiiii i 47
T1.2.0 GENEIAL .. 47
11.2.2 Dry-type transfOrmMers ..o 47
11.2.3 Liquid-immersed type transformers......... ..o 48
11.3 Measurement of voltage ratio and check of phase displacement............................ 48
11.4 Measurement of short-circuit impedance and load [0SS...........cccovviiiiiiiiiiiiineen, 48
11.5 Measurement of no-load loss and current............ooo e 49
11.6 Measurement of zero-sequence impedance(s) on three-phase transformers.......... 50
11.7 Tests on on-load tap-changers — Operation test...........coooi . 51

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

—4 - 60076-1 © IEC:2011

11.8 Leak testing with pressure for liquid immersed transformers (tightness test).......... 51
11.9 Vacuum deflection test for liquid immersed transformers..............cccoeeiiiiiinnnnn. 51
11.10 Pressure deflection test for liquid immersed transformers.............coooeeiiiiiiinnnnnn. 52
11.11Vacuum tightness test on site for liquid immersed transformers..................c...o. 53
11.12 Check of core and frame insulation ... 53
12 Electromagnetic compatibility (EMC) ... ... 53
13 High frequency switching transients...... ... 54
Annex A (informative) Check list of information to be provided with enquiry and order......... 55
Annex B (informative) Examples of specifications for transformers with tappings ................. 59
Annex C (informative) Specification of short-circuit impedance by boundaries ..................... 63
Annex D (informative) Examples of three-phase transformer connections ............................ 64
Annex E (normative) Temperature correction of load [0SS ......cccooiviiiiiiiiiii e, 67
Annex F (informative) Facilities for future fitting of condition monitoring systems to
L= Y153 1] o 1 =T S 68
Annex G (informative) Environmental and safety considerations .............c...cooiiiiinn, 69
L] o 10T = Y o1 2 172 PP 70
Figure 1 — Different types of voltage variation ..., 30
Figure 2 — lllustration of 'clock number' notation ... 35
Figure 3 — lllustration of 'clock number' notation for transformers with open windings ........... 37
Figure 4 — lllustration of 'clock number' notation .............ccoooiiiiiii e, 39
Figure C.1 — Example of specification of short-circuit impedance by boundaries.................... 63
Figure D.1 — COmMMON CONNECLIONS ....iiiiiiii et 64
Figure D.2 — Additional CONNECHIONS .. ..iuiiiie e e 65
Figure D.3 — Designation of connections of three-phase auto-transformers by
connection symbols (auto-transformer Ya0) ..o 66
Figure D.4 — Example of three single-phase transformers connected to form a three-
phase bank (connection Symbol YdS5) ... 66
TaDIE T — TOlEIANCES ..o ettt 44
Table B.1 — Example of combined voltage variation ..o 60
Table B.2 — Example of functional specification with HV voltage variation............................. 61
Table B.3 — Example of functional specification with LV voltage variation ............................. 62
Table F.1 — Facilities for condition monitoring ............oooiii i 68

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/IEC/151686167/IEC-60076-1?src=spdf

60076-1 © IEC:2011 -5-

4)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 1: General

FOREWORD

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.

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.

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.

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.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach 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.

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

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 60076-1 has been prepared by IEC technical committee 14: Power
transformers.

This third edition cancels and replaces the second edition published in 1993, and its
Amendment 1(1999). It is a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

— addition of a definition of harmonic content;

— addition of a subclause on transport;

— addition of functional method of specification;

— addition of connection symbols for single phase transformers;
— addition of safety and environmental requirements;

— addition of requirements for liquid preservation systems;
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— addition of a clause on DC currents;
— addition of vacuum, pressure and leak tests on tanks;

— the requirements formerly in Annex A are now incorporated in the text and Annex A is
now an informative checklist;

— informative annexes have been added on facilities for condition monitoring and
environmental and safety considerations.

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

FDIS Report on voting
14/675/FDIS 14/682/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.

A list of all parts of the IEC 60076 series can be found, under the general title Power
transformers, on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability 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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POWER TRANSFORMERS -

Part 1: General

1 Scope

This part of IEC 60076 applies to three-phase and single-phase power transformers (including
auto-transformers) with the exception of certain categories of small and special transformers
such as:

— single-phase transformers with rated power less than 1 kVA and three-phase transformers
less than 5 kVA;

— transformers, which have no windings with rated voltage higher than 1 000 V;

— instrument transformers;

— traction transformers mounted on rolling stock;

— starting transformers;

— testing transformers;

— welding transformers;

— explosion-proof and mining transformers;

— transformers for deep water (submerged) applications.

When IEC standards do not exist for such categories of transformers (in particular transformer

having no winding exceeding 1000 V for industrial applications), this part of IEC 60076 may
still be applicable either as a whole or in part.

This standard does not address the requirements that would make a transformer suitable for
mounting in a position accessible to the general public.

For those categories of power transformers and reactors which have their own |IEC standards,
this part is applicable only to the extent in which it is specifically called up by cross-reference
in the other standard. Such standards exist for:

— reactors in general (IEC 60076-6);

— dry-type transformers (IEC 60076-11);

— self-protected transformers (IEC 60076-13);

— gas-filled power transformers (IEC 60076-15);

— transformers for wind turbine applications (IEC 60076-16);

— traction transformers and traction reactors (IEC 60310);

— converter transformers for industrial applications (IEC 61378-1);

— converter transformers for HVDC applications (IEC 61378-2).

At several places in this part it is specified or recommended that an 'agreement' should be
reached concerning alternative or additional technical solutions or procedures. Such
agreement is made between the manufacturer and the purchaser. The matters should

preferably be raised at an early stage and the agreements included in the contract
specification.
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2 Normative references

The following referenced documents are indispensable 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 60076-2, Power transformers — Part 2: Temperature rise for liquid-immersed transformers

IEC 60076-3:2000, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air

IEC 60076-5:2006, Power transformers — Part 5: Ability to withstand short circuit

IEC 60076-10:2001, Power transformers — Part 10: Determination of sound levels

IEC 60076-11:2004, Power transformers — Part 11: Dry-type transformers

IEC 60137:2008, Insulated bushings for alternating voltages above 1 000 V

IEC 60214-1:2003, Tap-changers — Part 1: Performance requirements and test methods

IEC 60296:2003, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60721-3-4:1995, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

ISO 9001:2008, Quality management systems — Requirements

3 Terms and definitions

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

NOTE Other terms use the meanings ascribed to them in the International Electrotechnical Vocabulary (IEV).
3.1 General

3.1.1

power transformer

a static piece of apparatus with two or more windings which, by electromagnetic induction,
transforms a system of alternating voltage and current into another system of voltage and
current usually of different values and at the same frequency for the purpose of transmitting
electrical power

[IEC 60050-421:1990, 421-01-01, modified]

3.1.2
auto-transformer
a transformer in which at least two windings have a common part

[IEC 60050-421:1990, 421-01-11]

NOTE Where there is a need to express that a transformer is not auto-connected, use is made of terms such as
separate winding transformer, or double-wound transformer (see IEC 60050-421:1990, 421-01-13).
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3.13

series transformer

a transformer, other than an autotransformer, of which one winding is intended to be
connected in series with a circuit in order to alter its voltage and/or shift its phase. The other
winding is an energizing winding

[IEC 60050-421:1990, 421-01-12, modified]

NOTE Series transformers were called booster transformers in earlier editions of this standard.

314
liquid-immersed type transformer
a transformer in which the magnetic circuit and windings are immersed in liquid

3.1.5

dry-type transformer

a transformer in which the magnetic circuit and windings are not immersed in an insulating
liquid

[IEC 60050-421:1990, 421-01-16]

3.1.6

liquid preservation system

system in a liquid-filled transformer by which the thermal expansion of the liquid is
accommodated.

NOTE Contact between the liquid and external air may sometimes be diminished or prevented.

3.1.7
specified value
the value specified by the purchaser at the time of order

3.1.8

design value

the expected value given by the number of turns in the design in the case of turns ratio or
calculated from the design in the case of impedance, no-load current or other parameters

3.1.9

highest voltage for equipment U, applicable to a transformer winding

the highest r.m.s. phase-to-phase voltage in a three-phase system for which a transformer
winding is designed in respect of its insulation

3.2 Terminals and neutral point

3.21
terminal
a conducting element intended for connecting a winding to external conductors

3.2.2
line terminal
a terminal intended for connection to a line conductor of a network

[IEC 60050-421:1990, 421-02-01]

3.2.3
neutral terminal
a) for three-phase transformers and three-phase banks of single-phase transformers:

the terminal or terminals connected to the common point (the neutral point) of a star-
connected or zigzag connected winding
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