IEC 60071-1:2006

IEC IEC 60071-1

Edition 8.0 2006-01

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

; C%
Insulation co-ordination - U
Part 1: Definitions, principles and x
Coordination de l'isolement
Partie 1: Définitions, p i


https://standards.iteh.ai/catalog/standards/iec/b293a479-d71a-4232-a23e-cdb41d5936a0/iec-60071-1-2006

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2006 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 (\
N\

About the IEC

The International Electrotechnical Commission (IEC) is the leading globa
International Standards for all electrical, electronic and related tech

About IEC publications
The technical content of IEC publications is kept under consfg g Vi . Please make sure that you have the
latest edition, a corrigenda or an amendment mi
" Catalogue of IEC publications: www.iec.ch/searshpub
The IEC on-line Catalogue enables you to search by \a variety ® i c€ number, text, technical committee,...).
It also gives information on projects, withdrawn andTeplaced pub 3
® |EC Just Published: www.iec.ch/online news/justpub,

Stay up to date on all new IEC publications. Just blis@ﬁtails wice

on-line and also by email.

epares and publishes

" Electropedia: www.electropedia.

in English and French, with equi i iti | languages. Also known as the International Electrotechnical

Vocabulary online.

® Customer Service w w.iec.ch/web sts

If you wish to give us y0 k onMhis p blicgtion or need further assistance, please visit the Customer Service
Centre FAQ or contact

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 3

A prop

La Commissi ue Anternationale (CEI) est la premiére organisation mondiale qui élabore et publie des

A propos des pubti
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



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
https://standards.iteh.ai/catalog/standards/iec/b293a479-d71a-4232-a23e-cdb41d5936a0/iec-60071-1-2006

IEC IEC 60071-1

Edition 8.0 2006-01

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

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

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE V
CODE PRIX

ICS 29.080.30 ISBN 2-8318-8470-5


https://standards.iteh.ai/catalog/standards/iec/b293a479-d71a-4232-a23e-cdb41d5936a0/iec-60071-1-2006

-2- 60071-1 © IEC:2006

CONTENTS
FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 4
S T o7 o o 1= PP .6
2 NOMMAtIVE FEIEIENCES ...t e .6
3 Terms and definitions ... 7
4  Symbols and abbreviations ...t 14
g N €Y oY - Y P
4.2 SUDSCIIPES o e L N e
4.3  Letter symbols ... N N N
4.4 Abbreviations .........ooiiiiiii e NG N e N
5 Procedure for insulation co-ordination ... N N N e N N e
5.1  General outline of the procedure ..o S O e N e e e Deerneenennas
5.2 Determination of the representative voltages and
5.3
5.4
5.5
5.6
5.7
5.8
5.9

6.1 Generagkrequi
6.2 Stand

6.3 Standard,iq
6.4 Alternafjve\tes

6.5

6.6

Annex A (normative)” Clearances in air to assure a specified impulse withstand voltage
NS Al At ON L. e 30

Annex B (informative) Values of rated insulation levels for 1kV < U, < 245 kV for
highest voltages for equipment U, not standardized by IEC based on current practice
IN SOME COUNTIIES L.eiiiit ittt et ettt et ettt e e e et et e ea e e a et et et e e e e 34

Bl OG AP Y e 35

Figure 1 — Flow chart for the determination of rated or standard insulation level ................... 16


https://standards.iteh.ai/catalog/standards/iec/b293a479-d71a-4232-a23e-cdb41d5936a0/iec-60071-1-2006

60071-1 © IEC:2006 -3-

Table 1 — Classes and shapes of overvoltages, Standard voltage shapes and Standard

withstand voltage tests ... 17
Table 2 — Standard insulation levels for range | (1kV < U,; £ 245 KkV)........... 23
Table 3 — Standard insulation levels for range Il (U, > 245 KV) ... 24
Table A.1 — Correlation between standard rated lightning impulse withstand voltages

and MIiNIMUM @ir ClEATANCES ... e e eneees 31
Table A.2 — Correlation between standard rated switching impulse withstand voltages

and minimum phase-to-earth air clearanCes...........coiiiiiiii 32
Table A.3 — Correlation between standard rated switching impulse withstand voltages

and minimum phase-to-phase air ClearanCes .........coiiiiiiiiii e 33
Table B.1- Values of rated insulation levels for 1kV < U, < 245 kV for hig ltages

for equipment U, not standardized by IEC based on current practice in S ies....... 34

©


https://standards.iteh.ai/catalog/standards/iec/b293a479-d71a-4232-a23e-cdb41d5936a0/iec-60071-1-2006

—4— 60071-1 © IEC:2006

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0 is to promote

this end and in addition to other activities, IEC publishes International Standard echnical §pecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heye eferred Mo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any K atio i i

in the subject dealt with may participate in this preparatory work. {

2) The formal decisions or agreements of IEC on technical matters ex € posgible, an international
consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations fo and aré accepted by IEC National
Committees in that sense. While all reasonable effortg are hat the technical content of IEC
Publications is accurate, IEC cannot be which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity i € i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre ional er regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking pgoced al and cannot be rendered responsible for any
equipment declared to b

6) All users should ensure tha

7) No liability shal employees, servants or agents including individual experts and
members of its te atfonal Committees for any personal injury, property damage or
other damage of an S ether direct or indirect, or for costs (including legal fees) and
expenses arising ot 1 i ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn e references cited in this publication. Use of the referenced publications is
indispensab ation of this publication

9) Attentio o the pyssibility that some of the elements of this IEC Publication may be the subject of
patent held responsible for identifying any or all such patent rights

Internahonal IEC 60071-1 has been prepared by IEC technical committee 28

This eighth edition cancels and replaces the seventh edition published in 1993 and constitutes
a technical revision.

The main changes from the previous edition are as follows:

in the definitions (3.26, 3.28 and 3.29) and in the environmental conditions (5.9) taken into
account clarification of the atmospheric and altitude corrections involved in the insulation
co-ordination process;

in the list of standard rated short-duration power frequency withstand voltages reported in
5.6 addition of 115 kV;
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— in the list of standard rated impulse withstand voltages reported in 5.7, addition of 200 kV
and 380 kV;

— in the standard insulation levels for range | (1kV < U, < 245 kV) (Table 2) addition of the
highest voltage for equipment U,, = 100 kV;

— in the standard insulation levels for range Il (U, > 245 kV) (Table 3) replacement of
525 kV by 550 kV and of 765 kV by 800 kV;

— in order to remove that part in the next revision of IEC 60071-2, addition of Annex A
dealing with clearances in air to assure a specified impulse withstand voltage in
installation;

— in Annex B, limitation at two U,, values for the values of rated insulation levels for
1kV < U,, < 245 kV for highest voltages for equipment U,, not standardized by IEC based
on current practice in some countries.

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

FDIS Report on voyi(g\

28/176/FDIS 28/177}3{/@

Full information on the voting for the approval of thi
voting indicated in the above table.

Part 1:
Part 2:
Part 4:
Part 5:

* amended.
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INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

1 Scope

This part of IEC 60071 applies to three-phase a.c. systems having a highest voltage for
equipment above 1 kV. It specifies the procedure for the selection of the rated withstand
voltages for the phase-to-earth, phase-to-phase and longitudinal insulation of the equipment
and the installations of these systems. It also gives the lists of the ndard withstand
voltages from which the rated withstand voltages should be selected.

ted withstand voltages and the
ing’” into consideration the

¢

NOTE In IEC 60071-2, Application Guide, all pafles for insula Q-ordination given in this standard are justified
in detail, in particular the association of th

g standard ra S{and voltages with the highest voltage for
equipment. When more than one_set of standard rated\withstand ydltages is associated with the same highest
voltage for equipment, guidance/is provigedfar the setection of the most suitable set.

2 Normative refere

test procedures suitable for the
recommendations of this standard.

The following re
For dated referenceés
of the referenced
IEC 60038:2

0

IEC 6006Q-1:
requiremen

IEC 60071-2, Insulation co-ordination — Part 2: Application guide

IEC 60099-4, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60507, Artificial pollution tests on high-voltage insulators to be used on a.c. systems

IEC 60633, Terminology for high-voltage direct current (HVDC) transmission
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

insulation co-ordination

selection of the dielectric strength of equipment in relation to the operating voltages and
overvoltages which can appear on the system for which the equipment is intended and taking
into account the service environment and the characteristics of the available preventing and
protective devices

[IEC 604-03-08:1987, modified]

NOTE By "dielectric strength" of the equipment, is meant here its rated or its standard ingtlation level as defined

in 3.35 and 3.36 respectively.

3.2
external insulation

distances in atmospheric air, and the surfaces in contact of solid

3 effects of
vermin, etc.
[IEC 604-03-02:1987, modified]

NOTE External insulation is either weather protected or
outside closed shelters respectively.

3.3

internal insulation
internal distances of the solid, liquid,
from the effects of atmospheri

[IEC 604-03-03:1987]
3.4

self-restoring i@ i
insulation which, v

NOTE Insulatia ts_kind\i gy, but not necessary, external insulation

pletely recovers its insulating properties after a

insulation whichNpsesyits insulating properties, or does not recover them completely, after a
disruptive discharge~during test

[IEC 604-03-05:1987, modified]

NOTE The definitions of 3.4 and 3.5 apply only when the discharge is caused by the application of a test voltage
during a dielectric test. However, discharges occurring in service may cause a self-restoring insulation to lose
partially or completely its original insulating properties.

3.6

insulation configuration terminal

any of the terminals between any two of which a voltage that stresses the insulation can be
applied. The types of terminal are:

(a) phase terminal, between which and the neutral is applied in service the phase-to-neutral
voltage of the system;

(b) neutral terminal, representing, or connected to, the neutral point of the system (neutral
terminal of transformers, etc.);

(c) earth terminal, always solidly connected to earth in service (tank of transformers, base of
disconnectors, structures of towers, ground plane, etc.).
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3.7

insulation configuration

complete geometric configuration of the insulation in service, consisting of the insulation and
of all terminals. It includes all elements (insulating and conducting) which influence its
dielectric behaviour. The following insulation configurations are identified:

3.71
three-phase insulation configuration
configuration having three phase terminals, one neutral terminal and one earth terminal

3.7.2

phase-to-earth (p-e) insulation configuration
three-phase insulation configuration where two phase terminals are disre
in particular cases, the neutral terminal is earthed

ed and, except

3.7.3
phase-to-phase(p-p) insulation configuration

independently energized parts (e.g. ops
the other two phases are disregarded
terminals considered is earthed

3.8
nominal voltage of a s
Un

suitable approxi@v
[IEC 601-01-21:19

3.9

designate or identify a system

3.10

highest voltage for equipment

Um

highest value of phase-to-phase voltage (r.m.s. value) 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. Under normal service conditions specified by the relevant
apparatus committee this voltage can be applied continuously to the equipment

[IEC 604-03-01:1987, modified]
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3.1

isolated neutral system

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

[IEC 601-02-24:1985]

3.12
solidly earthed neutral system
system whose neutral point(s) is(are) earthed directly

[IEC 601-02-25:1985]

3.13
impedance earthed (neutral) system
system whose neutral point(s) is(are) earthed through impedances to

[IEC 601-02-26:1985]

3.14
resonant earthed (neutral) system

[IEC 601-02-27:1985]

NOTE With resonant earthing of a system, the
arcing fault in air is usually self-extinguishing.

3.15

earth fault factor

k

at a given location of

a three<phase\systemyand for a given system configuration, the ratio of

the highest r.m. Nas G ncy voltage on a healthy phase during a fault to
earth affecting one Or. m \ » any’point on the system to the r.m.s. phase-to-earth
power frequency vol i obtained at the given location in the absence of any

such fault

[IEC 604-03-

3.16
overvoltage
any voltage:

— between one phase conductor and earth or across a longitudinal insulation having a peak
value exceeding the peak of the highest voltage of the system divided by \/g;
[IEC 604-03-09, modified] or

— between phase conductors having a peak value exceeding the amplitude of the highest
voltage of the system

[IEC 604-03-09:1987, modified]

NOTE Unless otherwise clearly indicated, such as for surge arresters, overvoltage values expressed in p.u. refer

to Ug x \/E/\/E
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3.17

classification of voltages and overvoltages

according to their shape and duration, voltages and overvoltages are divided in the following
classes

NOTE More details on the following six first voltages and overvoltages are also given in Table 1.

3.171

continuous (power frequency) voltage

power-frequency voltage, considered having constant r.m.s. value, continuously applied to
any pair of terminals of an insulation configuration

3.17.2

temporary overvoltage

TOV

power frequency overvoltage of relatively long duration

[IEC 604-03-12:1987, modified]

NOTE The overvoltage may be undamped or weakly damped. In somg
smaller or higher than power frequency.

3.17.3
transient overvoltage

highly damped
[IEC 604-03-13:1987]

NOTE Transient overvoltages may be immedjatel
overvoltages are considered as se

porary overvoltages. In such cases the two

@Ve b

Transient overvoltages are

3.17.3.1
slow-front over g
SFO

transient overvoltag
duration T, < 20 p

iortal, with time to peak 20 ps < Tp <5 000 ps, and tail

transient ove S dally unidirectional, with time to peak 0,1 us < T, <20 us, and tail
duration T, < 300

3.17.3.3

very-fast-front overvoltage

VFFO

transient overvoltage, usually unidirectional with time to peak T; < 0,1 ys, and with or without
superimposed oscillations at frequency 30 kHz < f < 100 MHz

3.17.4

combined overvoltage

consisting of two voltage components simultaneously applied between each of the two phase
terminals of a phase-to-phase (or longitudinal) insulation and earth. It is classified by the
component of higher peak value (temporary, slow-front, fast-front or very-fast-front)
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3.18
standard voltage shapes for test
the following voltage shapes are standardized:

NOTE More details on the following three first standard voltage shapes are given in IEC 60060-1 and also in
Table 1.

3.18.1
standard short-duration power-frequency voltage
sinusoidal voltage with frequency between 48 Hz and 62 Hz, and duration of 60 s

3.18.2
standard switching impulse
impulse voltage having a time to peak of 250 pys and a time to half-value d O s

3.18.3
standard lightning impulse
impulse voltage having a front time of 1,2 ys and a time to half

3.18.4
standard combined switching impulse

the combined voltage is, therefore, the sumff the

3.18.5
standard combined veltage
for longitudinal insulation 3Mbi je having a standard impulse on one terminal and

a power frequengi\Vv sinal. The impulse component is applied at the
peak of the pow@ ppesite polarity

3.19

value or a set o
conditions

alpes or a frequency distribution of values that characterize the service

NOTE This definition also applies to the continuous power frequency voltage representing the effect of the service
voltage on the insulation.

3.20

overvoltage limiting device

device which limits the peak values of the overvoltages or their durations or both. They are
classified as preventing devices (e.g., a preinsertion resistor), or as protective devices (e.g., a
surge arrester)
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3.21

lightning [or switching] impulse protective level

Uy [or Ul

maximum permissible peak voltage value on the terminals of a protective device subjected to
lightning [or switching] impulses under specific conditions

[IEC 604-03-56:1987 and IEC 604-03-57:1987]

3.22

performance criterion
basis on which the insulation is selected so as to reduce to an economically and operationally
acceptable level the probability that the resulting voltage stresses imposed on the equipment
will cause damage to equipment insulation or affect continuity of servi€e. is criterion is
usually expressed in terms of an acceptable failure rate (number of fa
between failures, risk of failure, etc.) of the insulation configuration

3.23
withstand voltage

is designated as:

a) conventional assumed withstand voltage, w
tolerated is zero. It is deemed to co '

b) statistical withstand voltage, when™

NOTE In this standard, for non-self-restoring(insulation are

3.24
co-ordination withstaf

% e representative overvoltage must be multiplied in order to
obtain tke val grdination withstand voltage

standard referencé~vatmospheric conditions
atmospheric conditions to which the standardized withstand voltages apply (see 5.9)

3.27

required withstand voltage

U

ters“{ voltage that the insulation must withstand in a standard withstand voltage test to ensure
that the insulation will meet the performance criterion when subjected to a given class of
overvoltages in actual service conditions and for the whole service duration. The required
withstand voltage has the shape of the co-ordination withstand voltage, and is specified with
reference to all the conditions of the standard withstand voltage test selected to verify it
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